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Amendments to the Rules for the Classification of Steel Ships
1. Unless expressly specified otherwise, the requirements in these Rules apply to
ships/offshore contracted for construction on or after 1 July 2024 or when the
application for certification of materials and welding is dated on or after 1 July 2024.
2. The amendments to the Rules for 2023 edition and their effective date are as
follows;

Effective Date 18 September 2023(Applicable retroacitivbly after 1 July 2023) (based on the
contract date for ships/offshore construction or the application date for certification of material and
welding, Related Circular No. : 2023-11-E)

CHAPTER 1 MATERIALS

Section 5 Castings
- 501. 7 (1) has been amended.
- 501. 7 (2), (3) and (4) have been deleted.

Effective Date 1 July 2024 (based on the application date for certification of materials and welding)

CHAPTER 1 MATERIALS

Section 3 Rolled Steels
- 301. 3 (1) has been amended.
- Table 2.1.45 of 312. 4 has been amended.

Section 5 Castings
- 501. 6 (2) has been deleted.
- 501. 13 (3) has been deleted.

CHAPTER 2 WELDING

Section 6 Welding Consumables
- 601. 5 has been amended.
- 601. 10 (2) (d) has been amended.
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Pt2 Materials and Welding
Ch1 Materials Pt2, Ch1

CHAPTER 1 MATERIALS

Section 1 General

101. Application [See Guidance]

1. The requirements in this Chapter apply to the materials intended to be used for the components
specified in each Part of hull construction, equipment and machinery.

2. The materials other than those prescribed in this Chapter may be used where specially approved in
connection with the design. In such cases, the detailed data relating to the chemical compositions
and mechanical properties, etc. of the materials are to be submitted for approval.

3. Reinforced plastic materials used for construction or repair of FRP ships or composite vessel
should be in accordance with the Guidance relating to the Rules specified by the Society. (2077)

102. Approval of manufacturing process and manufacturing control

1. Approval of manufacturing process

(1) The materials prescribed in this Chapter, unless otherwise specially provided, are to be manufac-
tured by open-hearth, electric furnace, basic oxygen processes, or other processes at works ap-—
proved by the Society. In this case, the manufacturer is to obtain the approval in accordance
with the Guidance specially specified by the Society in advance concerning the process of man-
ufacture (melting process, ingot casting, rolling, casting, forging and heat treating).

(2) The manufacturing process of semi-finished products such as ingots, slabs, blooms and billets
for the normal and higher strength hull structural steels or forgings are to be approved in ac—
cordance with the Guidance specially specified by the Society in advance

(3) The rolled steel manufacturer supplied semi-finished products from other steel works or hot coil
processor is required to obtain the approval of the manufacturing process according to the re—
quirement of proceeding (1) as appropriate.

(4) The requirements specified in Pars (1) and (2) may be applied to the non—ferrous material pre-
scribed in this Chapter.

2. Manufacturing control

(1) It is the manufacturer's responsibility to assure that effective process and production controls in
operation are adhered to within the manufacturing specifications.

(2) Where control imperfection inducing possible inferior quality of product occurs, the manufacturer
is to identify the cause and establish a countermeasure to prevent its recurrence. Also, the
complete investigation report is to be submitted to the Surveyor. [See Guidance]

(3) For further use, each product affected by previous (2) is to be tested to the Surveyor's
satisfaction. The frequency of testing for subsequent products offered may be increased to gain
confidence in the quality at the discretion of the Society. [See Guidance]

(4) When steel is not produced at the works at which it is rolled, a certificate is to be supplied to
the Surveyor at the rolling mill stating the process by which it was manufactured, the name of
the manufacturer who supplied it, the number of the cast from which it was made and the ladle
analysis. The Surveyor is to have access to the works at which the steel was produced.

103. Chemical composition

1. The chemical composition of samples taken from each ladle of each cast is to be determined by
the manufacturer in an adequately equipped and competently staffed laboratory and is to comply
with the appropriate requirements for chemical composition provided in this Chapter. [See Guidance]

2. The Manufacturer's declared analysis will be accepted subject to occasional checks if required by the
Surveyor. [See Guidance]

3. Product analysis may be required where the final product chemistry is not well represented by the
analysis from the cast. [See Guidance]

ZZ» Rules for the Classification of Steel Ships 2024 1
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104. Testing and inspection

1. The materials are to be tested and inspected in the presence of the Society’s Surveyor except oth-
erwise specially provided, and are to comply with the requirements in this Chapter.

2. The materials other than those prescribed in this Chapter are to be tested and inspected according
to the specification for the testing approved in accordance with the requirements in 101. 2.

3. The Society may accept to omit the tests for materials having the appropriate certificates.

4. Where the materials are manufactured by the approval of quality assurance scheme specially speci-
fied by the Society, a part or all of test and inspection in the presence of the Society's Surveyor
may be omitted. [See Guidance]

105. Execution of testing and inspection

1. The manufacturers shall afford the Surveyor all necessary facilities and access to all relevant parts of
the works to enable him to verify that the approved process is adhered to, for the selection of test
materials, and the witnessing of tests, as required by the Rules, and for verifying the accuracy of
the testing equipment.

2. All tests and inspections are to be carried out at the place of manufacture before dispatch. The test
specimens and procedures are to be in accordance with Sec 2 of this chapter. All the test speci—
mens are to be selected and stamped by the Surveyor and tested in his presence, unless otherwise
agreed.

3. In the case of special order, the manufacturer is to show the order specifications, special require—
ments, etc. of the materials to the Surveyor prior to the material test.

4. Surface inspection and verification of dimensions are the responsibility of the steel maker. The ac-
ceptance by the Surveyor shall not absolve the steel maker from this responsibility.

106. ldentification of materials

1. The manufacturer is to take a suitable measure for the identification of ingots, slabs, castings, forg—
ings, and finished pieces, etc. which will enable the material to be traced to its original heat, roll,
etc.

2. The steelmaker is to adopt a system for the identification of ingots, slabs and finished pieces which
will enable the material to be traced to its original cast. The Surveyor is to be given full facilities for
so tracing the material when required.

3. Where small products such as castings are manufactured in large numbers, modified arrangements
for identification may be specially agreed with the Society.

107. Test certificates (2077) [See Guidance]

1. The Certificate for Materials Inspection is to be issued to the materials by the Society that have
been satisfactorily tested and inspected in accordance with the requirements in this Chapter.

2. Notwithstanding the previous provisions, the accepted material with large quantity production such as
rolled steels, etc. may be omitted the issue of the Certificate for Materials Inspection where the
manufacturer supplies the Mill Sheets for each accepted steel grade to the Surveyor for his
signature. In this case, the manufacturer is to enter the following statement on the certificate to
show that the steel material has been made by an approval process and that it has withstand sat—
isfactory the required tests. The following form of declaration will be accepted if stamped or printed
on each test certificate with the name of the steel works in English or Korean, and is to be signed
by the personnel of the manufacturing shop in charge of product quality assurance or inspector.

"We hereby certify that the material has been made by an approval process and has been satisfac-
torily tested in accordance with the Rules of Korean Register.”

3. The Certificate for Materials Inspection issued by manufacturer is to contain at least the following
particulars;
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(1) Sheet(Certificate) number

(2) Purchaser's name

(3) purchaser's order number

(4) If known the hull number for which the material is intended.

(5) Identification of the steelworks.

(6) Material grade mark

(7) Dimension of products and drawing number

(8) Identification number for tracing piece to heat(cast)

(9) Chemical composition (All required elements with residual and intentionally added elements))
(10) Mechanical properties test results, including traceable test identification
(11) Condition of heat treatment, if applicable

(12) Other specific requirements

4, The manufacturer is to keep the test certificates more than 10 years from the supply date of prod-
ucts for identification and handling. (2019)

108. Quality and repair of defects

1. All materials are to be free from surface or internal defects which would be prejudicial to their
proper application in service. The surface finish is to be in accordance with good practice and any
specific requirements of the approved plan.

2. In the event of any material proving unsatisfactory during subsequent working or fabrication, such
material may be rejected, notwithstanding any previous satisfactory testing and/or certification where
the Surveyor considers necessary.

3. Welding or other means for the purpose of repairing defects is not permitted, unless the extent and
method of repair (including welding procedure and heat treatment) are approved by the Surveyor.
The repair of defects is to be carried out in the presence of the Surveyor, unless otherwise agreed.

4. Where repair by grinding is carried out then the remaining plate thickness below the ground area
must be within the allowable under thickness tolerance.

109. Retest procedures

1. Where a part of the results of any test except impact test does not comply with the requirements,
but the remainders are satisfactory, additional test specimens twice in number may be taken from
the same material and retests for the failed test may be carried out. In such a case, all of the
test specimens are to comply with the requirements.

2. Impact test

(1) Where the result of the impact test is unsatisfactory, additional tests may be carried out, with
the exception of the cases specified in (i) and (i) below, by taking a set of test specimens out
of the same piece from which the above-mentioned test specimens have been taken.

(i) The absorbed energy of all test specimens is under the required average absorbed energy.
(i) The absorbed energy of two of the test specimens is under 70 % the required average ab-
sorbed energy.

(2) In case of the previous (1), all pieces of the same lot from which the test specimens have been
taken, may be accepted, provided that the average absorbed energy of the six test specimens,
including those which have been rejected as unsatisfactory, is not less than the required average
absorbed energy, and that not more than two individual results are lower than the required aver—
age absorbed energy and of these, not more than one result is below 70 % of the required
average absorbed energy.

3. If a heat treated material fails to meet the requirements in any test, retest and heat treatment may
be allowed two times(three times including the first test) with the same number of specimens as
the initial test. In this case, however, the material is not to be considered as having complied with
the requirements, unless all tests fully comply with the test requirements. (2078)

4, If the percentage of elongation of any tension test specimen is less than that specified and any part
of fracture is outside the one—fourth of the gauge length from the centre of gauge length, the test
is to be considered as invalid, and a retest for the material from which the first test specimen has
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been taken may be allowed. [See Guidance]
110. Marking

1. Every material complying with the requirements is to be clearly stamped with the Society's brand
YR and material grade mark, and marked with the following particulars at least in one position by
the maker:

(1) Name or mark to identify the steel works.
(2) Number or mark to identify the material.
(3) Name or mark to identify the purchaser. (if required by the purchaser)

2. Materials which have been specially approved by the Society in accordance with the requirements in
101. 2 are to have the letter "S" after the material grade mark.

3. Materials which are unsuitable for stamping may be marked with brands, seals or by other suitable
means.

4, The marking particulars, but excluding the manufacturer's name or trade mark where this is em-
bossed on finished products are to be encircled with paint or otherwise marked so as to be easily
recognizable.

5. Materials which can not be stamped and marked in accordance with the requirements in Pars 1 and
2 due to small size may be properly marked in the lump.

6. Where a number of light materials are securely fastened together in bundles the manufacturer may,
subject to the agreement of the Society, brand only the top piece of each bundle, or alternatively, a
firmly fastened durable label containing the brand may be attached to each bundle.

7. In the event of any material bearing the Society's brand failing to comply with the test require-
ments, the brand is to be unmistakably defaced by the manufacturer.
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Section 2 Test Specimens and Testing Procedures

201. General

1. Application

(1) Test specimens and mechanical testing procedures for materials are to comply with the require-
ments of this Section, unless otherwise specially provided in each Section.

(2) Where test specimens and testing procedures differing from those prescribed in this Section are
used, they are to be approved by the Society. [See Guidance]

2. Testing machine

(1) The testing machines used for the tests relative to this Chapter are to be managed by com-
petent personnel on machines.

(2) Tension/compression testing machines are to be calibrated in accordance with /SO 7500-1:2018
or other recognised standard. (2023) [See Guidance)

(3) Impact testing machines are to be calibrated in accordance with /SO 748-2:2076 or other recog-
nised standard. (2023) [See Guidance)

(4) The accuracy of tensile test machines is to be within 1%

3. Selection of test specimens

(1) The test specimens are to be selected according to each requirement in this Chapter.

(2) Except where otherwise specified or agreed with the Surveyor, test samples are not to be de-
tached from the material until being stamped by the Surveyor. [See Guidance]

(3) If test samples are cut from material by flame cutting or shearing, a reasonable margin is re-
quired to enable sufficient material to be removed from the cut edges during final machining.

(4) The preparation of test specimens is to be done in such a manner that test specimens are not
subjected to any significant cold working or heating.

(5) If any test specimen shows defective machining or defects having no relation to the substantial
nature, it may be discarded and substituted by another test specimen.

202. Form and dimension of test specimen

1. Tensile test specimen

(1) Tensile test specimens are classified as standard test specimen and proportional test specimen
as shown in Table 2.1.1 depend on the shape and dimension of test specimen.

Table 2.1.1 Kinds of tensile test specimen

Kind Flat Round Pipe
Proportional 148 R14A R14B, R4C
Standard R1A, R1B, AR5, RM3B R4, RBC, R10 -

(2) Tensile test specimens are to be of the forms and sizes given in Fig 2.1.1. [See Guidance)
(3) The gauge length may be rounded off the nearest 5 mm, provided that the difference between
this length and L is less than 10 % of L.
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Shapes Kind Type Forms of specimen” Size of specimen® Materials to be applied
a =1
W= 25mm .
Proportional | 4148 L= 565/ Rolled steels 3 mm thick
P= Lt2/d or more
R = 25mm
a =t
W= 40 mm Rolled steel plates for
A £ =200 mm gzllllee:j’ steel plates for
z = 22520 mm pressure vessel
= 25mm
R A l a =t
V% _
W =25 .
Flat® R1B W . 200?:; Rolled steels 3 mm thick
- P = 2125mm or more,
P R = 25mm
Standard
=t
i/V - 25 mm Rolled steel plates for
pressure vessel,
L =
A5 P N5gomm Aluminium alloy 12.5mm
» B 15 r;nr: thick or less
a =1t
W= 12,5 mm Rolled steels less than 3
R138 L= 50mm mm thick,
P = 60 Aluminium alloy 12.5mm
P B 05 mm thick or less
= 25mm
oA Rolled steels, Castings,
AL l L =540 Forgings, Sphgroidal or
Proportional | 7 14A D O d :]:I P = L+0.5d nodglar graphite iron
! t R = 10 mm® castings, Copper alloy
P Aluminium alloy 12.5mm
thick or more
d =14 mm Rolled steel plates for
R4 L = 50mm pressure vessel,
/R /A l P = 60mm Aluminium alloy 12.5mm
Round I:E @) 7 ]:I R = 15mm thick or less
P d =125mm Rolled steel plates for
210 P L =50mm boiler,
Standard P = 60 mm Aluminium alloy 12.5mm
R = 15mm thick or less
R
\
d =
R8C O —(i R = ég rr:nr; Grey iron castings
t
\
Fig 2.1.1 Types and forms of tensile test specimens (unit : mm) (2022)
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Ch1 Materials Pt2, Ch1
Shapes Kind Type Forms of specimen Size of specimen Materials to be applied
R A a = t
5 ‘ L <Ja-| W > 12 mm
148 | | { ';V | | L =565/4
L P= L+2W
P R = 25mm Steel tubes, copper and
Pipe | Proportional copper alloy pipes and
1 }) L= 565/4 tubes
R ‘ } P = L+ 05D
14C ‘ L ‘ P is the distance
p between the grips

NOTES:

(1) The notations used are defined as follows.
d . Diameter, A : Cross section, « : Thickness, R : Transition radius, W : Width
D : External tube diameter, L : Gauge length, ¢ : Plate thickness, P : Parallel test length

(2) The both ends of the test specimens may be machined to such shapes as to fit the holder of the test—
ing machine.

(3) When the capacity of the available testing machine is insufficient to allow the use of test specimen of
full thickness, this may be reduced by machining one of the rolled surfaces.

(4) Gauge length L should preferably be greater than 20 mm.

(5) d 2 10mm to 20 mm, preferably 14 mm

(6) For nodular cast iron and materials with a specified elongation less than 10%, R > 1,5

Fig 2.1.1 Types and forms of tensile test specimens (unit : mm) (2022) (Contd)

(4) The manufacturers may use the test specimens approved by the Society, besides those speci-
fied in (2). In this case, the elongation measured at the tensile tests is to be corrected by the
following formula [See Guidance):

where:

E = equivalent elongation for the proportional test specimens specified in (1) (%).
= actual measured elongation of test specimen (%).

actual cross—sectional area of test specimen (mm?).

= actual gauge length of test specimen (mm).

a, b = constants given in bellow in accordance with the kind of materials.

S~ o S
1

Material Constant “ b
Material 1 2.0 0.40
Material 2 2.6 0.55
NOTES:

1. Material 1 : For carbon and low alloy steels with a tensile strength not exceeding
590 N/mm?* in the hot rolled, annealed, normalized or normalized and tempered
conditions.

2. Material 2 : For carbon and low alloy steels in the quenched and tempered
condition.

3. The values of a and b for other kinds of materials than Material 1 and Material 2
are to be as deemed appropriate by the Society.

Rules for the Classification of Steel Ships 2024 7
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(5) The machine—finished parallel part of test specimens is to be uniform throughout the entire
length and the permissible variation (difference between the maximum and minimum values) is
to be as specified in Table 2.1.2.

Table 2.1.2 Permissible Variation

(unit : mm)

Rognd Flat specimen with thickness equal to or Flat specimen with thickness less than 6 mm
specimen greater than 6 mm
Nominal Permissible Nominal ermissible Nominal ermissible Nominal ermissible Nominal ermissible
diameter e Thickness P . width P . Thickness P . width P .
variation variation variation variation variation
@ ® @) (w)

10<d{12 0.025 6112 0.02 25<w(40 0.05 0.6=5K1.2 0.002 12.55w(25 0.02
12516 0.03 125120 0.04 40w 0.10 125125 0.004 255w 0.04
16<d 0.04 20<t 0.05 2.5<%6 0.01

2. Bend test specimen

Bend test specimens are to be of size and dimensions given in Fig 2.1.2 according to the kind of

materials.
Kinds Size of specimens Dimensions Materials to be applied
l l a= 20
:D | - 25 Headers(Ch 4, 405)
I a r=1~2
11la or T a=t
R 9a+D W= 30
] r=1~2
r (nqt‘ d Where the thickness of materials | Rolled steels(Steel
a specified) exceeds 25mm, the thickness of test | plate) (Ch 3)
. specimen may be reduced to 25mm
[ (tension side) with its surface machined on com-
pression side only.
| ] | e
R2 T Where the dlgmeter or the width across Rolled steels (Rolled
flat of materials exceeds 35mm, they )
B o ) steel bars for boiler)
may be machined finished to a circu- (Ch 3, 307.)
a lar section of diameter not less than ' ’
T 35mm.
NOTES:
The following designations are used:
a : Thickness, diameter or width d : Diameter or width
r Edge radius W : Width
D : Diameter of mandrel t : Thickness of material

Fig 2.1.2 Size and Dimensions of Bend Test Specimens (Unit : mm)

3. Impact test specimen

(1) Impact test specimens are to be provided in a set of three specimens, and the test specimens
are to be machine finished to the forms and dimensions given in Fig 2.1.3 and Table 2.1.3 un-
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less the section thickness of the product is less than 12 mm

(2) The notch is to be cut in a face of the test specimen which was originally perpendicular to the
rolled surface, casting surface and forging surface according to the kind of materials. The posi—
tion of the notch is not to be nearer than 25 mm to a flame cut or sheared edge.

N

I L
F O

7.5mm 5.0m
AN J
V
sub—size

m

Fig 2.1.3 Impact test specimen

Table 2.1.3 Dimensions of impact Test Specimens

) ) Kinds Charpg V-notch test
Dimensions pecimen
Length (mm) L 55+0.6
Width (mm) w 10+ 0.11
Thickness (mm) T 10 £0.06
Angle of notch (mm) 6 45+ 2
Depth below notch (mm) D 8+0.06
Root radius of notch (mm) R 0.25+0.025
D|stalnce of notch from end of test s 97 5+ 0.42
specimen (mm)

Angle between plane of symmetry of
notch and longitudinal axis of test - 902
specimen (deg)

(3) Where the impact test specimens, having the size specified in (1) above for rolled steels, tubes
and pipes cannot be taken, the width W may be the sub-size values given in Table 2.1.4. In
this case, the average absorbed energy of rolled steels, tubes and pipes is not to be less than
the value(by counting fractions of 0.05 and over as 0.1 and disregarding the rest) multiplying the
absorbed energy by values given in Table 2.1.4 in accordance with the width of the test

specimens. [See Guidance]
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Table 2.1.4 Multiplier to Absorbed Energy

Thickness and width of sub-size Multiplier for absorbed energy
specimen txW (mm) Average absorbed energy of 3 test specimens
10x5+0.06 2/3
10x7.5+0.11 5/6

(4) Where the thickness of a test specimen is less than 6 mm, and where impact test specimen
having the sub-size specified in Table 2.1.4 cannot be taken in welded parts of tubes and pipes,
the impact test may be omitted.

(5) In all cases, the largest size charpy specimens possible for the material thickness shall be
machined. [See Guidance]

4. Confirmation for test specimen

The size and dimensions of test specimens are to be carefully inspected and verified by suitable
means before testing.

203. Testing procedure [See Guidance]

1. Tensile test

(1) When well-defined vyield phenomena exists, the value of yield strength(yield stress) is to be
measured at the first peak obtained during vyielding. When no well defined yield phenomenon
exists, the 0.2 % proof stress (Rp0.2) is to be determined. For austenitic and duplex stainless
steel products, the 1% proof stress (Rp1) may be determined in addition to Ap0.2 as approved
by the Society.

(2) Where the value of vyield point or yield stress is measured at tensile test, the rate of loading
shall be as following.

Modulus of Elasticity of Rate of stressing (N/mm?/sec)
the material (£)
(N/mm:)) Min. Max.
< 150,000 2 20
>150,000 6 60

(3) After reaching the vyield or proof load, for ductile material the machine speed during the tensile
test is not to exceed that corresponding to a strain rate of 0.008s™". For brittle materials, such
as cast iron, the elastic stress rate is not to exceed 10N/mm? per second.

2. Impact test
The impact test is to be conducted on a Charpy impact testing machine having a capacity not less

than 150 J and a striking velocity between 4.5 and 6 m/sec, with the test specimens at temperature
controlled within £2°C of the specified temperature.
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Section 3 Rolled Steels

301. Rolled steels for hull structural

1. Application

(1) The requirements are to apply to hull structural rolled steels (hereinafter referred to as "steels”)
not exceeding 100 mm in thickness.

(2) These requirements also apply to normal and higher strength Corrosion Resistant Steels with all
grades up to 50 mm in thickness for steel plates, wide flats, sections and bars when such steel
is used as the alternative means of corrosion protection for cargo oil tanks as specified in the
performance standard MSC.289 (87) of Regulation 3-11, Part A-1, Chapter -1 of the SOLAS
Convention (Corrosion protection of cargo oil tanks of crude oil tankers). Normal and higher
strength Corrosion Resistant steels as defined within this requirements, are steels whose corro—
sion resistance performance in the bottom or top of the internal cargo oil tank is tested and ap-
proved to satisfy the requirements in MSC.289 (87) in addition to other relevant requirements for
hull structural steel, structural strength and construction.

(3) It is not intended that such steels be used for corrosion resistant applications in other areas of
a vessel that are outside of those specified in the performance standard MSC.289 (87) of
Regulation 3-11, Part A-1, Chapter II-1 of the SOLAS Convention.

(4) Any requirement regarding steels over the thickness specified in Table 2.1.5 is to be left to the
discretion of the Society. [See Guidance]

(5) Where improved through thickness properties are specified for plates and wide flats with thick-
ness of 15 mm and over, the tensile test of through thickness property specified in 310. is to
be carried out in addition to the requirements of 301.

(6) Brittle crack arrest steels are to be met the additional brittle crack arrest requirements and
properties defined in 312.. (2027)

(7) Steels other than those specified in 301. are to be in accordance with the requirements of 101. 2.

2. Kinds

Steels are classified as specified in Table 2.1.5.

Table 2.1.5 Grades of Rolled Steels for hull

Kinds Grade Thickness ¢ (mm)
Plates® <100
Normal strength steel” A B D E
Sections and bars t <50
AH32, DH32, FH32, FH32
Plates® AH36, DH36, EH36, FH36 £ <100

AH40, DH40, EH40, FHA40

AH32, DH32, EH32, FH32
Sections and bars AH36, DH36, £FH36, FH36 t <50
AH40, DH40, EH40, FH40

Higher strength steels?

NOTE:

(1) Provision is made for four grades of normal strength steels based on the impact test
requirements.

(2) For higher strength steels, provision is made for three strength levels(315, 355 and 390
N/mm?) each subdivided into four grades(ex. : AH 32, DH32, EH32 and FH32) based on the
impact test temperature.

(3) Steel plates include flat bars not less than 600 mm in width.

Rules for the Classification of Steel Ships 2024 1
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3. Manufacturing process

(1) Unless otherwise approved, the reduction ratio is to be at least 3 to 1. (2024)

(2) The deoxidation practice and chemical composition of each grade are to comply with the re-
qguirements given in Table 2.1.6. For steel plates and wide flats over 50mm thick and When
thermo-mechanical controlled processing (hereinafter referred to as "TMCP") is used as heat
treatment, slight deviations in the chemical composition may be allowed as approved by the
Society. [See Guidance)

4, Heat treatment

The heat treatment of each grade is to comply with the requirements given in Table 2.1.8 and Table
2.1.9. [See Guidance]
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Table 2.1.6 Deoxidation Practice and Chemical Composition (2027)
) Thickness,| Deoxidation Chemical Composition (%)
Kinds | Grade . ) ) o .
Hmm) Practice Cl Si|M| P | S |CulCr| N |M|AP| No| V| Ti| N
Killed and [0.21 2.5xC
t<
A %0 I semi-killed® | max. | 20| min.
@@ |Max.|
50 Killed _
1<50 K|||eq alnd 0.21 0.35 0:8
Normal B Semi-killed |max. . min.
Strength f>50 Killed @) | @, |0.035/0.035 _ B _ _ _ _ _ _
max.| max.
steels t<25 | Killed 021 4| 06 0.015
D Fine grain |max.| min. min.
£)25 treated? | @ |M3| @ @
Killed and 0.18 035 0.7 0.015
E t<100 | Fine grain |max.| min. min.
treated @ |max.| @ ©
AH 32
DH 32
EH 32
£<100
AH 36 0.90~
0.18 0.035|0.035 0.40
Higher | 27750 Killed and | MaX. 150 max. | max. max. 0.01500.02-{0.05- 0.02|
strength| £/ 36 . . 0.50 0.35/0.20 0.08 " I ' ’
steels 4 Fine grain max max. | max max. | Min- 0.05{0.10 | max.
e AH A0 treated . . . - ao [aoan|aonan| a1
DH 40
EH 40
T, t<100
0.16 0.90~/0.025]0.025 0.80 0.009
FH 36 max.
max. 1.60 | max. | max. max. (2)
FH 40
NOTES:

(1) For sections up to 12.56 mm in thickness inclusive, subject to a special approval by the Society, rimmed
steel may be accepted.

(2) For steels above 25 mm in thickness, aluminium treatment is to be used as a fully killed, fine grain
practice. However, killed steel up to 50 mm in thickness may be accepted at the discretion of the
Society.

(3) For steel sections, maximum carbon content may be increased to 0.23 %.

(4) The value of C + Mn/6 is not to exceed 0.40 %.

(5) Where additions of any other element have been made as part of the steelmaking practice, the content
is to be indicated on the test certificate.

(6) When an impact test as killed steels is conducted, the minimum manganese content may be reduced
to 0.60 %.

(7) For steels up to 12.56 mm in thickness inclusive, the minimum manganese content may be reduced to
0.70 %.

(8) Aluminium content is to be represented by the acid soluble aluminium content, but may be determined
by the total aluminium content. In such a case, the total aluminium content is not to be less than
0.020 %.

(9) Upon the approval by the Society, grain refining elements other than aluminium may be used.

(10) The steel is to contain aluminium, niobium, vanadium or other suitable grain refining elements, either
singly or in any combination. When used singly, the steel is to contain the specified minimum content
of the grain refining element. When used in combination, the specified minimum content of each ele-
ment is not applicable.

(11) The total niobium, vanadium and titanium content is to be less than 0.12 %.

(12) If Aluminium is present, the maximum content of nitrogen may be increased to 0.012 %.

(13) For TMCP steels, carbon equivalent values(Ceq) and/or cold cracking susceptibility(Pcm) of each steel is
to be left to the discretion of the Society. [See Guidance]
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Table 2.1.7 Mechanical Properties (2021)
Tensile test Impact test
Average absorbed energy ()
Grade Yield Tensile Elongation® | test Thickness, ¢ (mm)
strength strength (L=5.65/4) | temp
(N/mm?) (N/mm?) (%) “c) t £ 50 50 ¢t £ 70 70 { t+ £ 100
L(Z) 7€2) L(Z) 7<2> 762)
A +20 _ _ 4) 4 4
B 0(5)
235 min. | 400~520% 22 min.
D =20 | 27 min. | 20 min. | 34 min. | 24 min. | 41 min. | 27 min.
3 -40
AH 32 0
DH 32 -20
315 min. 440~570 22 min. 31 min. | 22 min. | 38 min. | 26 min. | 46 min. | 31 min.
EH 32 -40
FH 32 -60
AH 36 0
DH 36 =20
£H36 355 min. | 490~630 21 min. 40 34 min. | 24 min. | 41 min. | 27 min. | 50 min. | 34 min.
FH 36 -60
AH 40 0
DH 40 =20
EH40 390 min. 510~660 20 min. ~40 39 min. | 26 min. | 46 min. | 31 min. | 55 min. | 37 min.
FH 40 -60
NOTE:

direction of rolling.

in the Table below.

(1) When the absorbed energy of two or more test specimens among a set of test specimens is less in value
than the specified average absorbed energy or when the absorbed energy of a single test specimen is less in
value than 70 % of the specified average absorbed energy, the test is considered to be failed.

(2) L (or T) denotes that the longitudinal axis of the test specimen is arranged parallel (or transverse) to the final

(3) For all thickness of Grade A section, the upper limit of the specified tensile strength, may be exceeded.

(4) For Grade A steel over 50 mm in thickness with ARS or CRS heat treatment, impact tests are required. In this
case, the average absorbed energy is to comply with the requirements of Grade B steel.

(5) For Grade B steels up to 25 mm in thickness, generally no impact testing is required.

(6) The minimum elongation for R 18 test specimen (/=200mm) is to be in compliance with the requirement given

Thickness ¢
(mm) 3<t<5 | B(t<10 | 10¢<15 | 15¢1<20 | 20€¢<25 | 25¢t<30 | 30¢¢<40 | 40¢t<50
Grade

A B D, E
AH32, DH32, FH32, 14 16 17 18 19 20 21 22
FH 32
AH 36, DH36, EFH 36,
FH36 13 15 16 17 18 19 20 21
AH 40, DH40, EHAOQ,
FH 40 12 14 15 16 17 18 19 20

14
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Table 2.1.8 Heat

Treatment and Size of lot for Impact Test specimen for Normal Strength Steels

AR . As Rolled

N : Normalized Condition

Heat treatment and Size of Lot for Impact Test Specimen(”(Z)@)(A)
Grade Deoxidgtion Products® Thickness(mm)
practice 0 125 25 35 50 100
Rimmed® Sections ARC-)
Semi-killed All ARC-)
A
M=) TMCA=) CRK50)®
Plates AR 6]
Killed ARS50)
Sections and bars AR
Semi-killed All
B Plates AR=) ARCB0) 50> TAZ‘%Z(%O;) CRX28)
Killed
Sections and bars
_ TMCA50) AK50)
Killed All AR50) CR(GB0)
D Plates TMC‘P(CE;?%O/;/(SO) TMCAB0) M50y CRK25)
Fltne gtgr(;ln AR(50)
i Sections and bars TMCRE0) MKS0)
CAR(50) ARSB0)
Killed and Plates TMCP(P) N(P)
E Fine grain
treated Sections and bars TMCR50y MB0Y CRS50) ARS(50)
NOTES:

(1) Indication symbols used in heat treatment are as follows(the same holds henceforth in this Section):
CR . Controlled Rolling Condition
TMCP . Thermo—Mechanical Controlled Processing
ARS © As Rolled Condition subject to special approval of the Society
CRS : Controlled Rolled Condition subject to special approval of the Society.
(2) In the Table, "marks" put at the end of each symbol for heat treatment stand for the volume of each
lot. For examples, {505, <25) and (15) each indicate that steels not greater than 50, 25 and 15 tonnes
in weight (belonging to the same charge in the same manufacturing process) are to be taken as one
lot; {P), Piece, indicates that steel material rolled directly from one slab, billet or steel ingot is to be
taken as one lot; and {-) indicates that no impact test
mean the rolled product from a single slab, billet or ingot if this is rolled directly into plates, sections or bars.
(8) TMCP, N or CR may be applied to instead of being left in a state of AA. In this case, steels are to be
treated equivalent to those left in a state of A# with regard to the fundamental unit of lot.
(4) Steel plates include flat bars not less than 600 mm in width.
(5) For sections up to 12.5mm in thickness, subject to a special approval by the Society, rimmed steel
may be accepted.
(6) See Note (4) of Table 2.1.7

is required. The term "piece" is understood to
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Table 2.1.9 Heat Treatment and Size of Lot for Impact Test Specimen for Higher Strength Steels
Heat treatment and Size of Lot for Impact Test Specimen@®®@
Grade Deoxidgtion Products® Thickness (mm)
practice 0 125 20 25 35 50 100
Nb Plates TMCA50) M50y CR50) TMCH50) M50y CR(25)
and/or Sections and bars AR(50) TMCAB0) MB0Y CAR(50)
Ve ARS(25)
AH32 ARS(50) |
AH 36 Al alone Plates TMCA50) M50y
or with AR(50) CR(50) TMCA50) MB0) CR{25)
T Sections and bars TMCA50) 507
CR(B0Y ARS25)
Nb Plates TMCA50) M50y CR50) TMCA50) M50y CR(25)
and/or Sections and bars ARKB0) TMCA50y M50) CAR(50)
VO ' ARS(25)
152 i
DH36 Al alone Plates
‘ TMCR50y A(50)
Ciled | ©" -I\f\.llth AR50 AR50 TMCA(50) M50) CRS(25)
and | Sections and bars TMCRS0) AK50>
Fine CR(50) ARS(25)
grain Plates TMCPPY MP)
£/H32 | treated
EH 36 Sections and bars TMCP(25) M25) CR(15Y ARS(15)
FH32 Plates TMCAP) MP) QTP)
FH 36 Any Sections and bars TMCR25) M25) QK25 ARS15)
AH40 grain Plates ARB0) TMCA50) M50y CR(50) TMCA50y M50y QP
refining | Sections and bars | ARS0) TMCA(50) MB0) CAR(G0)
treated Plates TMCA(50) KB0) CA(E0) TMCA(50) MB0) OT(P)
DH 40 elements
Sections and bars TMCR50) AK50) CR(50)
40 Plates TMCAPY MPY OTKP)
Sections and bars TMCA(25) N(25) QT(25) |
1140 Plates TMCAP)Y MNPy QIKP)
Sections and bars TMCA25) M25) QKK25) ’
NOTES:

(1

)

@)

(4)
(5)

Indication symbols used in heat treatment are as follows (the same holds henceforth in this Section);
[See Guidance]

AR . As rolled CFR . Controlled Rolling Condition N : Normalized Condition

TMCP : Thermo—-Mechanical Controlled Processing QT : Quenched and Tempered Condition
ARS  As Rolled Condition subject to special approval of the Society

CRS : Controlled Rolled Condition subject to special approval of the Society.

In the Table, "marks" put at the end of each symbol for heat treatment stand for the volume of each
lot. For examples, <50y, (25) and (15) each indicate that steels not greater than 50, 25 and 15
tonnes in weight (belonging to the same charge in the same manufacturing process) are to be taken as
one lot; (P), Piece, indicates that steel material rolled directly from one slab, billet or steel ingot is
to be taken as one lot; and (-) indicates that no impact test is required. The term "piece" is under-
stood to mean the rolled product from a single slab, billet or ingot if this is rolled directly into plates, sec—
tions or bars.

TMCP, N or CR may be applied to instead of being left in a state of AR. In this case, steels are to
be treated equivalent to those left in a state of AR with regard to the fundamental unit of lot.

Steel plates include flat bars not less than 600 mm in width.

Niobium treatment stands for the addition of Nb either singly or in any combination, regardless of the
Nb content, for grain refining. (Refer to Note (10) of Table 2.1.6)

16
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5. Mechanical properties
The mechanical properties of steels are to comply with the requirements given in Table 2.1.7.
6. Selection of test samples

(1) All material in a batch presented for acceptance tests is to be of the same product form e.g.
plates, flats, sections, etc. from the same cast and in the same condition of supply. The test
samples are to be fully representative of the material and, where appropriate, are not to be cut
from the material until heat treatment has been completed.

(2) For the samples of steel from which tensile test specimens are cut, except where specially ap-
proved by the Society, steels not greater than 50 tonnes in mass (where the amount of scatter
is to be less than 10 mm in thickness or diameter even when they belong to the same cast in
the same manufacturing process) are to be treated as one lot, and the largest one in thickness
or diameter is to be selected from each lot.

(3) For the samples of steel from which impact test specimens are cut, unless otherwise specially
provided or except where specially approved by the Society, the thickest test sample is to be
selected from each lot specified in Table 2.1.8 and Table 2.1.9, according to the substance of
deoxidation practices, type of products and kind of heat treatments. [See Guidance]

(4) The test samples are to be taken from the following portions according to the requirements (a)
to (c) below and Fig 2.1.4, unless otherwise specified:

(a) Plates and flat bars wider than 600mm :
One end at a portion approximately 1/4 of the width from the flange end of the plates or
flat bars.

(b) Sections and flat bars not exceeding 600mm in width.
One end at a portion approximately 1/3 of the width from the flange end. In case of chan-
nels, bulb plates and H-section, the test samples may be taken from the portion approx—
imately 1/4 of the depth from the centre line of the web.

(c) Bars:
The test samples are to be taken so that the axis of each test specimen may lie as near as
possible to the portion specified in (i) and (i) below. This rule, however, does not apply
when, because dimensions of cross section are insufficient for standard test specimens, a
piece cut in a proper length from the product having the largest diameter of a certain lot is
used as it is for a tensile test.
(i) For non-circular sections, at approximately 1/6 of the largest distance from the outside.
(i) For circular section, at approximately 1/6 of the diameter from the outside.
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(1) Plates and flats (2) Angles (3) Channels (4) Bulb plates (5) H-sections (6) Bars

Fig 2.1.4 Selection of Test Samples

Selection of test specimens

(1) Test specimens are not to be heat treated separately from the product.
(2) Tensile test specimens are to be taken according to (a) to (c) below.

(a) One test specimen is to be taken from one test sample.

(b) The test specimens are to be taken with their longitudinal axis normal to the final direction
of rolling. For sections, bars and flat bars not exceeding 600 mm in width or when specially
approved by the Society, however, they are to be taken with their longitudinal axis parallel to
the final direction of rolling.
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(c) Flat test specimens of full product thickness are, generally, to be used. Round test specimen
may be used when the plates and shapes(except bars) thickness exceeds 40 mm or for bars.
When tensile test specimens of bar type are taken from plates and shapes except bars, they
are to be taken at a portion approximately 1/4 of the thickness from the surface.

(3) Impact test specimens are to be taken according to (a) to (c) below.

(@) A set of test specimens is to be taken from one test sample.

(b) The test specimens are to be taken with their longitudinal axis parallel (L direction) to the
final direction of rolling. When deemed necessary by the Society, however, they are to be
taken with their longitudinal axis normal (T direction) to the final direction of rolling.

(c) When the product thickness does not exceed 40 mm, the test specimens are to be cut with
their edge within 2 mm from the "as rolled" surface. When the product thickness exceeds 40
mm, the test specimen is to be taken at a portion where the axis of the test specimen
corresponds to approximately 1/4 of the thickness (1/6 of the diameter of bars) from the
surface.

8. Verification of dimensions and thickness [See Guidance]

(1) Scope

(@) The Requirements apply to the tolerance on thickness of steel plates and wide flats with
widths of 600 mm or greater with thicknesses of 5 mm and over. The thickness tolerances
for products below 5 mm are to be in accordance with a national or international standard,
e.g. Class B of /SO 7452:2073. However, the minus tolerance is to be not exceed 0.3 mm.
The wide flats with under 600 mm of width may be agreed between the manufacturer and
purchaser at the time of ordering. (2079) (2023)

(b) Where Class C of ISO 7452:2013 or equivalent according to national or international standards
is applied in lieu of (a) above, the requirements in (4) and (5) below may not be applied.
(2019)

(c) Tolerances for length, width and flatness should be in accordance with a recognized national
or international standard which specially agreed by the Society.

(d) Tolerances for rolled steel other than plates and wide flats may be specially agreed.

(2) Responsibility

(a) The responsibility for verification and maintenance of the steel plates within the required tol-
erances rests with the manufacturer. The Surveyor may require to witness some
measurements.

(b) The responsibility for storage and maintenance of the delivered steel plates with acceptable
level of surface conditions rests with the fabricator before the steel plates are used in
fabrication. (2079)

(3) Thickness tolerances

(a) The tolerances on thickness of a given steel plates are defined as:

(i) Minus tolerance is the lower limit of the acceptable range below the nominal thickness.
(i) Plus tolerance is the upper limit of the acceptable range above the nominal thickness.
(i) Nominal thickness is defined by the purchaser at the time of enquiry and order.

(b) The minus tolerance on nominal thickness of products is 0.3 mm irrespective of nominal
thickness. (2019)

(c) The plus tolerances on nominal thickness are to be in accordance with a recognized national
or international standard unless required otherwise by the Society or purchaser. (2079)

(d) The tolerances on nominal thickness are not applicable to areas repaired by grinding. For
areas repaired by grinding the requirements in 301. 9. (2) of the Rules are to be applied,
unless stricter requirements as per a recognized standard are considered by the Society or
purchaser. (2079)

(4) Average thickness

(@) The average thickness of steel plates or piece is defined as the arithmetic mean of the
measurements made in accordance with the requirements in (5) below.

(b) The average thickness of steel plates or piece is not to be less than the nominal thickness.

(5) Thickness measurements

(@) At least two lines among Line 1, Line 2 or Line 3 as shown in Fig 2.1.4-1, are to be
selected for the thickness measurements and at least three points on each selected line as
shown in Fig 2.1.4-1 are to be selected for thickness measurement. Automated method or
manual method is applied to the thickness measurements.

(b) For automated methods, the measuring points at sides are to be located not less than 10

18
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mm but not greater than 300 mm from the transverse or longitudinal edges of the steel
plates. For manual methods, the measuring points at sides are to be located not less than
10 mm but not greater than 100 mm from the transverse or longitudinal edges of the steel
plate.

Line 1 ’:'Ai ............................. ?'A'j ............................. Aj’ o

B L R 5 e
C] C2 C3 :

Line 3 i et e o1

< §

; @ : Measurement points
Rolling direction

Fig 2.1.4-1 Locations of Thickness Measuring Points

(c) If more than three points are taken on each line the number of points shall be equal on
each line.

(d) Where the plate is to be later cut by the manufacturer as shown in Fig 2.1.4-2, the meas—
urement locations to be same as the requirements in (a) thru (c) above.

Line 1 P - = P : . - Line1 . @ Ps .
A, Al A LA Ayl Ay i
une2 [2:% W& BJ. = Line2 . .B‘ == B% SO . ‘ "
Line 3 .C‘ (‘% ’ c‘. Line3 ;q\, ] g. . . _— c—‘.
Line 1 ° ® °
Line 2 o . g
Line 3 4 . *

@ : Measurement points

A

G

Rolling direction

Fig 2.1.4-2 Locations of Thickness Measuring Points for Cut Steel Plates

(e) The procedure and the records of measurements are to be made available to the Surveyor
and copies provided on request.
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9. Quality and repair of defects (2078)

(1) The quality of finished steel is to be in accordance with the requirements specified in 108. 1, 2
and as follows.

(A) The steel is to be free from surface defects prejudicial to the use of the material for the in—
tended application. The finished material is to have a surface quality in accordance with a
recognized standard such as £N 70763 parts 1, 2 and 3, or an equivalent standard accepted
by the Society, unless otherwise specified in 9.

(B) The responsibility for meeting the surface finish requirements rests with the manufacturer of
the material, who is to take the necessary manufacturing precautions and is to inspect the
products prior to delivery. At that stage, however, rolling or heat treatment scale may con-
ceal surface discontinuities and defects. If, during the subsequent descaling or working oper—
ations, the material is found to be defective, the Society may require materials to be re-
paired or rejected.

(C) The surface quality inspection method is to be in accordance with recognized national or in—
ternational standards agreed between purchaser and manufacturer, accepted by the Society.
(D) If agreed by the manufacturer and purchaser, steel may be ordered with improved surface

finish over and above these requirements.

(E) Acceptance criteria for surface quality
(a) Imperfections

Imperfections of a harmless nature, for example pitting, rolled-in scale, indentations, roll
marks, scratches and grooves, regarded as being inherent of the manufacturing process,
are permissible irrespective of their number, provided the maximum permissible limits of
Class A of EN 707163-2 or limits specified in a recognized equivalent standard accepted
by the Society, are not exceeded and the remaining plate or wide flat thickness remains
within the average allowable minus thickness tolerance specified in 8. Total affected area
with imperfection not exceeding the specified limits are not to exceed 15 % of the total
surface in question.

(b) Defects
Affected areas with imperfections with a depth exceeding the limits of Class A of EN
70763-2 or the maximum permissible limits specified in a recognized equivalent stand-
ard accepted by the Society, are to be repaired irrespective of their number. Cracks, in—
jurious surface flaws, shells (over lapping material with non-metallic inclusion), sand
patches, laminations and sharp edged seams (elongated defects) visually evident on sur-
face and/or edge of plate are considered defects, which would impair the end use of
the product and which require rejection or repair, irrespective of their size and number.

(2) Repair for surface defects

(A) Grinding repair
The surface defects may be removed by local grinding, and be as follows:

(@) The nominal product thickness will not be reduced by more than 7 % or 3 mm, whichever
is the less.

(b) Each single ground area does not exceed 0.25 m* and all ground areas do not exceed 2
% of the total surface in question.

(c) Ground areas lying in a distance less than their average breadth to each other are to be
regarded as one single area.

(d) Ground areas lying opposite each other on both surfaces must not decrease the product
thickness by values exceeding the limits as stated above ().

(e) Complete elimination of the defects may be performed by a magnetic particle or dye
penetrant test procedure at the Manufacturer's discretion. (2020)

(f) Defects or unacceptable imperfections are to be completely removed by grinding and the
remaining plate or wide flat thickness are to be remained within the average allowable
minus thickness tolerance specified in 8. The ground areas are to be a smooth transition
to the surrounding surface of the product.

(B) Welding repair
Local defects which cannot be repaired by grinding as stated above (a) may be repaired with
the Surveyor's consent by chipping and/or grinding followed by welding subject to the fol-
lowing conditions. Repair of defects such as unacceptable imperfections, cracks, shells or
seams is to be followed by magnetic particle or liquid penetrant testing.

(@) Any single welded area is not to be exceeded 0.125 m* and the sum of all areas is not
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to be exceeded 2% of the surface side in question. The distance between two welded

areas shall not be less than their average width.

(b) The weld preparation must not reduce the thickness of the product below 80 % of the
nominal thickness. For occasional defects with depths exceeding the 80% limit, special
consideration at the Surveyor's discretion will be necessary.

(c) If weld repair depth exceeds 3 mm, UT may be requested by the Society. If required, UT
is to be carried out in accordance with an approved procedure.

(d) The repair is to be carried out by qualified welders using an approved procedure for the
appropriate steel grade. The electrodes are to be of low hydrogen type and are to be
dried in accordance with the manufacturer's requirements and protected against re—
humidification before and during welding.

(C) Shapes may be conditioned by the manufacturer for the removal of surface defects in ac—
cordance with the following limitations.

(@) For material less than 9.5 mm thickness, in which the defects are not more than 0.8 mm
in depth, the defects may be removed by grinding or chipping.

(b) For material 9.5mm and over in thickness, in which the defects are not more than 1.6
mm in depth, the defects may be removed by grinding or chipping.

(c) Surface defects which are greater in depth than the limits shown above (a) and (b) may
be removed by chipping or grinding and then depositing weld metal, in the presence of
the Surveyor, subject to the following conditions.

(i) The total area of the chipped or ground surface of any piece is not to exceed 2 % of
the total surface area of that piece.

(i) After removal of any defect preparatory to welding, the thickness of the shape is not
to be reduced by more than 30 % of the nominal thickness, nor is the depth of de-
pression prior to welding to exceed 12.5 mm in any case.

(D) Before repair works prescribed in above (B) or (C) (c), the following documents are to be
submitted to the Society for approval.

(a) Specifications of repairing procedure which state about kind of surface defects, the way
of chipping, grinding and welding, etc.

(b) Reports on results of tensile test, bend test, impact test, macro-structure inspection and
hardness test on test samples repaired according to the procedure specified in above (a).

() Internal soundness
(A) If plates and wide flats are ordered with ultrasonic inspection or required by the Society, the
test procedure and acceptance criteria are to be made in accordance with an accepted
standard at the discretion of the Society. However, the probe frequency is to be of 4MHz in
general. [See Guidance]
(B) Verification of internal soundness is the responsibility of the manufacturer. The acceptance of
internal soundness by the Society's surveyor is to be not absolved the manufacturer from
this responsibility. (2078)

10. Retest Procedures

(1) Where the tensile test fails to meet the requirements, two further tensile tests may be made
from the same piece. If both of these additional tests meet all of the requirements, the piece
and the remaining pieces from the same lot may be accepted.

(2) If one or both of the additional tests referred to above are unsatisfactory, the piece from which
the above—-mentioned test pieces have been taken is to be rejected. However, the remaining
material from the same lot may be accepted, provided that two of the remaining pieces in the
lot, selected in the same way, are tested with satisfactory results.

(3) (@) Where the result of the impact test is unsatisfactory, additional tests may be carried out,
with the exception of the cases specified in (i) and (i) below, by taking a set of test specimens
out of the same piece from which the above-mentioned test specimens have been taken.

() The absorbed energy of all test specimens is under the required average absorbed
energy.
(i) The absorbed energy of two of the test specimens is under 70 % the required average
absorbed energy.
(b) In case of the previous (a), all pieces of the same lot from which the test specimens have
been taken, may be accepted, provided that the average absorbed energy of the six test
specimens, including those which have been rejected as unsatisfactory, is not less than the
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required average absorbed energy, and that not more than two individual results are lower
than the required average absorbed energy and of these, not more than one result is below
70 % of the required average absorbed energy.

(4) When the initial piece, representing a lot, gives unsatisfactory results from the additional Charpy
V-notch impact tests referred to the preceding (3), this piece is to be rejected but the remain-
ing material in the lot may be accepted provided that two of the remaining pieces in the lot are
tested with satisfactory results. If unsatisfactory results are obtained from either of these two
pieces, then the lot of material is to be rejected. The pieces selected for these additional tests
are to be the thickest remaining in the batch.

(5) If any test specimen fails because of faulty preparation, visible defects or (in the case of tensile
test) because of fracturing outside the range permitted for the appropriate gauge length, the de-
fective test piece may, at the Surveyors discretion, be disregarded and replayed by an additional
test piece of the same type.

(6) Where the test pieces fail in the retests specified above, the piece from which the test pieces
have been taken is to be rejected, However, at the consultation of the manufacturer and the or-
derer, the remaining pieces in the lot may be resubmitted individually for test and those pieces
which give satisfactory results may be accepted.

(7) At the consultation of the manufacturer and the order, the rejected piece may be resubmitted-
after heat treatment of re—heat treatment, or may be resubmitted as any other grade of steel
and then, may be accepted, provided that the required tests are satisfactory.

11. Marking

(1) Steels which have satisfactorily complied with the required tests are to be marked with the
identification mark in accordance with the requirements in 110..

(2) Materials supplied in the thermo-mechanical controlled processing condition is to have the letters
TM added after the material grade mark. (e.g. £/ 407M)

(3) Steel plates that have complied with the requirements for corrosion resistant steel will be
marked with a designation by adding a corrosion designation to the unified identification mark for
the grade of steel. And the corrosion resistant steel is to be designated according to its area of
application as follows:

(a) Lower surface of strength deck and surrounding structures : RCU

(b) Upper surface of inner bottom plating and surrounding structures : RCB
(c) For both strength deck and inner bottom plating : RCW

(e.g. AH32 TM RCU Z3b)

12. Forming

The cold deformation limit of hull structural rolled steels is to be in accordance with the Guidance
specially specified by the Society. [See Guidance)

13. Test certificates (20717)

The Surveyor is to be supplied with the number of copies as required by the Society, of the test
certificates for all accepted materials. The Society may require separate documents of each grade of
steel. These documents are to contain, in addition to the description, dimensions, etc., of the mate-
rial, at least the following particulars:

(1) Purchaser's name or purchaser's order number and if known the hull number for which the ma-
terial is intended.

(2) Identification of the cast and rolled piece.

(3) Identification of the steelworks.

(4) Material grade mark

(5) Chemical composition (ladle analysis values of elements controlled by the requirements)

(6) For steel with a corrosion resistant steel designation the weight percentage of each element
added or intentionally controlled for improving corrosion resistance.

(7) Mechanical properties

(8) Condition of heat treatment (e.g. normalized or controlled roll except for as rolled)

(9) Deoxidization procedure is to be stated. (rimmed steel only)

(10) Through thickness properties of 310., where applicable
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302. Rolled steel plates for boiler

1. Application

(1) These requirements are to apply to the steel plates (hereinafter referred to as "steel plates”) for
boilers and pressure vessels to be used at high temperatures.
(2) Steel plates other than those specified in 302. are to comply with the requirements in 101, 2.

2. Kinds The steel plates are classified as specified in Table 2.1.10.
Table 2.1.10 Grades of Steel Plates (2019)

Grade Thickness (mm)
RSP24, RSP30
6~200
RSP32
RSP30A4, RSP32A 6~150

3. Heat treatment

(1) For steel plates of the "ASP24, RSP30 and ASP32" grade with 50 mm or less and of the RSP
304 and RSP32A" grade with 38 mm or less in thickness, they are to be as rolled. They, how-
ever, may be heat treated(normalized or annealed for stress relieving) as deemed necessary by
the manufacturer. (2079)

(2) For steel plates of the 'R”SP24, RSP30 and ASP32" grade more than 50 mm and of the RSP
304 and ASP32A4" grade more than 38 mm in thickness, they are to be either normalized to ob-
tain the normal grain size or heated uniformly to such a temperature at the time of hot forming
that an effect equivalent to normalizing can be achieved. In case of normalizing, it is, in princi—
ple, to be performed by the manufacturer. (2079)

4. Chemical composition
The chemical composition of steel plates is to comply with the requirements given in Table 2.1.11.

Table 2.1.11 Chemical Composition (2079)

Chemical composition (%)
Grade
Thickness t (mm) C Si Mn P S Mo
t< 25 0.24 max.
RSP24 25 ¢t < 50 0.27 max.
<
50 ¢ t £ 200 0.30 max. 0.90 0030 | 0030
t < 25 0.28 max. max. max. max.
RSP30 25 ¢t < 50 0.31 max. -
50 ¢ + £ 200 0.33 max.
t < 25 0.31 max.
RSP32 | 25 (¢ < 50 0.33 max. 1.20 1/0.025 1 0.025
50 ¢ ¢+ £ 200 0.35 max. : : :
0.15~0.40
t < 25 0.18 max.
26 ( +< B0 0.21 max.
ASP30A | 50 ¢ ¢ < 100 0.23 max.
100 ¢ ¢+ £ 150 0.25 max.
0.90 0.020 | 0.020
max. max. max. 0.45~0.60
t < 25 0.20 max.
25 (t< 50 0.23 max.
RSP32A | 50 ( + < 100 0.25 max.
100 ¢ + £ 150 0.27 max.
NOTES:
1. For ASP30 with 25 mm and over in thickness, carbon and manganese content may be
0.30 % or less and 1.00 % or less, respectively.
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5. Mechanical properties
The mechanical properties of steel plates are to comply with the requirements given in Table 2.1.12.

Table 2.1.12 Mechanical Properties (2079)

Grade Yield strength Tensile strength Elongation (%)
(N/mm?) (N/mm?) RA R0
RSP 24 235 min. 410 ~ 550 21 min. 25 min.
RSP 30 295 min. 450 ~ 590 19 min. 23 min.
RSP32 315 min. 480 ~ 620 17 min. 21 min.
RSP30A 295 min. 450 ~ 590 19 min. 23 min.
RSP32A 315 min. 480 ~ 620 17 min. 21 min.

NOTE:

(1) R1A tensile test specimen is to be used for steel plate up to 50mm in thickness and A10 test
specimen for steel plate more than 50 mm in thickness. However A10 test specimen can be
used for steel plate more than 40 mm in thickness.

(2) For material under 8 mm in thickness, a deduction from the specified percentage of elongation
of 1% is to be made for each decrease of 1T mm of the specified thickness.

(3) For the plates over 90 mm in thickness, the elongation may be reduced from that mentioned
in the above Table by 0.5% for each increment of 12.5 mm or fraction thereof exceeding 90
mm in thickness. Such reduction, however, is limited to 3 %.

(4) In case where the elongation of ASP30A and RSP32A steel plate with thickness over 6mm and
less than 20 mm is insufficient within 3% of the specified value, It will be able to regard as
satisfactory if the elongation of the gauge length 50 mm which includes a rupture part is of 25
% or more.

6. Selection and heat treatment of test samples [See Guidance]

(1) For the steel plates which are not to be heat treated, one test sample is to be taken from each
plate as rolled directly from one slab or ingot

(2) For the steel plates which are to be heat treated, one test sample is to be taken from every
similarly heat treated plate as rolled directly from one slab or ingot.

(3) For steel plates to which stress relieving is required after welding or stress relieving is applied
by the purchaser one or several times repeatedly during their working process, instruction of that
effect is to be given at the time when they are placed for an order. In case where the proce—
dure of stress relieving is not specified by the purchaser, a heat treatment is to be applied for
the test samples by heating them slowly and uniformly to the temperature of 600C to 650C,
holding at that temperature for a period of over one hour per 25mm of thickness, and then, to
be cooled to 300C in the furnace before exposure in a still atmosphere.

(4) The test samples are to be taken from the portion approximately 1/4 of the width from the side
end of the plates.

7. Selection of test specimens

Tensile test specimens are to be taken according to (1) to (3) below.

(1) One test specimen is to be taken from one test sample.

(2) The test specimens are to be taken with their longitudinal axis normal to the final direction of
rolling.

(3) The test specimens of bar type are to be taken from the portion approximately 1/4 of the
thickness from the surface.

8. Tolerance for thickness

Surface inspection and verification of dimensions are to be in accordance with the requirements in
301. 8. The minus tolerance for the nominal thickness of plates is to be 0.25 mm.

9. Retest procedure
Where the tensile tests from the first test specimens selected fail to meet the requirements, addi-
tional tests may be conducted according to the requirements given in 109.

10. Marking

(1) Steel plates which have satisfactorily complied with the required tests are to be marked with the
identification mark relating to heat treatment in addition to the requirements in 110.

24 » Rules for the Classification of Steel Ships 2024



Pt2 Materials and Welding
Ch1 Materials Pt2, Ch1

(2) The marks relating to heat treatment are to be as specified in the following:
(@) Where the plates are normalized : N (e.g. : RSP 30N) (2079)
(b) Where the test specimens are normalized : TN (e.g. : RSP 30TN) (2079)
(c) Where the test specimens are heat treated corresponding to the stress relieving to be ap-
plied : SR (e.g. : RSP 30N-SR, RSP 30TN-SR) (2079)

303. Rolled steel plates for pressure vessel

1. Application

(1) These requirements are mainly to apply to the steel plates for pressure vessels to be used at
atmospheric temperature (hereinafter referred to as "steel plates”)

(2) The steel plates having characteristics differing from those specified in 303. are to comply
with the requirements in 101. 2.

2. Kinds

The steel plates are classified as specified in Table 2.1.13.

Table 2.1.13 Grades of Steel Plates

Grade Thickness (mm)
RPV 24 6~200
RPV32, RPV36, RPVA2, RPVV46, RPV50 6~150

3. Heat treatment

(1) APV 24 plate is to be as rolled. The plates, however, may be normalized as deemed necessary
by the Society.

(2) RPV32 and RPV36 plates are to be as rolled. The plates, however, may be normalized as
deemed necessary by the Society. But, they may be 7MCP or quenched and tempered under
the approval by the Society.

(3) APV 42 plate is to be TMCP. The plate, however, may be normalized or quenched and tempered
under the approval by the Society.

(4) RPVA6 and RPV50 plates are to be quenched and tempered. But, they may be 7MCP under
the approval by the Society.

4. Chemical composition

(1) The chemical composition of steel plates is to comply with the requirements given in Table
2.1.14.

Table 2.1.14 Chemical Composition

Grad Chemical composition (%) Carbon equivalent (%)
rade
C Si Mn P S ¢t < 50(mm) 50 < ¢t < 75(mm)
t 100 mm | 0.18 max. 1.40
RPV 24 0.35 max. i - -
£»100mm | 0.20 max. max.
RPV32 0.18 max. 0 - -
.55 max.
RPV36 0.20 max. 0.030 1 0.030 - -
160 max. | max.
RPV42 ’
max. 0.44 max. 0.46 max.
RPV 46 0.18 max. 0.75 max.
RPI50 0.45 max. 0.47 max.
NOTE:

(1) Where deemed necessary, other elements than specified in Table 2.1.14 may be added. In that case,
such elements are to be stated in the test sheets.

(2) For RPVAG and RPIB0 steel plates which not to be quenched and tempered, slight deviations in the
chemical composition may be allowed as approved by the Society.
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(2) Carbon equivalent(Ceq) and weld cold cracking susceptibility(Pcm) value of steel plates are to
comply with the requirements given in Table 2.1.14-1.

Table 2.1.14-1 Carbon equivalent(Ceq) and Pcm value

Carbon equivalent (%) Pcm value (%)
Heat
Grade 50¢t | 756¢¢+ | 100¢¢t | 125¢¢ 50(t | 75¢(t+< | 100¢¢
treatment infrg? <75 | <100 | <125 | <150 f(ég? <75 | 100 | <150
(mm) | (mm) | (mm) | (mm) (mm) (mm) (mm)
RPV32 039 0.41 max. 0.43 max. 0.24 0.26 max. 0.28
max. max. max.
revae | TmcP® | 940 1 042 max. 0.44 max. 0.26 0.27 max. 0.29
max. max. max.
RPY/AD 0.43 045 max. _ 0.27 0.28 0.29 B
max. max. max. max.
0.44 0.46 0.49 0.562 0.54
fPy46 Quenching max. | max. max. max. max. 0.28
and ‘ 0.30 max.
apyso | Tempering® | 045 | 047 | 050 | 053 | 055 | M
max. max. max. max. max.
(Note)
(1) Carbon equivalent and Pcm value of RPV32, RPV36 and RPV4A2 plates quenched and tempered are
to be as deemed appropriate by the Society. [See Guidance)
(2) Carbon equivalent and Pcm value of APV46 and APV50 plates, which not to be quenched and tem-
pered, are to be as deemed appropriate by the Society. [See Guidance)

5. Mechanical properties

The mechanical properties of steel plates are to comply with the requirements given in Table

2.1.

15.

Table 2.1.15 Mechanical Properties

(1) To be applied for the plates 150 mm or less in thickness

(2) To be tested with R1A4 test specimen.

(3) To be tested with A1A4 test specimen. When the capacity of the available testing machine does not permit
testing the full thickness specimen, A4 test specimen may be used.

(4) To be tested with A5 test specimen.

(5) Test temperature of API/32, RPV36 and APV A2 plates manufactured by 7MCP is to be -207C.

Tensile test Impact test
Yield strength (N/mm?) Elongation(%) Absorbed
Grade . Tensile - Test | Average | energy of
Thickness of plate ¢ (mm) strength Thickness of plate ¢ (mm) temp. | absorbed | individual
2 9~\(5)
¢ < 50 |50¢r<100 | 100¢<200| )| <160 | 1p¢<a0® | oo | (O | eneravi | test
specimen(J)
RPV24 1235 min.| 215 min. | 195 min. |400~510| 17 min. 21 min. |24 min.
APV32 315 min.| 290 min. | 275 min."” | 490~610| 16 min. 20 min. |23 min. 0
ARPY36 | 355 min. | 335 min. | 315 min." | 520~640| 14 min. 18 min. |21 min.
47 min. 27 min.
RPVA2 | 410 min.| 390 min. | 370 min."” | 550~670| 12 min. 16 min. |18 min.
RPV46 | 450 min. | 430 min. | 410 min."” |570~700| 19 min.* | 26 min.¥’ {20 min.| -10
RPV50 | 490 min. | 470 min. | 450 min.?” |610~740| 18 min.’ | 25 min.¥ |19 min.
NOTE:
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6. Selection of test samples [See Guidance]

(1) For the steel plates which are not to be heat treated, one test sample is to be taken from each
plate as rolled directly from one slab or ingot.

(2) For the steel plates which are to be heat treated, one test sample is to be taken from every
similarly heat treated plate as rolled directly from one slab or ingot.

(3) For steel plates to which stress relieving is required after welding or stress relieving is applied
by the purchaser, test samples are to be heat treated in accordance with the requirements in
302. 6 (3).

(4) The test samples are to be taken from the portion approximately 1/4 of the width from the side
end of the plate.

7. Selection of test specimen

(1) Tensile test specimens are to be taken according to (a) to (c) below.

(@) One test specimen is to be taken from one test sample.

(b) The test specimens are to be taken with their longitudinal axis normal to the final direction
of rolling .

(c) The test specimens of bar type are to be taken from the portion approximately 1/4 of the
thickness from the surface.

(2) Impact test specimens is to be taken according to (a) to (c) below. [See Guidance]

(@) A set of test specimens are to be taken from one test sample.

(b) The test specimens are to be taken with their longitudinal axis parallel (L direction) to the fi—
nal direction of rolling. Where deemed necessary by the Society, however, they are to be
taken with their longitudinal axis normal (T direction) to the final direction of rolling.

(c) The test specimens are to be taken at a portion where the axis of the test specimen corre—
sponds to approximately 1/4 of the thickness from the surface.

8. Tolerance for thickness

Surface inspection and verification of dimensions are to be in accordance with the requirements in
301. 8. The minus tolerance for the nominal thickness of plates is to be 0.25 mm.

9. Retest procedures

Where the tensile test and impact tests from the first test specimen selected fails to meet the re-
quirements, additional tests may be conducted according to the requirements given in 109.

10. Marking

(1) Steel plates which have satisfactorily complied with the required tests are to be marked with the
identification mark relating to heat treatment in addition to the requirements in 110.
(2) The marks relating to heat treatment in (1) are to be as specified in the following:
(a) Where the plates are normalized : N (e.g. : RPV 32N)
(b) Where the plates are quenched and tempered : Q7 (e.g. : RPV 4607)
(c) Where the plates are heat treated in 7MCP condition @ 7M (e.g. : RPV 367M)
(d) Where only test specimens are normalized in the steel plate as rolled) : 7V (e.g. : RPV
327N)
(e) Where the test specimens are heat treated corresponding to the stress relieving to be ap-
plied in the steel plate normalized : VSR (e.g. : APV 32NSR)
11. Steel plates equivalent to standard

(1) The mild steel plates of grade AD and RE, the high tensile steels of rolled steels for hull speci-
fied in 301. are taken as equivalent to the plates specified in 303. in case where the test
specimens are taken as required in Pars 6 and 7 and test results comply with the requirements
in 301. In this case, PV is to be suffixed to the markings to indicate the kind of plates speci—
fied in 301.

(2) Any requirements regarding heat treatment of steel plates specified in (1) is left to the dis-
cretion of the Society.
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304. Rolled steels for low temperature service

1. Application
(1) The requirements are to apply to the rolled steels not exceeding 50 mm in thickness intended

for tanks and ship's hull structures adjacent to tanks of liquefied gas carriers, and other parts
such a hull structures of refrigerated cargo carrier which are exposed to low temperature
(hereinafter referred to as "steels"). (2023)

(2) Any requirement regarding the steels over 50 mm in thickness is left to the discretion of the

Society. (2023) [See Guidance]
(3) The requirements other than those specified in 304. are applicable to the requirements in 301.

(4) The steels other than those specified in 304. are to comply with the requirements in 101. 2.
2. Kinds
Steels are classified as specified in Table 2.1.16.

Table 2.1.16 Grades and Chemical Composition (2077) (2023)

Chemical composition (%)

(1) These elements may be added, the certificates is to contain these elements.
(2) The content of Cr+ Cu+ Mo is not to exceed 0.50%. The content of Mo for AL9MI0 is not to exceed
0.10%
(3) Aluminium content is to be represented by the total aluminium content, but may be determined by the acid
soluble aluminium content. In such a case, the acid soluble aluminium content is not to be less than 0.015 %.

Kinds Grade Det_o><|da
on c | s | m | P s N | o |la | wm|a®9| wm| v]| D
AL 2354 0.15 |0.10~ | 0.70~ | 0.030 | 0.030
Rl 2358 Flully max. | 0.30 | 1.50 | max. | max.
killed
Alumini
Cfrb?” AL325A4 175 1016 |0.10~|0.80~ [0.025|0.025| OB a0 0.02 _
steels Rl 3258 treated | max. | 0.55 | 1.60 | max. | max. | M@ min.
fine
9rain 1 916 |0.10~ | 0.80~ | 0.025 | 0.025
AL 355
max. | 0.65 | 1.60 | max. | max.
0.18 | 0.35 | 0.80~ 0.010| 1.30~ @
AL 1/N355 - -
max. | max. | 1.50 | 0.025| max. | 1.70
0.17 | 0.30 | 0.70 | M@ 10.020| 2.10~ | 0.30 | 0.40 | 0.12 0.02 0.03
AL 2/N255
Killed | max. | max. | max. max. | 2.50 | max. | max. | max. max. max.
Nickel gnd 0.15 3.25~ 0.05
alloy | RL3MN355 | fine -
steels grain | Max. 3.75 max.
treated | o 15 ~ 475~
BRI 5AB90 0.35 | 0.30~ | 0.020|0.005 ? _ _
max. | max. | 0.80 | max. | max. | 5.25
0.10 8.50~
AL INAQ0
max. 10.00
NOTE:
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3. Heat treatment

The heat treatment of steels is to comply with the requirements given in Table 2.1.17.

Table 2.1.17 Heat Treatment (20717) (2023)

Kinds grade Heat treatment

RL 235A

RL 2358 Normalized or 7TMCP

Carbon Rl 3254
steels

RL 3258

Quenched and Tempered or TMCP™"
RL 355

RL1M355 | Normalized or Normalized and Tempered or Quenched and Tempered?

Nickel | AL2M285 | Normalized or Normalized and Tempered®?

alloy RL 3N355

steels ——— Normalized or Normalized and Tempered or Quenched and Tempered®
RL5N390

RLOMA90 | Double normalized and tempered or Quenched and Tempered®?

NOTE:

(1) Heat treatment may be conducted according to Nomalising, subject to the special approval
by the Society. (2078)

(2) Heat treatment may be conducted according to 7MCP, subject to the special approval by
the Society.

4, Deoxidation practice and chemical composition

(1) The deoxidation practice and chemical composition of each grade are to comply with the re-
quirements given in Table 2.1.16. WWhen deemed necessary, chemical elements other than those
given in the table may be added.

(2) When heat treatment has been conducted according to 7MCP, the chemical composition of
steels specified in Table 2.1.16 may be modified subject to the approval by the Society.

5. Mechanical properties

(1) The mechanical properties of steels are to comply with the requirements given in Table 2.1.18.

(2) Where deemed necessary by the Society, other tests on notch toughness may be required
additionally.

(3) In the case of steels in accordance with Pt7, Chb, Sec 17, 1712.(Special requirements for am-
monia) of the Rules, the specified value of the maximum vyield stress or proof stress may be
limited after approval by the Society. (2023)
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Table 2.1.18 Mechanical properties (20717) (2023)
Tensile test Impact®®
Yield . )
Elongation(%)
?I‘S'fng‘g; . (L=5.65/4) Average
Kinds grade mm Tensile Te 5(7)t absorbed
: strength temp. energy(J)
Thickness of plate .
¢ (mm) P (N/mm?) Thickness of plate ¢ (mm) (c)
6¢t<30 | 30t 6¢t<16? | 16¢(t<40? | 40 L T
RL 2354 24 -40
235 min.” 400~510 L T ,
RL 2358 min.
-50
Carbon | AL 325A 29
steels 325 min. 440~560 | 22 min. 30 min. .
RL 3258 min.
20 -60
RL 355 355 min. 490~610 | 20 min. 28 min. min
in.
355 345
RL 1N355 ) ) 490~640 22 min. -80 41 27
min. min.
min. | min.
RL 2255 255 min. 450~590 21 min. -70
Nickel
355 345
alloy RL 3N355 ) ) 490~640 22 min. -100
min. min.
steels
390 380
RL B5N390 i ) 530~710 20 min. -120
min. min.
4 4
RL INAS0 90 E.BO 640~ 840 18 min. -196
min. min.
NOTES:

(1) Same or above 215 N/mm® when the thickness of plate is above 40 mm.

(2) Carbon steels are to be tested with Ab test specimen. To be tested with A1A4 test specimen For AL
2354 and AL 2358.

(3) Carbon steels are to be tested with R4 test specimen.

(4) In the case of carbon steel, the calibrated elongation value according to ISO 2566-1:2021 may be re-
quired by the different specimen type from requirements in this Table.

(5) L (or 7) indicates that the longitudinal axis of the test specimen is arranged parallel (or transverse) to
the final direction of rolling.

(6) When the absorbed energy of two or more test specimens among a set of test specimens is less in
value than the specified average absorbed energy or when the absorbed energy of a single test speci-
men is less in value than 70% of the specified average absorbed energy, the test is considered to
have failed.

(7) Impact test temperature for steels specified in Pt 7, Ch 5 is to comply with the requirements given in
Table 2.1.18-1.
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6. Selection of test sample

(1) For steel plates, one test sample is to be taken from each plate as rolled directly from one slab
or ingot.

(2) For test samples used in other steels than steel plates, steels not greater than 10 tonnes in
mass (having the same cross—sectional dimensions and being from the same cast manufactured
by the same process) are to be treated as one lot, and one test sample is to be taken from
each lot.

(3) The requirements specified in 301. 6 (4) are to be applied to the selection of the test samples.
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Table 2.1.18-1 Impact Test Temperature of Steels Specified in Pt 7, Ch 5. (2077) (2023)
Grade Thickness ¢ (mm) Test temp (C)©
t <25 -20 or (Td-5) @
25 < t <30 -20 or (Td-10) @
AL 2354 30<1<35 -20 or (Td-15) @
RL 2358 35< ¢ <40 (Td-20)
RL 3254
Rl 3258 40 < ¢ < 50 -20 or (Td-5) ¥
AL 355 40 < t < 45 (Td-25)“
45 < t < 50 (Td-30)@
50 < ¢ ®
t< 25 -65
25 < t <30 -65 or (Td-10) @
30< <35 -65 or (Td-15) @
RL1N255
35< <40 -65 or (Td-20) @
40< t <45 (Td-25)®
45 <+ <50 (Td-30)©
t< 25 -70
25 < ¢ <30 -70 or (Td-10) @
30<+<35 -70 or (Td-15) @
RL 2 \255
35< <40 -70 or (Td-20) @
40< t <45 (Td-25)®
45 < t <50 (Td-30)©
t <25 -95
25 < ¢ <30 -95 or (Td-10) @
- 30< <35 -95 or (Td-15) @
35< < 40 -95 or (Td-20) @
40< t <45 (Td-25)®
45 <+ <50 (Td-30)®
1< 25 -110
25 < ¢ <30 -110 or (Td-10) @
- 30<+<35 -110 or (Td-15) @
35< t<40 -110 or (Td-20) @
40 < t <45 (Td-25)®
45 < t <50 (Td-30)®
RL INAO 1< 50 -196©
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Table 2.1.18-1 Impact Test Temperature of Steels Specified in Pt 7, Ch 5.(cont'd) (2077) (2023)

NOTES:

(1) 7d is the design temperature (C).

(2) The test temperature is to be the lower of those specified above.

(3) In addition, post-weld stress relief heat treatment shall be performed. Exemption to post-weld
stress relief heat treatment based on alternative approach(e.g. Engineering Critical Assessment)
shall be approved by the Society or shall be to recognized standards.

(4) Applies to cargo tank other than type C.

(5) This may be accepted by approval of the Society. And the test temperature is to be as
deemed appropriate by the Society.

(6) A further set of impact test at mid thickness for products with 40 < ¢ < 50 is required

7. Selection of test specimens

(1) Tensile test specimens are to be taken according to the requirements specified in 301. 7 (2).
(2) Impact test specimens are to be taken according to the following (a) and (b):
(@) The requirements specified in 301. 7 (3) are to apply.
(b) For steel plates, the test specimens are to be taken with their longitudinal axis normal (T di-
rection) to the final direction of rolling; for other steels than steel plates, they are to be tak-
en with their longitudinal axis parallel (L direction) to the final direction of rolling.

8. Surface inspection and verification of dimensions

Surface inspection and verification of dimensions are to be in accordance with the requirements in
301. 8. The minus tolerance for the nominal thickness of plates is to be 0.25 mm.

9. Retest procedures

Where the tensile test and impact tests from the first test specimen selected fails to meet the re—
quirements, additional tests may be conducted according to the requirements given in 109,

10. Marking

(1) Steels which have satisfactorily complied with the required tests are to be marked with the
identification mark in accordance with the requirements in 110.

(2) For steels to which the requirements given in Notes (2) of Table 2.1.17 and Notes (7) of Table
2.1.18 have been applied, "7M/" and impact test temperature "7" are to be suffixed to the
markings. (e.g. AL3257TM-50T )

(3) For steel to which the requirements given in 5. (3), the specified value of the maximum vyield
stress or proof stress and “A” are to be suffixed to the markings. (e.g. AL 325A4-4404) (2023)

305. Rolled stainless steels

1. Application

(1) These requirements are to apply to the rolled stainless steels (hereinafter referred to as "steels"”)
for tanks in low temperature service or corrosion-resisting service.

(2) Austenitic-ferritic stainless steel (hereinafter referred to as "duplex stainless steels") not exceed-
ing 75mm in thickness are to be as in accordance with the Guidance relating to the Rules
specified by the Society. [See Guidance]

(3) The requirements other than those specified in 305. are applicable to the requirements in 301.

(4) Steels other than those specified in 305. are to comply with the requirements in 101, 2.

2. Kinds

Steels are classified as specified in Table 2.1.19.
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Table 2.1.19 Grades and Chemical Composition of Stainless Steels (2020) (2021)

Chemical composition (%)

Grade
C S Mn P S Ni Cr Mo N Others
0.08 8.00~
RSTS 304
max. 2.00 10.50 B
0.030 max. 8.00~ -
ASTS 304L max. 13.00 | 18.00~
oo 2000
ASTS304M | oo o | a0 190 0.10~0.25
RSTS304p2 | M | max. | max. 1% B 0.15~030 | Nb<0.15
0.030 850~ | 17.00~
Asts304Ly | 0.0 800~ | 1500 0.12~0.22
12.00~ | 22.00~
ASTS 3095 15.00 | 24.00
0.08 1.50 19.00~ | 24.00~
ASTS310S | max. | max, 22.00 | 26.00 )
0.040 | 0.030 | 10.00~
ASTS316 max. | max. 14.00
0.030 10.00~ .
RSTS3161 ).03C % | 180 .
2.00~3.00
0.08 2.00 10.00~
0.030 10.50~ | 16.50~ 3
pstsaieun | 0030 | 050 | 18250 0.12~0.22
O 08 max.
ey max. 11.00~ | 18.00 -
RSTS317L 0.030 15.00 | 20.00 | 3:00~4.00
RSTS317LN | max. 0.10~0.20
RSTS 321 0.08 9.00~ | 17.00~ ) ) Tiz5xC
RSTS347 max. 13.00 19.00 Nb> 10%C

3. Heat treatment

The steels are generally to receive a solid solution treatment.
4. Chemical composition

The chemical composition of steels is to comply with the requirements given in Table 2.1.19.
5. Mechanical properties

(1) The mechanical properties of steels are to comply with the requirements given in Table 2.1.20.
[See Guidance]

&3 Rules for the Classification of Steel Ships 2024 33



Pt2 Materials and Welding
Ch1 Materials Pt2, Ch1

34

Table 2.1.20 Mechanical Properties of Stainless Steels

Tensile Hardness test
Grade Yield strength | Tensile strength | Elongation(%) Brinell Rock well Vickers
(N/mm?) (N/mm?) (L= 5.65\/2) Hew Hrs Hy
RSTS 304 205 min. 520 min.
40 min. 187 max. 90 max. 200 max.
RSTS304L 175 min. 480 min.
RSTS 304M 275 min. 550 min. 217 max. 95 max. 220 max.
35 min.
RSTS 304MN2 345 min. 690 min. 248 max. | 100 max. 260 max.
RSTS304LN 245 min. 550 min. 217 max. 95 max. 220 max.
RSTS3098
RSTS3108 205 min. 520 min. 40 min.
187 max. 90 max. 200 max.
RSTS 316
RSTS316L 175 min. 480 min.
RSTS 316N 275 min. 35 min.
550 min. 217 max. 95 max. 220 max.
RSTS316LN 245 min.
RSTS 317 205 min. 520 min.
187 max. 90 max. 200 max.
RSTS317L 175 min. 480 min.
40 min.
RSTS317LN 245 min. 550 min. 217 max. 95 max. 220 max.
RSTS 321
205 min. 520 min. 187 max. 90 max. 200 max.
RSTS 347

(2) The minimum vyield strength specified in Table 2.1.20 may be altered to other values subject
to the approval of the Society. In this case, minimum vyield strength and indication symbol of
heat treatment specified in 301. 4 will be added after the steel grade mark.(eg. : RSTS 376LN -
4007M) (2079)

(3) The results of hardness test, according to the test method, are to comply with the requirements
given in Table 2.1.20.

(4) Other tests on notch toughness or corrosion resistance may be required, where deemed neces-
sary by the Society. [See Guidance]

. Selection of test samples

(1) One test sample is to be taken from every similarly heat treated plate as rolled directly from
one slab or ingot.
(2) The requirements provided in 301. 6 (4) are to be applied to the selection of the test samples.

. Selection of test specimens

(1) Tensile test specimens are to be taken according to the requirements specified in 301. 7 (2).
(2) The hardness test specimen may be a portion of tensile test specimen.

. Tolerance for thickness

Surface inspection and verification of dimensions are to be in accordance with the requirements in
301. 8 The minus tolerance for the nominal thickness of plates is to be 0.25 mm.

. Marking

Steels which have satisfactorily complied with the required tests are to be marked with identification
mark in accordance with the requirements in 110..
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10. Forming

The cold deformation limit of the rolled stainless steels is to be in accordance with the Guidance
specially specified by the Society. [See Guidance]

306. Round bars for chain

1. Application

(1) These requirements are to apply to the rolled round bars (hereinafter referred to as "Chain bars")
for chain specified in Pt 4, Ch 8, Sec 4.

(2) Chain bars for manufacture of offshore mooring chain are to be in accordance with the Guidance
relating to the Rules specified by the Society. [See Guidance]

(3) The requirements other than those specified in 306. are applicable to the requirements in 301..

(4) Chain bars having characteristics differing from those specified in 306. are to comply with the
requirements in 101. 2.

2. Kinds

The chain bars are classified as specified in Table 2.1.21.

Table 2.1.21 Grades of Chain Bars

Grade Application used for
Grade 1 chain bar RSBC31 Un-studded chain
Grade 1 chain o ] ,
Ship's stud link anchor chain
Grade 2 chain bar RSBC 50 Grade 2 chain cables and accessories
Grade 3 chain bar RSBC70 Grade 3 chain

3. Deoxidation practice and chemical composition

The deoxidation practice and chemical composition of each grade are to comply with the require—
ments given in Table 2.1.22. Elements other than specified in Table 2.1.22 may be added subject to
a special approval by the Society.

Table 2.1.22 Deoxidation Practice and Chemical Composition (%)

Grade Deoxidation c S Mn P S AR
RSBC 31 Killed 0.20 max. | 0.15~0.35 0.40 min. | 0.040 max. | 0.040 max. -
RSBCS0? | Fine-grained | 0.24 max. | 0.16~0.55 | 1.60 max. | 0.035 max. |0.035 max. | 0.020 min.
RSBC70? killed 0.36 max. | 0.15~0.55 | 1.00~1.90 | 0.035 max. | 0.035 max. | 0.020 min.

NOTE:

(1) A/ content is to be represented by the total A/ content and may be replaced partly by other fine

graining elements.

(2) If the Society agrees, additional alloying elements may be added.

4. Heat treatment
Chain bars are to be as rolled condition.
5. Mechanical properties
The mechanical properties of chain bars are to comply with the requirements given in Table 2.1.23.

6. Selection of test sample
(1) Chain bars not greater than 50 tonnes in weight (from the same cast manufactured by the same
process) are to be treated as one lot, and one test sample largest in diameter is to be taken
from each lot.
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(2) Test sample mentioned in above (1), prior to sampling, must be subjected to the heat treatment
provided for the finished chain cable. Details of the heat treatment must be indicated by the
chain cable manufacturer. In case of no indication, heat treatment of the test sample is to com-

ply with the requirements given in Pt.4, Sec.8 406. for each grade.

Table 2.1.23 Mechanical Properties

ered to

have failed.

Tensile test Impact testM@
. Tensil
Grade Yield strength ens! eh Elongation(%) | Reduction of area Test Average
(N/mm?)® strengt (L=5d) %) temp absorbed
(N/mm?)® () energy (J)
RSBC31 - 370~490% 25 min. - - -
RSBC50 295 min. 490~690 22 min. - 0 27 min.@
RSBCT0 410 min. 690 min. 17 min. 40 min. oW 60 min.®
NOTES:

(1) When the absorbed energy of two or more test specimens among a set of test specimens is less
in value than the specified average absorbed energy or when the absorbed energy of a single test
specimen is less in value than 70 % of the specified average absorbed energy, the test is consid-

(2) For RSBC5H0 which will be heat treated according to Pt 4, Ch 8, 405. no impact testing is required.

(3) Impact test of ASBC 70 may be carried out at the temperature of -20C where approved by the
Society. In this case, minimum mean absorbed energy is to be not less than 35 J.

(4) Lower limit of tensile strength of ASBC31 may be 300 N/mm? with the approval of the Society.

7. Selection of test specimens

(1) Test specimens are to be taken in accordance with the Table 2.1.24.

Table 2.1.24 Number of test specimens

Grade Number of tensile test specimens | Number of impact test specimens
RSBC 31 1 piece -

RSBC 50 1 piece 1 set (3 piece)”

RSBC 70 1 piece 1 set (3 piece)

NOTES:

(1) In case where note (2) of Table 2.1.23 is applied, no impact test specimen need to be taken.

(2) The test specimens are to be taken with their longitudinal axis parallel to the final direction of

rolling.

(3) The tensile and impact test specimens are to be taken from the test sample in the longitudinal
direction at a depth of 1/6 diameter from the surface or as close as possible to this position.
(See Fig 2.1.5)
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Specimen for Charpy
V—notch impact test

d/e

Tensile T
specimen

Fig 2.1.5 Selection of test specimens

(4) The longitudinal axis of the notch is to correspond approximately to the radial direction of each
test specimen.

8. Surface inspection and verification of dimensions

(1) Surface inspection for all grades is to be carried out and it is to be confirmed that there are no
harmful defects.

(2) The diameter and roundness of all grades of chain bars are to be within the tolerances specified
in Table 2.1.25.

Table 2.1.25 Dimensional tolerance

. . o ] Tolerance on roundness
Nominal Diameter (mm) Tolerance on diameter (mm) (d —d ) (mm) @
less than 25 -0, +1.0 0.6 max.
25 ~ 35 -0, +1.2 0.8 max.
36 ~ 50 -0, +1.6 1.1 max.
51 ~ 80 -0, +2.0 1.50 max.
81 ~ 100 -0, +2.6 1.95 max.
101 ~ 120 -0, +3.0 2.25 max.
121 ~ 160 -0, +4.0 3.00 max.
NOTES:
(1) For nominal diameter of bar materials which have more than 161 mm, dimensional tolerances are to
be as deemed appropriate by the Society.
2 d and d mean the maximum and minimum diameter of a round bar.

9. Retest procedures

(1) Where the tensile test and impact tests from the first test specimen selected fails to meet the
requirements, additional tests may be conducted according to the requirements given in 109.

(2) If failure to pass the tensile test or impact test is definitely attributable to improper heat treat-
ment of the test sample, a new test sample may be taken from the same piece and reheat
treated. The complete test (both tensile and impact test) is to be repeated; and the original re—
sults obtained may be disregarded.

10. Marking

Chain bars which have satisfactorily complied with the required tests are to be marked with identi—
fication marks in accordance with the requirements in 110.
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307. Rolled steel bars for boiler
1. Application

(1) These requirements are to apply to hot rolled steel bars intended to be used for the stay bolts
for boilers (hereinafter referred to as "steel bars").

(2) The steel bars having characteristics differing from those specified in 307. are to comply with
the requirements of 101. 2.

2. Kinds

The steel bars are classified as specified in Table 2.1.26.

Table 2.1.26 Grades and Chemical Composition

Chemical composition (%)
Grade
C S p
RSB 42 0.30 max.
0.04 max. 0.05 max.
RSB 46 0.33 max.

3. Heat treatment

The heat treatment of steel bars is to be as deemed appropriate by the Society. [See Guidance]
4. Chemical composition

The chemical composition of steel bars is to comply with the requirements given in Table 2.1.26.
5. Mechanical properties

The mechanical properties of steel bars are to comply with the following requirements.
(1) The tensile test of steel bars is to comply with the requirements given in Table 2.1.27.

Table 2.1.27 Mechanical Properties
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Grade Yield stre‘ngth Tensile strfangth Elongation(%)
(N/mm?) (N/mm?) (L=5.65/A)
RSB 42 225 min. 410~490 24 min.
RSB 46 245 min. 450~540 22 min.
NOTE:

The required value of yield strength for the steel bars exceeding 100 mm in diameter may
be taken as 205 N/mm® for RSB42 and 225 N/mm® for RSB 46, regardless of the above

requirements.

(2) The bend test specimen is to stand being bent cold through 180 degrees without cracking on

the outside of the bent portion to an inside radius given in Table 2.1.28.

Table 2.1.28 Bend Test

Ratio of inside radius of bend to diameter of test specimen
Dia. of bar (mm)
RSB 42 RSB 46
3
d<25 n 1
25<d <50 1 1
17
50<d<75 4
1
17
75<d 4 1%
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6. Selection of test samples

For the test samples of steel bars, steel bars which belong to the same cast manufactured by the
same process and where the amount of scatter is to be less than 10 mm in diameter, are to be
treated as one lot, and test samples are to be taken from each lot accord ing to the mass of the
lot and to the requirements provided in Table 2.1.29.

Table 2.1.29 Number of Test Samples

Weight of group (ton) Number of test samples
25 and under 1 each
Over 25 up to 30 2 each
Over 30 2 each plus 1 each for each 10 tons of excess or fraction thereof

7. Selection of test specimens

(1) Each one piece of tensile and bend test specimen is to be taken from one test sample.

(2) Test specimens are to be taken with their longitudinal axis parallel to the final direction of
rolling.

(3) Tensile test specimens are to be taken from the sample in the longitudinal direction at a depth
of 1/6 diameter from the surface or as close as possible to this position. (See Fig 2.1.5)

8. Tolerance for diameter

The tolerance for diameter of the steel bars is to comply with the requirements in Table 2.1.30.

Table 2.1.30 Tolerance for Diameter

Diameter of bar (mm) Tolerance
d < 16 +0.4 mm
16 £ 4 < 28 +0.5 mm
28 £ d +1.8%

9. Marking

Steel bars which have satisfactorily complied with the required tests are to be marked with the
identification mark in accordance with the requirements in 110..

308. High strength steels for welded structures (2077)

1. Application

(1) The requirements given in 308. are to apply to hot-rolled, fine—grain, weldable high strength
structural steels intended for use in marine and offshore structural applications, tanks of liquefied
gas carriers and process pressure vessels (hereinafter referred to as "steels")

(2) Any requirements regarding the steels over specified maximum thickness of Table 2.1.32 are left
to the discretion of the Society. [See Guidance]

(3) Product forms other than rolled steels, such as seamless tubulars, may be provided to the re-
guirements given in 308..

(4) The requirements other than those specified in 308. are applicable to the requirements in 301..

(5) Steels having characteristics differing from those specified in 308. are to comply with the re-
quirements in 101, 2.

2. Kinds
Steels are classified as specified in Table 2.1.31.
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Table 2.1.31 Grade of Steels
Kind Grade

AHA3, DH43, EHA43, FH43
AHA47, DHA47, EH4T, FHA47
Plates, wide AHB1, DH51, EH51, FH51
Weldable flats, AH56, DHS6, EH56, FHE56

high sections, ’ ’ '
strength bars and AHB63, DH63, EH63, FH63
steel seamless AH70, DH70, EH70, FH70

tubulars
AH90, DH90, £H90
AH97, DH97, EH97

3. Manufacturing process

(1) The maximum thickness of slab, billet or bloom from the continuous casting process is to be at
the manufacturer's discretion. The rolling reduction ratio of slab, billet, bloom or ingot is not to
be less than 3:1 unless agreed at the time of approval.

(2) The maximum thickness by heat treatment and grade is to comply with the requirements given
in Table 2.1.32.

(8) Vacuum degassing is to be used for all steels with enhanced through-thickness properties and
with specified yield point of 690 N/mm?, 890 N/mm?, 960 N/mm?.

(4) The steel is to be fine grain treated, and is to have a fine grain structure. The fine grain prac-
tice is to be as detailed in the manufacturing specification. [See Guidance)

(5) The steels is to contain nitrogen binding elements as detailed in the manufacturing specification.
Also see note (4) in Table 2.1.33.

(6) Steels approved by the procedures given in Manufacturing Process Approval with respect to Heat
Treatment are suitable for stress relieving heat treatment such as post-weld heat treatment and
stress relieving heat treatment after cold forming for the purpose of reducing the risk of brittle
fracture, increasing the fatigue lifetime and dimensional stability for machining.

Table 2.1.32 Max. thickness by heat treatment and grade

Max. thickness (mm)
Heat treatment™
Plates Sections Bars Tubulars
N 250 50 250 65
CR 150 @
TMCP 150 50 - -
or 150 50 - 50
NOTE:

(1) The definition of heat treatment is in accordance with note (1) of Table 2.1.9 in 301..

(2) The maximum thickness limits of sections, bars and tubulars produced by CR process
route are less than those manufactured by N route, and are to be at the discretion of the
Society.

(3) Approval for N steels with thickness larger than 250 mm and QT steels with thickness
larger than 150 mm is subject to the special consideration of the Society.

4. Deoxidation practice and chemical composition

(1) The deoxidation practice and chemical composition of steels are to comply with the requirements
given in Table 2.1.33. Where deemed necessary, other elements than specified in Table 2.1.33
may be added. Elements used for alloying, nitrogen binding, and fine grain treatment, and as
well as the residual elements are to be as detailed in the manufacturing specification.
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(2) The maximum values for carbon equivalent(Ceq or CET) and cold cracking susceptibility(Pcm) are
to comply with the requirement in Table 2.1.34.
5. Heat treatment

The steels are to be in heat treatment approved by the Society in accordance with the follows and
Table 2.1.33.
(1) Normalized(N)
(2) Controlled rolling(CR)
(3) Thermo-mechanical controlled rolling(TMCP)
(@) Thermo—mechanical Rolling(TM)
(b) TM with accelerated cooling(TM+AcC)
() TM with direct quenching followed by tempering (TM+DQ+T)
(4) Quenched and Tempered(QT)

6. Mechanical properties

(1) The mechanical properties of steels are to comply with the requirements given in Table 2.1.35.
(2) Where deemed necessary by the Society, other test on notch-toughness and weldability may be
required in addition to the tests specified in Table 2.1.35. [See Guidance]

7. Selection of test samples

(1) Tensile test sample is to be randomly selected from each batch that is to be less than or equal
to 25 tonnes, and to be from the same cast, in the same heat treatment and of the same
thickness. [See Guidance)

(2) Impact test sample is to be selected as follows;

(a) For steels plates in N/CR or TMCP condition, test sample is to be taken from each piece.

(b) For steels in QT condition, test sample is to be taken from each individually heat treated part
thereof.

(c) For sections, bars and tubulars, test sample is to be taken from each batch of 25tonnes or
fraction thereof. [See Guidance]

(3) The requirements specified in 301. 6 (4) are to be applied to the selection of the test samples.
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Table 2.1.33 Heat treatment, Deoxidation Practice and Chemical Composition (%)

D Chemical composition®®
€0x
Heat -
treat Iqa_ G Mo Al Nb
ment Grade ’[Iont cl s | wml P ) Gu o | N© e e | e | N (0(7)
1) prac % % % o o % o total 0 0 % pp
e (%) | () | ()| (%) (%) (%) %) (%) %) ((()%)a) %) %) | (%) () m)
AH 43, AH 47, 0.2 0.03 | 0.025
DH 43, DH 47 max. max. max.
N, 0.6 1.0~ 055 | 0.3 0.8 | 0.1 | 0.02| 0.05| 0.2 | 0.05| 0.025 B
CR max. 1 7 max max max. max min max. max. max. max
EH 43, EH 47 0.18 0.025 | 0.02
max. max. max.
AH 43 , AH 47,
AH 51, AH 56,
AH 63, AH 70,
L lHe, e o | o -
DH 51, DH 56,
DH 63, DH 70
™ 0.6 1.0~ 055 | 05 2.0 | 0.5 [ 0.02] 0.05| 0.12 | 0.05 | 0.025
CP DH 90 max. 17 max. max. max. max. min. max. | max. max. max.
EH 43, EH 47,
EH 51, EH 56, Fully
EH 63, EH 70, . 0.14 0.02 | 0.01 50
killed
EH 90, fine max. max. max. max.
FH 43, FH 47, grain
FH 51, FH 56,
FH 63, FH 70
AH 43 , AH 47,
AH 51, AH 56,
AH 63, AH 70,
AH 90, AH 97, 0.025 | 0015 -
DH 43, DH 47, ) )
DH 51, DH 56,
DH 63, DH 70
oT 0.18 0.8| 1.7 0.5 1.5 2.0 0.7 O.éﬂ 0.06| 0.12 | 0.05 | 0.015
DH 90 DH 97 max. | max.| max. max. max. max. max. min max.| max. max. max.
EH 43, EH 47,
EH 51, EH 56,
EH 63, EH 70, 0.02 0.01 30
EH 90, EH 97, max. max. max.
FH 43, FH 47,
FH 51, FH 56,
FH 63, FH 70
NOTE:
(1) The definition of heat treatment is in accordance with note (1) of Table 2.1.9 in 301..
(2) The chemical composition is to be determined by ladle analysis and is to meet the approved manufacturing
specification at the time of approval.
(3) For sections the P and S content can be 0.005 % higher than the value specified in the table.
(4) The total aluminium to nitrogen ratio is to be a minimum of 2:1. When other nitrogen binding elements are
used, the minimum A/ value and AJ/N ratio do not apply.
(5) Total Nb+14T/ < 0.26 % and Mo+Cr <0.65%, not applicable for OT steels.
(6) Higher N/ content may be approved at the discretion of the Society.
(7) The requirement on maximum Oxygen content is only applicable to DH90, EHI0, DH97 and EHI7.
(8) when boron is deliberately added for enhancement of hardenability of the steels, the maximum content of the
boron content is not to be higher than 0.005%: and the analysis result is to be reported.
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Table 2.1.34 Carbon equivalent(Ceg or C£7) and Cold cracking susceptibility(Pcm)

Cold
: crackin
Carbon equivalent (%) suscept?—
bility (%)
Heat
Grade treeaat— Ceq"” CET"® | pem™®
ment
Plates Sections Bars Tubulars All All
<50 |50¢¢<100(100¢f<250 | ¢<50 | t<250| <65 | Al
(mm) mm mm (mm) (mm) (mm)
N, CR| 046 | 048 max. | 052 max. | 047 | 053 | 047 - -
A3 RS L mee | 043 | 045 max. | 047 max. | 044 - - - -
QT | 945 | 047 max. | 0.49 max. - - 046 - -
N, CR | 050 | 052 max. | 054 max. | 051 | 056 ) 051 1 025 -
AAL BRAZ L tvmee | 945 | 047 max. | 048 max. | 048 - - 0301023 max.
or | 947 | 048 max. | 0.50 max. - - 048 1 0321024 max.
0.46 0.32
TMCP 0.48 max. 0.50 max. - - - 0.24 max.
QT r?wzi? 0.50 max. 0.54 max. - - Png’g %g’f 0.25 max.
0.48 0.34
TMCP 0.50 max. 0.54 max. - - - 0.25 max.
' QT | 996 | 060 max. | 064 max. - - 056 1 036 1028 max.
0.50 0.34
TMCP 0.52 max. - - - - 0.26 max.
’ oT | 996 | 060 max. | 064 max. - - 058 1 038 1030 max
0.56 0.36
TMCP - - - - - 0.30 max.
R
' QT | 964 | 066 max. | 0.70 max. - - 068 | 040 133 max.
0.60 0.38
TMCP - - - - - 0.28 max.
AH QEOH 86" %0, max. max.
QT %SE 0.75 max. - - - - r%gg -
AH 97, DH 97, QT 0.75 _ _ _ _ _ 0.40 _
EH 97 max. max.
NOTE:
(1) Ceq, CET and PC(V:m are to be ot)G‘;ained from the following f)orm(tgai @
_ . Mi, GHMFV | Nit+Gi, _ . (Mt +G) | N,
Gq= C+ e 5 +—5 (%), CET=C+ TR +40(A)),
B S My G, Ni G M V
Pem = C+%+W+%+E+%+E+E+SB
(2) For steel of minimum yield strength 460 N/mm2 and higher, CET may be used instead of Ceq at the
discretion of the manufacturer.
(3) For 7TMCP and QT steels with carbon content not more than 0.12%, the cold cracking susceptibility
Pem  for evaluating weldability may be used instead of carbon equivalent of Ceq or CET at
manufacturer’s discretion.
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Table 2.1.35 Mechanical Properties

Tensile test®" Impact test"®
Yield stre?gth Tensile strgngth
Heat (N/mm?) (N/mm?) Elongation Average
Grade | treat- : - (%)% Testw absorbed
ment Nominal thickness t (mm)® Nominal thickness t | (1=5.65,/4) | temp. energy (J)
(mm)® (c)
3<t<50 | 50t<100 | 100¢t<250 | 3<t<100 | 100¢t<250 | L | 7© L T
AH 43 0
praz | M | | | 21 | 19 |20 - -
£ 43 Tl\(/lg(%P 420 min. | 390 min. 365 min. 520~680 470~650 min. | min. 20 42 min. | 28 min.
FH 43 -60
AH 47 0
pH47 | D _ _ _ 9 | 17 | 20 _ _
EH a7 T%(%P‘ 460 min. | 430 min. 390 min. 540~720 500~710 min. | min. 20 46 min. | 31 min.
FH 47 -60
AH 51 0
DH 51 -20
—er | o7 |500min.| 480min. | 440min. | 500~770 | 840~720 | 1O | I i—— |50 min.|33min.
FH 51 -60
AH 56 0
DH 56 -20
oo | 07 |550min.| 630min. | 490min. | 640~820 | 90-770 | 18 | 1O \— " 65min.| 37 min.
FH 56 -60
AH 63 0
DH 63 -20
“es | OF " |620min.| 580 min. | B60min. | 700~890 | 650-830 | nf | AP [~ —|62min. |41 min.
FH 63 -60
AH 70 0
DH 70 -20
S0 T’\gCTP' 690 min. | 650 min. | 630min. | 770~940 | 710~000 | 16 | 1d- o |69 min. |46 min.
FH 70 ~60
AH 90 0
DH90 | T™MEP: | 890 min. | 830 min. - 940~1100 - 13 01T 220 |69 min. |46 min.
EH 90 -40
AH 97 0
DH97 | QT | 960 min. - - 980~1150 - 12 110 1220 |69 min. | 46 min.
EH 97 -40
NOTE:

(1) L (or 7) denotes that the longitudinal axis of the test specimen is arranged parallel (or transverse) to
the final direction of rolling

(2) When the absorbed energy of two or more test specimens among a set of test specimens is less in
value than the specified average absorbed energy or when the absorbed energy of a single test
specimen is less in value than 70 % of the specified average absorbed energy, the test is considered
to have failed.

(3) The minimum elongation for R7B test specimen (/=200mm) is to be in compliance with the
requirements given in Table 2.1.36.

(4) Impact test temperature for steels specified in Pt 7, Ch 5 are given in Table 2.1.37.

(5) For plates and sections for applications, such as racks in offshore platforms etc, where the design
requires that tensile properties are maintained through the thickness, a decrease in the minimum
specified tensile properties is not permitted with an increase in the thickness.

(6) In the case of product forms other than plates and wide flats where longitudinal tests are agreed, the
elongation values are to be 2 percentage units above those transverse requirements as listed in this
Table.
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Table 2.1.36 The minimum elongation for 775 test specimen (/=200mm)®

Grade Thickness t(mm)
t<10 10¢¢<15 | 15¢¢<20 | 20¢#<25 | 25¢+<40 | 40¢t<50 | 50{t<70
AH43, DH 43, EH 43, FH 43 1 13 14 15 16 17 18
AH47, DH 47, EH 47, FH 47 1 12 13 14 15 16 17
AH51, DH 51, EH 51, FH 51 10 1 12 13 14 15 16
AH56, DH 56, EH 56, FH 56 10 11 12 13 14 15 16
AH63, DH 63, EH 63, FH 63 9 1 12 12 13 14 15
AH70, DH 70, EH 70, FH 70 92 10? 11@ 11 12 13 14

NOTE:

(1) This tabulated elongation minimum values are the requirements for testing specimen in transverse
direction. Specimens of specified minimum vyield strength 890 N/mm2 and 960 N/mm2 which are not
included in this table are to be proportional specimens with a gauge length of L=5.65/4.

(2) For specified minimum vyield strength 690 N/mm2 plates with thickness < 20 mm, round specimen
R14A may be used instead of the flat tensile specimen. The minimum elongation for testing specimen
in transverse direction is 14%.

Table 2.1.37 Impact Test Temperature for Steels specified in Pt 7, Ch 5

Impact test
Grade Thickness ¢ (mm) Average absorbed energy (/)
Test temp ()
L T

t <20 0
AHA3, DHA3, AHAT, DHA4T 20 (¢ < 40 -20 41 min. 27 min.
AHB1, DH51, AH56, DH56
AHB3, DH63, AH70, DH70 40(¢< 50 -30

50 (¢ m

NOTE: (1) Temperature is to be as deemed appropriate by the Society. [See Guidance]

8. Selection of test specimens

(1) Tensile test specimens are to comply with the requirements shown in (a) to (c) below:

(a) Test specimens are to be cut with their longitudinal axes transverse to the final direction of
rolling, except in the case of sections, bars, tubulars and rolled flats with a finished width of
600 mm or less, where the tensile specimens may be taken in the longitudinal direction.

(b) Normally flat tensile test specimens with full thickness are to be prepared in such a manner
as to maintain the rolling scale at least at one side.

(c) When the capacity of the test machine is exceeded by the use of a full thickness specimen,
sub-sized flat tensile specimens representing either the full thickness or half of the product
thickness retaining one rolled surface are to be used. Alternatively, machined round test
specimens may be used. The specimens are to be located at a position lying at a distance
of t/4 from the surface and additionally at t/2 for thickness above 100 mm or as near as
possible to these positions.

(2) Impact test specimens are to be taken as follows;

(a) The Charpy V-notch impact test specimens for plates and wide flats over 600 mm in width
are to be taken with their axes transverse to the final rolling direction. For other product
forms, the impact tests are to be in the longitudinal direction.

(b) Sub-surface test specimens will be taken in such a way that one side is not further away
than 2 mm from a rolled surface, however, for material with a thickness in excess of 50 mm,
impact tests shall be taken at the quarter thickness (t/4) location and mid-thickness (t/2).
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(c) Impact test for a nominal thickness less than 6 mm are normally not required.

9. Surface inspection and verification of dimensions

(1) Surface inspection and verification of dimensions are to be in accordance with requirements
specified in 301. 8.

(2) If required by the Society, ultrasonic examination is to be carried out in accordance with 301. 9
(2) for the requirement of internal soundness, and is to be performed in accordance with an ap—
proved standard.

(3) For steels designated with improved through thickness properties, through thickness tensile tests
are to be performed in accordance with 310.. Subject to the discretion of the Society, through
thickness tensile strength may be required to be not less than 80 % of the specified minimum
tensile strength.

10. Retest procedures

(1) Where the tensile test from the first test specimen selected fails to meet the requirements, ad-
ditional tests may be conducted according to the requirements given in 109, 1.

(2) Regarding the impact tests, additional tests are to be carried out according to the requirements
given in 109. 2.

11. Marking

Steels which have satisfactorily complied with the required tests are to be marked with the identi-
fication mark in accordance with the requirements in 110. For steels to which the requirements
given in Note (4) of Table 2.1.35 have been applied, the "impact test temperature T" are to be suf-
fixed to the marking. (e.g. DH63-25T)

12. Test certificates

The Surveyor is to be supplied with two copies, of the test certificates for all accepted materials. In
addition to the description, dimensions, etc., of the material, the following particulars are to be in-
cluded:

(1) Purchaser's order number

(2) Identification of the cast and piece

(38) Manufacturer’s identification

(4) Identification of the grade of steel

(5) Chemical analysis

(6) Ceq, CET or Pcm value

(7) Heat treatment condition and temperatures

(8) Mechanical properties test results, including traceable test identification
(9) Surface quality and inspection results

(10) UT result, where applicable

(11) Through thickness properties of 310., where applicable

309. Stainless clad steel plates

46

1. Application

(1) The requirements in 309. are to apply to the stainless clad steels not exceeding 50 mm in
thickness intended for tanks of ships carrying dangerous chemicals in bulk, tank circumference
hull construction units and corrosion-resisting tanks (hereinafter referred to as "steel plates”).

(2) The requirements other than those specified in 309. are to be in accordance with the require-
ments in 301..

(3) Steel plates over 50 mm in thickness and having characteristics differing from those specified in
309. are to comply with the requirements in 101. 2.

2. Process of manufacture

(1) Manufacture of steel plates is to comply with the processes shown in (a) to (e) below:
(a) Rolling

b) Explosive pressing

¢) Overlay rolling

d) Cast rolling

e) Explosive rolling

S~~~ o~
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(2) Application of any other process of manufacture than those specified in (1) is left to the dis-
cretion of the Society. [See Guidance]
3. Structural metals

(1) Base and clad materials for steel plates are to be mild & higher strength steel plates of rolled
steels for hull specified in 301. and steel plates of rolled stainless steels specified in 305.,
respectively. In case of overlay rolling or cast rolling, clad materials are to comply with the
specified chemical composition of welding materials or stainless steel casting applied as a clad.
(2023)

(2) The material grade marks are to be signified by a combination of base metal and clad material.
(ex. A + RSTS316)

4, Heat treatment
The steel plates are to comply with the requirements for heat treatment of the base metal.

5. Mechanical properties [See Guidance)

(1) The mechanical properties of steel plates are to comply with the requirements given in Table
2.1.38.

Table 2.1.38 Mechanical Properties (2023)

Tensile test® Shearing strength test®
Grade vield Tensile ) Shearing strength Impact test
strength strength Elongation (%) (N/mm?)
(N/mm?) (N/mm?) i
A
g 235 min.
F To be complied To be complied
o, min.? with requirement 200 min. with requirement
AHZZ, AH36, for base metal for base metal
DH32, DH36, s min@
EH32, EH36, T
FH32, FH36
NOTES:

(1) The tensile test specimen is to be R1B test specimen (L=200mm)
(2) 0, and o, is to be obtained from the following formulas:

o, t1ho, _ ho, 1,0,
I A

where:
o, = Yield strength of steel plates (N/mm?)
o, = Specified minimum yield strength of base metal (N/mm?)
o, = Specified minimum yield strength of clad material (N/mm?)
o, = Tensile strength of steel plates (N/mm?)
o, = Specified minimum tensile strength of base metal (N/mm?)
o, = Specified minimum tensile strength of clad material (N/mm?)
t, = Thickness of base metal (mm)
t, = Thickness of clad material (mm)

(3) Any requirement for the procedure of shear strength test is left to Fig 2.1.6 or the discretion of the
Society. In case of overlay rolling, shear strength test may be omitted.
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Load P Load P
1 Test specimen
— /J . S 7‘9

75mm
63mm|

t4(0.10~0.15)

(Notes)
1. The dimensions of jig can be adjusted.
2. The clad material is peeled from the base metal parallel to the bonding surface.
3. Shear strength is to be obtained from the following formula:

_ P
(75 = E
os . Shear strength for clad steel plates
P : Load

S : apparent bonding area(S=W x 25, see Fig 2.1.7)

Fig 2.1.6 Test method for shear strength (2023)

(2) Where deemed necessary by the Society according to the use of steel plates, tests on corrosion
resistance may be required. [See Guidance]

6. Selection of test samples

(1) One test sample is to be taken from each steel plate, being from the same manufacturing proc-
ess, which belong to the plate as rolled from a slab or ingot of a certain base metal. In case of
overlay rolling, a separate test sample which is applied the same condition of manufacturing
process can be made.

(2) The requirements specified in 301. 6 (4) are to be applied to the selection of the test samples.

7. Selection of test specimens

(1) Tensile test specimens are to be taken according to the requirements specified in 301. 7 (2).

(2) Impact test specimens are to be taken according to the requirements specified in 301. 7 (3). In
this case, the thickness of the test specimens is to agree with that of the base metal from
which the clad material has been removed.

(3) Shearing strength test specimens are to be taken according to the requirements specified in the
following (a) to (b):

(@) One test specimen is to be taken from one test sample.
(b) The size and dimensions of the test specimens, are to be determined according to Fig 2.1.7.
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Fig 2.1.7 Size and Dimensions of Shearing Test Specimens (unit: mm)

8. Surface inspection and verification of dimensions

The minus tolerance for the nominal thickness of plates is left to the discretion of the Society.
[See Guidance)

9. Quality and repair of defects [See Guidance]

(1) Each steel plate is to be subjected to ultrasonic testing. Any requirement for the test procedure
is left to the discretion of the Society.

(2) Each cladding defects does not exceed 50 mm in length and 20cr in area. All defect areas do
not exceed 1.5 % of the total surface in question.

(3) Any cladding defects over the length and area of (2) may be repaired by welding in accordance
with the requirements given in 301. 9 (3)

10. Marking

(1) The test certificates are to comply with the requirements given in 107. and are to contain the
particulars as to the process of manufacture of steel plates and the thickness of the clad
material.

(2) Steel plates which have satisfactorily complied with the required tests are to be suffixed with
the following marks relating to the process of manufacture of the steel plates, in addition to the
marks showing the kinds of the base and clad materials. (e.g. A + RSTS316 - A)

Rolling [-A]
Cast rolling [-£A]
Explosive pressing : [-5]
Explosive rolling [-BA]
Overlay rolling [- WA

310. Additional requirements for through thickness properties

1. Application
(1) The requirements in 310. are to apply to hull structural rolled steels and weldable high strength
steel plates and wide flats with thickness of 15mm and over which is required improved
through thickness properties to minimise the possibility of lamellar tearing during fabrication.
(2) The requirements are applicable to the other steels than the material specified in (1) above,
where deemed appropriate by the Society. [See Guidance]
2. Through thickness properties

The through thickness properties of steels are to comply with the requirements given in Table
2.1.39 as the result of tensile tests whose specimens are taken in the through thickness direction
of the product.
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Table 2.1.39 Through thickness properties

Reduction of area acceptance values!”
Grade Application
Minimum average(%) Minimum individual(%)
/725 normal use 25 15
/35 severe service condition 35 25
Note

(1) The minimum average value for the reduction of area of at least 3 tensile test specimens taken
in the through thickness direction must be that shown for the appropriate grade given in Table.
Only one individual value may be below the minimum average but not less than minimum in-
dividual value shown for the appropriate grade.

3. Deoxidation practice and chemical composition

In addition to the requirements of the appropriate steel specification given in 301. or 308.,
maximum sulphur content is to be 0.008% determined by the ladle analysis.

4. Selection of test specimens

(1) For steel, of same thickness, belonging to the same charge and same heat treatment condition,

one test sample is to be taken from each lot specified in Table 2.1.40.

Table 2.1.40 Batch size dependent on product and sulphur content

Product S5>0.005% S5<0.005%

Plates P> (50»
Wide flats of normal thickness <25mm <107 <50y
Wide flats of normal thickness »25mm <20y <50y

Note

(1) In the Table, {50y, {20) and {10) each indicate that steels not greater than 50, 20 and 10 tones arg
to be taken as one lot; {P) indicates that steel rolled directly from one slab or steel ingot is to be
taken as one lot. The term "piece” is understood to mean the rolled product from a single slab or in
got if this is rolled directly into plates, sections or bars.

(2) The test samples are to be taken from one end (top of ingot when applicable) of the portion
corresponding to the middle of the plates or flat bars as shown in Fig 2.1.8.

Principal rolling direction

Test specimen

Center line of product

Test sample /

000 00e)

Fig 2.1.8 Selection of Test Samples
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5. Selection of test specimens

(1) Three round tensile test specimens are to be taken from one test sample in the through thick-
ness direction.

(2) The test specimens are to be taken according to the requirements for dimensions provided in
Table 2.1.41.

Table 2.1.41 Dimensions of Specimen

Product thickness Diameter of test specimen Parallel length
t (mm) d (mm) P (mm)
156 <t <256 d =6 P > 2d
t > 25 d =10 P> 2d

(3) Where the product thickness does not allow to prepare specimens of sufficient length suitable
for the gripping jaws of the testing machine, the ends of the specimens may be built up by
suitable welding methods. The welding is not to impair the portion of the specimen within the
parallel length.

6. Retest procedure

(1) Acceptance, rejection and retest criteria for the through thickness properties of steels are to
comply with the requirements given in Fig 2.1.9.

| Acceptable | Result where retest is permitted ! Acceptable |

! result | ! result |

| | \ } :

| | | | | |

| | o O - 0000

Minimum | | ! A ! ! A !
Average ! é} | A | | | |
; ! | OJ—O | o é ® ! QJ—() i

Minimum 3 ) O ! ! : !
Individual | | | | | :
! | | ! : |

| | | | : :

| | 1 1 | |

O = |ndividual result A = Average result

Fig 2.1.9 Acceptance, rejection and retest criteria for the
through thickness properties of steels

(2) Fig 2.1.9 shows the three cases where a retest situation is permitted. In these instances three
more tensile tests are to be taken from the remaining test sample or remaining steel plates of
same piece. The average of all 6 tensile tests is to be greater than the required minimum aver—
age with no greater than two results below the minimum average.

(3) In the case of failure after retest, either the lot represented by the piece is rejected or each
piece within the lot is required to be tested.

(4) The test is considered invalid and further replacement test is required if the fracture occurs in
the weld or heat affected zone.

7. Ultrasonic tests [See Guidance]
(1) Ultrasonic testing should be carried out on each piece in the final supply condition.

(2) Any requirement for the test procedure and acceptance criteria are left to the discretion of the
Society. However, the probe frequency is to be of 4MHz in general.

8. Marking

Steels which have satisfactorily complied with the requirements specified in 310. are to have the
notation Z25 or Z35 after the material grade mark. (e.g. £H36 225, FH36 Z35)
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311. YP47 Steels
1. Application

(1) This requirements applies to the application of steel plates with thickness of over 50mm and not
greater than 100mm and specified vyield point of 460 N/mn® to longitudinal structural members in
the upper deck region of container carriers (such as hatch side coaming, hatch coaming top and
the attached longitudinals).

(2) For YP47 steels outside scope of the said thickness range, special consideration is to be given
by the Society. And special consideration is to be given to the application of YP47 steels for
other hull structures. (2027)

(3) The requirements other than those specified in 311. are applicable to the requirements in 301.

(4) Brittle crack arrest steels are to be met the additional brittle crack arrest requirements and
properties defined in 312.. (2027)

2. Kinds

The steels are classified as specified in Table 2.1.42.
3. Heat treatment

The Heat treatment of steels is classified as specified in Table 2.1.42.
4. Chemical composition

The Chemical composition of steels is classified as specified in Table 2.1.42.
Table 2.1.42 Grade and Chemical compositions (20217)

Chemical composition(%)"®
Deoxidati
Grade on ,
oractice c Si M p S Ni G Gi | Mo | A1W] ApG) | pA06)| 7506 qqui) PSI)
Killed and
EH47- Fine 0.18 | 0.55 [0.90~ | 0.020 | 0.020| 1.0 | 0.25 | 0.35| 0.08 | 0.015 | 0.02~ [0.05~ | 0.02 | 0.49 | 0.22
H grain max. | max. | 2.00 | max. | max. | max. | max. | max. | max. | min. 0.05 0.10 | max. | max. | max.
treated

Note

(1) Where additions of any other element have been made as part of the steelmaking practice subject to ap-
proval by the Society, the content is to be indicated on product inspection certificate.

(2) Variations in the specified chemical composition may be allowed subject to approval of Society.

(3) The total aluminium content may be determined instead of the acid soluble content. In such cases the to-
tal aluminium content is to be not less than 0.020%.

(4) The steel is to contain aluminium, niobium, vanadium or other suitable grain refining elements, either sin-
gly or in any combination. When used singly the steel is to contain the specified minimum content of the
grain refining element. When used in combination, the specified minimum content of a fine graining ele—
ment is not applicable.

(5) The total niobium, vanadium and titanium content is not to exceed 0.12%.

(6) The carbon equivalent Ceq value is to be calculated from the ladle analysis using the following formula:

Mn G+M+YV Ni+Cu

C=Ctgt—5 t— ™

(7) Cold cracking susceptibility Pcm value is to be calculated using the following formula:
Si Mu Cu, Ni G M 14

— . - e - P - P 0,
Fn = CF 30+ 20+20+60+20+ 15+10+SB<A))

5. Mechanical properties

The Mechanical properties of steels are classified as specified in Table 2.1.43.
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Table 2.1.43 Conditions of supply and mechanical properties
Mechanical Properties Impact test
Average Impact Energy(J)
Yield Tensile . Test ¢ P o Supply
Grade Elongation diti
Strength | Strength Temp. L condition
) | oty || )
50¢/V<70 | 70¢/V<85 | 85¢ V<100
EH47-H | 460 min. | 570~720 | 17 min. -40 53 min. 64 min. 75 min. TMCP®
Note
(1) t : thickness (mm)
(2) Other conditions of supply are to be agreed by the Society.
» Rules for the Classification of Steel Ships 2024 53




Pt2 Materials and Welding
Ch1 Materials Pt2, Ch1

312. Brittle crack arrest steels (20217)

1. Application

(1) This requirements applies to the application of brittle crack arrest steels(EH36-BCA, EH40-BCA
and E£H47-H-BCA) with brittle crack arrest properties.

(2) This requirements applies to the application of steels with thickness of over 50mm and not
greater than 100 mm to longitudinal structural members in the upper deck region of container
carriers (such as hatch side coaming, upper deck, etc.) specified in Pt7, Annex 7-8 of the
Guidance.

2. Definition

Brittle crack arrest steels are defined as steel plate with the specified brittle crack arrest properties
measured by either the brittle crack arrest toughness &, or Crack Arrest Temperature (CAT).

3. Chemical composition

The Chemical composition of steels is classified as specified in Table 2.1.44.

Table 2.1.44 Grade and Chemical compositions

i ition(%)1N@
Deoxidati Chemical composition(%)
Grade on prac— :
tice C S| Ma P S Ni G Gt | Mo | 4106 | ppBI6) 166 7y6) | ) | plo)
eq cm
0.47
EH36-BCA 0.90
0.18 1 0.50 | 0.020 | 0.020 | 2.0 | 0.25 | 0.50 | 0.08 | 0.015 |0.02~ |0.05~ | 0.02 | max.|
Killed and | max. | max. max. | max. |max.| max. |max.|max.| min. 0.05 | 0.10 | max. | 0.49
EH40-BCA Fi . 2.00
ine grain max.
treated 0.90 024
0.18 | 055 | 0.020 | 0.020 | 2.0 | 0.50 | 0.50 | 0.08 | 0.015 |0.02~ |0.05~ | 0.02 | 0.55 |
EH47-H-BCA ~ ) max
max. | max. |, o | max. | max. | max.|max. | max.| max.| min. 0.05 | 0.10 | max. | max.
Note

(1) Chemical composition of brittle crack arrest steels shall comply with this Table, regardless of chemical compo-
sition specified in 301. and 311..

(2) Where additions of any other element have been made as part of the steelmaking practice subject to approval
by the Society, the content is to be indicated on product inspection certificate.

(3) Variations in the specified chemical composition may be allowed subject to approval of the Society.

(4) The total aluminium content may be determined instead of the acid soluble content. In such cases the total
aluminium content is to be not less than 0.020%.

(5) The steel is to contain aluminium, niobium, vanadium or other suitable grain refining elements, either singly or
in any combination. When used singly the steel is to contain the specified minimum content of the grain refin—
ing element. When used in combination, the specified minimum content of a fine graining element is not
applicable.

(6) The total niobium, vanadium and titanium content is not to exceed 0.12%.

(7) The carbon equivalent Ceq value is to be calculated from the ladle analysis using the following formula:

Mn , G+M+V  Ni+Cu
G =Cr—+ 5 e (%)

(8) Cold cracking susceptibility Pcm value is to be calculated using the following formula:
Si, My Cu Ni G M, K6 V
=Ct—+—+—+—+—+"—+—+5B(Y
Fn =0 30 20 20 60 20 15 10 55 (%)
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4, Brittle crack arrest properties

(1) In addition to the required mechanical properties of 301. and 311., brittle crack arrest steels are
to comply with the requirements specified in Table 2.1.45.

(2) The brittle crack arrest properties specified in Table 2.1.45 are to be evaluated for the products
in accordance with the procedure approved by the Society. Test specimens are to be taken from
each piece (means “the rolled product from a single slab or ingot if this is rolled directly into
plates”), unless otherwise agreed by the Society.

Table 2.1.45 Requirement of brittle crack arrest properties for brittle crack arrest steels

Brittle crack arrest properties®®
Suffix to the steel Thickness range .
grade” (mm) Brittle crack arrest toughness K, at Crack Arrest
-10°C (N/mm®'2)® Temperature CAT (T)®
BCA7 50¢# <100 6,000 min. -10 or below
BCA2 80 (¢ < 100 8,000 min. ®
Note

(1) Suffix “BCA1” or “BCA2” is to be affixed to the steel grade designation (e.g. EH40-BCAT,
EH47-H-BCAT, EH47-H-BCAZ, etc.).

(2) Brittle crack arrest properties for brittle crack arrest steels are to be verified by either the brittle crack
arrest toughness K, or Crack Arrest Temperature (CAT).

(@) K, value is to be in accordance with the Guidance relating to the Rules specified by the Society.
[See Guidance]

(4) CAT is to be obtained in accordance with the Guidance relating to the Rules specified by the Society.
[See Guidance]

(5) Criterion of CAT for brittle crack arrest steels corresponding to X,,=8,000 N/mm®? is to be approved by
the Society

(6) Where small-scale tests are used for product testing (batch release testing), these test methods are to
be approved by the Society in accordance with the Guidance relating to the Rules specified. (2024)
[See Guidance)

5. Marking

For steels having brittle crack arrest properties to which the requirements given in 4. have been
applied, the "brittle crack arrest BCA" is to be suffixed to the marking. (e.g. £HAT-H-BCAT)
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Section 4 Steel Tubes and Pipes

401. Steel tubes for boilers and heat exchangers

1. Application

(1) The requirements are mainly to apply to steel tubes intended for heat transfer at inside or out-
side of the tubes; for example, smoke tubes, water tubes, stay tubes, superheater tubes of
boilers, other tubes for high temperature heat exchangers, etc. (hereinafter referred to as "steel
tubes").

(2) Steel tubes other than those specified in (1) are to comply with the requirements in 101. 2.

2. Kinds

The steel tubes are classified as specified in Table 2.1.46.

Table 2.1.46 Kinds

Description Grade
Carbon steel tubes for RSTH35 RSTHA2
boilers and heat exchangers RSTH 52
Alloy steel tubes for RSTH12 RSTH22
boilers and heat exchangers RSTH?23 RSTH?24

3. Heat treatment

The heat treatment of steel tubes is to comply with the requirements given in Table 2.1.47.

Table 2.1.47 Heat treatment [See Guidance)

Seamless steel tube Electric-resistance welded steel tube
Grade
Hot working Cold working As weld Hot working Cold working
RSTH 35 Low temperature an- As drawn
As drawn | nealed, Normalized or | Normalized || ow tem -
perature an )
RSTH 42 full annealed nealed Normalized
RSTH 52 Normalized
Low temperature annealed, Isothermal annealed, Full annealed,
RSTH 12 . : )
Normalized or Normalized and tempered
Low temperature annealed , Isothermal annealed,
frSTH 22 Full annealed or Normalized and tempered®
Tz [ e S _
RSTH 24 P
and over
NOTES
(1) Steel tubes which are normalized prior to cold working may be finished by annealing
(2) Low temperature annealing is not to be applied to electric resistance welded steel tube

4. Chemical composition

The chemical composition of steel tubes is to comply with the requirements given in Table 2.1.48.
[See Guidance]
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Table 2.1.48 Chemical Composition

Chemical composition (%)
Grade
C Si Mn P S Cr Mo
RSTH35 | 0.18 max. 0.30~0.60
RSTH42 | 0.32 max. | 0.10~0.35 | 0.30~0.80 -
RSTH 52 0.25 max. 1.00~1.50 | 0.035 max. | 0.035 max.
RSTH12 0.10~0.20 | 0.10~0.50 | 0.30~0.80
RSTH 22 0.50 max. 0.80~1.25 | 0.45~0.65
RSTH23 | 0.15 max. | 0.50~1.00 | 0.30~0.60 1.00~1.50
0.030 max. | 0.030 max.
RSTH 24 0.50 max. 1.90~2.60 | 0.87~1.13
NOTE:
In case where approved by the Society, AS7H35 and ASTH42 may be the killed steel of below
0.10% Si.

5. Mechanical properties [See Guidance)

The mechanical properties of steel tubes are to comply with the following requirements.
(1) Tensile test : The tensile test of steel tubes is to comply with the requirements given in Table

2.1.49.
Table 2.1.49 Mechanical Properties
) Tensile strength Elongation (%)
2
Grade Yield strength (N/mm?) (N/mm?) (L=5.65/7)
RSTH 35 175 min. 340 min. 26 (22) min.
RSTH 42 255 min. 410 min.
RSTH 52 295 min. 510 min.
RSTH12 380 min. 21 (17) min.
RSTH?22 205 min.
RSTH 23 410 min.
RSTH 24
NOTES:

1. The values of elongation in parenthesis are applicable to the test specimens taken
transversely. In this case, the sampling material is to be heated 600C to 650C after flat—
tened and annealed in order to make it free from strain.

2. In case where test specimen of non-tubular section is taken from an electric-resistance
welded steel tube, the test specimen is to be taken from the parts that do not include the
welded line.

(2) Flattening test : A tubular section which is taken from the end of the steel tube is to stand be-
ing flattened cold between parallel plates, without cracking or showing flaw, until the distance
between the plates becomes less than the value of H calculated by the following formula. In
this case, the length L of steel tube is to be not less than 50 mm, however, not more than 100
mm. For electric-resistance welded steel tubes, however, the welded line is to be placed at
right angle to the direction of the applied force as shown in Fig 2.1.10 (a) For tubes, however,
of 15% of outside diameter and over in thickness, C—type test specimen may be used, having a
part of its circumference discarded as shown in Fig 2.1.10 (b)
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= (1+et)t
e+5
where:
H = Distance between flattening plates (mm).
t = Thickness of steel tube (mm).
D = Qutside diameter of steel tube (mm).
e = Constant given in Table 2.1.50 which varies according to the grade of steel tubes.
Direction of Direction of

applied force applied force

111 OWelded line
l
| |

Fig 2.1.10 Flattening test

C—type test
specimen

Table 2.1.50 Value of ¢

Grade Value of e

RSTH 35 0.09
RSTH42, RSTH 12, RSTH 22, RSTH 23, RSTH 24 0.08

RSTH52 0.07

(8) Flaring test : A section of steel tube which is taken from its end is to stand being flared cold
with a tool having an included angle of 60 degrees, until the steel tube at the mouth of the
flare is expanded without cracking or showing flaw to the diameter shown in Table 2.1.51. The
rate of penetration of the mandrel shall not exceed 50 mm/min. In this case, the length of test
specimen is to be 1.5 D, however, not less than 50 mm.

Table 2.1.51 Outside Diameter of Steel Tube End after Flaring

Grade

Outside diameter of steel tube end

RSTH35, RSTHA2, RSTH52

1.2 times the outside diameter of steel tube

RASTH12, RSTH22, RSTH23, RSTH?24

1.14 times the outside diameter of steel tube

(4) Reverse flattening test : A section of steel tube of 100 mm in length which is taken from the
steel tube is to be slotted longitudinally on the opposite side of the welded line, opened and
flattened without cracking or showing flaw on the inside of the welded line. There is also to be
no misalignment, lack of penetration and overlap. But, this test is applied for electric-resistance
welded steel tubes only.

6. Hydraulic test

(1) Steel tubes are to be hydraulically tested to a satisfactory result by 2 times and over the max-
imum working pressure at the mill. But the minimum test pressure is to be 7 MPa.

(2) The test pressure prescribed in (1) need not exceed the pressure calculated by the following
formula:

58
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o 2.3)& ()

where:

t = Thickness of steel tube (mm)

D = Qutside diameter of steel tube (mm)

S = 60% of the prescribed minimum vyield strength (N/mm?)

(3) Where each steel tube is hydraulically tested as a regular procedure during the process of man-
ufacturing at the mill, which makes a number of steel tubes continually, and the results are for-
warded to the Surveyor, the test in the presence of the Surveyor may be dispensed with.

(4) A non-destructive inspection deemed appropriate by the Society may be substituted for the hy-
draulic test specified in (1). [See Guidance]

7. Selection of test specimen [See Guidance]

The test specimens are to be taken in accordance with the following requirements, from each grade
and each size which has been heat treated at the same time in the same heating furnace for
heat-treated tubes and from each grade and each size for non-heat-treated steel tubes
respectively.

(1) Seamless steel tubes
One sampling steel tube is to be selected from each lot of 50 tubes or fraction thereof and
each one specimen for tensile test, flattening test and flaring test is to be taken from each
sampling steel tube.

(2) Electric-resistance welded steel tubes
For electric-resistance welded steel tubes, in addition to the requirements in (1), one sampling
steel tube is to be selected from each lot of 100 tubes or fraction thereof, and one reverse
flattening test specimen is to be taken from each of the sampling steel tubes.

8. Tolerance for dimensions

The tolerances for the outside diameter and thickness are to comply with the requirements in Table
2.1.562 and Table 2.1.53 respectively.

Table 2.1.52 Tolerance for Outside Diameter of steel Tubes

. . Tolerance for Outside Diameter (mm)
Outside diameter
of steel tube D Seamless steel tube Electric-resistance welded steel tube
(mm) Hot finished Cold working Other than cold working Cold working
D {25 + 0.10 + 0.15 + 0.10
25< D (40 + 0.15 + 0.20 + 0.15
40< D (50 + 04 + 0.20 + 0.25 + 0.20
50< D (60 - 08 + 0.25 +0.30 + 0.25
60< D (80 + 0.30 + 0.40 + 0.30
+ 0.40
80< D <100 + 040 ~ 060 + 0.40
+ 0.40 + 0.40 + 0.40
100< 0 €120 04 - 0,60 - 080 - 0560
-12 + 0.40 + 0.40 + 0.40
120< D €160 - 0.80 - 1.00 - 0.80
0.4 + 0.40 + 0.40 + 0.40
160< D <200 16 - 120 - 1.20 - 120
0.4 + 0.40 + 0.40 + 0.40
200D 18 - 160 - 160 - 160
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Table 2.1.53 Tolerance for thickness

Thickness ¢ (mm)
Kind Outside #2 2<K2.4 24<1(3.8 3.85K4.6 46L¢
diameter D (mm)
+40 %
Hot finished seamless D<100 B 0% +35 % +33 % +§/8
steel tube 0% 0% -
D> 100 - 0%
Cold drawn seamless D40 +0.4mm +22 %
steel tube and Omm 0%

Electric-resistance
welded steel tube of D240 +22%, 0%
cold working

Electric-resistance D40 +0.3mm +18 %
welded steel tube of 0mm 0%
other than cold working D> 40 +18%. 0%
NOTE:

For hot finished seamless steel tubes. the tolerance for deviation in wall thickness is to be 22.8% and
under of the thickness of the steel tube. But, for steel tubes of less than 5.6 mm in thickness, this
note is not applied.

9. Quality

(1) Each steel tubes are hydraulically or non-destructively tested as a regular procedure during the
process of manufacturing at the mill and are free from leakages or harmful defects.

(2) The steel tubes are to be of uniform quality. For electric-resistance welded steel tubes, deposit
metal projected on outside of tubes is to be removed and finished smooth and that projected on
inside of tubes is to be removed to have a height not more than 0.25 mm.

10. Retest procedures

Where the tensile test, flattening test flaring test or reverse flattening test fails to meet the re—
quirements, additional tests may be conducted according to the requirements given in 109.

11. Marking

(1) The name or brand of the manufacturer, grade of tubes, size and symbol of the method of the
manufacture relating to (2) below are to be legibly stamped or stenciled before shipment on
each length steel tube in case of 30 mm and above in outside diameter and on each bundle or
container of steel tubes in case of less than 30 mm in outside diameter. The Society"s brand
indicating compliance with the requirements is to be stamped in the vicinity of the foregoing

marks.

(2) The symbols indicating the method of manufacture are to be as specified in the following:
Hot finished seamless steel tubg e -S5-H
Cold drawn seamless steel tulg «+ s -5-C
Electric-resistance welded steel tube of other than hot and cold working - -£-G
Electric-resistance welded steel tube of hot working e -F-H
Electric-resistance welded steel tube of cold working e -£-C

402. Steel pipes for pressure piping

1. Application

(1) These requirements are mainly to apply to seamless steel pipes and electric-resistance welded
steel pipes intended for use in piping which is prescribed in Pt 5, Ch 6 (hereinafter referred to
as "steel pipes").

(2) Steel pipes for general purpose specified in 102. 2 (4) of Pt 5, Ch 6 are to comply with the re-
quirements of kS D 3507(SPP) or equivalent thereto. However, tests in the presence of the
Surveyor are not required.

(3) The steel pipes having characteristics differing from those specified in 402. are to comply with
the requirements in 101. 2.

60 » Rules for the Classification of Steel Ships 2024



Pt2 Materials and Welding
Ch1 Materials

Pt2, Ch1

2. Kinds

The steel pipes are classified as specified in Table 2.1.54.

Table 2.1.54 Grades of Steel Pipes

Kind Grade Schedule applied
Grade 1 RST138

Carbon steel pipe for pressure service RST142 Sch.10~Sch.80
RST238

Corbon steol o ffadﬁ. 2h . RST 242 Sch.40~Sch.160
arbon steel pipe for high pressure service RST249
Grade 3 RST338
Carbon steel pipe for high temperature RST342
service RST349

RST412 Sch.10~Sch.160
Grade 4 RSTA422
Alloy steel pipe RST423
RSTA424

3. Heat treatment

The heat treatment of steel pipes is to comply with the requirements given in Table 2.1.55.

Table 2.1.55 Heat treatment

Seamless steel pipe

Electric-resistance welded steel pipe

(1) In the case of Grade2 & Grade3,
necessary. (2021)

Grade Hot
Hot finished Cold drawn As drawn L Cold finished
finished
Grade1 ggﬂig Annealed As drawn As drawn Annealed
As drawn®
AST238 Low temperature
Grade2 | RST242 annealed or -
RST249 Normalized
Low temper- Low temper-
gg;gig 0 Low temperature | ature annealed | As drawn | ature annealed
Grade3 As drawn annealed or or Normalized or Normalized
Normalized
RST 349
Low temperature annealed
RSTA12 Isothermal anneal_ed, Full annealed,
Normalized or
Normalized and tempered
Graded Low temperature annealed , -
RST422 Isothermal annealed, Full annealed
or Normalized and tempered
RST423 Isothermal annealed, Full annealed
RST424 or Normallz%d and tempered at
650C and over
NOTE:

low temperature annealed or normalized may be applied if
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4. Chemical composition

The chemical composition of steel pipes is to comply with the requirements given in Table 2.1.56.

Table 2.1.56 Chemical Composition

Chemical composition (%)

Grade
C S/ Mn P S Cr Mo

RST138 | 0.25 max. 0.30~0.90
Grade 1 0.35 max. 0.040 0.040

RST142 | 0.30 max. 0.30~1.00 max. max.

RST238 | 0.25 max. 0.30~1.10
Grade 2 AST242 | 0.30 max. 0.30~1.40

RST249 | 0.33 max. 0.30~1.50 -

0.10~0.35

RST338 | 0.25 max. 0.30~0.90 0.035 0.035

Grade 3 | AST342 | 0.30 max. max. max.
0.30~1.00

RST349 | 0.33 max.

RST412 | 0.10~0.20 | 0.10~0.50 | 0.30~0.80

RST 422 0.50 max. 0.80~1.25 | 0.45~0.65
Grade 4

RST 424 0.50 max. max. max. 1.90~2.60 | 0.87~1.13

5. Mechanical properties

The mechanical properties of steel pipes are to comply with the following requirements.

(1) Tensile test : The tensile test of steel pipes are to comply with the requirements given in Table
2.1.57.

Table 2.1.57 Mechanical Properties

Yield strength Tensile strength ) N
Grade (N/mm?) (N/mm?) Elongation (%)(L=5.65/A4)

Grade 1 RST138

Grade 2 RST238 215 min. 370 min. 24 (20) min.

Grade 3 RST338

Grade 1 RST142

Grade 2 RST 242 245 min. 410 min. 21 (17) min.

Grade 3 RST342

Grade 2 RST249 . . .

Grade 3 RST349 275 min. 480 min. 19 (15) min.

Grade 4 RST412 380 min.

AST 422 205 min. 21(17) min.

Grade 4 RST 423 410 min.

RST 424
NOTES:

1. The requirements for elongation given in parentheses in the Table are applied for the case
where test specimens are taken transversely. In this case, the test sample is to be stress re-
lieved at the temperature of 600C to 650C after flattened.

2. In case where test specimen of non-tubular section is taken from electric-resistance welded
steel pipes, the test specimen is to be taken from the part that does not include a welded line.

62 @3> Rules for the Classification of Steel Ships 2024




Pt2 Materials and Welding
Ch1 Materials Pt2, Ch1

(2) Flattening test

(a) Pipes other than Grade 1 of electric-resistance welded steel pipe: A tubular section of steel
pipe which is taken from the end of the steel pipe, is to stand being flattened between
parallel plates, without cracking or showing flaw, until the distance between the plates be-
comes less than the value of H calculated by the following formula. In this case, the length
of test specimen is to comply with the requirements in 401.5 (2). For steel pipes, however,
of 15% of outside diameter and above in thickness, C-type test specimen may be used,
having a part of its circumference discarded as shown in Fig 2.1.9 (b)

= (1+e)t

t
e+ —
D

where:

H = Distance between flattening plates (mm).

t Thickness of steel pipe (mm).

D Outside diameter of steel pipe (mm).

Constant given in Table 2.1.58 which varies according to the grade of steel tubes.

e

Table 2.1.58 value of ¢

Gra RST 142, RST 242, RST 249, RST 138, RST 238, RST 338, RST 412
fade RST 342 RST 349 RST 422, RST 423, RST 424
¢ 0.07 0.08

(b) Electric-resistance welded steel pjpes Grade 1 :

2 .
H= 5D for welded line,

1
H= §D for elsewhere.

In case of electric-resistance welded steel pipes, the welded line is to be placed at right
angle to the direction of the applied force, as in Fig 2.1.11.

Direction of applied force Direction of applied force

e

/

C e,

l X_line 7| 'e “_line
V2

2
-3

Fig 2.1.11 Flattening test of electric-resistance welded steel pipes Grade 1

(8) Bend test : For steel pipes of 50 mm and under in outside diameter, the specimen for flattening
test may be substituted for that for bend test. In this case, a test specimen of tubular section
which is taken from the end of the steel pipe and has sufficient length is to stand being bent
cold, up to the specified value in Table 2.1.59, without cracking or showing flaw on the wall.
But, for Grade 4, this test need not be carried out.

(4) In the case of steel pipes in accordance with Pt7, Ch5, Sec 17, 1712.(Special requirements for
ammonia) of the Rules, the specified value of the maximum yield stress or proof stress may be
limited after approval by the Society. (2023)
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Table 2.1.59 Bend Test

Grade Angle of bending Inside bend radius

1,2 and 3 90° 6 times the outside diameter of steel pipe

NOTE:
Electric-resistance welded steel pipes are to be so bent as the welded line is placed widest.

6. Hydraulic test

(1) Grade 1 steel pipes are to be hydraulically tested with the pressure specified in Table 2.1.60.

(2) In case where the test pressure higher than prescribed in (1) is specified by the purchaser for
Grade 2 through 4 steel pipes, the test is to be carried out with the specified pressure. In this
case, test pressure need not exceed the pressure calculated by the following formula:

208

=D

(Mpa)

where :

P = Hydraulic test pressure (MPa).

D = Qutside diameter of steel pipe (mm).

t Thickness of steel pipe (mm).

S = 60% of the prescribed minimum vyield strength (N/mm?).

(3) When each steel pipe is hydraulically tested as a regular procedure during the process of manu-
facturing at the mill which makes a number of steel tubes continually, and the results are for-
warded to the Surveyor, the test in the presence of the Surveyor may be dispensed with.

(4) A non-destructive inspection deemed appropriate by the Society may be substituted for the hy-
draulic inspection specified in (1). [See Guidance]

7. Selection of test specimen

(1) Grade 7 : Sampling steel pipes are to be selected as following requirements in connection with
the nominal diameter of steel pipes specified in Table 2.1.58 and each one specimen for tensile
test, flattening test or bend test is to be taken from each sampling steel pipe.

(a) For steel pipes less than 65A in nominal diameter © One sampling steel pipe is to be se-
lected from each lot of 1000 pipes or fraction thereof.

(b) For steel pjpes which a nominal diameter is 65A or above and less than 1504 : One sam-—
pling steel pipe is to be selected from each lot of 500 pipes or fraction thereof.

(c) For steel pjpes which a nominal diameter is 1504 or above and less than 3504 : One sam-—
pling steel pipe is to be selected from each lot of 250 pipes or fraction thereof.

(d) For steel pjpes more than 3504 in nominal diameter : One sampling steel pipe is to be se-
lected from each lot of 150 pipes or fraction thereof.

(2) Grade 2 : One sampling steel pipe is to be selected from each lot of 50 pipes or fraction
thereof, and each one specimen for tensile test and flattening test or bend test is to be taken
from each sampling steel pipe.

(3) Grade 3
Selection of test specimen is to comply with the requirements in (2).

(4) Grade 4 : One sampling steel pipe is to be selected from each lot of 50 pipes or fraction
thereof, and each one specimen for tensile test and flattening test or bend test is to be taken
from each sampling steel pipe.
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Table 2.1.60 Schedule and Hydraulic Test Pressure
Nominal thickness (mm)
Nominal | Outside
diameter | diameter sch 10| Sch.20
0y (mm) 108) | (209) Sch.30 | Sch.40 | Sch.60 | Sch.80 |Sch.100|Sch.120|Sch.140|Sch.160
6 105 | (1.2) (1.5) - 1.7 2.2 24 - - - -
8 13.8 | (1.65) (2.0 - 2.2 2.4 3.0 - - - -
10 17.3 | (1.65) (2.0) - 2.3 2.8 3.2 - - - -
15 21.7 | (2.1) (2.5) - 2.8 3.2 3.7 - - - 4.7
20 27.2 | (2.1) (2.5) - 2.9 34 3.9 - - - 55
25 340 | (2.8 (3.0 - 34 3.9 4.5 - - - 6.4
32 427 | (2.8) (3.0 - 3.6 4.5 4.9 - - - 6.4
40 486 | (2.8 (3.0 - 3.7 4.5 5.1 - - - 7.1
50 605 | (2.8) | 3.2(3.5) - 3.9 4.9 5.5 - - - 8.7
65 76.3 | (3.0) | 4.5(3.5) - 5.2 6.0 7.0 - - - 9.5
80 89.1 (3.0) | 45(4.0) - 5.5 6.6 7.6 - - - 1.1
90 1016 | (3.0) | 4.5(4.0) - 5.7 7.0 8.1 - - - 12.7
100 1143 | (3.0) | 4.9(4.0) - 6.0 7.1 8.6 - 11.1 - 13.5
125 139.8 | (3.4) | 5.1(5.0) - 6.6 8.1 9.5 - 12.7 - 15.9
150 165.2 | (3.4) | 5.5(5.0) - 7.1 9.3 11.0 - 14.3 - 18.2
200 216.3 | (4.0) | 6.4(6.5) 7.0 8.2 10.3 12.7 15.1 18.2 20.6 23.0
250 2675 | (4.0) | 6.4(6.5) 7.8 9.3 12.7 15.1 18.1 21.4 254 28.6
300 3185 | (4.5) | 6.4(6.5) 8.4 10.3 14.3 17.4 214 254 28.6 33.3
350 355.6 6.4 7.9 9.5 1.1 15.1 19.0 23.8 27.8 31.8 35.7
400 406.4 6.4 7.9 9.5 12.7 16.7 21.4 26.2 30.9 36.5 40.5
450 457.2 6.4 7.9 1.1 14.3 19.0 23.8 294 34.9 39.7 45.2
500 508.0 6.4 9.5 12.7 15.1 20.6 26.2 32.5 38.1 444 50.0
550 558.8 6.4 9.5 12.7 159 | 22.2 28.6 34.9 413 47.6 54.0
600 609.4 6.4 9.5 14.3 175 | 246 31.0 38.9 46.0 52.4 59.5
650 660.4 7.9 12.7 - 18.9 | 264 34.0 41.6 491 56.6 64.2
Grade 1 2.0 3.5 5.0 6.0 9.0 12.0 - - - -
'tr'eys‘:rau“c Grade 2 | - - - 60 | 90 | 120 | 150 | 180 | 200 | 200
pressure | Grade 3
(MPa) and 2.0 3.5 5.0 6.0 9.0 12.0 15.0 18.0 20.0 20.0
Grade 4
NOTE:
The values of nominal thickness in parentheses are applicable to stainless steel pipes.
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8. Tolerance for dimensions

Tolerances for the outside diameter and the thickness are to comply with the requirements in Table
2.1.61.

Table 2.1.61 Tolerance for Dimensions

Outside diameter Tolerance Tolerance for wall thickness
Kind of steel pipe D for outside
(mm) diameter Grade 1 Grade 2, 3 and 4
Thickness of +0.6mm Thickness of
D (50 +0.5mm steel pipe: Less | _ 0'5 mm steel pipe: Less | £0.5mm
Hot finished seam- than 4 mm ' than 4 mm
less steel pipe Thickness of +159% Thickness of
D > 50 1% steel pipe: 19 500/ steel pipe: +12.5%
4 mm and over = 4 mm and over
Thickness of Thickness of
Cold drawn seam- D40 +0.3mm steel pipe: Less | 0.3 mm | steel pipe: Less | +0.2mm
less steel pipe and than 3 mm than 2 mm
electric—resis_tance Thickness of Thickness of
welded steel pipe D > 40 +0.80 mm | steel pipe: +10% steel pipe: +10%
3 mm and over 2mm and over

NOTE:
For hot finished seamless steel pipes Grades 2, 3 and 4, the tolerance for deviation in wall thickness is to be 20
% and under of the thickness of the pipes. But, for steel pipes less than 5.6 mm in thickness, this note is not
applied.

9. Quality

(1) Each steel pipes are hydraulically or non-destructively tested and are free from leakages or
harmful defects.
(2) The steel pipes are to be of uniform quality and free from harmful defects.

10. Retest procedures

Where the tensile test, flattening test or bend test fails to meet the requirements, additional tests
may be conducted according to the requirements given in 109.

11. Marking

(1) The name or brand of the manufacturer, grade of steel tubes, size and symbol of the method of
the manufacture relating to (2) below are to be legibly stamped or stenciled before shipment on
each length steel tube in case of 60 mm and above in outside diameter and on each bundle or
container of steel tubes in case of less than 60 mm in outside diameter. The Society's brand
indicating compliance with the requirements is to be in the vicinity of the foregoing marks.

(2) The symbols indicating the method of manufacture are to comply with the requirement in 401.
11 (2).

(3) For steel pipes to which the requirements given in 5. (4), the specified value of the maximum
yield stress or proof stress and “A” are to be suffixed to the markings. (e.g. RST138-4404)
(2023)

403. Stainless steel pipes
1. Application

(1) The requirements are to apply to the stainless steel pipes for low temperature service or corro-
sion-resistance service (hereinafter referred to as "stainless steel pipes”).
(2) Duplex stainless steel pipes are to be as in accordance with the Guidance relating to the Rules
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specified by the Society. (2078) [See Guidance]
(3) Stainless steel pipes having characteristics differing from those specified in 403. are to comply
with the requirements in 101. 2.

2. Kinds

The stainless steel pipes are classified as specified in Table 2.1.62,

Table 2.1.62 Grades and Chemical Composition (2020) (2022)

solid solution Chemical Composition (%)

Grade

treatment(C) c Si | Mn P S Ni cr Mo Others

RSTS 1010 and over, | 0.080

00~11.
3047P quenching max. 8.00~11.00

18.00~20.00
RSTS 1010 and over, | 0.030 | 1.00

.00~13.
304L7P quenching max. | max. 8.00-13.00

RSTS 1030 and over,

12.00~15.00 22.00~24.00
309S7P quenching

RSTS 1030 and over, | 0.080 | 1.50

310S7P quenching max. | max. 19.00~22.00 | 24.00~26.00

gfgip 1010 ani_over, 10.00~14.00
quenching
2.00 10040 1 0.030 16.00~18.00 | 2.00~3.00
RSTS 1010 and over, 0.030 max. | max. max.

31607 | auenehing | max. 10.00~16.00

RSTS 1010 and over, | 0.080
3177P quenching max. | 4 g

11.00~15.00 18.00~20.00 | 3.00~4.00
RSTS 1010 and over, | 0.030 max.

317L7TP quenching max.

RSTS 920 and over, Tiz5x
3217P quenching 0.080 C
' 9.00~13.00 17.00~19.00 -
RSTS max. Nb=>10
980 and over,
347T7P quenching xC

3. Heat treatment

The stainless steel pipes are generally to receive a solid solution treatment. For RSTS 321TP and
RSTS 347TP, stabilizing treatment may be required. In this case, heat treatment temperature is to
be of 850~930C.

4. Chemical composition

The chemical composition of stainless steel pipes is to comply with the requirements given in Table
2.1.62.

5. Mechanical properties

(1) The mechanical properties of stainless steel pipes are to comply with the following requirements.

(a) Tensile test
The tensile test of stainless steel pipes is to comply with the requirements given in Table
2.1.63.

(b) Flattening test
Flattening tests are to be carried out in accordance with the requirements in 402. 5 (2).
However, where the requirements are applied, the value of e is to be taken as 0.09.

(c) Guided Bend test
For welded steel pipes of 200A and over, the flattening test may be substituted for that for
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guided bend test. (2079)
(2) The Society may require the impact test or corrosion resistance test according to purposes of
stainless steel pipes.

Table 2.1.63 Tensile Test

Grad Yield strength Tensile strength Elongation (%)(Z=5.65/4)
rade (N/mm?) (N/mm?) L T
RSTS3047P 205 min. 520 min.
RSTS304LTP 175 min. 480 min.
RSTS 30957P
RSTS31087P 205 min. 520 min.
RSTS316 7P
26 min. 22 min.
RSTS316LTP 175 min. 480 min.
RSTS317TP 205 min. 520 min.
RSTS31TLTP 175 min. 480 min.
RSTS3217P
205 min. 520 min.
RSTS347TP
NOTES:
1. L (or 7) denotes that the longitudinal axis of the test specimen is arranged parallel (or normal) to
the final direction of rolling.
2. Where the nominal diameter of stainless steel pipes is 200 mm and over, tensile test specimens
may be taken transversely.
3. Where test specimens of non-tubular section are taken from welded pipes, the test specimens
are to be taken from the part that does not include the welded line.

6. Hydraulic test
(1) Stainless steel pipes are to be hydraulically tested with the pressure specified in Table 2.1.64.

Table 2.1.64 Hydraulic Test Pressure

Schedule No. Sch.10S Sch.20S Sch.40 Sch.80 Sch.120 Sch.160
Test pressure (MPa) 2.0 35 6.0 12.0 18.0 20.0

(2) In case where the test pressure higher than prescribed in (1) is specified by the purchaser, the
test is to be carried out with the specified pressure. In this case, the test pressure need not
exceed the pressure calculated by the following formula:

_ 2,08

="

(Mpa)

where:

P = Hydraulic test pressure (MPa).

t = Thickness of stainless steel pipe (mm).

D = Qutside diameter of stainless steel pipe (mm).

S = 60% of the prescribed minimum vyield strength (N/mm?).

(3) When each pipe is hydraulically tested as a regular during the process of manufacturing at the
mill which makes a number of tubes continually, and the results are forwarded to the Surveyor,
the test in the presence of the Surveyor may be dispensed with.
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(4) A non-destructive inspection deemed appropriate by the Society may be substituted for the hy-
draulic test specified in (1).

7. Selection of test specimens
One sampling pipe is to be selected from each lot of 50 pipes or fraction thereof which are of the
same charge, size and kind and are simultaneously heat treated, and each one specimen for tensile
test and flattening test is to be taken from each sample pipe.

8. Tolerance for dimensions

Tolerances for the outside diameter and the thickness are to comply with the requirements in Table
2.1.65.

Table 2.1.65 Tolerance for Dimensions

Kind OUt.Slde dlameter- of Tolerance for wall thickness
stainless steel pipe
Less than 50 +0.5mm Thickness of pipe: +0.5mm
Hot-finished seamless Less than 4 mm
stainless steel pipe ; ine:
50 and over +1% Thickness of pipe: 4 +125%
mm and over
Cpld dravyn seamlessl Less than 30 £0.3mm Thickness of pipe: £0.2 mm
stainless pipe, automatic Less than 2 mm
arc welded stainless steel
pipe and Thickness of pipe:
electric-resistance welded | 30mm and over | +1% 2 mm and over £10 %
stainless steel pipe
NOTE:
For hot finished seamless stainless steel pipes, the tolerance for deviation in wall thickness is
to be 20 % and under of the thickness of the pipes. But, for stainless steel pipes less than 5.6
mm in thickness, this note is not applied.

9

. Quality

(1) Each steel pipes are hydraulically or non-destructively tested and are free from leakages or harm-
ful defects.
(2) The stainless steel pipes are to be of uniform quality and free from harmful defects.

10. Retest procedures

1

Where the tensile test or fattening test fails to meet the requirements, additional tests may be
conducted according to the requirements given in 109.

1. Marking

Stainless steel pipes which have satisfactorily complied with the required tests are to be marked
with identification mark in accordance with the requirements in 402. 10. However, the symbols in—
dicating the manufacturing method of automatic arc welded steel pipes are to be as specified in the
following:

Automatic arc welded steel pipe : -4
Automatic arc welded and cold finished steel pipe : -A-C
Automatic arc welded and machined steel pipe : -4-58

404. Steel pipes for low temperature service

1. Application

(1) These requirements are to apply to the seamless steel pipes and electric resistance welded
steel pipes not exceeding 25 mm in thickness, intended to be used at the design temperature
lower than OC in liquefied gas carriers (hereinafter referred to as "steel pipes").
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(2) Any requirement regarding the steel pipes over 25 mm in thickness is left to the discretion of
the Society. [See Guidance)

(3) Steel pipes having characteristics differing from those specified in 404. are to comply with the
requirements in 101, 2.

2. Kinds
The steel pipes are classified as given in Table 2.1.66.
3. Deoxidation practice and chemical composition
The deoxidation practice and chemical composition of each grade are to comply with the require—

ments given in Table 2.1.66.

Table 2.1.66 Grades and Chemical Composition (%)

Grade Deoxidation C Si Mn P S Ni
RLPA 0.23 max. | 0.35 max. | 1.60 max. | 0.035 max. | 0.035 max. -
RLPB 0.18 max. | 0.35 max. | 1.60 max. | 0.035 max. | 0.035 max. -
RLPC Fully killed | 0.18 max. | 0.35 max. | 1.60 max. | 0.035 max. | 0.035 max. -
RLP2 fine grain | 019 max. | 0.10~0.35 | 0.90 max. | 0.035 max. | 0.035 max. | 2.00~2.60
RLP3 0.16 max. 0.10~0.35 | 0.90 max. | 0.030 max. | 0.030 max. | 3.20~3.80
RLP9 0.10 max. 0.10~0.35 | 0.90 max. | 0.030 max. | 0.030 max. | 8.40~9.50

4, Heat treatment

The heat treatment of steel pipes is to comply with the requirements given in Table 2.1.67.

5. Mechanical properties

(1) The mechanical properties of steel pipes are to comply with the following (a) to (d).
(a) Tensile test
The tensile test of steel pipes is to comply with the requirements given in Table 2.1.67.
(b) /mpact test
The impact test of steel pipes is to comply with the requirements given in Table 2.1.67.
(c) Flattening test
Flattening test is to be carried out in accordance with the requirements given in 402. 5 (2).
Where this requirement is applied, the value of e is to be taken as 0.08. For steel pipes of
50 mm and under in outside diameter, the specimen for flattening test may be substituted
for that for bend test. In this case, a test specimen of tubular section which is taken from
the end of the steel pipe and has sufficient length is to stand being bent cold, up to the
specified value in Table 2.1.67, without flaw and cracking on the outside of bent portion.
Electric resistance welded steel pipes are to be bent at the place where the welded line is
on the outside of bent portion.
(2) Where deemed necessary by the Society, other tests may be required in addition to the tests
specified in (1)
(3) In the case of steel pipes in accordance with Pt7, Ch5, Sec 17, 1712.(Special requirements for
ammonia) of the Rules, the specified value of the maximum vyield stress or proof stress may be
limited after approval by the Society. (2023)

6. Hydraulic test

All steel pipes are to be subjected to hydraulic test in accordance with the requirements given in
402. 6.

7. Selection of test specimens

(1) One sampling pipe is to be selected from each lot of 50 pipes or fraction thereof which are of
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the same charge, size and kind and are simultaneously heat treated.

tensile test and flattening test is to be taken from each sample pipe.
(2) One set of three specimens for impact test is to be taken from each sample pipe in accordance
with Fig 2.1.12. Moreover, for electric resistance welded steel pipes, another set of three speci-
mens is to be taken from the welded zone in accordance with Fig 2.1.13.

Table 2.1.67 Heat Treatment and Mechanical Properties

Each one specimen for

(1) L (or 7) denotes that the longitudinal axis of the test specimen is arranged parallel
final direction of rolling.
(2) Where the nominal diameter of steel pipes is 200 mm and over, the tensile test
taken transversely.
(3) Where test specimen of non-tubular section is taken from electric resistance welded pipes, the tesf
specimen is to be taken from the portion that does not include the welded line.
(4) When the absorbed energy of two or more test specimens among a set of test specimens is less in
value than the specified average absorbed energy or when the absorbed energy of a single test speci
men is less in value than 70% of the specified average absorbed energy, the test is considered t9
have failed.
(5) Impact test temperature for steel pipes specified in Pt 7, Ch 5 is to be 5C below the design temper
ature or —20°C, whichever is the lower.

Tensile test V@® Bend test Impact test
_ _ Elongation (%) Average
Grade | Heat treatment Yield Tensile (L=565/4) | Inside radius Angle of | Test absorbed
strength | strength of bend bend temp. ener
(N/mm?) | (N/mm?) L T ) (c) (J)(gy
RLPA -40%
ALpp | Normalized, | 505 min. | 380 min. [26 min{19 min. -50° | 27 min.
Normalized and (5>
ALPC tempered or ~60
RLP2 | Quenched and 6 times the -70
tempered 245 min. | 450 min. |20 min.|14 min. i 34 min.
RLP3 P outside 90 ~95
diameter of
Double steel pipe
normalized and
RLP9 | tempered or 520 min. | 690 min. (15 min |11 min. -196 41 min.
Quenched and
tempered
NOTES:

(or normal) to the

specimen may bel

Fig 2.1.12 The position of selection for im-
pact test specimen taken from
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8. Tolerance for dimensions

The tolerances for outside diameter and wall thickness of steel pipes are to be in accordance with
the requirements given in Table 2.1.68.

Table 2.1.68 Tolerance for Outside Diameter and Wall Thickness

Kind Tolerance for outside diameter Tolerance for wall thickness
D<50 : £+0.5mm
50<D<250 : +1% t<4 : +0.5mm

Hot-finished seamless steel pipe (maximum value 2.0 mm) (>4 : +125%

250<D : £0.8%

Cold—-drawn seamless steel pipe and +0.8% 1<2 : +£0.2mm
Electric-resistance welded steel pipe (max. value 0.3 mm) t22 1 +10%
NOTE:

For hot-finished seamless steel pipes, the tolerance for deviation in wall thickness is to be 20 %

or less of wall thickness, but it shall not be applied to the pipes less than 5.6 mm in wall
thickness.

9. Quality
The steel pipes are to be of uniform quality and free from harmful defects.

10. Retest procedures

(1) Where other mechanical tests than impact tests fail to meet the requirements, additional tests
may be carried out according to the requirements given in 109,

(2) Regarding the impact tests, additional tests are to be carried out according to the requirements
given in 301. 10 (3).

11. Marking

(1) Marking for steel pipes is generally to comply with the requirements given in 402. 10..

(2) In case the requirement in Note (5) of Table 2.1.67 has been applied, "impact test temperature
T" is to be suffixed to the marking. (e.g. ALPA-257)

(3) For steel pipes to which the requirements given in 5. (3), the specified value of the maximum
yield stress or proof stress and “A” are to be suffixed to the markings. (e.g. RLPB-4404) (2023)

405. Header
1. Application

(1) These requirements are to apply to the headers to be used for boilers.
(2) The headers having characteristics differing from those specified in 405. are to comply with the
requirements in 101. 2.

2. Kinds

The headers are classified as specified in Table 2.1.69.

Table 2.1.69 Grades of Headers

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade 6
RBH 1 RBH?2 RBH 3 RBH 4 RBH 5 RBH 6

Grade

3. Heat treatment

Headers are to be heat treated by annealing or normalizing.
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4. Chemical composition

The chemical composition of headers is to comply with the requirements given in Table 2.1.70.

Table 2.1.70 Chemical Composition

Chemical composition (%)
Grade
C S/ Mn P S Cr Mo
RBH1 0.25 max.
0.10~0.35 0.040 0.040 -
RBH?2 0.30 max. 0.30-0.80 | Max. ' -
max.
RBH 3 0.45~0.65
RBH 4 0.10-0.20 0.20~0.4
.20~0.45
0.10~0.50 0.030 0.030 0.80~1.20
RBH 5 0.30~0.60 max. j 0.45~0.65
0.15 max. max.
RBH 6 2.00~2.50 | 0.90~1.10

5. Mechanical properties
(1) Tensile test: The tensile test of headers is to comply with the requirements given in Table

2.1.71.
Table 2.1.71 Mechanical Properties

Grad Yield strength Tensile strength Elongation(%) Reduction of area
rade (N/mm?) (N/mm?) (L=5.65/4) (%)

RBH 1 205 min. 410 min. 24 min. 38 min.

RBH?2 225 min. 450 min. 23 min.

RBH3 380 min. 22 min.

RBH 4 40 min.

205 min.
RBH5 410 min. 21 min.
RBH 6
NOTE:

When test specimens are taken crosswise to the rolled direction, the values of yield
strength and tensile strength are to be as given in this Table and the elongation is to take
the value reduced by 5% from the percentage given in this Table. The value of reduction
of area may be only remained on records for reference.

(2) Bend test: The test specimen is to stand being bent cold through 180 ° without flaw and
cracking on the outside of bent portion to an inside radius of 20 mm. Where the test specimen
of 20mm in thickness can not be taken, the test specimen may be as original in thickness, in
which case, however, the width of test specimen is not to be less than 1.5 times the thickness
and the inside radius of bend is to be equal to the thickness.

6. Selection of test specimens

(1) Tensile test specimens are to be taken lengthwise or crosswise to the rolled direction and bend
test specimens to be taken crosswise to the rolled direction each from the open ends of
headers.

(2) For the headers of the same size made from the same melt and subjected to the heat treat-
ment simultaneously in the same furnace, tensile and bend test specimens are to be selected in
accordance with the requirements given in Table 2.1.72.
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Table 2.1.72 Number of Test Specimens

Grade Length of test specimens / (mm) Number of test specimens
3000 </ 1 set for each one length
B 2000 < /< 3000 1 set for each three lengths
RBH?2 = 9
2000 >/ 1 set for each five lengths
RBH3 RBHA4 3000 </ 1 set from each end for each one lengths
RBHS RBHG 3000 >/ 1 set for each one length

(3) Where the both ends of header are closed by reforging, the test samples of proper size may be
cut from the open ends before reforging.

(4) Where test samples cut from circular headers, etc. are necessary to be flattened, the test sam-
ples are to be taken from the body before being subjected to the heat treatment and after flat-
tening the test samples are to be heat treated simultaneously with the body in the same fur—
nace, or the test samples are to be cut from the structures after being subjected to the heat
treatment and after flattened cold, they are to be heated to the temperature of 600C to 650C
for the purpose of removing the distortion due to the flattening, and the required test specimens
are to be cut from the test samples.

7. Tolerance for thickness

The tolerance for thickness is to be £12.5%. The tolerance, however, may not apply to the closed
portions of circular or square headers, the side corners of square headers and the corrugated
headers.

8. Quality
Headers are to be of uniform quality and free from harmful defects.
9. Marking

Headers which have satisfactorily complied with the required tests are to be marked with the iden-
tification mark in accordance with the requirements in 401. 10.
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Section 5 Castings

501. Steel castings
1. Application

(1) The requirements in 501. are to apply to the steel castings intended to be used for ships and
offshore units for worldwide services as the components specified in the relevant Parts of hull
construction equipments and machinery, except that defined in 502., 503. and 504.. (2023)

(2) Additional requirements may be necessary, especially when the castings are intended for service
at low or elevated temperatures, e.g. for ships with ice—class or for boilers. (2023)

(3) Additional requirements will typically be required for castings for offshore units depending on ap-
plicable service temperature and environment. (2023)

(4) Steel castings having characteristics differing from those specified in 501. are to comply with the
requirements in 101, 2.

2. Kinds

The steel castings are classified as specified in Table 2.1.73.
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Table 2.1.73 Grades and Mechanical Properties (2079) (2023)

Charpy V-notch
Yield Tensile ‘ Reductio impact test”
) h h Elongation (%)
Kind Grade streng‘[7 streng‘F (L=5.65/4) n of area Test Minimum
(N/mm®) (N/mm?) (%) temperat | average
ure(’t) | energy()
RSCA00H 200 min. 400 min. 25 min. 40 min.
RSCA40H 220 min. 440 min. 22 min. 30 min.
Catrboln RSC480H | 240 min. 480 min. 20 min. 27 min.
stee
Hull and | casting | RSC520H 260 min. 520 min. 18 min. 25 min.
general S
steel RSCH60H 300 min. 560 min. 15 min. 20 min.
castings 0 27
intended RSC600H | 320 min. 600 min. 13 min. 20 min.
for
welding RSCH550HA 355 min. 550 min. 18 min. 30 min.
Alloy
steel RSC B600HA 400 min. 600 min. 16 min. 30 min.
Cass“”g RSCE50HA | 450 min. | 650 min. 14 min. 30 min.
RSC700HA 540 min. 700 min. 12 min. 28 min.
RSCA400M 200 min. 400 min. 25 min. 40 min.
RSCA440M 220 min. 440 min. 22 min. 30 min.
Carbon ] ) . .
steel RSCA480M 240 min. 480 min. 20 min. 27 min.
casting | pscE20M | 260 min. 520 min. 18 min. 25 min.
Machinery s . . ] ]
steel RSC560M 300 min. 560 min. 15 min. 20 min.
castings . . . .
not RSCE600M | 320 min. 600 min. 13 min. 20 min. AT 97
intended RSC . ) . .
for 5504 340 min. 550 min. 16 min. 35 min.
welding
Alloy fSC 400 min. 600 min. 16 min. 35 min.
steel 600MA
casting RSC . . ' '
3 6504 450 min. 650 min. 14 min. 32 min.
RSC . . . .
200MA 540 min. 700 min. 12 min. 28 min.
NOTES:

(1) For intermediate values of the tensile strength, the minimum values for yield strength, elongation and re-
duction of area may be obtained by interpolation and the value at the first decimal place is to be sub-
jected to the method of counting fractions over 1/2 as one and disregarding the rest.

(2) A tensile strength range of 150 N/mm*® may additionally be specified.

(3) Special consideration may be given to alternative requirements for Charpy V-notch impact test, depending
on design and application, and subject to agreement by the Society.

(4) AT refers to Ambient Temperature(i.e. 23°C+5T), which is specified in ISO 148-1:2016.
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3. Manufacture

(1) All flame cutting, scarfing or arc-air gouging to remove the risers and surplus metal is to be
undertaken in accordance with recognized good practice and is to be carried out before the final
heat treatment. Preheating is to be employed when necessitated by the chemical composition or
thickness of the castings. If necessary, the affected areas are to be either machined or ground
smooth.

(2) Where the surface of steel castings is hardened by induction hardening, nitriding, cold rolling or
other methods, the proposed methods of manufacture are to be approved by the Society.

(8) When two or more castings are joined by welding to form a composite component, the pro-
posed welding procedure is to be submitted for approval to the Society. The welding procedure
qualification tests are to be required. (2023)

(4) The welding procedure qualification test and welder qualification test are in accordance with Pt2,
Ch 2 of the Rules. (2023)

(5) Temporary welds made for operations such as lifting, handling, staging, etc., are to be in ac-
cordance with approved welding procedures and qualified welders, and are to be removed,
ground and inspected using suitable NDT methods. (2023)

4. Chemical composition [See Guidance]

(1) All castings are to be made from killed steel and the chemical composition is to comply with
the overall limits given in Table 2.1.74.

(2) The chemical composition of each heat is to be determined by the manufacturer on a sample
taken preferably during the pouring of the heat. WWhen multiple heats are tapped into a common
ladle, the ladle analysis shall apply.

Table 2.1.74 Chemical Composition (%) (2017) (2023)

Chemical composition (%)

Steel

Application Total
Type C Si Mn S P Cu Cr Ni Mo W oe
residuals
Casting for
¢ 0.40 0.60 0.50- 0.035 0.035 0.30 0.30 0.40 0.15 0.80
non-welded @ @ @ @ -
max. max. 1.60 max. max. max. max. max. max. max.

Carbon | construction

steel

castin Casting for

ting Idgd 023 | 060 | 050- | 0035 | 0.035 | 030 030 | 040 0.15 B 0.80
welded max." | max. 1.60 max. max. max.? | max.? @ @
construction

Casting for
non—vvglded 0.45 0.60 | 0.50 - | 0.030 0.035 0.30 0.40 0.40 0.15 B B
Al . max. | max. 1.60 max. max. | min.2¢ | min. 29 | min.@® | min @
OY | construction
steel
i Casting for
casting e 025 | 060 |050-| 0030 | 0030 | 050 | 150 | 050 | 120 | 0.10 1.00
welaea max. | max. 0.80 max. max. max? | max® | max? | max® | max @ max.
construction
NOTES :

(1) The carbon content may be, subject to approval by the Society, increased above this level provided that
the carbon equivalent (Ceq) is not more than 0.41 %. [See Guidance]

(2) Elements are considered as residual elements.

(38) One or more of the elements is to comply with the minimum content.

(3) Suitable grain refining elements such as aluminium may be used at the discretion of the manu-
facturer or as agreed with the Society.
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b. Heat treatment

(1) Steel castings are to be supplied in one of the conditions given in Table 2.1.75. No fully an-
nealed casting is to be removed from the furnace until the temperature of the entire furnace
charge has fallen to or below a temperature of 455°C. The tempering temperature is to be not
less than 550C. (2022) (2023)

Table 2.1.75 Heat treatment (2023)

Steel Heat treatment

Type

Carbon Fully Ahnealed

steel Normalized

castin Normalized and tempered
g Quenched and tempered

Allov stes! Normalized

Caétin Normalized and tempered

9 Quenched and tempered

(2) The delivery condition shall meet the design and application requirements. It is the manu-
facturers responsibility to select the appropriate heat treatment method to obtain the required
mechanical properties. (2023)

(3) If a casting is locally reheated or any straightening operation is performed after the final heat
treatment, a subsequent stress relieving heat treatment may be required in order to avoid the
possibility of harmful residual stresses. The manufacturer shall have strict control of this temper—
ature in order to avoid any detrimental effects to the final heat treatment and resultant micro-
structure and mechanical properties of the casting. (2022) (2023)

(4) Castings for components such as crankshafts and engine bedplates, where dimensional stability
and freedom from internal stresses are important, are to be given a stress relief heat treatment.
This is to be carried out at a temperature of not less than 550C followed by furnace cooling to
300C or lower.

(5) Heat treatment is to be carried out in properly constructed furnaces which are efficiently main-
tained and have adequate means for control and recording of temperature. The furnace di-
mensions are to be such as to allow the whole casting to be uniformly heated to the necessary
temperature In the case of very large castings alternative methods for heat treatment will be
specially considered by the Society.

Sufficient thermocouples are to be connected to the furnace charge to measure and record that
its temperature is adequately uniform unless the temperature uniformity of the furnace is verified
at regular intervals.

(6) The foundry is to maintain records of heat treatment identifying the furnace used, furnace
charge, date, temperature and time at temperature. The records are to be presented to the
Surveyor on request.

. Mechanical properties

The mechanical properties of the steel castings are to comply with the requirements given in
Table 2.1.73.

7. Selection of test specimens

(1) At least one test block is to be provided for each casting. Unless otherwise agreed these test
blocks are to be either integrally cast or gated to the castings. One tensile test specimen and
one set of impact tests are to be taken from each test block. These test blocks are to have a
thickness of not less than 30 mm. Test material, sufficient for the required tests and for possible
retest purposes is to be provided for each casting or batch of castings. (2023) (2024)

(2) The test blocks are to be heat treated together with the castings which they represent and are
not to be detached from the casting until the specified heat treatment has been completed and
they have been properly identified. (2023)

(3) For castings where the method of manufacture has been specially approved by the Society in
accordance with 3 (2), the number and position of test samples is to be agreed with the Society
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having regard to the method of manufacture employed.
(4) Number of test blocks is to comply with the requirements of Table 2.1.76. (2023)

Table 2.1.76 Number of test blocks (2023)

Condition of casting Number of test blocks

Where the weight of one steel casting is between 1 ton and 10 tons

. ) 1 for each casting™
inclusive

Where the casting is of complex design or where the finished weight
exceeds 10 tons

2 for each casting™®

Where large castings are made from two or more casts which are not | Two or more corresponding to
mixed in a ladle prior to pouring. the number of casts involved™

Where a number of small castings with a weight of 1 ton or less
which are to be of similar type and dimensions, made from one cast | 1 for each batch of castings®
and heat-treated in the same furnace charge.

NOTES:
(1) These test blocks are to be integrally cast at locations as widely separated as possible.
(2) Test blocks are to be separately casted and are to have suitable dimensions.
(3) Test blocks are from the heaviest section.

8. Surface and dimension inspections [See Guidance]

(1) When heat treatment and machining are finished and, if necessary, at a proper time during ma-—
chining, surface inspection is to be carried out. Where applicable, this is to include the examina-
tion of internal surfaces. Testing methods and acceptance criteria are to be in accordance with
the Guidance relating to the Rules specified by the Society.

(2) All castings are to be cleaned and adequately prepared for examination; suitable methods include
pickling, caustic cleaning, wire brushing, local grinding, shot or sand blasting. The surfaces are
not to be hammered, peened or treated in any way which may obscure defects.

(8) The dimension inspection of the steel castings is to be conducted under the responsibility of the
manufacturer, unless otherwise specified.

9. Quality

(1) All castings are to be free from surface or internal defects, which would be prejudicial to their
proper application in service.

(2) In the event of any casting proving to be defective during subsequent machining or testing it is
to be rejected notwithstanding any previous certification.

10. Non—destructive inspection

(1) The steel castings intended for stern frame, rudder post and other important structural members
or the steel castings specified in Pt 5, Ch 2, 201. 1 are to be subjected to ultrasonic tests at
an appropriate stage of the manufacturing process and the test reports are to be showed or
submitted to the Surveyor. Testing methods and acceptance criteria are to be in accordance with
the Guidance relating to the Rules specified by the Society. [See Guidance]

(2) The important parts of the following steel castings are to be subjected to magnetic particle tests
at an appropriate stage of the manufacturing process. But, machining surfaces may be subjected
to liquid penetrant tests. Testing methods and acceptance criteria are to be in accordance with
the Guidance relating to the Rules specified by the Society. [See Guidance]

(a) Steel castings intended for stern frame, rudder post and other important structural members
(b) Steel castings specified in Pt 5, Ch 2, 201. 1

(c) Propellers

(d) Turbine castings

(3) When required by the relevant construction Rules, castings are to be pressure tested before fi-
nal acceptance. These tests are to be carried out in the presence of the Surveyor and are to be
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to their satisfaction.

(4) In place of the test methods specified in (1) and (2), the Society may accept the application of
other non-destructive inspections considered adequate by the Society.

(5) The Society may require non-destructive inspections by radiographic test, ultrasonic test, mag-
netic particle test or penetrant test not only for the steel casting specified in (1) and (2) but al-
so for the steel casting deemed necessary by the Society.

(6) The welding parts of steel castings used to welded construction are to be subjected to non-de-
structive inspections considered adequate by the Society.

11. Repair of defects

(1) General

(A) Where castings are to be repaired, the manufacturer shall exercise robust controls of all re—
pair operations regarding the repair of castings, with respect to dimensions, heat treatment,
inspection and quality control. (2023)

(B) The approval of the Society is to be obtained where steel castings from which defects were
removed are to be used with or without weld repair.

(C) Defects and unacceptable indications must be repaired as indicated below. (2023)

(a) Defective parts of material may be removed by grinding, or by chipping and grinding, or
by arc air-gouging and grinding.

(b) Thermal methods of metal removal shall only be allowed before the final heat treatment.

(c) All grooves shall have a bottom radius of approximately three times the groove depth
and should be smoothly blended to the surface area with a finish equal to that of the
adjacent surface.

(D) For crank throws and steel alloy castings, procedure of removal of defect and weld repair is
to be in accordance with the Guidance relating to the Rules specified by the Society. (2023)
[See Guidance)

(E) Where the defective area is to be repaired by welding, the excavations are to be suitably
shaped to allow good access for welding. The resulting grooves are to be subsequently
ground smooth and complete elimination of the defective material is to be verified by mag-
netic particle test or liquid penetrant test.

(F) Shallow grooves or depressions resulting from the removal of defects may be accepted pro—
vided that they will cause no appreciable reduction in the strength of the casting or affect
the intended use, and the depth of defect removal is not over 15 mm or 10 % of wall thick—
ness, whichever is less. The resulting grooves or depressions are to be subsequently ground
smooth and complete elimination of the defective material is to be verified by magnetic par—
ticle test or liquid penetrant test. (2023)

(2) Weld repairs
In addition to (1), when a casting can be repaired by welding, the following requirements apply:
(2023)
(A) For C and C-Mn steel castings weld repairs shall be suitably classified as major or minor.
For alloy steel castings, repair requires approval from the Society. (2023)
(a) Major repairs are those where:
(i) The depth is greater than 25 % of the wall thickness or 25 mm whichever is less, or
(ii) The total weld area on a casting exceeds 0.125m? of the casting surface noting that
where a distance between two welds is less than their average width, they are to
be considered as one weld.
(b) Minor weld repairs:
Weld repairs not classified as major are considered as minor and need to be carried out
in accordance with a qualified welding procedure.

(B) The following is required for major repairs: (2023)

(a) Shall be carried out before the final delivery heat treatment condition

(b) Shall comply with the requirements in (D) below

(c) Before welding is started, full details of the extent and location of the repair, the pro-
posed welding procedure, heat treatment and subsequent inspection procedures are to
be submitted for approval.

(C) The following is required for minor repairs: (2023)

(a) Shall be carried out before the final delivery heat treatment condition

(b) Shall comply with the requirements in (D) below

(c) With the exception of alloy steels, do not require prior approval by the Classification
Society, except as given in (d)
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(d) The Society may request minor repairs in critical areas to be treated as major repairs.
(D) The following requirements apply for all weld repairs (major and minor):

(a) All castings in alloy steels and all castings for crankshafts are to be suitably pre-heated
prior to welding. Castings in carbon steel may also require to be pre—heated depending
on their chemical composition, the dimensions and position of the weld repairs.

(b) Welding procedures are to be qualified and shall match the delivery condition of the
casting. Qualification of welding procedures shall follow Pt2, Ch2, Sec4 of the Rules or
a recognised standard. (2023)

(c) Welding is to be done under cover in positions free from draughts and adverse weather
conditions by qualified welders with adequate supervision. As far as possible, all welding
is to be carried out in the downhand (flat) position.

(d) The welding consumables used are to be of an appropriate composition, giving a weld
deposit with mechanical properties similar and in no way inferior to those of the parent
castings.

Welding procedure tests are to be carried out by the manufacturer to demonstrate that
satisfactory mechanical properties can be obtained after heat treatment as detailed in 5.

(e) After welding has been completed the castings are to be given either a suitable heat
treatment in accordance with the requirements of previous 5 (1) or a stress relieving
heat treatment at a temperature of not less than 550C for C and C-Mn steel castings.
For alloy steel castings, the heat treatment has to be agreed with the Society. The type
of heat treatment employed will be dependent on the chemical composition of the cast-
ing and the dimensions, positions and nature of the repairs, and should not affect the
properties of the casting. (2023)

(f) Subject to the prior agreement of the Society, special consideration may be given to the
omission of postweld heat treatment or to the acceptance of local stress-relieving heat
treatment where the repaired area is small and machining of the casting has reached an
advanced stage.

(@) On completion of heat treatment the weld repairs and adjacent material are to be ground
smooth and examined by magnetic particle or liquid penetrant testing. Supplementary ex—
amination by ultrasonics or radiography ultrasonic or radiographic testing may also be re—
quired depending on the dimensions and nature of the original defect. Satisfactory results
are to be obtained from all forms of non-destructive testing used. (2023)

(h) The manufacturer is to maintain full records detailing the extent and location of repairs
made to each casting and details of weld procedures and heat treatments applied for
repairs. These records are to be available to the Surveyor and copies provided on
request. (2023)

(8) Recommendation for welding
For steels with C > 0.23 or Ceq = 0.45, the WPQT on which the WPS is based, should be
qualified on a base material having a Ceq as follows: the Ceq of the base material should not
fall below more than 0.02 of the material to be welded. (Example: WPQT for a material with ac—
tual Ceq=0.50 may be qualified on a material with Ceq > 0.48.) (2023)

12. Retest procedure

(1) Where the tensile test fails to meet the requirements, additional test may be carried out in
accordance with the requirements of 109.

(2) The additional tests are to be taken, preferably from the same, but alternatively from another,
test sample representative of the casting or batch of castings.

(3) At the option of the manufacturer, when a casting or batch of castings has failed to meet the
test requirements, it may be reheat treated and re-submitted for acceptance tests.

13. Marking

(1) The grade of material and the manufacturer's name or trade mark are to be cast or stamped on
all steel castings. In addition, the cast number is to be stamped on all steel castings not less
than 250 kg in mass. The Society's brand indicating satisfactory compliance with the requirements
is to be stamped in the vicinity of the foregoing marks.

(2) For steel castings to which the requirements given in note 1 of the Table 2.1.70, the material
symbols are specified as ASC - (or RSC - A ) and the required tensile strength is to be filled
in symbol " = ". (e.g. For carbon steel castings which the required tensile strength is 420
N/mm?, RSC 420)

14. Test certificates (20717)
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The manufacturer is to provide the required type of inspection certificate giving the following partic—
ulars for each casting or batch of castings which has been accepted:

(1) Purchaser's name and order number

(2) Description of castings and steel quality

(3) Identification number

(4) Steel making process, cast number and chemical analysis of ladle samples
(5) Results of mechanical tests

(6) Results of non-destructive tests, where applicable

(7) Details of heat treatment, including temperatures and holding times

(8) Where applicable, test pressure

15. Additional requirements for crank throw

(1) In case where semi-built-up crank throw for diesel engines is made of steel casting, the manu-
facturing procedure is to be approved by the Society.

(2) Where special manufacturing methods are adopted to reduce the size of crank throw according
to the requirements in Pt 5, Ch 2, 208, the preliminary test instructed by the Society are to be
carried out.
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502. Steel castings for chains

1. Application

(1) These requirements are to apply to the steel castings used for anchor chain cables and ac—
cessories specified in Pt 4, Ch 8 (hereinafter referred to as "steel castings”).

(2) Steel castings for manufacture of offshore mooring chain accessories are to be in accordance
with the Guidance relating to the Rules specified by the Society. [See Guidance]

(3) Steel castings having characteristics differing from those specified in 502. are to comply with the
requirements in 101. 2.

2. Kinds
The steel castings are classified as specified in Table 2.1.77.
Table 2.1.77 Grade of Steel Casting

Grade Application
ASCC 50 Grade 2 chain
RSCC70 Grade 3 chain

3. Heat treatment

(1) Steel castings are to be normalized, normalized and tempered, quenched and tempered or heat
treated by the process approved by the Society.

(2) Steel castings which are locally heated or subjected to any cold work after heat treatment, are
to be stress-relieved by the approved methods.

(3) Flame cutting or scarfing to remove risers and surplus metals is to be completed before final
heat treatment of the steel castings.

4. Chemical composition
Chemical composition of steel castings is to be subjected to the special approval by the Society.
5. Mechanical properties

The mechanical properties of steel castings are to comply with the requirements given in Table
2.1.78.

Table 2.1.78 Mechanical Properties

Tensile test Impact test”
Grade i
Yield strength TensHeh Elongation (%) | Reduction of | Testing Average
(N/mm?) @ strengt (L=5d) area (%) | temp. () | bsorbed
(N/mm?) @ ’ energy (J)
ASCC50 295 min. 490~690 22 min. - - -
RSCCT70 410 min. 690 min. 17 min. 40 min. 0 60 min.

NOTE:

(1) When the absorbed energy of two or more test specimens among a set of test specimens is
less in value than the specified average absorbed energy or when the absorbed energy of a single
test specimen is less in value than 70 % of the specified average absorbed energy, the test is
considered to have failed.

6. Selection of test specimens

(1) One test sample is to be taken from castings of similar dimensions originating from the same
heat treatment charge and the same cast of steel. In this case, the test sample may be the
test assembly cast with the body of casting and similar area. The tensile and impact test
specimens are to be taken from the test sample in the longitudinal direction at a depth of 1/6
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diameter from the surface specified in Fig 2.1.5.

(2) For RSCC 50, one tensile test specimen, and for other grades of chain castings, one tensile test
specimen and one set (3 pieces) of impact test specimens are to be taken from the test
sample.

7. Surface inspection
Steel castings are to be subjected to the surface inspection after completion of the final heat
treatment.

8. Quality
Steel castings are to be of uniform quality and free from harmful defects.

9. Non-destructive inspection

A suitable non-destructive inspection, such as an ultrasonic test, may be required where deemed
necessary by the Society.

10. Repair of defects

The repair of defects for steel castings is generally to be carried out in accordance with the re-
quirements in 501. 11.

11. Retest procedure

Where the tensile test or impact test on the selected first test specimens fails to meet the re-
guirements, additional tests may be conducted according to the requirements given in 306. 7.

12. Marking

Steel castings which have satisfactorily complied with the required tests are to be marked with the
identification mark in accordance with the requirements in 501. 13 (1).

503. Stainless steel castings

1. Application

2.

(1) The requirements are to apply to the stainless steel castings for valves and pipe fittings in pip-
ing systems used at low temperature (=165C and over in design temperature) service or corro—
sion-resisting service (hereinafter referred to as "steel castings").

(2) Steel castings having characteristics differing from those specified in 503. are to comply with the
requirements in 101. 2.

Kinds

The steel castings are classified as specified in Table 2.1.79.

3. Heat treatment

Steel castings are generally to receive a solid solution treatment.

4. Chemical composition

84

The chemical composition of steel castings is to comply with the requirements given in Table

2.1.79.
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Table 2.1.79 Grades and Chemical Composition

Chemical composition (%)
Grade
C Si Mn P S Ni Cr Mo Other
2.00
RSSC13 8.00~11.00 | 18.00~21.00 - -
0.08 max.
max.
RSSC14 10.00~14.00 _
0030 | 20 17.00~22.00 | 2.00~3.00
RSSC16 : max. 12.00~16.00 —
max.
ASSC17 | g.08 2.00 | 0.040 | 0.030 | 45 101500 | 22.00~26.0 _ _
. max. max. max.
RSSC18 max. 19.00~22.00 | 23.00~27.0 — —
2.00
rssci1g | 0030 | O 8.00~12.00 | 17.00~21.0 _ _
max.
RSSC21 g-gf 9.00~12.00 | 18.00~21.0 | 1.35>Nb+Ta>10xC

5. Mechanical properties

(1) The mechanical properties of steel castings are to comply with the requirements give in Table
2.1.80.

(2) Where deemed necessary by the Society, impact test or corrosion-resistance test may be re-
quired in addition to the specified tests.

6. Selection of test specimens

(1) Where a stainless steel casting is 500 kg and over in weight, one tensile test specimen and one
hardness test specimen are to be taken from each casting.

(2) Where a number of stainless steel castings of similar form and size, each of which weight less
than 500 kg, are cast from the same charge, two tensile test specimens and two hardness test
specimens are to be taken from each group of castings simultaneously heat treated in the same
furnace.

(8) Hardness test specimen may be a portion of tensile test specimen.

7. Marking
Steel castings which have satisfactorily complied with the required tests are to be marked with the
identification mark in accordance with the requirements in 110.

Table 2.1.80 Mechanical Properties

Tensile test Hardness test
Grade Yield strength Tensile strength Elongation(%) Brinall A,
(N/mm?) (N/mm?) (L=5.65/4) nnett Faw
RSSC13
185 min. 440 min. 26 min.
RSSC14
RSSC16 175 min. 390 min. 31 min.
RSSC17 205 min. 183 max.
440 min. 26 min.
RSSC18
185 min.
RSSC19 390 min. 31 min.
RSSC 21 205 min. 440 min. 26 min.
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504. Steel castings for low temperature service
1. Application

(1) The requirements are to apply to the steel castings for valves and pipe fittings in piping sys-
tems intended to be used at the design temperature lower than 0C in liquefied gas carriers
(hereinafter referred to as "steel castings").

(2) Steel castings other than specified in 504. or those used in other parts than specified in (1) are
to comply with the requirements given in 101. 2.

2. Kinds

The steel castings are classified as given in Table 2.1.81.

Table 2.1.81 Grades and Chemical Composition

Chemical composition (%)

Grade | Deoxidation

C S/ Mn P S Ni Mo
RLCA 0.30 max. 1.00 max. 0.035 0.035 -
RLCB Fully killed 0.25 max. max. max. 0.45~0.65

) ) 0.60 max.

ALc2 | fine grain | 025 max. 0.50~0.80 | 030 0030 | 2.00~3.00 i
RLC3 0.15 max. max. max. 3.00~4.00

3. Heat treatment
Steel castings are to be normalized or normalized and tempered.
4. Deoxidation practice and chemical composition

The deoxidation practice and chemical composition of steel castings are to comply with the require—
ments given in Table 2.1.81.

5. Mechanical properties

(1) The mechanical properties of steel castings are to comply with the requirements given in Table
2.1.82.

(2) Where deemed necessary by the Society, other tests may be required in addition to the tests
specified in (1).

Table 2.1.82 Mechanical Properties

Tensile test Impact test @
Yield Tensil
Grade str;gth st(ra;:glgfh Elongation (%) | Reduction | Test temp. | Average absorbed
(N/mm?) (N/mm?) (L=5d) of area (%) (©) energy (J)
RLCA -40"
o108 245 min. o 27 min.
-5
2 450 min. 21 min. 35 min. 0
-7
275 min. 34 min.
RLC3 -95

NOTES:
(1) Impact test temperature for castings specified in Pt 7, Ch 5 is to be 5T below the design temper-
ature or —20C, whichever is the lower.
(2) When the absorbed energy of two or more test specimens among a set of test specimens is less
in value than the specified average absorbed energy or when the absorbed energy of a single test

specimen is less in value than 70 % of the specified average absorbed energy, the test is considered
to have failed.

6. Selection of test specimens
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(1) Where a steel casting is 500 kg and over in weight, one tensile test specimen and one set of
three impact test specimens are to be taken from each casting.

(2) Where a number of steel castings of similar form and size, each of which less than 500 kg in
weight, are cast from the same charge, two tensile test specimens and two sets of six impact
test specimens are to be taken from each group of castings simultaneously heat treated in the
same furnace.

7. Retest procedures

(1) Where the tensile tests fail to meet the requirements, additional tests may be carried out ac-
cording to the requirements given in 109.

(2) Regarding the impact tests, additional tests are to be carried out according to the requirements
given in 304. 9 (2).

8. Marking

Steel castings which have satisfactorily complied with the required tests are to be marked with the
identification mark in accordance with the requirements in 501. 13 (1) and in case the requirement
in Note (1) of Table 2.1.82 has been applied, "impact test temperature T" is to be suffixed to the
marking. (e.g. RLCA - 257)

505. Stainless steel casting for propeller

1. Application

(1) These requirements are applicable to the manufacture, inspection and repair procedures of stain-
less steel casting(hereinafter referred to as "steel propeller casting”) for propellers, blades and
bosses. These requirements may also be used for the repair of propellers damaged in service,
subject to prior agreement with the Society. (2027) [See Guidance)

(2) Steel propeller castings having characteristics differing from those specified in 505. are to comply
with the requirements in 101, 2.

2. Kinds
Steel propeller castings are classified as specified in Table 2.1.83.

3. Chemical composition (2021)

(1) Chemical composition is classified as specified in Table 2.1.83. Cast steel whose chemical com-
position deviate from the typical values of Table 2.1.83 must be specially approved by the
Society.

(2) The manufacturer is to maintain records of the chemical analyses of the production casts, which
are to be made available to the Surveyor so that he can satisfy himself that the chemical com-
position of each casting is within the specified limits.

Table 2.1.83 Kinds and Chemical Composition

Chemical composition (%)
Alloy type
C Mn Cr Mo Ni
12Cr1N/ 0.15 Max. 2.0 Max. 115 -17.0 0.5 Max. 2.0 Max.
13CraN; Martensitic 0.06 Max. 2.0 Max. 115 -17.0 1.0 Max. 3.6 - 5.0
16Cr5Ni 0.06 Max. 2.0 Max. 15.0 - 175 1.5 Max. 3.5 - 6.0
19Cr11 NI Austenitic 0.12 Max. 1.6 Max. 16.0 - 21.0 4.0 Max. 8.0 - 13.0

NOTE :

(1) Minimum values may be in accordance with recognised national
prior agreement with the Society.

or international standards, subject to

4. Heat treatment

Martensitic castings are to be austenitized(quenching) and tempered. Austenitic castings should
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solution treated.

5. Mechanical properties

The mechanical properties are to meet the requirements in Table 2.1.84 These values refer to the
test specimens machined from integrally cast test bars attached to the hub or on the blade. The

thickness of test coupon is to be in accordance with a recognized standard. (2027)

Table 2.1.84 Mechanical Properties

Tensile test Impact test
Types Yield strength " | Tensile strength | Elongation | Reduction area Average absorbed

(N/mm®) (N/mm?®) (%) (%) energy (J) @
12Cr1 N/ 440 Min. 590 Min. 15 Min. 30 Min. 20 Min.
13CraN/ 550 Min. 750 Min. 15 Min. 35 Min. 30 Min.
16Cr5N/ 540 Min. 760 Min. 15 Min. 35 Min. 30 Min.
19Cr 11Ni 180 Min.@ 440 Min. 30 Min. 40 Min. -

NOTES
(1) 0.2% vyield strength
(2) 1.0% vyield strength is min. 205 N/mm?.
(3) Not required for general service and the lowest Ice class notation(Grade ID). For other Ice class
notations, tests are to be made -10C.
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6. Selection of test samples and specimens

(1) Where possible, the test samples attached on blades are to be located in an area between 0.5
to 0.6 A, where A is the radius of the propeller.

(2) The test samples are not to be detached from the casting until the final heat treatment has
been carried out. Removal is to be by non-thermal procedures.

(3) Separately cast test samples may be used subject to prior approval of the Society. The test
samples are to be cast from the same heat as the castings represented and heat treated with
the castings represented.

(4) At least one set of mechanical tests is to be made on material representing each casting.
However, where a number of small propellers of about the same size, and less than 1T m in di-
ameter, are made from one cast and heat treated in the same furnace charge, a batch testing
procedure may be adopted using separately cast test samples of suitable dimensions. At least
one set of mechanical tests is to be provided for each multiple of five castings in the batch.

7. Quality of castings (20217)

(1) All castings are to have a workmanlike finish and are to be free from imperfections defects
which would be prejudicial to their proper application in service.

(2) Minor casting defects which may still be visible after machining such as small sand and slag in-
clusions, small cold shuts and scabs shall be trimmed off by the manufacturer in accordance
with 10..

(3) Casting defects which may impair the serviceability of the castings, e.g. major non—metallic in-
clusions, shrinkage cavities, blow holes and cracks, are not permitted. They may be removed by
one of the methods described in 10. and repaired within the limits and restrictions for the se-
verity zones. Full description and documentation must be available for the surveyor.

8. Surface and dimension inspection

(1) All finished castings are to be 100% visually inspected by the manufacturer. A general visual ex-
amination is to be carried out by the Surveyor. (2027)

(2) Steel propeller castings are to be free from cracks, hot tears or other imperfections which, due
to their nature, degree or extent, will interfere with the use of the castings.

(3) The verification of dimensions, the dimensional and geometrical tolerances is the responsibility of
the manufacturer. The report on the relevant examinations is to be submitted to the Surveyor,
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who may require checks to be made in his presence. (2021)
9. Non-—destructive inspection

(1) The important parts of steel propeller casting are to be subjected to the liquid penetrant test in
accordance with the Guidance relating to Rules specified by the Society. [See Guidance]

(2) Qualification of personnel involved in NDT is in accordance with Appendix PtB 1.4, 1.6 and 1.9
of Guidance for Approval of Service Suppliers. (2027)

(3) The division of severity zones of steel propeller casting is to be in accordance with the Guidance
relating to Rules specified by the Society. [See Guidance]

(4) Where serious doubt exists that the castings are not free from internal defects, further non-de-
structive inspections are to be carried out upon request of the Surveyor, e.g. radiographic and/or
ultrasonic tests. The acceptance criteria are then to be agreed between the manufacturer and
the Society.

(5) The foundry is to maintain records of inspections traceable to each propeller casting. These re-
cords are to be reviewed by the Surveyor. The foundry is also to provide the Surveyor with a
statement confirming that non-destructive tests have been carried out with satisfactory results.

10. Repair of defects

(1) In general the repairs are to be carried out by mechanical means, e.g. by grinding, chipping or
milling. Where the steel propeller castings from which defects where removed are used in that
condition, the steel propeller castings are to be approved by the Surveyor. (2027)

(2) The resulting grooves are to be blended into the surrounding surface so as to avoid any sharp
contours. Complete elimination of the defective material is to be verified by liquid penetrant
testing, or magnetic particle testing if applicable. (2027)

(3) Weld repairs are to be undertaken only when they are considered to be necessary and have pri-
or approval of the Surveyor. Welds having an area less than 5cm? are to be avoided.

(4) The repair welding procedures are to have prior approval of the Surveyor in accordance with the
Guidance relating to the Rules specified by the Society. [See Guidance]

(5) The foundry is to maintain records of inspections, welding, and any subsequent heat treatment,
traceable to each casting. Before welding is started, full details of the extent and location of the
repair, the proposed welding procedure, heat treatment and subsequent inspection procedures
are to be submitted to the Society for approval. (2021)

11. Retest procedure

Where the results of tensile tests fail to meet the requirements, additional test may be carried out
in accordance with the requirements of 109.

12. Marking (2021)

(1) The manufacturer is to adopt a system for the identification of all castings, which enable the
material to be traced to its original cast. The Surveyor is to be given full facilities for so tracing
the castings when required.

(2) Steel propeller castings which have satisfactorily complied with the required tests are to be
marked with the identification mark in accordance with the requirements in 110. and as follows.
(a) Heat number or other marking which will enable the full history of the casting to be traced
(b) Grade of cast material or corresponding abbreviated designation
(c) lce class symbol, where applicable
(d) Skew angle for high skew propellers
(e) Date of final inspection

13. Test certificates (20717)

The manufacturer is to provide the Surveyor with an inspection certificate giving the following par-
ticulars for each casting which has been accepted:

(1) Purchaser's name and order number

(2) Vessel identification, where known

(3) Description of the casting with drawing number

(4) Diameter, number of blades, pitch, direction of turning
(5) Skew angle for high skew propellers

(6) Final weight

(7) Alloy type, heat number and chemical composition

(8) Casting identification number

(9) Details of time and temperature of heat treatment
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(10) Results of the mechanical tests
(11) Results of non—destructive tests and details of test procedure where applicable (2027)

506. Grey iron castings

90

1.

Application

(1) These requirements are to apply to the grey iron castings (hereinafter referred to as "iron cast-
ings") intended to be used for propeller or important parts of machinery.

(2) Where deemed necessary by the Society, KS or equivalent thereto may be applied. [See Guidance]

(3) Where small castings are produced in large quantities, the manufacturer may adopt alternative
procedures for testing and inspection subject to the approval of the Society.

Manufacture

(1) The manufacturer has the necessary manufacturing and testing facilities and the manufacturing
processes are to be approved by the Society.

(2) Suitable mechanical methods are to be employed for the removal of surplus material from
castings. Thermal cutting processes are not acceptable, except as a preliminary operation to me-
chanical methods.

(3) Where castings of the same type are regularly produced in quantity, the manufacturer, subject to
the approval of the Society, is to make any tests necessary to prove the quality of the prototype
castings and is also to make periodical examinations to verify the continued efficiency of the
manufacturing technique. The Surveyor is to be given the opportunity to witness these tests.

Grade and mechanical properties

Grey iron castings are to comply with the ISO 185. However, the minimum tensile strength is to be
not less than 200 N/mm’

Chemical composition

(1) The chemical composition of the iron used is left to the discretion of the manufacturer, who is
to ensure that it is suitable to obtain the mechanical properties specified for the castings.
(2) When required by the Societies the chemical composition of ladle samples is to be reported.

Heat treatment

(1) Except as required by (2) castings may be supplied in either the as cast or heat treated
condition.

(2) For some applications, such as high temperature service or where dimensional stability is im-
portant, castings may require to be given a suitable tempering or stress relieving heat treatment

Selection of test samples and specimens

(1) Test material sufficient for the required tests and for possible re-tests is to be provided for
each casting or batch of castings.

(2) Separately cast test samples are to be used in principle and are to be cast from the same ladle
as the castings in moulds of the same type of material as the moulds for the castings

(3) Test samples are to be in the form of bars 30 mm in diameter and of a suitable length.

(4) When two or more test samples are cast simultaneously in a single mould, the bars are to be
at least 50 mm apart as given in Fig 2.1.14.
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(unit : mm)

Fig 2.1.14 Sample distance

(5) Cast test samples are not to be stripped from the moulds until the metal temperature is below
500°C.

(6) Integrally cast samples may be used when a casting is more than 20 mm thick and its mass
exceeds 200 Kg, subject to agreement between the manufacturer and the purchaser. The type
and location of the sample are to be selected to provide approximately the same cooling con-
ditions as for the casting it represents and also subject to agreement.

(7) The numbers of test specimen are as below :

(a) With the exception of (d) below, at least one test sample is to be cast with each batch.

(b) With the exception of (c) below, a batch consists of the castings poured from a single ladle
of metal, provided that they are all of similar type and dimensions. A batch should not nor-
mally exceed two tonnes of fettled castings and a single casting will constitute a batch is its
mass is 2 tonnes or more.

(c) For continuous melting of the same grade of cast iron in large tonnages the mass of a batch
may be increased to the output of 2 hours of pouring.

(d) If one grade of cast iron is melted in large quantities and if production is carefully monitored
by systematic checking of the melting process, such as chill testing, chemical analysis or
thermal analysis, test samples may be taken at longer intervals. [See Guidance]

(8) All test samples are to be suitably marked to identify them with the castings which they
represent.

(9) Where castings are supplied in the heat treated condition, the test samples are to be heat
treated together with the castings which they represent. For cast-on-test samples the sample
shall not be cut off from the casting until after the heat treatment.

(10) One tensile test specimen is to be prepared from each test sample. Where test samples of
other dimensions are specially required the tensile test specimens are to be machined to
agreed dimensions.

(11) All tensile tests are to be carried out using test procedures in accordance with the require—
ments specified in 203. 1.

7. Test and inspection

(1) All castings are to be cleaned and adequately prepared for examination. The surfaces are not to
be hammered, peened or treated in any way which may obscure defects.

(2) For grey iron castings, testing and inspection may not require the presence of the Society's sur-
veyors, except where specially specified in connection with the design.

(3) For the steel propeller castings and spheroidal iron castings, testing and inspection may require
the presence of the Society's surveyor.

(4) When required by the relevant construction Rules, castings are to be pressure tested before fi-
nal acceptance.

(5) Unless otherwise agreed, the verification of dimensions is the responsibility of the manufacturer.

(6) Supplementary examination of castings by suitable nondestructive testing procedures is generally
not required except in circumstances where there is reason to suspect the soundness of the
casting.

8. Rectification of defective casting
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(1) At the discretion of the Surveyor, small surface blemishes may be removed by local grinding.

(2) Subject to the prior approval of the Surveyor, castings containing local porosity may be rectified
by impregnation with a suitable plastic filler, provided that the extent of the porosity is such that
it does not adversely affect the strength of the casting.

(3) Repairs by welding are generally not permitted.

9. Retest procedure \Where the tensile test fails to meet the requirements, additional test may be

carried out in accordance with the requirements of 109.

10. Marking Grey iron castings which have satisfactorily complied with the required tests are to be

marked with the identification mark in accordance with the requirements in 110.

11. Test certificates (2077)

The manufacturer is to provide the Surveyor with a test certificate giving the following particulars
for each casting or batch of castings which has been accepted:

(1) Purchaser's name and order number

(2) Description of castings and quality of cast iron

(3) Identification number

(4) Results of mechanical tests

(5) Where applicable, general details of heat treatment

(6) When specially required, the chemical analysis of ladle samples
(7) Where applicable, test pressure

507. Spheroidal or nodular graphite iron castings
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1. Application

(1) These requirements are to apply to the Spheroidal or nodular graphite iron castings (hereinafter
referred to as "iron castings") intended to be used for propeller or important parts of machinery.

(2) These requirements are applicable only to castings where the design and acceptance tests are
related to mechanical properties at ambient temperature. For other applications additional require—
ments may be necessary, especially when the castings are intended for service at low or ele—
vated temperatures. [See Guidance)

(3) Where deemed necessary by the Society, KS or equivalent thereto may be applied. [See Guidance]

(4) Where small castings are produced in large quantities, the manufacturer may adopt alternative
procedures for testing and inspection subject to the approval of the Society.

. Manufacture

(1) The manufacturer has the necessary manufacturing and testing facilities and the manufacturing
processes are to be approved by the Society.

(2) Suitable mechanical methods are to be employed for the removal of surplus material from
castings. Thermal cutting processes are not acceptable, except as a preliminary operation to me-
chanical methods.

(3) Where castings of the same type are regularly produced in quantity, the manufacturer, subject to
the approval of the Society, is to make any tests necessary to prove the quality of the prototype
castings and is also to make periodical examinations to verify the continued efficiency of the
manufacturing technique. The Surveyor is to be given the opportunity to witness these tests.

3. Grade and mechanical properties Grade and mechanical properties of castings are to be as specified

in Table 2.1.85. However, Brinell hardness values are intended for information purposes only.
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Table 2.1.85 Grade and mechanical properties

Specified min. 0.2% proof Elongation Brinell Impact energy Typical
tensile strength stress (%) hardness Test @ structure
(N/mm®) (N/mm?) (5.65/4) values temp.(C) | () min of matrix
370 min. 230 min. 17 min. 120-180 - - Ferrite
. 400 min. 250 min. 12 min. 140-200 - - Ferrite
Ordinary | 500 min. | 320 min. 7 min. 170-240 - - Ferrite/Perlite
qualities | 600 min. 370 min. 3 min. 190-270 - - Ferrite/PerIite
700 min. | 420 min. 2 min. 230-300 - - Perlite
800 min. 480 min. 2 min. 250-350 - - Perlite or Tempered
Special | 350 min. | 220 min. 22 min.® 110-170 +20 17(14) Ferrite
qualities | 400 min. 250 min. 18 min.® 140-200 +20 14(11) Ferrite
NOTE
(1) For intermediate values of specified minimum tensile strength, the minimum values for 0,2 % proof and
elongation may be obtained by interpolation.
(2) The average value measured on 3 Charpy V-notch specimens. One result may be below the average
value but not less than the minimum shown in brackets.
(@) In the case of integrally cast samples, the elongation may be 2 percentage points less.

4,

5.

6.

Chemical composition

(1) The chemical composition of the iron used is left to the discretion of the manufacturer, who is
to ensure that it is suitable to obtain the mechanical properties specified for the castings.
(2) When required by the Societies the chemical composition of ladle samples is to be reported.

Heat treatment

(1) Except as required by (2) castings may be supplied in either the as cast or heat treated
condition.

(2) For some applications, such as high temperature service or where dimensional stability is im-
portant, castings may require to be given a suitable tempering or stress relieving heat treatment

(3) Heat treatment is to be carried out after any refining heat treatment and before machining. The
special qualities with 350 N/mm* and 400 N/mm? nominal tensile strength and impact test shall
undergo a ferritizing heat treatment.

(4) Where it is proposed to locally harden the surfaces of a spheroidal iron castings full details of
the proposed procedure and specification are to be submitted for approval by the Society.

Selection of test samples and specimens

(1) Test material sufficient for the required tests and for possible re-tests is to be provided for
each casting or batch of castings.

(2) The test samples are generally to be one of the standard types detailed in Figs 2.1.15, 2.1.16
and 2.1.17 with a thickness of 25 mm. Test samples of other dimensions, as detailed in Figs
2.1.15 or 2.1.17 may, however, be specially required for some components.

(3) At least one test sample is to be provided for each casting and unless otherwise required may
be either gated to the casting or separately cast. Alternatively test material of other suitable di-
mensions may be provided integral with the casting.

(4) Where separately cast test samples are used, they are to be cast in moulds made from the
same type of material as used for the castings and are to be taken towards the end of pouring
of the castings.

(5) The samples are not to be stripped from the moulds until the temperature is below 500°C.

(6) For large castings where more than one ladle of treated metal is used, additional test samples
are to be provided so as to be representative of each ladle used.

(7) As an alternative to (3) above, a batch testing procedure may be adopted for castings with a
fettled mass of 1 tonne or less. All castings in a batch are to be of similar type and di-
mensions, cast from the same ladle of treated metal. One separately cast test sample is to be
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provided for each multiple of 2,0 tonnes of fettled castings in the batch.

(8) All test samples are to be suitably marked to identify them with the castings which they
represent.

(9) Where castings are supplied in the heat treated condition, the test samples are to be heat
treated together with the castings which they represent.

(10) One tensile test specimen is to be prepared from each test sample.

(11) All tensile tests are to be carried out using test procedures in accordance with the require-
ments specified in 203. 1. Unless otherwise agreed all tests are to be carried out in the pres—
ence of the Surveyors.

(12) Impact tests may additionally be required and in such cases a set of three test specimens of
agreed type is to be prepared from each sample. Where Charpy V-notch test specimens are
used, the dimensions and testing procedures are to be in accordance with the requirements
specified in 202. 3 and 203. 2.

==

3° taper

Rs/ / X

Rs : about 5mm

Standard Alternative sample when specially required
sample Case 1 Case 2 Case 3
u(mm) 25 12 50 75
v(mm) 55 41 90 125
x(mm) 40 30 60 65
y(mm) 100 80 150 165
z To suit testing machine

Fig 2.1.15 U-type test sample
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3° taper
/\ 100
Rs
40
! 25 ! 25,125 Rs : about 5mm

Fig 2.1.16 Double U-type test sample

Standard Alternative sample when specially required
sample Case 1 Case 2 Case 3
u(mm) 25 12 50 75
v(imm) 55 40 100 125
x(mm) 40 25 50 65
y(mm) 140 135 150 175
z To suit testing machine

Fig 2.1.17 Y-type test sample

7. Test and inspection

(1) All castings are to be cleaned and adequately prepared for examination. The surfaces are not to
be hammered, peened or treated in any way which may obscure defects.

(2) Before acceptance, all castings are to be visually examined including, where applicable, the ex-
amination of internal surfaces. Unless otherwise agreed the verification of dimensions is the re-
sponsibility of the manufacturer.

(3) When required by the relevant construction Rules, castings are to be pressure tested before fi-
nal acceptance.

(4) Supplementary examination of castings by suitable nondestructive testing procedures is generally
not required except in circumstances where there is reason to suspect the soundness of the
casting. However, cast crankshaft are to be subjected to a magnetic particle inspection. Crack
like indications are not allowed.
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(5) For crankshafts the metallographic examination is to be carried out as followings;

(@) When required, a representative sample from each ladle of treated metal is to be prepared
for metallographic examination. These samples may conveniently be taken from the tensile
test specimens but alternative arrangements for the provision of the samples may be adopt-
ed provided that they are taken from the ladle towards the end of the casting period.

(b) Examination of the samples is to show that at least 90 % of the graphite is in a dispersed
spheroidal or nodular form. Details of typical matrix structures are given in Table 2.1.85 and
are intended for information purposes only.

8. Rectification of defective casting

(1) At the discretion of the Surveyor, small surface blemishes may be removed by local grinding.

(2) Subject to the prior approval of the Surveyor, castings containing local porosity may be rectified
by impregnation with a suitable plastic filler, provided that the extent of the porosity is such that
it does not adversely affect the strength of the casting.

(3) Repairs by welding are generally not permitted.

9. Retest procedure \Where the tensile test fails to meet the requirements, additional test may be
carried out in accordance with the requirements of 109.

10. Marking  Spheroidal iron castings which have satisfactorily complied with the required tests are to
be marked with the identification mark in accordance with the requirements in 110.

11. Test certificates (2017)

The manufacturer is to provide the Surveyor with a test certificate giving the following particulars
for each casting or batch of castings which has been accepted:

(1) Purchaser's name and order number

(2) Description of castings and quality of cast iron

(3) Identification number

(4) Results of mechanical tests

(5) Where applicable, general details of heat treatment

(6) Where specifically required, the chemical analysis of ladle samples
(7) Where applicable, test pressure
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Section 6 Steel Forgings

601. Steel forgings

1. Application

(1) The requirements in 601. are to apply to the steel forgings(except those specified in 602., 603.
and 604.) intended to be used for the components of hull construction, equipments, and machi-
nery specified in each Part, and where relevant, these requirements are also applicable to mate-
rial for forging stock and to rolled bars intended to be machined into components of simple
shape (hereinafter referred to as the "steel forgings").

(2) Steel forgings having characteristics differing from those specified in 601. are to comply with the
requirements in 101. 2.

2. Kinds The steel forgings are classified as specified in Table 2.1.89 and 2.1.90.

3. Manufacturing process

(1) Steel forgings are to be manufactured from the killed steel.

(2) Adequate discards are to be made from the top and bottom of each ingot to ensure freedom
from piping and harmful segregation in the finished forgings.

(3) Steel forgings are to be hot worked by press or hammer from ingots, blooms forged or rolled
from ingots or blooms made from ingots by a combination of rolling and forging.

(4) Steel forgings are to be gradually and uniformly hot worked and are to be brought as nearly as
possible to the finished shape and size. Where practicable, they are to be worked so as to
cause metal flow in the most favourable direction having regard to the mode of stressing in
service.

(5) The reduction ratio is to comply with the following;

(@) For components where the fibre deformation is mainly longitudinal; the total reduction ratio is
to be not less than those shown in Table 2.1.86. [See Guidance]

Table 2.1.86 Reduction Ratio

Method of manufacture Descriptiont” Total reduction®®
Made directly from ingots or from L>D 3:1
forged blooms or billets L<D 15 :1

L>D 4 :1
Made from rolled products L<D PR

NOTES:

(1) L and D are the length and diameter respectively of the part of the forging under
consideration.

(2) The reduction ratio is to be calculated with reference to the average cross-sec-
tional area of the ingot. Where an ingot is initially upset, this reference area may
be taken as the average cross—sectional area after this operation.

(3) For rolled bars used as a substitute for forgings the reduction ratio is to be not
less than 6:1.

(b) Disc type forgings such as gear wheels are made by upsetting

() The thickness of any part of the disc is to be not more than one half of the length of
the billet from which it was formed provided that this billet has received an initial forg-
ing reduction of not less than 1.5:1.

(i) Where the piece used has been cut directly from an ingot or where the billet has re-
ceived an initial reduction of less than 1.5:1, the thickness of any part of the disc is to
be not more than one third of the length of the original piece.

(6) The shaping of forgings or rolled slabs and billets by flame cutting, scarfing or arc-air gouging is
to be undertaken in accordance with recognized good practice and, unless otherwise approved, is
to be carried out before the final heat treatment. Preheating is to be employed when neces-—
sitated by the composition and thickness of the steel. For certain components, subsequent ma-
chining of all flame cut surfaces may be required. [See Guidance]

(7) When two or more forgings are joined by welding to form a composite component, the pro-
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posed welding procedure specification is to be submitted for approval to the Society. Welding
procedure qualification tests and welder qualification test are to be required. (2023)

(8) The welding procedure qualification test and welder qualification test are in accordance with Pt2,
Ch 2 of the Rules. (2023)

4. Heat treatment

(1) Except as provided in (5) and (6), after completion of all hot working operations, forgings are to
be supplied in one of the conditions given in Table 2.1.87. to refine the grain structure and to
obtain the required mechanical properties. No fully annealed forging is to be removed from the
furnace until the temperature of the entire furnace charge has fallen to or below a temperature
of 455°C. The tempering temperature is to be not less than 550C. Where forgings for gearing
are not intended for surface hardening, lower tempering temperature may be allowed. (2023)
[See Guidance)

Table 2.1.87 Heat Treatment (2023)

Kind Heat treatment

Fully Annealed
Normalized

Normalized and tempered
Quenched and tempered

Carbon steels

Normalized
Alloy steels Normalized and tempered
Quenched and tempered

(2) The delivery condition shall meet the design and application requirements, it is the manufacturers
responsibility to select the appropriate heat treatment method to obtain the required mechanical
properties. (2023)

(3) Steel forgings which are subjected to any hot work after heat treatment, are to be heat treated
again.

(4) It a forging is locally reheated or any straightening operation is performed after the final heat
treatment, consideration is to be given to a subsequent stress relieving heat treatment. The
manufacturer shall have strict control of this temperature in order to avoid any detrimental ef-
fects to the final heat treatment and resultant microstructure and mechanical properties of the
forging. (2023)

(5) Where induction hardening or nitriding is to be carried out, forgings are to be heat treated at an
appropriate stage to a condition suitable for this subsequent surface hardening.

(6) Where carburizing is to be carried out, forgings are to be heat treated at an appropriate stage
(generally either by full annealing or by normalizing and tempering) to a condition suitable for
subsequent machining and carburizing.

(7) Where it is intended to surface harden forgings, full details of the proposed procedure and

specification are to be submitted for the approval of the Society. For the purposes of this ap-—

proval, the manufacture may be required to demonstrate by test that the proposed procedure
gives a uniform surface layer of the required hardness and depth and that it does not impair the
soundness and properties of the steel. [See Guidance]

Heat treatment is to be carried out in properly constructed furnaces which are efficiently main-

tained and have adequate means for control and recording of temperature. The furnace di-

mensions are to be such as to allow the whole furnace charge to be uniformly heated to the

necessary temperature. In the case of very large forgings alternative methods of heat treatment
will be specially considered by the Society.

Sufficient thermocouples are to be connected to the furnace charge to measure and record that

its temperature is adequately uniform unless the temperature uniformity of the furnace is verified

at regular intervals.

(9) The forge is to maintain records of heat treatment identifying the furnace used, furnace charge,
date, temperature and time at temperature. The records are to be presented to the surveyor on
request.

®

=
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5. Chemical composition

(1) The chemical composition of steel forgings is to comply with the requirements given in Table
2.1.88.

(2) The chemical composition of each heat is to be determined by the manufacturer on a sample
taken preferably during the pouring of the heat. When multi heats are tapped into a common la-
dle, the ladle analysis shall apply.

(3) At the option of the manufacturer, suitable grain refining elements such as aluminium, niobium
or vanadium may be added. The content of such elements is to be reported in the ladle
analysis.

Table 2.1.88 Chemical Composition (2017) (2021) (2023)

Chemical composition (%)

Steel type Total
c Si Mn P S Cr Mo Ni cu® ot
residual

Hull and | Carbon | 0.23"@ | (.45 0.30- | 0.035 | 0.035 | 0.309 | 0.159 | 0.409 0.30 0.85

General steel max. max. 1.50 max. max. max. max. max. max. max.
purpose

steel Alloy | 023 045 | 030- | 0035 | 0035 | 0409 | 0159 | 0409 | 030 ~
forging<4) steel max. max. 1.00 max. max. min. min. min. max.

Carbon | 0.23"@ | 045 0.30- | 0.035 | 0.035 | 0.309 | 0.159 | 0.409 0.30 0.85

Machinery steel max. max. 1.50 max. max. max. max. max. max. max.
steel
forging Alloy | 045 045 | 030- | 0.035 | 0.035 | 0409 | 0.159 | 0409 | 030 _
steel® max. max. 1.00 max. max. min. min. min. max.
NOTES :

(1) The carbon content may be increased above this level provided that the carbon equivalent (Ceq) is not more
than 0.41 %.

(2) The carbon content of carbon steel forgings not intended for welded construction may be 0.65 % maximum.

(3) Elements are considered as residual elements.

(4) Rudder stocks and pintles should be of weldable quality.

(5) Where alloy steel forgings are intended for welded constructions, the proposed chemical composition is sub-{
ject to approval by the Society.

(6) One or more of the elements is to comply with the minimum content.

6. Mechanical properties

(1) The mechanical properties of steel forgings are to comply with the requirements given in Table
2.1.89 and 2.1.90.

(2) At the discretion of this Societies hardness tests may be required on the following: The results
of hardness tests are to be reported and, for information purposes, typical Brinell hardness val-
ues are given in Table 2.1.90.

(i) Gear forgings after completion of heat treatment and prior to machining the gear teeth. The
hardness is to be determined at four positions equally spaced around the circumference of
the surface where teeth will subsequently be cut. Where the finished diameter of the tooth-
ed portion exceeds 2.5m, the above number of test positions is to be increased to eight.
Where the width of a gear wheel rim forging exceeds 1.25m, the hardness is to be de-
termined at eight positions at each end of the forging.

(i) Small crankshaft and gear forgings which have been batch tested.

In such cases at least one hardness test is to be carried out on each forging.

(3) Hardness tests may also be required on forgings which have been induction hardened, nitrided
or carburized. For gear forgings these tests are to be carried out on the teeth after, where ap-
plicable, they have been ground to the finished profile. The results of such tests are to comply
with the approved specifications.
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7. Selection of test specimens

(1) Except as provided in (10) and (11), the test specimens for steel forgings are, after final heat
treatment, to be taken lengthwise from prolongations or through bolt holes having a sectional
area not less than that of the body of forging. Where batch testing is permitted according to
(10), the test material may alternatively be a production part or separately forged. Separately
forged test material is to have a reduction ratio similar to that used for the forgings represented.

(2) "One set of test specimens" is to consist of one tensile test specimen and when required, three
charpy-V notch impact test specimen.
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Table 2.1.89 Kinds and Mechanical Properties for Hull Steel Forgings (20717) (2023)

, Charpy V-notch
Tensile test ) ©
Impact test
Minimum
Elongation(%) | Reduction of | Test
Steel type grades Tensile average
Yield strength | (L=5.65/4) area(%) |temper- U)
strength 2 (minimum) (minimum) | ature(C) enersy
(N/mm?) (N/m) L@ | T@
L T L T
RSF400H 400 min. 200 min. 26 19 50 3b
RSF440H 440 min. 220 min. 24 18 50 35
Carbon steel| ASF480H 480 min. 240 min. 22 16 | 45 | 30
forgings RSF520H 520 min. 260 min. 21 15 45 30 0
27 18
RSF560H 560 min. 280 min. 20 14 40 27
RSFB00H 600 min. 300 min. 18 13 40 27
RSF5504AH 550 min. 350 min. 20 14 50 35
All teel
OV S RSFE00AH | 600 min. 400 min. 18 | 13 | 50 | 35
forgings
RSFB6504AH 650 min. 450 min. 17 12 50 35
Notes ;

(1) Where it is proposed to use a steel with a specified minimum tensile strength intermediate to those giv—
en, corresponding minimum values for the other properties may be obtained by interpolation and the value
at the first decimal place is to be subjected to the method of counting fractions over 1/2 as one and dis-
regarding the rest.

(2) For the upper limit of tensile strength, the following ranges for tensile strength may be additionally speci-
fied:

Range of upper limit(N/mm?)
120
150

Specified minimum tensile strength (N/mm?)
{ 600
> 600

(3) In the case of large forgings requiring two tension tests, the range of tensile strength is not to exceed 70
N/mm?

(4) L (or 7) denotes that the longitudinal axis of the test specimen is arranged parallel (or tangential) to
the direction of forging.

(5) For rudder stocks intended for ships with ice class notation(Grade IA Super, IA, IB and IC), Charpy
V-notch impact testing is to be carried out for all steel types at —10C and the average energy value is to
be minimum 27 J (longitudinal test).

(6) Special consideration may be given to alternative requirements for Charpy V-notch test, depending on de-
sign and application and subject to agreement by the Society.
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Table 2.1.90 Kinds and mechanical properties for machinery steel forgings (2077) (2023)

) Hardness Charpy V-notch
Tensile test

test® impact test®®
Steel S ‘ . Elongation(%) | Reduction T Minimum
type Ten3||e(2) Tield (L=5.65/4) | of area(%) | Hardness et | average
strengﬂ; streﬂgtzh (minimum) (minimum) (Hew) temper- energy(J)
(N/mm?) (N/mm?) ature(C)
|_(3) T(S) L(3> T(3) |_<3) T(3)
. . 110 -
RSF 400M 400 min. | 200 min. 26 19 50 35 150
. . 125 -
RSF 440M 440 min. | 220 min. 24 18 50 35 160
. . 136 -
RSF 480M 480 min. | 240 min. 22 16 45 30 175
. ) 150 -
RSF 520M 520 min. | 260 min. 21 15 45 30 185
. . 160 -
Carbon RSF 560M 560 min. | 280 min. 20 14 40 27 200
steel
forgings | ASF 6004/ | 600 min. | 300 min. | 18 | 13 | 40 | 27 1;?5_
. . 185 -
RSF 640M 640 min. | 320 min. 17 12 35 27 230
. . 200 -
RSF 680M 680 min. | 340 min. 16 12 35 24 240
AT 27 | 18
RSF 720M 720 min. | 360 min. 15 11 35 24 Z;go_
. . 225 -
RSF 760M 760 min. | 380 min. 14 10 35 24 65
. . 175 -
RSF 600AM 600 min. | 360 min. 18 14 50 35 215
. . 205 -
RSF 700AM 700 min. | 420 min. 16 12 45 30 245
. . 235 -
Alloy ASF 800AM | 800 min. | 480 min. 14 10 40 27 275
steel
forgings | ASF 900AM 900 min. | 630 min. 13 9 40 27 2280_
. . 290 -
RSF 10004M | 1000 min. | 700 min. 12 8 35 24 365
. . 320 -
RSF 11004AM | 1100 min. | 770 min. 11 7 35 24 385
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Table 2.1.90 Kinds and mechanical properties for machinery steel forgings(cont'd) (2077) (2023)

NOTES :

(1) Where it is proposed to use a steel with a specified minimum tensile strength intermediate to those given,
corresponding minimum values for the other properties may be obtained by interpolation and the value at
the first decimal place is to be subjected to the method of counting fractions over 1/2 as one and dis-
regarding the rest.

(2) For the upper limit of tensile strength, the following ranges for tensile strength may be additionally speci-
fied:

Specified minimum tensile strength (N/mm?) | Range of upper limit (N/mm?)

{ 900 150

> 900 200

(8) L (or 7) denotes that the longitudinal axis of the test specimen is arranged parallel (or tangential) to the
direction of forging.

(4) For materials used for machinery exposed to sea water temperature, such as propeller shafts and shaft
bolts, intended for ships with ice class notation(Grade IA Super, IA, IB and IC), Charpy V-notch impact
testing is to be carried out for all steel types at -10 C and the average energy value is to be minimum 20
J (longitudinal test). One individual value may be less than the required average value provided that it is
not less than 70% of this average value. Impact test for important components as crankshaft and gears for
machinery is to be in accordance with the Guidance relating to the Rules specified by the Society.

[See Guidance]

(5) The hardness values are typical and are given for information purposes only.

(6) Special consideration may be given to alternative requirements for Charpy V-notch test, depending on de-
sign and application and subject to agreement by the Society.

(7) AT refers to Ambient Temperature (i.e. 23°C £ 5°C), which is specified in 1SO 148-1:2016.

(3) Test specimens are normally to be cut with their axes either mainly parallel (longitudinal test) or
mainly tangential (tangential test) to the principal axial direction of each product.
(4) The test specimen is to be positioned as follows. (2023)

(A) For forgings having a thickness, t, or diameter D up to maximum 50 mm, the longitudinal
axis of the test specimen is to be located at a distance of t/2 or D/2 below the heat treat-
ed surfaces.

(B) For forgings having a thickness, t, or diameter D greater than 50 mm, the longitudinal axis of
the test specimen is to be located at a distance of t/4 or D/4 (mid-radius) or 80mm,
whichever is less, below any heat treated surface. Test specimen is to be located with its
longitudinal axis at a distance from any heat treated surface as shown in Fig2.1.18.

(C) For ring and disc forgings (noting that the test specimen locations for these shaped forgings
may be different to elongated or free form forgings), tangential sample shall be taken at t/2
for thickness < 25mm and 12.5mm below the surface for thickness )25 mm, in both the
vertical and horizontal direction. Where achievable, for thickness )25 mm, no part of the
test material shall be closer than 12.5mm to any heat treated surface, as shown in Fig
2.1.18.
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(Notes)
(1) “a” is the distance from the test specimen to heat treated sur-
face based on the above (B) or (C).

Fig 2.1.18 Position of the test specimen (2023)

(5) Where the manufacturer can demonstrate that a proposed testing location or orientation is more
representative of the required mechanical properties of a component, this may be agreed with
the Society. In such cases, the heat treatment process, a proposed testing location or ori-
entation, and technical justification shall be submitted to the Society for approval.

(6) Except as provided in (11), the number and direction of tests is to be as given in (A) through (1)
of the following requirements:

(A) Hull components such as rudder stocks, pintles etc. General machinery components such as
shafting, connecting rods, etc. . One set of tests is to be taken from the end of each forg-
ing in a longitudinal direction except that, at the discretion of the manufacture, the alter-
native directions or positions as shown in Fig 2.1.19, Fig 2.1.20 and Fig 2.1.21 may be
used. Where a forging exceeds both 4 tonnes in mass and 3m in length, one set of tests
is to be taken from each end.

Test position A
(longitudinal)

!

Test position B
(tangential)

Fig 2.1.19 Plain shaft
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Test position B
(longitudinal) Test position A
(through bolt hole) (longitudinal)

Test position C
(tangential)

Fig 2.1.20 Flanged shaft

Test position B
(tangential)

Test position C
(tangential) <~ Test position A

\_:iL (longitudinal)
L

Test position D \ /
(tangential)

Fig 2.1.21 Flanged shaft with collar

(B) Pinions : Where the finished machined diameter of the toothed portion exceeds 200 mm one
set of tests is to be taken from each forging in a tangential direction adjacent to the
toothed portion (test position B in Fig 2.1.22) Where the dimensions preclude the prepara-
tion of tests from this position, tests in a tangential direction are to be taken from the end
of the journal (test position C in Fig 2.1.22). If however, the journal diameter is 200 mm
or less the tests are to be taken in a longitudinal direction (test position A in Fig 2.1.22).
Where the finished length of the toothed portion exceed 1.25m, one set of tests is to be
taken from each end.

Test position B Test position B
(tangential) (tangential)

SN — 1
iR e i I R (C)R

Test position A
(longitudinal)

f—

Test position C
(tangential)

L = langth of toothed portion
D =diameter of toothed portion
d = journal diameter

Fig 2.1.22 Pinion

(C) Small pinions : \Where the finished diameter of the toothed portion is 200 mm or less one
set of tests is to be taken in a longitudinal direction (test position A in Fig 2.1.22).

(D) Gear wheels : One set of tests is to be taken from each forging in a tangential direction
(test position A or B in Fig 2.1.23).
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Test position A
(tangential)

/ 7
i
i
1
\
AN
N

Test position B
(tangential)

Fig 2.1.23 Gear wheel

720777

(E) Rims intended for reduction gears and for cam shaft driving gears of diesel engine (see Pt 5,

Ch 2 201.1) are to comply with the following requirements.

(i) Where the finished diameter exceeds 2.5m or the mass (as heat treated including test
material) exceeds 3 tonnes, two sets of tests are to be taken from diametrically oppo-
site positions (test positions A and B in Fig 2.1.24). The mechanical properties for
longitudinal test are to be applied. (2023)

Test position A

(tangential)
;) —

™ 77
¥
\

\

\
Test position B
(tangential)

Fig 2.1.24 Gear rim (made by expanding)

(i) Where the weight and finished diameter are different from those given in (a), one set of
test specimens may be taken from one end of the rim.
(F) Pinion sleeves : One set of tests is to be taken from each forging in a tangential direction
(test position A or B in Fig 2.1.25). Where the finished length exceeds 1.25m one set of
tests is to be taken from each end.

Test position A Test position B
(tangential) (tangential)

Fig 2.1.25 Pinion sleeve

(G) Crankwebs : One set of tests is to be taken from each forging in a tangential direction.

(H) Solid open die forged crankshafts : One set of tests is to be taken in a longitudinal direc—
tion from the driving shaft end of each forging (test position A in Fig 2.1.26). Where the
mass (as heat treated but excluding test material) exceeds 3 tonnes tests in a longitudinal
direction are to be taken from each end (test positions A and B in Fig 2.1.26). Where,
however, the crankthrows are formed by machining or flame cutting, the second set of
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tests is to be taken in a tangential direction from material removed from the crankthrow at
the end opposite the driving shaft end (test position C in Fig 2.1.26).

Test position A Test position B
(longitudinal) (longitudinal)

/] [\

r
|
\
|
|
|
|
|
|
r

\

Test position C
(tangential)

Fig 2.1.26 Solid forged crankshaft

() Forged Rings (such as slewing rings) : One set of tests is to be taken from each forging
in a tangential direction (test positions are shown in Fig2.1.27). Where the finished diam-
eter exceeds 2.5m or the mass (as heat treated, including test material) exceeds 3 tonnes
then two sets of tests are to be taken diametrically opposite positions. (2023)

Examples of
acceptable tangential
test positions

Fig 2.1.27 Forged rings (2023)

(7) For closed die crankshaft forgings and crankshaft forgings where the method of manufacture has
been approved by the Society, the number and position of test specimens is to be agreed with
the Society having regard to the method of manufacture employed.

(8) When a forging is subsequently divided into a number of components, all of which are heat
treated together in the same furnace charge, for test purposes this may be regarded as one
forging and the number of tests required is to be related to the total length and mass of the
original multiple forging.

(9) The test specimens are not to be separated from the body before the final heat treatment has
been completed. In the case of stamp forging or other case of forging requiring the surface
hardening process, the test specimens may be prepared at a proper stage before the final heat
treatment providing that such is approved by the Surveyor.

(10) When forgings are to be carburized, sufficient test material is to be provided for both prelimi-
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nary tests at the forge and for final tests after completion of carburizing. For this purpose dupli-
cate sets of test material are to be taken from positions as detailed in (5) except that irre=
spective of the dimensions or mass of the forging, tests are required from one position only
and, in the case of forgings with integral journals, are to be cut in a longitudinal direction. This
test material is to be machined to a diameter of D/4 or 60 mm, whichever is less, where D is
the finished diameter of the toothed portion. For preliminary tests at the forge one set of test
material is to be given a blank carburizing and heat treatment cycle simulating that which sub-
sequently will be applied to the forging. For final acceptance tests, the second set of test mate-
rial is to be blank carburized and heat treated along with the forgings which they represent. At
the discretion of the forgemaster or gear manufacture test samples of larger cross section may
be either carburized or blank carburized, but these are to be machined to the required diameter
prior to the final quenching and tempering heat treatment. Alternative procedures for testing of
forgings which are to be carburized may be specially agreed with the Society. [See Guidance]

(11) Normalized forgings with mass up to 1000 kg each and quenched and tempered forgings with

mass up to 500 kg each may be batch tested. A batch is to consist of forgings of similar shape
and dimensions, made from the same heat of steel, heat treated in the same furnace charge
and with a total mass not exceeding 6 tonnes for normalized forgings and 3 tonnes for
quenched and tempered forgings, respectively.

(12) A batch testing procedure may also be used for hot rolled bars. A batch is to consist of either:

() material from the same rolled ingot or bloom provided that where this is cut into individual
lengths, these are all heat treated in the same furnace charge, or

(i) bars of the same diameter and heat, heat treated in the same furnace charge and with a
total mass not exceeding 2.5 tonnes.

8. Surface inspection [See Guidance]

(1) All forgings should be subjected to a 100% visual examination of all accessible surfaces by the

manufacturer and made available to the Surveyor. Where applicable, this visual examination is to
include the examination of internal surfaces and bores. Testing methods and acceptance criteria
are to be in accordance with the Guidance relating to the Rules specified by the Society. (2023)

(2) Dimension inspection of the steel forgings is to be conducted under the responsibility of the

manufacturer, unless otherwise specified.

9. Quality

(1) Steel forgings are to be free from surface or internal defects which would be prejudicial to their

proper application in service.

(2) When required by the conditions of approval for surface hardened forgings referred in 4 (7), ad-

ditional test samples are to be processed at the same time as the forgings which they
represent. These test samples are subsequently to be sectioned in order to determine the hard-
ness, shape and depth of the locally hardened zone and which are to comply with the require—
ments of the approved specification.

(3) In the event of any forging proving defective during subsequent machining or testing, it is to be

rejected notwithstanding any previous certification.

10. Non—destructive inspection

108

(1) The following steel forgings are to be subjected to ultrasonic test at an appropriate stage of the

manufacturing process and the test reports are to be showed or submitted to the Surveyor.
Testing methods and acceptance criteria are to be in accordance with the Guidance relating to
the Rules specified by the Society. [See Guidance]

(@) Rudder stock and pintle.

(b) Steel forgings given in Pt 5, Ch 2, 201.1.

(c) Thrust shafts, intermediate shafts and propeller shafts.

(d) Reduction gears and reduction gear shafts.

(e) Turbine rotors, turbine discs and turbine blades.

(2) The important parts of the following steel forgings are to be subjected to magnetic particle or

liquid penetrant test at an appropriate stage of the manufacturing process. Testing methods and
acceptance criteria are to be in accordance with the Guidance relating to the Rules specified by
the Society. [See Guidance]

(a) Steel forgings given in Pt 5, Ch 2, 201.1.

(b) Propeller shafts.

(c) Reduction gears.
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(d) Turbine rotors, turbine discs and turbine blades.

(3) The Society may require sulphur print test for the portion of gear teeth.

(4) In place of the test methods given above, the Society may accept the application of other
non—destructive inspections considered adequate by the Society. [See Guidance]

(5) The Society may require non-destructive inspection or the steel other than those specified in (1)
and (2) when such is deemed necessary by the Society. [See Guidance)

(6) The welded parts of steel forgings used for welded construction are to be subjected to the
non—destructive inspections considered adequate by the Society. [See Guidance]

11. Repair of defects

(1) Defects may be removed by grinding or chipping and grinding provided the component di-
mensions are acceptable.

(2) After removing the defects, adequate non-destructive inspections are to be carried out to ensure
that all defects have been completely removed.

(3) The resulting grooves are to have a bottom radius of approximately three times the groove
depth and are to be blended into the surrounding surface so as to avoid any sharp contours.
Where the forgings from which defects where removed are used in that condition, the forgings
are to be approved by the Surveyor.

(4) Repair welding of forgings except those subjected to torsional fatigue, such as crankshaft forg-
ings and propeller shaft forgings, may be permitted subject to prior approval of the Society. In
such cases, full details of the extent and location of the repair, the proposed welding procedure,
heat treatment and subsequent inspection procedures are to be submitted for the approval.
(2023) [See Guidance)

(5) The manufacturer is to maintain full records detailing the extent and location of repairs made to
each forging and details of weld procedures and heat treatments applied for repairs. These re—
cords are to be available to the Surveyor and copies provided on request.

12. Retest procedures

(1) Where the tensile test or hardness test fails to meet the requirements, additional test may be
carried out in accordance with the requirements of 109.

(2) Regarding the impact tests, additional tests are to be carried out according to the requirements
given in 301. 10 (3).

(8) The additional tests are to be taken, preferably from material adjacent to the original tests, but
alternatively from another test position or sample representative of the forging or batch of
forgings.

(4) At the option of the manufacturer, when a forging or a batch of forgings has failed to meet the
test requirements, it may be reheat treated and re—submitted for acceptance tests.

13. Marking

(1) Steel forgings which have satisfactorily complied with the required tests are to be marked with
the identification mark in accordance with the requirements in 110.. And it should also include
follows. (2023)

(A) Test pressure where applicable
(B) Date of final inspection

(2) For steel forgings to which the requirements given in note 1. of the Table 2.1.89 and Table
2.1.90 applied, the material symbols are specified as ASF- (or ASF- A) and the specified ten-
sile strength is to be filled in symbol " = ". (e.g. For Hull and General purpose steel forging which
the specified tensile strength is 420 N/mm® : RSF420H)

(3) Where carbon steel forgings are intended for welded construction specified in Note (1) of Table
2.1.88, "W" is to be suffixed to the marking. (e.g. ASF440H-W, RSFA40M-W)

(4) The grade of Steel bars is to be indicated by suffixing a letter "B" to the symbol "ASF'. (e.g. For
Machinery steel forging which the specified tensile strength is 440 N/mm? : RSFB 440M)

(5) Where alloy steel forgings are intended for intermediate shaft material specified in 18., "/' is to
be suffixed to the marking. (e.g. RSFO00AM-) (20717)

14. Test certificates (2017)
The manufacturer is to provide the required type of inspection certificate giving the following partic—
ulars for each forging or batch of forgings which has been accepted:

(1) Purchaser's name and order number
(2) Description of forgings and steel quality
(3) Identification number
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4) Steelmaking process, cast number and chemical analysis of ladle sample
) Results of mechanical tests

) Results of non-destructive tests, where applicable

) Details of heat treatment, including temperature and holding times

15. Additional requirements for crank shafts

(1) Where solid crank shafts of 2560 mm and over in finished diameter are manufactured by free
forging, the heat treatment is normally to be carried out after crank parts are machined as nearly
as possible to the finished shape. [See Guidance]

(2) Where solid crank shafts, semibuilt-up crank throws and full built up crank arms are manufac—
tured by special manufacturing processes, the preliminary tests instructed by the Society are to
be carried out, in connection with the manufacturing processes and the selection of test
specimens. [See Guidance]

(3) Where special manufacturing processes are adopted to reduce the size of crank shaft (refer to
the requirements in Pt 5, Ch, 208. the preliminary tests instructed by the Society are to be car-
ried out.

5
6
7

~ o~~~

16. Additional requirements for turbine rotors

(1) The test specimens for turbine rotors are to be taken in accordance with the following require-
ments:

(@) Where the turbine rotor is greater than 3 tons in weight, one set of longitudinal test speci-
mens is to be taken from each end of the shaft portion and one set of transverse test
specimens from the body portion respectively. (See Fig 2.1.28)

(b) Where the turbine rotor is not exceeding 3 tons in weight, one set of longitudinal test
specimens is to be taken from one end of the shaft portion and one set of transverse test
specimens from the body portion respectively.

(2) For each turbine disc, one set of transverse test specimens is to be taken from the boss

portion. (See Fig 2.1.29)

T di - T direction
L direction irection L direct
L directior i-: L direction irection

= —

Fig 2.1.28 Selection of test specimen for turbine rotor

D*:iT direction

==

'
—

-=a

Note: One set of test specimens may be
taken from one location given in

the Figure.

Fig 2.1.29 Selection of test specimen for turbine disc

(3) Solid forged turbine rotors intended for main propulsion service where the inlet steam temper-
ature exceeds 400C are to be subjected to stability tests at least once at a suitable time after
rough machining or heat treatment. This requirement is also applicable to rotors fabricated by
welding. The method of stability test is to be approved by the Society prior to the test.

110
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17. Additional requirements for turbine blades Turbine blades are to be tested in accordance with the
approved test specification.

18. Additional requirements for intermediated shaft material (2077)

(1) For alloy steel which has a minimum specified tensile strength greater than 800 N/mm? but less
than 950 N/mm? for use as intermediate shaft material, where special manufacturing processes
are adopted to reduce shaft dimensions or higher permissible vibration stresses(refer to the re—
quirements in Pt5, Ch 3, 203. and Ch4, 202.) is to be as follows.

(a) Torsional fatigue test instructed by the Society is to be performed for verifying the fatigue
life at manufacturing process approval.

(b) The steels are to have a degree of cleanliness as shown in Table 2.1.91 when cleanliness
tested. Representative samples are to be obtained from each heat of forged or rolled
products. The steels are generally to comply with particular attention given to minimising the
concentrations of sulphur, phosphorus and oxygen in order to achieve the cleanliness
requirements. The specific steel composition is required to be approved by the Society.

Table 2.1.91 Cleanliness requirements(ISO 4967:2013 method A) (2022)

Inclusion group Series Limiting chart diagram index /
Fine 1 max.
Type A
Thick 1 max.
Fine 1.5 max.
Type B
Thick 1 max.
Fine 1 max.
Type C
Thick 1 max.
Fine 1 max.
Type D
Thick 1 max.
Type DS - 1 max.

602. Stainless steel forgings

1. Application

(1) The requirements are to apply to the stainless steel forgings for valves and pipe fittings in pip-
ing systems used at low temperature (-165C and over in design temperature) service or corro—
sion-resisting service (hereinafter referred to as "steel forgings").

(2) Steel forgings having characteristics differing from those specified in 602. are to comply with the
requirements in 101. 2.

2. Kinds Steel forgings are classified as specified in Table 2.1.92.
3. Heat treatment

Steel forgings are generally to receive a solid solution treatment,
4. Chemical composition

The chemical composition of steel forgings is to comply with the requirements given in Table
2.1.92.
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Table 2.1.92 Grade and Chemical Composition
Chemical composition (%)
Grade
C S/ Mn P S Cr Ni Others
RSSF304 0.08 max.
18.00~20.00 | 8.00~12.00
RSSF304L | 0.030 max.
RSSF309S 22.00~24.00 | 12.00~15.00
RSSF310S 0.08 max. 24.00~26.00 | 19.00~22.00
RSSE316 1.00 | 2.00 | 0.040 | 0.030 Mo 2.00~3.00
max. | max. | max. max. | 16.00~18.00 | 10.00~14.00
RSSF316L | 0.030 max. Mo 2.00~3.00
RSSF317 18.00~20.00 | 10.00~15.00 | Mo 3.00~4.00
RSSF321 0.08 max. 9.00~12.00 Tiz5xC
17.00~19.00
RSSF 347 9.00~13.00 | Nb+Ta=10xC

5. Mechanical properties
(1) The mechanical properties of steel forgings are to comply with the requirements given in Table

2.1.93.

(2) Where deemed necessary by the Society, impact test or corrosion resistance test may be re-
quired in addition to the specified tests.

Table 2.1.93 Mechanical Properties

Tensile test
Grade Yield strength | Tensile strength Elongation(%) Reduction of area
(N/mm?®) (N/mm?®) (L=5.65/4) (%)
RSSF304L, RSSF316L 175 min. 450 min. 37 min. 50 min.
Other forgings 205 min. 520 min. 37 min. 50 min.

. Selection of the specimens

(1) The number of tensile test specimens is to be in accordance with the requirements in 601. 7.

(2) Tensile test specimens are to be taken with their longitudinal axes parallel to the direction of
forging, unless otherwise specially provided by the Society.

(3) Where tests are made in accordance with the requirements in 601. 7 (5), (c) and (d), the
Surveyor may require hardness test for each forging.

. Marking

Steel forgings which have satisfactorily complied with the required test are to be marked with the
identification mark in accordance with the requirements in 110..

603. Steel forgings for chains

(1) These requirements are to apply to the steel forgings used for anchor chain cables and ac-
cessories specified in Pt 4, Ch 8 (hereinafter referred to as "steel forgings").

(2) Steel forgings for manufacture of offshore mooring chain accessories are to be in accordance
with the Guidance relating to the Rules specified by the Society. [See Guidance]

(3) Steel forgings having characteristics differing from those specified in (1) are to comply with the

(4) In addition to the requirements given in 603., general requirements may be considered by the

1. Application
requirements in 101. 2.
Society. [See Guidance]
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2. Kinds

The steel forgings are classified as specified in Table 2.1.94.

Table 2.1.94 Grades of Steel Forgings

Grade Application
Steel forging for Grade 2 chain ASFC50 Grade 2 chain
Steel forging for Grade 3 chain RSFC70 Grade 3 chain

3. Heat treatment

The steel forgings are to be normalized, normalized and tempered, guenched and tempered or heat
treated by the process approved by the Society.

4. Deoxidation practice and chemical composition

The deoxidation practice and chemical composition of each grade are to comply with the require—

ments given in Table 2.1.95. Elements other than specified in Table 2.1.95 may be added subject
to a special approval by the Society.

Table 2.1.95 Deoxidation Practice and Chemical Composition (%)

Grade Deoxidation C Si Mn P S AP

RSFC50 Fine—graine 0.24 max. 0.15~0.55 1.60 max. | 0.035 max. | 0.035 max. | 0.020 min.

RSFC70 d killed 0.36 max. | 0.15~0.55 | 1.00~1.90 | 0.035 max. | 0.035 max. | 0.020 min.

NOTE:

(1) A/ content is to be represented by the total A/ content and may be replaced partly by other fine
graining elements.

5. Mechanical properties

The mechanical properties of each grade are to comply with the requirements given in Table 2.1.96.

Table 2.1.96 Mechanical Properties

Tensile test Impact test
Grade Yield strength Tensile Elongann Reduction of | Test temp. Average
(N/mm?) @ strength (%) area (%) ) abs—orbed
(N/mm?) @ (L=5d) energy(J)

RSFC50 295 min. 490~690 22 min. - - -
RSFC70 410 min. 690 min. 17 min. 40 min. 0 60 min.

NOTE:

(1) When the absorbed energy of two or more test specimens among a set of test specimens is less
in value than the specified average absorbed energy or when the absorbed energy of a single test
specimen is less in value than 70 % of the specified average absorbed energy, the test is consid-
ered to have failed.

6. Selection of test specimens

(1) One test sample is to be selected from each lot of every 25 steel forgings or fraction thereof,
which belong to the same heat. In case of steel forgings having small diameter, the number of
test samples may be reduced subject to approval of the Society. Where specially approved by
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the Society, the test sample may be taken from the representative part of the steel forging at a
proper time during manufacturing, or a separate sample forged to the forge ratio equivalent to
that of the steel forgings. In this case, the test sample is to be heat treated simultaneously
with the steel forgings.

(2) For Grade 1 and Grade 2 chain bars, one tensile test specimen is to be taken from the test
sample; for Grade 3 chain bars, one tensile test specimen and one set (3 pieces) of impact test
specimens are to be taken from the test sample.

(3) The tensile and impact test specimens are to be taken from the test sample in the direction of
forging at a depth of 1/6 diameter from the surface or as close as possible to this position.
(see Fig 2.1.5)

7. Surface inspection
Surface inspection for all grades is to be carried out and it is to be confirmed that there are no
harmful defects.

8. Retest procedure
Where the tensile test or impact test on the selected first test specimens fails to meet the re-
quirements, additional tests may be carried out according to the requirements given in 306. 9.

9. Marking

Steel forgings which have satisfactorily complied with the required tests are to be marked with the
identification mark in accordance with the requirement in 110.

604. Steel forgings for low temperature service

1.

2.
3.

4,

Application

(1) The requirements are to apply to the steel forgings for valves and pipe fittings in piping systems
intended to be used at the design temperature lower than 0T in liquefied gas carriers
(hereinafter referred to as "steel forgings").

(2) Steel forgings other than those specified in 604. are to comply with the requirements given in
101. 2.

Kinds The steel forgings are classified as given in Table 2.1.97.

Heat treatment

The steel forgings are to be normalized, normalized and tempered, quenched and tempered or dou-
ble normalized and tempered.

Deoxidation practice and chemical composition

The deoxidation practice and chemical composition of each grade are to comply with the require—
ments given in Table 2.1.97.

Table 2.1.97 Grades and Chemical Composition

Chemical composition (%)
Grade | Deoxidation
C Si Mn P S Ni Cr Cu Al
RLFA 0.23 max. | 0.15~0.35 | 1.10 max.
RLFB 0.20 max. | 0.15~0.35 | 1.60 max.
RLFC Fglly klll?d 0.12 max. | 0.10~0.35 | 0.55~1.00 0.030 1 0.030 0.50~0.95 | 0.50~0.95 | 0.40~0.75 | 0.04~0.30
fine grain max. | max.
RLF3 0.20 max. | 0.15~0.35 [ 0.90 max. 3.25~3.75
RLF9 0.10 max. | 0.10~0.35 | 0.90 max. 8.50~9.60

5.
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Mechanical properties

(1) The mechanical properties of steel forgings are to comply with the requirements given in Table
2.1.98.
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(2) Where deemed necessary by the Society, other tests may be required in addition to the tests
specified in (1).

Table 2.1.98 Mechanical Properties

Tensile test Impact test @
Grade | Yield strength sTt(re;nngh Elongation (%) | Reduction of | Test temp. absoét\)/;;agier
(N/mm?) (N/mm?) (L=5.65/A4) area (%) (c) U) 9y

RLFA 205 min. 410 min. 23 min. - 407

RLFB 275 min. 490 min. 20 min. 40 min. -50 27 min.
RLFC 205 min. 410 min. 23 min. -607"

RLF3 275 min. 490 min. 23 min. 50 min. -95 34 min.
RLF9 520 min. 680 min. 19 min. 45 min. -196 41 min.

NOTES:

(1) Impact test temperature for steel forgings specified in Pt 7, Ch 5 is to be 5C below the de-
sign temperature or —20°C, Whichever is the lower.

(2) When the absorbed energy of two or more test specimens among a set of test specimens is
less in value than the specified average absorbed energy or when the absorbed energy of a
single test specimen is less in value than 70 % of the specified average absorbed energy, the
test is considered to have failed.

6. Selection of tests specimens

(1) The number of test specimens is to be in accordance with the requirements specified in 601. 7.

(2) The test specimens for tensile and impact tests are to be cut with their longitudinal axes parallel
to the direction of forging except where otherwise specially specified.

(3) Where tests are made in accordance with the requirements in 601. 7 (5), (c) and (d), the
Surveyor may require a hardness test for each forging.

7. Retest procedures

(1) Where the tensile tests fail to meet the requirements, additional tests may be carried out ac-
cording to the requirements given in 109.

(2) Regarding the impact tests, additional tests are to be carried out according to the requirements
given in 304. 9.

8. Marking

Marking for steel castings is to comply with the requirements given in 601. 13 (1) and in case the
requirement in Note (1) of Table 2.1.98 has been applied, "impact test temperature T' is to be suf-
fixed to the marking (e.g. RLFA - 257)
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Section 7 Copper and Copper Alloy

701. Copper and copper alloy pipes and tubes
1. Application

(1) The requirements are to apply to the copper and copper alloy pipes and tubes.

(2) Copper and copper alloy pipes and tubes are to comply with the requirements in KS D 5301 or
equivalent thereto.

(3) Copper and copper alloy pipes and tubes having characteristics differing from those specified in
701. are to comply with the requirements in 101. 2.

2. Kinds

Copper and copper alloy pipes and tubes are classified as specified in Table 2.1.99.

Table 2.1.99 Kinds and Grades

Kinds Grades

Copper pipes | Phosphorus deoxidized copper seamless pipes and C1201. 1220

and tubes. tubes
Brass seamless pipes and tubes €2600, 2700, €2800

Copper alloy }

pipes and Brass seamless pipes and tubes for condenser 4430, €6870, C6871, C6872
tubes Cupro—-nickel seamless pipes and tubes for C7060. €7100, C7150

condenser

3. Mechanical properties

The mechanical properties of copper and copper alloy pipes and tubes are to comply with the re-
quirements given in Table 2.1.100.
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Table 2.1.100 Mechanical Properties

Tensile test™”
Kinds Grade :
Tensile strength (N/mm?) Elongation (%)

Phosphorus deoxidized copper 1201, . .
seamless pipes and tubes. 1220 206 min. 40 min.

2600 275 min. 45 min.
Brass seamless pipes and 2700 294 min. 40 min.
tubes

2800 314 min. 35 min.

C4430 314 min. 30 min.
Brass seamless pipes and 6870, 373 min.@ 40 min.
tubes for condenser C6871,

6872 353 min.® 40 min.

¢7060 275 min. 30 min.
Cupro-nickel seamless pipes 7100 314 min. 30 min.
and tubes for condenser

7150 363 min. 30 min.

NOTES :

(1) These properties are a measure of the mechanical quality of the metal in annealed condition.
(2) It is applicable to those having 5 mm and up to 50 mm in outside diameter.
(3) It is applicable to those having over 50 mm up to 200 mm in outside diameter.

4. Testing and inspection

Testing and inspection of pipes and tubes are to com ply with the requirements specified in KS D
5301. Those subjected to the maximum working pressure not exceeding 1 MPa may not require
the presence of the Society’s Surveyor.

5. Marking

Copper and copper alloy pipes and tubes which have satisfactorily complied with the required tests
are to be marked with the identification mark in accordance with the requirements in 110.

702. Copper alloy castings
1. Application

(1) These requirements are to apply to the manufacture, inspection and repair procedures of copper
alloy castings to be used for propellers and propeller blades (hereinafter referred to as "propeller
castings"). Also, upon special consideration of the Society, these requirements may also be ap-
plied for the repair and inspection of propellers becoming damaged during service. (2021)

[See Guidance)

(2) Copper alloy castings to be used for important parts differing from those specified in 702. are to
comply with the requirements of KS or equivalent thereto. The tests and inspections need in
general to be made in the presence of the Surveyor where special requirements are given in
connection with the design.

(3) Copper alloy castings characteristics differing from those specified in 702. are to comply with the
requirements in 101. 2.

2. Kinds Propeller castings are classified as specified in Table 2.1.101.
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Table 2.1.101 Kinds and Grades

Kinds Grade
High strength brass casting, Grade 1 cuU1
High strength brass casting, Grade 2 cu?2
Aluminium bronze casting, Grade 3 cU3
Aluminium bronze casting, Grade 4 cu4

3. Moulding and casting

(1) The pouring must be carried out into dried moulds using degassed liquid metal.

(2) The pouring is to be controlled as to avoid turbulences of flow. Special devices and/or proce-
dures must prevent slag flowing into the mould.

(8) Subsequent stress relieving heat treatment may be performed to reduce the residual stresses.
For this purpose, the manufacturer shall submit a specification containing the details of the heat
treatment to the Society for approval. The stress relieving temperatures and holding times should
be in accordance with the Guidance relating to the Rules specified by the Society.

[See Guidance]

4. Chemical composition

(1) The chemical composition of propeller castings is to comply with the requirements given in Table
2.1.102.

Table 2.1.102 Chemical Composition

Grade | Cu(%) Al(%) Mn(%) Zn(%) Fe(%) Sn(%) Ni(%) Pb(%)

CU1 52~62 0.5~3.0 0.5~4.0 35~40 0.5~25 | 1.5 max | 1.0 max. | 0.5 max.
cu?2 50~57 0.5~2.0 1.0~4.0 33~38 0.5~2.5 | 1.6 max | 3.0~8.0 | 0.5 max.
CcUs 77~82 7.0~11.0 | 05~4.0 | 1.0 max. | 2.0~6.0 | 0.1 max. | 3.0~6.0 | 0.03 max.
cua 70~80 6.5~9.0 | 8.0~20.0 | 6.0 max. | 2.0~5.0 | 1.0 max. | 1.5~3.0 | 0.05 max.

(2) The manufacturer is to maintain records of the chemical analyses of the production casts, which
are to be made available to the Surveyor. (2027)

(3) For CU1 and CU?2, it is also to comply with the followings:
(a) The zinc equivalent as specified below is not to exceed 45 %

100 X Gie(%)

Zinc equivalent = 100— 00T A

Where A4 : Sn + BA/ - 0.5Mn - 0.1Fe — 2.3Ni (%)

(b) The micro structure is to be verified by determining the proportion of alpha phase. For this
purpose, at least one specimen is to be taken from each heat. The proportion of alpha
phase is to be determined as the average value of 5 counts. (2027)

(c) Each tensile test specimen is to be examined metalographically, and the proportion of al-
pha—-phase determined from an average of five counts is not to be less than 25 %.

5. Mechanical properties

(1) The mechanical properties of copper propeller casting are to comply with the requirements given
in Table 2.1.103.
However, the requirements specified in this Table apply to specimens cut from separately cast
samples, where specimens cut from propeller casting itself, the requirements are to be deemed
appropriate by the Society. [See Guidance]
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Table 2.1.103 Mechanical Properties

Grade Yield strength® (N/mm?) Tens(ill\oja/;rtl:ze)ngth Elon(glaiigcr;) %)
cu1 175 min. 440 min. 20 min.
cu? 175 min. 440 min. 20 min.
Ccu3 245 min. 590 min. 16 min.
cua 275 min. 630 min. 18 min.

NOTE:

(1) Yield strength is measured as 0.2 % proof stress and is applicable to the case which is
specially required considering the design by the Society. [See Guidance]

(2) As for the materials of the propellers which used for the ship strengthened for navigation in
ice, the elongation of the materials used is not to be less than 19 % for R14A test speci—
men specified in Pt 2, Ch 1 and absorbed energy for the Charpy V notch impact test is not
to be less than 21 J at -10°C

6. Selection of Test Samples and Specimens

(1) Generally, the specimens shall be taken from separately cast sample pieces. The test samples
shall be cast in moulds made of the same material as the mould for the propeller and they
must be cooled down under the same conditions as the propeller. If propellers are subjected to
a heat treatment, the test samples are to be heat treated together with them.

(2) The shapes and dimensions of the test samples are to comply with those given in Fig 2.1.30
The shape given by the dotted lines shown in the figure, however, may be acceptable.

H = 100mm
B = 50mm
L > 150mm
T = 15mm
D = 25mm

Fig 2.1.30 shapes and dimensions of the Test Samples

(3) One tensile test specimen is to be taken from each casting when integral test samples are pro-
vided and one tensile test specimen is to be taken from each ladle when separately—cast test
samples are provided.

(4) For determining the proportion of alpha phase of alloy types CU 1 and CU 2. at least one
specimen shall be taken from each heat. However tensile test specimen can be substitute for.
(5) When integral test samples are provided, the test samples shall be located on the blades in an
area lying between 0,5 to 0,6 7 (where 7 is the radius of the propeller). The test sample mate—

rial must be removed from the casting by non thermal procedures.

7. Surface and dimension Inspection

(1) All finished castings are to be 100% visually inspected by the manufacturer. A general visual ex—
amination is to be carried out by the Surveyor. (2027)

(2) Castings are to be free from cracks, hot tears or other imperfections which, due to their nature,
degree or extent, will interfere with the use of the castings. (2027)

(3) The dimensions are to be checked by the manufacturer and the report on the dimensional in-
spection is to be handed over to the Surveyor, who may require checks to be made in his
presence. Where straightening of a bent blade is carried out, the procedure for the straightening
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is to be in accordance with the Guidance relating to Rules specified by the Society.
[See Guidance]

(4) The Surveyor may be require areas to be etched (e.g. by iron chloride) for the purpose of inves-
tigating weld repairs.

8. Quality

All castings must have a workman like finish and must be free from defects liable to impair their
use. Minor casting defects which may still be visible after machining such as small sand and slag
inclusions, small cold shuts and scabs shall be trimmed off by the manufacturer in accordance with
10. (5).

9. Non-destructive inspection

(1) The important parts of propeller castings are to be subjected to the liquid penetrant test in ac-
cordance with the Guidance relating to Rules specified by the Society. [See Guidance]

(2) Qualification of personnel involved in NDT is in accordance with Appendix PtB 1.4, 1.5 and 1.9
of Guidance for Approval of Service Suppliers. (2027)

(3) The division of severity zones of propeller casting is to be in accordance with the Guidance re-
lating to Rules specified by the Society. [See Guidance]

(4) When required by the Society or when deemed necessary by the manufacturer, further non-
destructive testing(e.g. radiographic and/or ultrasonic testing) are to be carried out. The accept-
ance criteria or applied quality levels are to be agreed between the manufacturer and the Society
in accordance with a recognized standard. (2027)

(5) All defects requiring welding repair on the propeller castings are to be documented preferably on
drawings or special sketches showing their dimensions and locations. Furthermore, the inspection
procedure is to be reported. The documentation is to be presented to the Surveyor prior to any
repair weldings will be carried out.

10. Repair of defects

(1) In the event of finding defects in the propeller castings, the defects may be removed by grind—
ing, etc. After removing the defects, liquid penetrant tests are to be carried out to ensure that
all defects have been completely removed.

(2) Where the propeller castings from which defects where removed are used in that condition or
after repaired by welding, the propeller castings are to be approved by the Surveyor.

(3) After weld repairs, the portions repaired by welding are to be subjected to the stress-relieving
treatments.

(4) It is to be confirmed that the portions repaired by welding are free from harmful defects by the
non—destructive inspections such as liquid penetrant test, etc.

(5) The repair welding procedures are to have prior approval of the Surveyor in accordance with the
Guidance relating to the Rules specified by the Society. [See Guidance]

(6) The foundry is to maintain records of inspections, welding, and any subsequent heat treatment,
traceable to each casting. Before welding is started, full details of the extent and location of the
repair, the proposed welding procedure, heat treatment and subsequent inspection procedures
are to be submitted to the Society for approval. (2027)

11. Retest procedure

Where the results of tensile tests fail to meet the requirements, additional test may be carried out
in accordance with the requirements of 109,

12. ldentification and Marking (2027)

(1) The manufacturer is to adopt a system for the identification of all castings, which enable the
material to be traced to its original cast. The Surveyor is to be given full facilities for so tracing
the castings when required.

(2) Each finished casting propeller shall be marked by the manufacturer at least with the following
particulars:

(a) Grade of cast material or corresponding abbreviated designation

(b) Manufacturer's mark

(c) Heat number, casting number or another mark enabling the manufacturing process to be
traced back

(d) Date of final inspection

(e) Number of the Society’s test certificate
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(f) Ice class symbol, where applicable
(g) Skew angle for high skew propellers.

13. Test certificates

For each propeller the manufacturer is to supply to the Surveyor a certificate containing the follow-
ing details:

(1) Purchaser and order number

(2) Shipbuilding project number, if known

(3) Description of the casting with drawing number

(4) Diameter, number of blades, pitch, direction of turning

(5) Grade of alloy and chemical composition of each heat

(6) Heat or casting number

(7) Final weight

(8) Results of non—destructive tests and details of test procedure where applicable
(9) Portion of alpha-structure for CU 1 and CU 2 alloys

(10) Results of the mechanical tests

(11) Casting identification No.

(12) Skew angle for high skew propellers
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Section 8 Aluminium Alloys

801. Aluminium alloys

1. Application

(1) These requirements are to apply to the aluminium alloy plates and extruded shapes(hereinafter
referred to as "aluminium alloys") intended to be used in the construction of hulls, super-
structures, other marine structures and tanks of liquefied gas carriers.

(2) Where aluminium alloys exceeding the maximum value of plate thickness or size specified in
Table 2.1.105 and Table 2.1.106 are manufactured, a new approval test is required by the
Society. [See Guidance)

(3) Aluminium alloys having characteristics differing from those specified in 801. are to comply with
the requirements in 101. 2.

2. Kinds

The aluminium alloys are classified as specified in Table 2.1.104.

Table 2.1.104 Kinds

Product Grades Temper condition
Rolled 5000 series | 5083~ 5086F~, 5383~ 5059P, 5754F, 5456P O, H111, H112, H116, H321
Extruded | 2000 series 50835, 53835, 50595, 50865 O, H111, H112
Shapes | 6000 series 600545, 606157, 60825 75, 76

NOTE :
(1) These alloy should not be used in direct contact with sea water unless protected by anodes and/or
paint system.

3. Chemical composition

(1) The chemical composition of aluminium alloys is to comply with the requirements given in Table
2.1.105.

Table 2.1.105 Chemical Composition

Chemical composition (%)

Grades ) _ Others?
Si Fe Cu Mn Mg Cr n 7i Al
Each Total

ggg%g 0.40max.|0.40max. | 0.10max. | 0.40~1.0 | 4.0~4.9 | 0.05~0.25|0.25max.|0.15max.|0.05max.|0.15max.

0.05 0.15

5383~
max.” | max.®

53835 0.25max.|0.25max. | 0.20max. | 0.70~1.0 | 4.0~5.2 | 0.25max. |0.40max.|0.15max.

2059%" |0.45max. |0.50max. | 0.25max. | 0.60~1.2 | 5.0~6.0 | 0.25max. | 0.4~0.90 |0.20max.| 0.0% | 0.1%

20882 | 0.40max. [0.50max.| 0.10max. |0.20-0.7 | 3.6+4.5 |0.05-0.25 |0.26max. [0.16max.|  %0° |0.16max. |Remainder

575472 |0.40max. |0.40max. | 0.10max. |0.50max. | 2.6~3.6 | 0.30max. |0.20max. |0.15max.|0.05max. |0.15max.
5456P |0.25max.|0.40max. | 0.10max. | 0.50~1.0 | 4.7~5.5 | 0.05~0.2 |0.25max.|0.20max.|0.05max. |0.15max.
600545 0.5~0.9 [0.35max.| 0.30max. |0.50max.|0.40~0.7| 0.30max. |0.20max. |0.10max. | 0.05max.|0.15max.
60615 | 0.4~0.8 | 0.7max. |0.15~0.40]0.15max.| 0.8~1.2 {0.04~0.35|0.25max.|0.15max.|0.05max. | 0.15max.
60825 | 0.7~1.3 [0.50max.|0.10max. | 0.40~1.0 | 0.6~1.2 | 0.25max. |0.20max.|0.10max.|0.05max. |0.15max.

NOTES :
(1) Includes Ni, Ga, V and listed elements for which no specific limit is shown. When the existence of the other ele—

ments is presumed in the course of routine analysis, further analysis thereof is to be conducted.
(2) 0.10 £ Mn + Cr £ 0.60
(3) 0.12 £ Mn+ Cr £ 050
(4) Zr: maximum 0.20. The total for other elements does not include Zirconium.
(5) Zr. 0.05-0.25. The total for other elements does not include Zirconium.
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(2) When the aluminium alloys are not cast in the same works in which they are manufactured into
semi finished products, the Society Surveyor shall be given a certificate issued by the works in
guestion which indicates the reference numbers and chemical composition of the heats.

4. Heat treatment

The heat treatment(hereinafter referred to as "temper condition”) of the aluminium alloys is to com-
ply with the requirements given in Table 2.1.106 and Table 2.1.107.
5. Mechanical properties

(1) The mechanical properties in tension tests are to comply with the requirements given in Tables
2.1.106 and 2.1.107.
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Table 2.1.106 Mechanical Properties for Rolled Products" (2021) (2022)

_ Tensile test
Grades COT:(TH?OenrQ) Th|c(|r<:§]s;s, t Yield strength Tensile strength Elongation(%)"¥
(N/mm?) (N/mm?) (L=50) (L=5d)
0 3<t<50 125 min. 275~350 16 min. 14 min.
H111 3<t<50 125 min. 275~350 16 min. 14 min.
5083P H112 3<t<50 125 min. 275 min. 12 min. 10 min.
H116 3<t<50 215 min. 305 min. 10 min. 10 min.
H321 3<¢<50 215~295 305~385 12 min. 10 min.
o 3<t<50 145 min. 290 min. - 17 min.
5383P H111 3<t<50 145 min. 290 min. - 17 min.
H110 o 3<1<50 220 min. 305 min. 10 min. 10 min.
0 3<t<50 160 min. 330 min. - 24 min.
H111 3<t<50 160 min. 330 min. - 24 min.
5059P _ ) ) ;
H116 or 3<t£20 270 min. 370 min. 10 min. 10 min.
H321 20<t<50 260 min. 360 min. 10 min. 10 min.
0 3<+<560 95 min. 240~305 16 min. 14 min.
H111 3<t<50 95 min. 240~305 16 min. 14 min.
5086P 12 3<t<125 125 min. 250 min. 8 min. -
12.5¢¢t<50 105 min. 240 min. - 9 min.
H116 3<t<50 195 min. 275 min. 10 min.® 9 min.
5754p 0 3<t<50 80 min. 190~240 18 min. 17 min.
H111 3<t<50 80 min. 190~240 18 min. 17 min.
0 3<1<6.3 130~205 290~365 16 min. -
6.3<t<50 125~205 285~360 16 min. 14 min.
3<t<30 230 min. 315 min. 10 min. 10 min.
H116 30<t<40 215 min. 305 min. - 10 min.
5456P : . .
40<t<50 200 min. 285 min. - 10 min.
35t£12.5 230~315 315~405 12 min. -
H321 12.5<t<40 215~305 305~385 - 10 min.
40<t<50 200~295 285~370 - 10 min.
NOTES :
(1) Aluminium alloy may be subject to any other standards in lieu of the requirements given in this Table
where they are approved by the Society.
(2) Symbols used in temper condition are as follows [See Guidance]:
O : Annealing
H111, H112, H116 © Work hardened
H321 : Stabilizing treatment after work hardened
(8) 8% for thicknesses up to and including 6.3 mm.
(4) Elongation in L=50 apply for thicknesses up to and including 12.5mm and in L=5d4 for thicknesses over
12.5 mm
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Table 2.1.107 Mechanical Properties for Extruded Shapes"” (2022)

Tensile test
Temper Thickness, ¢ .
Grades | ondition? (mm) Yield strength | Tensile strength Elongation (%)
(N/mm?) (N/mm?) (L=150) (L=5d)
) 3<t<50 110 min. 270~350 14 min. 12 min.
5083S H111 3<+£50 165 min. 275 min. 12 min. 10 min.
H112 3<t<50 110 min. 270 min. 12 min. 10 min.
53835 O/H111 3<+<50 145 min. 290 min. 17 min. 17 min.
H112 3<¢<50 190 min. 310 min. - 13 min.
5059S H112 3<t<50 200 min. 330 min. - 10 min.
0 3<t<50 95 min. 240~315 14 min. 12 min.
5086S H111 3<t<50 145 min. 250 min. 12 min. 10 min.
H112 3<+£50 95 min. 240 min. 12 min. 10 min.
T5 3<t<50 215 min. 260 min. 9 min. 8 min.
6005AS Te 3<+210 215 min. 260 min. 8 min. 6 min.
10¢+<50 200 min. 250 min. 8 min. 6 min.
6061S T6 3<¢t<50 240 min. 260 min. 10 min. 8 min.
T5 3<t<50 230 min. 270 min. 8 min. 6 min.
6082S T6 3<t<5b 250 min. 290 min. 6 min. -
5¢(t<50 260 min. 310 min. 10 min. 8 min.
NOTES :
(1) Aluminium alloy may be subject to any other standards in lieu of the requirements given in this Table
where they are approved by the Society.
(2) Symbols used in temper condition are as follows [See Guidance]:
O : Annealing
H111 © Work hardened
H112 : Work hardened
75 Artificial age hardening treatment after elevated temperature working and succeeding cooling
76 : Artificial age hardening treatment after solution treatment
(3) The values are applicable for longitudinal and transverse tensile test specimens as well.
(4) Elongation in L=50 apply for thicknesses up to and including 12.5mm and in L=5d for thicknesses over
12.5mm

(2) Where deemed necessary by the Society, other tests may be required in addition to the speci-
fied tests. [See Guidance]

6. Selection of test samples

(1) For test samples for rolled products, if the weight of one lot exceeds 2 tonnes, one extra test

specimen is to be taken from every 2 tonnes of the product or fraction thereof, in each lot ex—
cept where specially approved by the Society.
One lot is made up of rolled products of the same alloy and from the same cast, of the same
thickness, manufactured by the same process and having been submitted simultaneously to the
same temper condition. For single plate or coil weighting more than 2 tonnes each, one lot is
made up of a single plate or coil.

(2) For test samples for extruded shapes with a nominal weight of less than 1kg/m, except where
specially approved by the Society, one test specimen is to be taken from each 1 tonne, or frac—
tion thereof, in each lot. For nominal weights between 1 and 5kg/m, one test specimen is to
be taken from each 2 tonnes or fraction hereof, in each lot. If the nominal weight exceeds 5
kg/m, one test specimen is to be taken for each 3 tonnes of the product or fraction thereof, in
each lot.

One lot is made up of rolled products of the same alloy and from the same cast, of the same
dimension, manufactured by the same process and having been submitted simultaneously to the
same temper condition.
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(3) Test samples are to be taken out of the place at one third of the width from a longitudinal
edge of rolled products, or in the range 1/3 to 1/2 of the distance from the edge to the centre
of the thickest part of extruded products.

(4) After removal of test samples, each test specimen is to be marked in order that its original
identity, location and orientation is maintained.

7. Selection of test specimens

Tensile test specimens are to be taken according to (1) to (4) below.

(1) One test specimen is to be taken out of each test sample.

(2) For rolled products, the longitudinal axis of the test specimen is to be taken transversely to the
rolling direction. If the width is insufficient to obtain transverse test specimen or in the case of
strain hardening alloys, however, the longitudinal direction may be taken parallel to the rolling
direction.

(3) For extruded shapes, the longitudinal axis of the test specimen is to be taken parallel to the ex-
truding direction.

(4) For thickness of test sample up to and including 40 mm, the longitudinal axis of the test speci—
men is to be located at a distance from the surface equal to half of the thickness. For thickness
of test sample over 40 mm, the longitudinal axis of the test specimen is to be located at a dis-
tance from one of the surfaces equal to one quarter of the thickness.

Drift expansion tests

The manufacturer has to demonstrate by macrosection tests or drift expansion tests of closed pro—
files performed on each batch of closed profiles that there is no lack of fusion at the press welds.

(1) Every fifth profile shall be sampled after final heat treatment. Batches of five profiles or less
shall be sampled one profile. Profiles with lengths exceeding 6 m shall be sampled every profile
in the start of the production. The number of tests may be reduced to every fifth profile if the
results from the first 3-5 profiles are found acceptable.

(2) Each profile sampled will have two samples cut from the front and back end of the production
profile.

(3) The test specimens are to be cut with the ends perpendicular to the axis of the profile. The
edges of the end may be rounded by filing.

(4) The lengths of the drift expanding test specimens are to be equal to 1.5 times the external di-
ameter(D) of the test specimen in accordance with (KS B) /ISO 8493:1998. The test piece may
be shorter provided that after testing the remaining cylindrical portion is not less than 0.5D.
(2023)

(5) Testing is to be carried out at ambient temperature and is to consist of expanding the end of
the profile by means of a hardened conical steel mandrel having an included angle of at least
60°.

(6) The sample is considered to be unacceptable if the sample fails with a clean split along the
weld line which confirms lack of fusion.

9. Corrosion testing

126

(1) Testing procedures

(a) Rolled bxxx-alloys of type 5083, 5383, 5059, 5086 and 5456 in the H116 and H321 tempers
intended for use in marine hull construction or in marine applications where frequent direct
contact with seawater is expected are to be corrosion tested with respect to exfoliation and
intergranular corrosion resistance. The manufacturers shall establish the relationship between
microstructure and resistance to corrosion when the above alloys are approved.

(b) A reference photomicrograph taken at 500x, under the conditions specified in ASTM
BI928.2015, Section 9.4.1, shall be established for each of the alloy-tempers and thickness
ranges relevant. (2023)

(c) The reference photographs shall be taken from samples which have exhibited no evidence of
exfoliation corrosion and a pitting rating of PB or better, when subjected to the test de-
scribed in ASTM G66:2018 (ASSET). (2023)

(d) The samples shall also have exhibited resistance to intergranular corrosion at a mass loss no
greater than 15mg/cm? when subjected to the test described in ASTAM G67:2018 (NAMLT).
(2023)

(e) Upon satisfactory establishment of the relationship between microstructure and resistance to
corrosion, the master photomicrographs and the results of the corrosion tests are to be ap-—
proved by the Society. Production practices shall not be changed after approval of the refer-
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ence micrographs.
(f) Other test methods may also be accepted at the discretion of the Society.
(2) Acceptance criteria

(a) For batch acceptance of bxxx-alloys in the H116 and H321 tempers, metallographic examina—
tion of one sample selected from mid width at one end of a coil or random sheet or plate
is to be carried out in accordance with ASTM B928:2075 or equivalent standards agreed by
the Society. The microstructure of the sample is to be compared to the reference photo—
micrograph of acceptable material in the presence of the Surveyor. (2023) [See Guidance]

(b) If the microstructure shows evidence of continuous grain boundary network of alumi-
nium-magnesium precipitate in excess of the reference photomicrographs of acceptable ma-
terial, the batch is either to be rejected or tested for exfoliation—corrosion resistance and in—
tergranular corrosion resistance subject to the agreement of the Surveyor.

(c) Corrosion tests with respect to exfoliation and intergranular corrosion resistance are to be in
accordance with ASTM G66:2018 and G67:2078 or equivalent standards agreed by the
Society. (2023) [See Guidance]

(i) The samples have exhibited no evidence of exfoliation corrosion and a pitting rating of PB
or better when subjected to the test described in ASTM G66:2018. (2023)

(i) The samples shall also have exhibited resistance to intergranular corrosion at a mass loss
no greater than 15 mg/cm? when subjected to the test described in ASTM G67:2078.
(2023)

If the results from testing satisfy the acceptance criteria, the batch is accepted, else it is to

be rejected.

(d) As an alternative to metallographic examination, each batch may be tested for exfolia—
tion—corrosion resistance and intergranular corrosion resistance, in accordance with ASTM
G66:2018 and G67:2018 under the conditions specified in ASTM B928.2075, or equivalent
standards. If this alternative is used, then the results of the test must satisfy the acceptance
criteria stated in (c) above. (2023)

10. Surface inspection and dimensional tolerance

(1) Surface inspection and verification of dimensions are left to the responsibility of the
manufacturer.

(2) The under-thickness tolerances of rolled products are to comply with the requirements given in
2.1.108. The under—thickness tolerances of extruded shapes and other dimensional tolerances are
to be as deemed appropriate by the Society. [See Guidance)

Table 2.1.108 Under-thickness Tolerance for Rolled Products

Nominal width W (mm)
Nominal thickness, ¢ (mm) w < 1500 1500 ¢ w < 2000 2000 ¢ W < 3500

Under-thickness tolerance (mm)

3 <14 0.10 0.15 0.15
4 <18 0.20 0.20 0.25
8 < ¢t(12 0.25 0.25 0.25
12 £ +t(20 0.35 0.40 0.50
20 < ¢+ {50 0.45 0.50 0.65

(3) Dimensional tolerance except those specified in (2) above is left to the discretion of the Society.
[See Guidance]

11. Quality

(1) Aluminium alloys are to be of uniform quality and free from internal and surface harmful defects
prejudicial to the use of the concerned material for the intended application.

(2) Slight surface imperfections may be removed by smooth grinding or machining as long as the
thickness of the materials remains within the tolerances given in Table 2.1.108.
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12. Retest procedures

(1) When the tensile test from the first piece selected fails to meet the requirements given in
Table 2.1.106 and 2.1.107, two further tensile tests may be made from the same piece. If both
of these additional tests meet all of the requirements, the piece and the remaining pieces from
the same lot may be accepted.

(2) If one or both of the additional tests referred to above (1) are unsatisfactory, the piece is to be
rejected. However, the remaining materials from the same lot may be accepted provided that
two of the remaining pieces in the lot selected in the same way, are tested with satisfactory
results.

13. Marking

(1) Aluminium alloys which have satisfied with the required tests are to be marked with the identi-
fication mark in accordance with the requirements in 110. 1 In this case, the mark of temper
conditions is to be put subsequent to the mark of material grade. (ex : 5083 PH321)

(2) Foraluminium alloy, which have satisfied with the corrosion resistance tests specified in 801. 9,
the mark of [M] is to be put subsequent to the mark of the temper condition (ex : 5083 P +H321
M

14. Test certificates (20717)

For each tested batch, the manufacturer is to supply to Surveyor a test certificate, containing the
following details:

(1) Purchaser and order number

(2) Construction project number, when known

(3) Number, dimensions and weight of the product

(4) Designation of the aluminium alloy (grade) and of its temper condition (heat treatment)
(5) Chemical composition

(6) Manufacturing batch number or identifying mark

(7) Mechanical Test results

(8) Corrosion Test results (if any)

802. Aluminium/steel transition joints (2023)
1. Application

(1) The requirements in 802. are to apply to bonded composite aluminium/steel transition joints
used for connecting aluminium structures to steel structures in the ships.

(2) Aluminium/steel transition joints having characteristics differing from those specified in 802. are
to comply with the requirements in 101. 2.

2. Process of manufacture

(1) The main method of manufacturing transition joints is an explosion bonding.

(2) Transition joints are to be manufactured by an approved manufacturer in accordance with an ap-
proved procedure that includes the maximum allowable welding temperature.

(3) Transition joints can use two bonding materials by using an intermediate bonding material that
connects the base metal and bonding material.

(4) Application of any other process of manufacture than those specified in (1)is left to the dis-
cretion of the Society. [See Guidance]

3. Structural metals

(1) Base and bonding materials for steel plates are to be rolled steels for hull specified in 301. and
aluminium alloys specified in 801., respectively.

(2) Materials other than those specified in Pt2 of the Rules are permitted for the intermediate
bonding material connecting the base metal and the bonding material, and it is in accordance
with the approved manufacturing process.

(3) The material grade marks are to be signified by a combination of base metal and bonding
material. (ex. 4 + 5083P)

4. Heat treatment

The transition joints are to comply with the requirements for heat treatment of the base metal.
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5. Mechanical properties

(1) Tensile test

(A) Two test specimens are taken from one test sample and tensile test is to comply with the
requirements given in Table 2.1.109.

(B) The test specimens are to be determined according to Fig 2.1.31. The size and dimensions
of test specimens are in accordance with national/international standards recognized by the
Society.

(2) Shear test

(A) Two test specimens are taken from one test sample and tensile test is to comply with the
requirements given in Table 2.1.109.

(B) The size and dimensions of the test specimens, are to be determined according to 309. 7.

(3) Bend test
Two test specimens are taken from one test sample and tensile test is to comply with the re—
quirements given in Table 2.1.109.

Base block
/

Fig 2.1.31 Ram tensile test (2023)
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Table 2.1.109 Mechanical properties

Tensile test Shear test Bend test™”
Condition of Tensile Shear
specimens Acceptance
p Test method strength Test method strength Test method criteria
(N/mm?) (N/mm?)

Two side bend
test specimens No separation

manuéitured (Minimum bend | of the bonding
. degree with 90° | material or no
condition Ram tensile and diameter of cracks.
test at room In accordance former with 6T)
temperature ) with Pt2, Ch1, .
For according to min. 75 309. 5 of the | 60
considering Figure Rules.
welding heat 21.31?
(After - -
maintaining
15 minutues
with 300 C)
(Notes)

(1) In case of special request at order, it is carried out.
(2) The test procedure is in accordance with national/international standards recognized by the Society.

7.
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Selection of test samples

(1) One test sample is to be taken from each steel plate, being from the same manufacturing proc-
ess, which belong to the plate as rolled from a slab or ingot of a certain base metal.
(2) The requirements specified in 301. 6 (4) are to be applied to the selection of the test samples.

Surface inspection and verification of dimensions

The minus tolerance for the nominal thickness of plates is left to the discretion of the Society.
[See Guidance]

Quality and repair of defects [See Guidance]

(1) Each steel plate is to be subjected to ultrasonic testing 100%. Any requirement for the test
procedure is left to the discretion of the Society.

(2) Unbonded areas are not acceptable and any unbonded area plus 25 mm of surrounding sound
material is to be discarded.

Marking

(1) The test certificates are to comply with the requirements given in 107. and are to contain the
particulars as to the process of manufacture of steel plates and the thickness of the bondig
material.

(2) Steel plates which have satisfactorily complied with the required tests are to be suffixed with
the following marks relating to the process of manufacture of the steel plates, in addition to the
marks showing the kinds of the base and bonding materials. (e.g. A + 5083P - B)

Rolling (-A]

Cast rolling [-£A]
Explosive bonding : [-5]
Explosive rolling [-BA]
Overlay rolling -WAR &
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CHAPTER 2 WELDING

Section 1 General

101. Application

1. Welding to be used in hull construction and important equipment is to be in accordance with the
requirements in this Chapter unless otherwise specified.

2. The welding in boiler, pressure vessel, main engine, auxiliary engine and pipe arrangement is to be
in accordance with the requirements in Pt 5, Chs 2, 5 and 6 except where prescribed in this
Chapter.

102. Matters to be approved

1. The welding is to be carried out in accordance with the procedures previously approved, with the
electrodes, the wire and flux (hereinafter referred to as "welding consumables”) or equivalent mate-
rials and by the welders qualified by the Society.

2. Where deemed appropriate by the Society, National Standards, internationally recognized Codes or
Standards considered as equivalent for those may be applied instead of requirements of this
Chapter. [See Guidance]

103. Special weldings

Where special welding and material not complied with the requirements in this Chapter is used, the
welding procedures and the welding consumables are to be specially approved by the Society.

104. Terms and definitions

1. The term manual welding is used to describe processes in which the weld is made manually by a
welder using a manually fed electrode such as shield metal arc welding, etc.

2. The term semi—automatic is used to describe processes in which the weld is made manually by a
welder holding a gun through which the electrode wire is continuously fed such as metal arc weld-
ing or flux—cored arc welding, etc.

3. The term automatic welding is used to describe processes in which the weld is made automatically
by a welder using a continuously fed electrode wire such as submerged arc welding or electro—slag
welding, etc.
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Section 2 Test Specimens and Testing Procedures

201. General

1.

2.

Test specimens and mechanical testing procedures specified in this Chapter for welding procedure
qualification tests, welders and qualification tests, approval test and periodical inspection of welding
consumables are to comply with the requirements in this Section.

Where specimens and mechanical testing procedures differing from those prescribed in this Section
are used, they are to be approved by the Society.

202. Selection of test specimens

1.
2.

Test specimens are to be selected according to respective requirements in each Section.

Except where otherwise specified or agreed with the Surveyor, test specimens are not to be de-
tached from the test assembly until having been stamped by the Surveyor.

If test specimens are cut from test assemblies by flame cutting or shearing, a reasonable margine
is required to enable sufficient material to be removed from the cut edges during final machining.

The preparation of test specimens is to be done in such a manner that test specimens are not
subjected to any significant cold straining or heating.

If any test specimen shows defective machining or defects having no relation to the substantial na-
ture, it may be discarded and substituted by another test specimen.

203. Size and dimensions of test specimens

1.

132

Tensile test specimens

(1) Tensile test specimens are to be of size and dimensions given in Table 2.2.1, and the both
ends of the test specimen may be machined to such a shape as to fit the holder of the testing
machine.

(2) The upper and lower surfaces of weld are to be filed, ground or machined flush with the sur-
face of plate.

(3) When the capacity of the available testing machine does not permit testing the full thickness
specimen, two or more thinner than full thickness specimens may be prepared by cutting the
full thickness specimens into section, each of which is to meet the requirements.

Bend test specimens

(1) Bend test specimens are to be of size and dimensions given in Table 2.2.2 according to the
kind of test assemblies.

(2) Where the thickness of test assemblies is greater than the thickness of the bend test specimen
prescribed in Table 2.2.2, the face bend or root bend specimen may be machined on its com-
pression side.

(3) Reinforcements and back straps are to be machined flush with base metal.

Impact test specimens

Impact test specimens are to be charpy V-notch impact test specimens specified in Ch 1, 202. 3
and to be of size and dimensions given in Fig 2.1.3, Tables 2.1.3 and 2.1.4.

Confirmation for test specimens

The size and dimensions of test specimens are to be carefully inspected and verified by suitable
means before testing.
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Table 2.2.1 Size and Dimensions of Tensile Test Specimens (Unit : mm)
Type Size of specimen Dimensions Intended for
d =10
L =50
P =55 Deposited metal
R 210 tensile test
R14A
Alternatively. Longitudinal
L=54d tensile test
P = L+0.5d
R =12
L R
N
E dl g t=12
d =60
P L=24
P=32
R =
Deposited metal tensile
R10 test(Welding consumables
for stainless steel)
t = 19~25
d =125
L =50
P =60
R =15
30 g 30 a =t
T b=12( <2 Butt weld tensile test for
R2A —I— b b=25(t>2) late
_{ ~— | P=F+60 P
R p a4 R > 25
—| Bl<y R ~a, @z
I e ) e ) é{ b5 s on | Butt vl tensie test for
/g~ P= B+ 12 pipe
P R > 50
NOTE: L . Gauge length
The notations used are defined as follows: P . Parallel test length
d : Diameter B © Width of weld
a  Thickness R . Transition radius
b : Width t . Thickness of material
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Table 2.2.2 Size and Dimensions of Bend Test Specimens (Unit : mm) (2023)

Used for Type Size of specimen Dimensions'” Intended for
12
|
Face and [ _________ m __________ ] 7b @=! ?eusttt forwelzla(?te end
root bend | AB1 | E======s —— | U% b =30 ror P
. AW a R Longitudinal  bend
specimen L t L= 200 test for plate®
= R=1~2 P
@
o
=1 , | 12<t
[ | ] b )
2 [Side bend | . | L o j a =t Butt weld bend
g specimen RB2 7 m [[ b =10 test for plate or
§ kL L > 200 pipe
3 R=1~2
QO
§ ® 0<t<9
§
= t + D/10
(@]
- Face and 250
@ <
& | root bend | RB3 < a6 Butt wgld bend
» ) <12 test for pipe
specimen 9
= 40
250
15
> t
s 30
g 200
= 1.5
& \I Where the thickness
o Face and | |‘|| |¢ Ib of test assemblies ex- Butt  weld  bend
Q | root bend | AB4 o7 a \ R ceeds  25mm, the tost
B | specimen I f thickness  of  test
é‘ specimen may be re-
3 duced to 25mm with
_ its surface machined
é on one side only(com-
g pression side)
S _ Butt  weld bend
. a =1 .
S b= 10 test (welding ma-
= RES | ‘ L > 200 terfalls ford e:ec:
o I i 1 R<15 tro-slag and elec
@ | Side bend | R%' tro—gas)
§ specimen i/ ta Y= Butt weld bend
@ L b= 9 test (MIG double
3 - .
5 RB 6 L > 200 side, one Iayer
A each, butt welding
@ R <15 o
@ for aluminium alloy)
R
i g t (12
% Face and + ------ + ‘___‘Ib“} “z! Butt weld bend
o | root bend | AB7 | | i o b = 30 test for bibe
o | specimen ‘ L | L = 150 P
To be dressed up to R <15
plate face
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Table 2.2.2 Size and Dimensions of Bend Test Specimens (Continued) (Unit : mm) (2023)

Used for Type Size of specimen Dimensions"” Intended for
To be dressed by machining from both side 12<¢
[ 'Jl 1 : b a = t(s)
Side bend RB8 o f =09 Butt weld bend
specimen - L - d| L= 150 test for plate
~T L =
To be dressed up'to plate face R<15
a t <95
[ T I R o7
. : i —1 L = 150
¢ <
RBY /] ; R <15
————————————— S , b = 40
To bLe dressed up| to pipe face (Dy100)
or 25(D<100)
. 4 Face bend R\//
ace an -
[ ) L ] .
= | root bend I o b} ﬁ(i‘l
g specimen To be dressed up tg_pipe surface¢*\$ t)95
e = g " a =10
o To be dressed by maching L = 150
c L from root face
o RB10 a R <15
g- Roolt bend ~ R b = 40
2 u |b[ (D)»100)
o i
a To be dressed by machiningi from pipe surface$ )\‘T; or 25(0<100)
o 1 a
To be dressed‘Dp to root facd !
L Butt weld bend
test for pipe
To be machining from both side
L] 9 ; 12<¢
I = I—ph p = /@
. ~7 T a
ide ben |-
:icin:)end ABIT 3 ‘4 H b=9
To be dressed L]p\\!o pipe face R R <15
NOTES:
(1) The following designations are used.
© Thickness
o Width
. Edge radius

. External pipe diameter

. Thickness of test assembly

. Length

(2) The specimen also applies to longitudinal bend test for welding consumables for 9 % Ni steel. The width of
Specimen, b, is to be 5+12 where breath of weld, B, is 26 mm and over.

(3) For plates over 40 mm thick, the side bend specimen may be subdivided, each part being at least 20 mm
wide and each part may be tested.

hw—@m@&
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204. Mechanical testing procedures
1. Tensile test and impact test

Tensile tests and impact tests are to be carried out in accordance with the procedures prescribed in
Ch 1, 203..

2. Bend test

(1) Except where guided bend tests are required, bend test is roller bend test carried out by the jig
of which the plunger has a bending radius specified in each Section with supporting rollers ad-
justable for their spans.

(2) Guided bend test jigs are to be as shown in Figs 2.2.1 and 2.2.2.

(3) Roller bend test jigs are to be as shown in Fig 2.2.3.

Face bend Root bend

M

As required

- As required »‘

TT T T T l
I Hi 19
7 Greased V‘i\i:’il ‘ ‘
About 1 38 .
| ANy A |\ S S 1
About 30 S ‘ ~S— 2 ‘ ‘
AL LA\ = | |
i 2 [1s | [k ‘ ‘
6 w ’ 98 }
© - About Side bend
- 136
3
o
..... - o)
""" 1]

| W

i Abolut 19 I ) : 5
~—50— 1\ |« About 190
~—About 100— ~— About 240

Fig 2.2.1 Guided Bend Test Jig (For 9mm in thick., Unit : mm)

~As required - <-As required—
: %As required |
[ { /]
— 14 | |
. . Plunger
Mln‘ 50 N, —
100
‘ Test spec. : Thickness of test
o) imen pec- specimen
ot R : Radius of plunger
_________ — ° YT R : Radius of support-
......... Min. 50 \J\R' /‘\ \R' ing roller (not spec-
: S ified)
Supporter  Supporter S :Span between Sup-
|_—J | ports{2 (R + R+ ¢
~—50— + 2)}
Fig 2.2.2 Guided Bend Test Ji Fig 2.2.3 Jigs for Roller Bend Test (Unit : mm)
9 9

(For 3.2mm in thick., Unit : mm)
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Section 3 Welding Work and Inspection

301. Details of joints
1. Application

The details of joints for manual welding are to be in accordance with the following Paragraphs. For
other welding procedures such as automatic welding and in case where the specified details of joint
are deemed unpracticable, full details of joint are to be submitted for approval.

2. Butt joints

(1) In general, edge preparations of butt welds are to be as shown in Fig 2.2.4.
(2) Butt welded joints of plates having difference over 4 mm in thickness are to be properly tapered
at the end of thicker plate.

3. Butt joints of thick materials

The groove of thick materials, such as cast steel, is in general to be prepared as shown in Fig

2.25.
Thickness(mm) Edge preparation Dimensions
/9\‘
t<6.0 §<3.0mm
JE— S P —
R
v
e )
)‘S‘k T S<5.0mm
t)6.0 s a <3.0mm 6 : Min. 20°
' 6> 50° R : Min. 6mm
} tz S : Max. 5mm
S
Fig 2.2.4 Edge preparation Fig 2.2.5 Butt Joint of Thick Material
4. Lap joints

(1) The breadth of overlap for lap joints which may be subjected to bending is not to be less than
obtained from the following formula, but need not exceed 50 mm.

b=2¢t+25 (mm)

where:
t = Thickness of the thinner plate (mm)

(2) Where plates are joggled, the breadth of overlap for joints which may be subjected to bending
is not to be less than obtained from the following formula, but need not exceed 40 mm.

b=1t+25 (mm)

where:
t = Thickness of the thinner plate (mm).
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302. Welding Practice

1.

Welding Practice, which is the detailed statement of the general welding works for hull structure, is
to contain welding process, standard of welding and its quality control, application of welding con-
sumables, welding procedures specification(WPS) and welding sequence of main hull structure and
be submitted to the Society.

2. The welding procedure specification(WPS) specified above is to be those satisfactorily complying with

the welding procedure qualification tests specified in Sec 4.

303. Application of welding consumables

Welding consumables used for welded joints of hull structure are to be of the grades as specified

in the relevant Articles of Sec 6 according to the following requirements:

(1) Application of welding consumables for welded joints of various grades of steel is to be as
specified in Table 2.2.3.

(2) Welding consumables for lower toughness of steel may be used for welded joints of different
toughness of steel of the same specified strength.

(3) In case of welding of steels of different specified strength, the welding consumables required
for the steel of lower specified strength may be used, provided that adequate means for pre-
venting cracks are considered.

(4) It is recommended that controlled low hydrogen type consumables are to be used when joining
higher strength structural steel to the same or lower strength level, except that other con-
sumables may be used at the discretion of the Society when the carbon equivalent is below or
equal to 0.41 %. When other than controlled low hydrogen type electrodes are used, appropriate
procedure tests for hydrogen cracking may be conducted at the discretion of the Society.
[See Guidance]

304. Preparation for Welding

1.

2.

3.

138

Edge preparation

(1) The edge preparations are to be in accordance with the plans, and are to be free from moisture,
grease, rust and paint which may cause injurious defects in welded joints.

(2) The edges to be welded shall be smooth, uniform and free from notches, laminations, cracks
and other discontinuities which would adversely affect the quality or strength of the weld.

(3) Any injurious defects on the edges are to be removed. When weld repairs are required, con—
trolled low hydrogen type welding consumables are to be used as far as practicable and grinding
the complete weld smooth and flush with the adjacent surface.

Tack welding

(1) Tack welding is to be carried out by the welders qualified by the Society.

(2) Tack welding is to be removed before the main welding for joints of strength deck plating, sheer
strakes, shell plating, and other important structural members or is to be carried out by the
same procedure as the main welding without injurious defect in welded joints and made with
the same or higher grade of welding consumables as intended to use for main welding.

(3) The minimum length and pitch of tack welds should be in accordance with the Guidance in re—
lating to Rules. [See Guidance]

(4) Injurious defects or any deviations from groove design due to tack welding to obstruct proceed-
ings of main welding are to be completely removed.

(5) In case of tack welding higher strength steels, high strength steels for welded structures or
joining under high restraint, preheating is to be taken as necessary prior to tack welding.

Fixtures

(1) Setting appliances to be used for welding fabrications are to be so arranged as to give restraint
without cracks and other defects in welded joints.

(2) Tack welding for temporary fittings is not to leave any defect on base metal after the tack
welds have been removed.
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Table 2.2.3 Selection of welding consumables(rolled steel plates) (2077) (2019) (2021) (2022)

Kind and grade of steel to be welded

Grade of applicable welding consumables

' A 1,2,3, 1Y, 2V, 3Y, 4Y, 5Y, 2Y40, 3Y40, 4Y40, 5Y40, L1, 12, 13
S“fe"sl B D 2,3, 2Y, 3Y, 4Y, 5Y, 2YAQ, 3YAO, 4Y40, 640, L1, 12, [3
E 3, 3Y, 4Y, 5Y, 3Y40, 4Y40, 5Y40, L1, L2, L3
2) 3
AHBD. AHRE %42,’ 24))/}42:3’%&4)2/, 5Y, 2YA0, 3Y40, 4Y40, 5Y40, L2, [3, 2Y42,
Rolled DHR2. DH36 %%23% 4y, 5Y, 2Y40, 3Y40, 4Y40, 5Y40, 29, [3, 3Y42, 4YA2,
St%erls Higher 1™ £ 0 Fri36 3Y, 4Y, 5Y, 3Y40, 4YA0, 5Y40, [29, [3, 4YA2, Y42
hull Strlirv]fth FH32, FH36 4Y, 5Y, 4YAQ, 540, [29, [3, 4Y42, 5YA2
aloy | aAma0. DHAO %ﬁg, 3YA0, 4YA0, 5YAQ, 3YA2, AYA2, 5YA2, 2YAG, 3YA6, AYAG,
steel
EHAO 3Y40, 4Y40, 5Y40, 3YA2, AYA2, 5YA2, 3YA6, 4YAB, bYAB
FHA0 4YA0, 5YA0, 4YA2, BYA2, AYAB, 5YAB
EHAT-H 3Y47, 4v469, 5y46©
RL235A 4y, 440, L1, L2, 13
Rolled steels for | AL235B, RL325A, RL325B| 5YA2®, 12, L3
low temperature | AL355 5Y42, L3
services RLEN390 151, 191
RLINAQD L91
A3 2VA2, 3YA2, AYA2, BYA2, 2YAG, 3YAB, 4YAB, 5YAB, 250, 3V50,
4Y50, 550
DHA3 3YA2, 4YA2, 5YA2, 3YAB, 4YAB, 5YA6, 350, 450, 550
EHA3 4Y42, 5YA2, 4YAB, 5YAB, 4Y50, 5Y50
FHA3 5Y42, 5Y46, 5Y50
AHAT 2YA6, 3YA6, 4YAB, 5Y46, 250, 350, 4Y50, 550
DHAT 346, 4Y46, 5Y46, 3Y50, 4Y50, 5Y50
EHAT7 446, Y46, 4Y50, 550
FHAT 5Y46, 550
AH51 2Y50, 350, 450, 5Y50, 255, 3Y55, 4Y55, Y55
DH51 350, 4Y50, 5Y50, 365, 455, 555
High strength EH51 4Y¥50, 5¥50, 4Y55, 5Y65
steels FH51 5Y50, 5Y55
;frruztvji:’i% AHBG 255, 355, 4Y55, 5Y55, 2Y62, 3YB2, 4Y62, 5V62
DH56 3YB5, 455, 555, 3Y62, 4Y62, 5Y62
EH56 4Y85, 555, 4Y62, 5Y62
FH56 5Y55, 562
AHB3 2Y62, 362, 4Y62, 5Y62, 2Y69, 3YB9, 4Y69, 569
DH63 362, 462, 5Y62, 3Y69, 4Y69, 569
EHB3 4Y62, 5Y62, 4Y69, 5Y69
FHB3 5Y62, 569
AH10 2Y89, 369, 469, 5Y69
DH10 369, 469, 5Y69
EHI0 4Y69, 569
FH70 5Y69
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Table 2.2.3 Selection of welding consumables(rolled steel plates) (2077) (20719) (2021) (2022) (Continued)

Kind and grade of steel to be welded Grade of applicable welding consumables
AHRO 2Y89, 3¥89, 4Y89, 2Y96, 3Y96, 4Y96
High strength DHO0 3789, 4¥89, 3Y96, 4Y96
steels EHO0 4Y89, 4Y96
for welded | 4H97 2Y96, 3Y96, 4Y96
structures® DHO7 3196, 4196
EHI7 4Y96
NOTES :

(1) The symbol of welding consumables listed above show the materials which are specified in Table
(2) When joining higher strength steels using Grade 1Y welding consumables, the material thicknesses should
(8) Welding consumables of "[2" is applicable to steel grade of AH32, DH32, EH32 or FH32.

(4) Welding consumables of "5Y42" is applicable to steel grade of R.3255.

(5) Where the design requirements permit undermatching weld joint, then welding consumables within

(6) It can be used in accordance with the Guidance relating to the Rules specified by the Society.

2.2.25, Table 2.2.35, Table 2.2.43, Table 2.2.49, and Table 2.2.77.

not exceed 25 mm.

scope of 609. can be considered subject to Society discretion and Manufacturer's recommendations.

[See Guidance]

305. Welding sequence and direction of welding

1.

2.

3.

Welding sequence and direction of welding are to be so determined as to prevent defects in weld-
ed joints and to minimize deformations caused by welding.

The joints which may cause excessive contraction by welding are to be welded as far as practicable
prior to the joints which cause smaller contraction by welding.

Welding is to be proceeded to free ends of the joints as far as practicable and welding with direc-
tion of vertical-downward is not to be carried out, except the special approval of the Society.
[See Guidance]

306. Main welding

1.
2.

140

Welding is to be carried out so that no injurious defects may exist in the joints.

Welding is to be carried out under conditions of protection against the deleterious effect of mois—
ture, rain, wind and snow, and is to be preheated in cold weather if found necessary.[See Guidance]

The ends of important welded joints are to be fitted with run-off tabs or are to have proper ex-—
tensions, which are to be cut off after finished welding.

Butt welded joints are to be back chipped to remove the defects in root of welds before applying
the closing bead, except in case of one side welding or other approved procedures.

In case of welding under excessive restraint or welding for thick steel plate, cast steel or forged
steel, special precaution is to be taken as necessary, such as preheating of the material, use of low
hydrogen electrodes, etc. so as to prevent cracks.

In the parts subject to excessive stress concentration, the fillet welding is to be carried around the
ends of member, but in other parts, the fillet welding may not be carried out around the ends, pro-
vided that the craters at the ends of welds are filled up.

Excessive gaps in butt joint are to be either deposited with welding on grooves, fitted with backing
strips to the joints or partly replaced, and are not to be spanned with welding nor filled by slugging.

Where the gap between the members in fillet joints is not greater than 2 mm, the welding may be
done with the given size of fillet. Where the gap is not less than 2 mm nor more than 5mm, the
welding is to be done with an increased size of fillet corresponding to the amount of gap. Where
the gap exceeds 5mm, the welding is to be done inserting a liner of suitable size or with a chill
strip, or plates to be welded are to be partly renewed. [See Guidance)
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9. Preheating, intermediate temperature and post heat treatment are to be carried out in accordance
with the welding procedure approved beforehand or the special approval of the Society.

[See Guidance]

307. Automatic welding
1. The grooves for automatic welding are to be finished in specially accurate dimensions.

2. Automatic welding is to be carried out within the inclination approved in the welding procedure
qualification test.

3. In the cross but joints of 16 mm or over in thickness, one joint is to be welded after the automatic
welding of the other joint has been completed on both sides.

4. Special precaution is to be taken as necessary for the automatic welding of rimmed steel to prevent
cracks.

308. Welding for higher strength steel
1. Arc strikes are to be avoided as far as practicable.

2. Short bead, min. length of repair welds and line heating temperature, etc. are to be in accordance
with the Shipbuilding Quality Standard recognized by the Society.

309. Quality of welds

1. The weld is to have a regular and uniform surface and it to be reasonably free from excessive re—
inforcements, injurious defects, such as undercuts, overlaps, etc.

2. Welded structures are to be reasonably free from welding deformation.

3. Non-destructive inspection is to be carried out for welded joints as the Guidance relating to the
Rules specified elsewhere. [See Guidance]

4, The welding defects found in an appropriate non-destructive inspection including the visual in—
spection or watertight test are to be removed and corrected by rewelding.

310. Repairs

1. The removal of weld defects shall be done by gouging, grinding, chipping, etc. with such a manner
that the remaining weld metal or base metal is not damaged, however oxygen gouging is not to be
used in high strength steels for welded structures.

2. The removed weld defects parts are to be so machined as not to affect repair welding and repair
welding shall be carried out with low hydrogen type welding consumables and an electrode pref-
erably smaller than that used for making the original weld.

3. Members distorted by welding may be straightened by mechanical means or localized heat treat—
ment, however in case of localized heat treatment, the temperature of heated areas is to be so
limited as not to affect the mechanical properties of base metal.

311. Welding works for YP47 Steels (2021)

1. Short bead

Short bead length for tack and repairs of welds by welding are not to be less than 50mm. In the
case where P,, is less than or equal to 0.19, 26mm of short bead length may be adopted with ap-
proval of the Society.

2. Preheating

Preheating is to be 50°C or over when air temperature is 5°C or below. In the case where P, is

less than or equal to 0.19 and the air temperature is below 5°C but above 0°C, alternative preheat—
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ing requirements may be adopted with approval of the Society.
3. Others

(1) Special care is to be paid to the final welding so that harmful defects do not remain.
(2) Jig mountings are to be completely removed with no defects in general, otherwise the treatment
of the mounting is to be accepted by the Society.

312. Welding works for Brittle crack arrest steels (2027)

Welding work (such as relevant welder’'s qualification, short bead, preheating, selection of welding
consumable, etc.) for brittle crack arrest steels is to be in accordance with the relevant require-
ments for each steel grade excluding suffix “BCA1” or “BCA2".

142
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Section 4 Welding Procedure Qualification Tests

401. General

1. Application

(1) The welding procedures to be applied to hull construction, machinery and piping specified in this
Chapter are to be those satisfactorily complying with the welding procedure qualification tests
specified in this Section. (2079)

(2) The welding procedures qualification test for cargo tank, secondary barriers and piping arrange-
ments in ships carrying liquefied gases in bulk, and for the low—-flashpoint fuels tank are to be in
accordance with Pt 7, Ch5, Sec6 of Rules and Rules/Guidances for the Classification of Ships
Using Low-flashpoint Fuels. (2079)

2. Definitions

(1) Welding procedure specification(WPS)
A specification of materials, detailed methods, welding parameters etc. to be applied in the
welding of a particular joint.

(2) Welding procedure qualification tests(WPQT)
A test carried out in order to demonstrate that a weld made according to a specific welding
procedure specification meets the given requirements.

(8) Welding procedure qualification record(PQR)
The record of the actual parameters employed during welding of the qualification test piece ac—
cording to the requirement of (2), and results from the non-destructive inspection and mechan-
ical testing.

3. General requirements of WPQT

(1) The manufacturers are to obtain the approval of the welding procedure qualifications before the
welding works in the following case specified in (a) through (b)

(@) Where the welding procedure is first adopted for welding works specified in 1. and as
follows. (2079)
(i) Welding work for boiler, Class 1 and Class 2 pressure vessels
(i) Welding work for principal components of machinery (the principal components specified

in Table 5.2.4 of Pt 5, Ch 2 and Ch 3 of the Rules) and piping system

(i) Welding work using special materials
(iv) Welding work using special welding process

(b) Where the welding variables specified in 402. 2 (1) through (11) are changed beyond the ex-
tent of those described in the approved welding procedure specifications.

(2) For the approval of welding procedure qualification, the preliminary welding procedure specifica=
tion specified in 402. is to be reviewed by the Society and the welding procedure qualification
test is to be carried out with satisfactory results. Welding procedure specifications are to refer
to the test conditions and test results achieved during welding procedure qualification testing.

402. Welding procedure specification

1. A welding procedure specification (WPS) is to be prepared by the shipyard or manufacturer which
intends to perform the welding procedure qualification test. This document is also referred to as a
preliminary welding procedure specification (pWPS). The shipyard or manufacturer is to submit to the
Society a pWPS for review prior to the tests.

2. The pWPS can be modified and amended during procedure tests as deemed necessary however it
is to define, at least, the following welding variables.

(1) Kind of base metal

(2) Nominal thickness or diameter range(dimensions)

(3) Welding process

(4) Joint or groove designs with tolerances

(5) Welding position(s) and direction of progression

(6) Welding consumables(grade, shielded gas, backing, flux, etc.)
(7) Electrical characteristics(amperage, voltage and pole nature etc.)
(8) Travel speed and heat input ranges

(9) Preheat and maximum interpass temperature

(10) Post weld heat temperature (if any)

(11) Other conditions necessary for the welding procedure (ex. : welding speed, heat input etc.)

3. Welding consumables used in welding procedure qualification tests should be approved in accord-
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ance with the requirements specified in Sec 6 of the Rules.

In case that the test pieces welded according to the pWPS show unacceptable results the pWPS is
to be adjusted by the shipyard or manufacturer. The new pWPS is to be prepared and the test
pieces welded in accordance with the new pWPS.

The WPS is to be used as a basis for the production welds, and upon satisfactory completion of
the tests based on the pWPS, the Society may approve it as a WPS. In case that a WPS is ap-
proved by the Society the approval range is to be in compliance with the requirements in 407.

403. Welding procedure qualification tests(WPQT)

1.

Where procedure qualification test is required, the test assembly is to be welded in the same or
similar environment and the qualification tests are to be carried out under the welding conditions
given in the pWPS.

Welding of the test assemblies and testing of test specimens are to be witnessed by the Surveyor.

The laboratory or testing establishment used to perform the tests is to have the necessary equip—
ment, maintained in good order and suitably calibrated. And Pt2, Ch1, 201. of Rules is applied on
those. (2079)

If tack welds and/or start and stop points are a condition of the weld process they are to be fused
into the joint and are to be included in the test assemblies.

For qualification tests for stainless clad steels, the requirements specified in 404, and 405. are to
be complied with. However the impact test may be dispensed with where other welding procedure
qualification on the stainless clad steel base metal under the same welding condition has been
approved. Where materials other than those specified in this Section are used, the qualification tests
are to ve carried out in accordance with the testing standard approved by the Society. Duplex stain—
less steel is to be in accordance with the Guidance in relating to Rules.

Where materials other than those specified in this Section are used, the qualification tests are to ve
carried out in accordance with the testing standard approved by the Society. Duplex stainless steel
is to be in accordance with the Guidance in relating to Rules. [See Guidance]

Tests or test conditions other than those specified in this Section for the welding procedure qual—-
ification may be required, where deemed necessary by the Society.

Where Welding Procedure Specification (WPS) for the non-BCA steels has been approved by the
Society, the said WPS is applicable to the same welding procedure applied to the same grade with
suffix “BCA1” or “BCA2” except high heat input processes over 50kJ/cm. The requirements for
welding procedure qualification test for brittle crack arrest steels is to be in accordance with the
relevant requirements for each steel grade excluding suffix “BCA1” or “BCA2”, except for hardness
specified in 404. 9 and 405. 6. (2027)

404. Tests for butt welded joints

1.

3.

144

Application

The requirements stated hereunder apply to the butt joints welded by manual welding, semi-auto—
matic welding or automatic welding.

Kinds of test

According to the materials to be tested, kinds of test and number of test specimens are to be giv—-
en in Table 2.2.4 and Table 2.2.5. Additional test may be required where found necessary by the
Society.  [See Guidance]

Test assemblies

(1) Test assemblies are to be prepared with the same or equivalent material used in the actual
work.
(2) The dimensions and types of test assembly are to be as indicated in Fig 2.2.6.
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(notch in weld metal)

(notch on fusion line)

Charpy V-notch impact test C

Transverse tensile test

Longitudinal tensile|test

(A) Test assembly for Hull Structural Steels, High Strength Quenching and Tempered
Steels, Stainless Steels, Rolled steels for boiler/pressure vessel/low temp’ service or
Aluminium Alloys (2019)

Fig 2.2.6 Welding procedure test assembly (Unit : mm)

Weld
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The test assembly is to be of a size with
the minimum dimensions:
(1) manual or semi-automatic welding:
Width(W) : min. 300mm
Length(L) : min. 350mm
(2) automatic welding
Width(W) : min. 400mm
Length(L) : min. 1,000mm
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(D) Test assembly for ALINA0

Fig 2.2.6 Welding procedure test assembly (Unit : mm) (cont'd) (2022)

(3) Test assemblies are to be welded in the same welding positions as the actual work.
(4) When the test for plate is approved, the welding for the pipes over 500 mm in outer diameter is
permitted. And when the test for pipes over 25mm is approved, the welding for the plates is

permitted. (2019)

If base material and weld metal have not markedly
two transverse
specimens may alternatively be tested for two
longitudinal bend specimens. (2079)

bend

(5) For butt welded joints of rolled steel plates, the direction of welding according to rolling direction

is to be as follows.

(a) When steel plates impact tested in longitudinal direction are used for test assemblies, the di-
rection of welding of test assembly is perpendicular to the rolling direction of the two plates.

(b) When steel plates impact tested in transverse direction are used for test assemblies, the di-
rection of welding of test assembly is parallel to the rolling direction of the two plates.
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4. Tensile tests

(1) The number of tensile test specimens taken from each test assembly is to be as shown in
Table 2.2.4 and Table 2.2.5. (2079)

Table 2.2.4 Kinds of Test for Plates with Butt Welded Joints (2079)

Kinds and number of specimens for test”
Macro— Non- | Brittle
Grades and material symbols of test specimens Visual |Tensile|Bend|Impact|structu |Hard. |destructi|fracture
insp. test | test | test re test ve initiatio
insp. insp.® | n test
Normal
strength | A4, B, D, £ -
Rolled steel
Steﬁlsllfor Higner | AH32 DH32, EH32, FH32, AH36, 4 B
y \INST 1 DH 36, £136, FH36, AH40, DH A0, w0
structural | strength EH 40, FHA40 2 1
steel
EH4T-H 109
RL235A, RL235B8, RL325A, RL3258,
lRo”etd Stee'st for | pi3ss,  AL1NBSS, AL2M255, AL | e 1
oW TemPeratire | 3n3ss, AL5M390
service
RL INAIOD 30
AHA3, DHA3, EH 43, FH43,
AHAT, DHAT, EHAT7, FHA4T,
AH51, DH51, EH51, FH51,
Weldable high AH56, DH 56, EH 56, FH 56, 1
strength steel AH 63, DH63, EH63, FHG63,
AH70, DH70, EH70, FH 70,
AH90, DH 90, FH 90,
AH97, DH97, EH97 4@
RSC 410, RSC 450, RSC 480, RSC 520, Weldi Weldi
) elding elding
Casting for welded RSC560, ASCB00, RSCA404, RSC el oS-
construction and 4804, RSC5504, RSFA10H, RSF . 39 .
Hull steo! fora 450H, RSF480H, RSF520H, RSF tions of 1 tions of
ull S1eel 1oraiNg | 6604, RSFB00H, RSFB50AH, RSF | whole whole
600AH, RSFGE50AH length length
RSTS304, RSTS304L, RSTS 304M, -
RSTS304N2, RSTS 304LN, RSTS
. 3098, ) _
Rolled stainless | ps753105, ASTS316, ASTS316L, 9 -
steels RSTS316/N, RSTS316LN, RSTS317,
RSTS317L, RSTS317LN, RSTS 321,
RSTS 347
5000 5083~, 5383~ 5059P, 5086, 5754P,
Aluminium| series | 5083S, 5383S, 50595, 50865"
alloys®
6000 600548, 60615, 608259
series
Boiler
@
and 4
class 1 3 set1?
Rolled 5
pressure
steel vessel(! RSP24, RSP30, RSP32, RSP30A4, RSP 1
plates for Class 2 324,
boiler RPV 24, RPV32, RPV36, RPV42, RPV B
&pressure | P OoSWIS | 46, APYSO, etc.
vessel
vessel
Class 3 . . ) )
The tests may be omitted according to the discretion of
pressure )
an the Society
vessel
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NOTES:

(1) Where found necessary by the Society, microscopic test, hardness test and tests other than these may
be required. [See Guidance]

(2) Two root and two face bend specimens are to be tested. For thickness 12 mm and over, four side
bend specimens may alternatively be tested. Where rolled steel plates for boiler &pressure vssel were
tested, four side bend specimens may alternatively be tested for two root and two face bend
specimens.

(3) No. of test sets and position of notch are as shown in Fig 2.2.7.

(4) Internal inspections by radiographic examination or ultrasonic examination and surface inspections by
magnetic particle examination or liquid penetrant examination are to be carried out. Where rolled
steel plates for boiler &pressure vssel were tested, radiographic examination is to be carried out for
internal inspections.

(5) Two specimens are to be taken transversely and one specimen is to be taken longitudinally(See. Fig

2.2.6)

(6) Material symbols of aluminium alloys include the symbols of which is the temper condition.

(7) Rolled products which have the same grade and temp condition may be used.

(8) Other rolled aluminium alloys of 6000 series with minimum tensile strength 260 N/mm?® may be used.

(9) Where impact test is required.

(10) Hardness test(#,10) is required for hull structural steel with specified minimum vyield strength of R, >
355 N/mm?

(11) The classification for pressure vessel is in accordance with Pt5, Chb.

(12) The positions of notches are a,b,c in Fig2.2.7.

(13) Deep notch test or CTOD test may be required. However brittle fracture test may be waived for the
welding procedure of heat input less than 200 kJ/cm.
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Table 2.2.5 Kinds of Test for Pipes with Butt Welded Joints (2079)

Kinds and number of specimens for test®®
Grades and material symbols of test specimens Visual |Tensile| Bend | Impact Macro- Hard Non-
i ®) ® | structure "| destructive
Insp. test | test test . test .
insp. insp.
The pipes
for B
ordinary |ASTH35, RSTHA2, RSTH52, RSTH12,
piping  |ASTH 22, RSTH 23, RSTH 24, Welding

The pipes RST138, RST142, RST238, RST242, RST positions

used for |249, AST338, AST342, RST349, RST412, of whole

high RST 422, RST423, RST424, RBH1, RBH?2, &) length®

temperatur|RBH 3, RBH 4, RBH 5, RBH 6, etc. 1

e and high )

pressure” Welding

positions
Steel of whole 2 4 1
pipes for length
low  |RLPA, RLPB, RLPC, RLP2, RLP3, RLP9 ®

temperatur .

e service We.lc.hng
positions
of whole

RSTS 3047P, RSTS 304L7TP, RSTS 309S7P, length(®

Stainless |ASTS 310S57P, RSTS 3167P, RSTS 316LTP, ~ B

steel pipes|RSTS 3177P, RSTS 317LTP, RSTS 3217P,

RSTS 347TP

Notes
(1) Where found necessary by the Society, microscopic test, hardness test and tests other than these may

be required. [See Guidance]

(2) Regardless of the above, as for those of less than 50 mm in outer diameter, test assemblies are to be
prepared by two sets, one for tensile test, the other for macro, micro structure and hardness dis—
tribution examinations to be carried out respectively.

(38) For the welding procedure qualification tests on materials used at high temperature, the Society may
require a creep test or high temperature tensile test.

(4) For steam pipes and flanges to be used in the place where the design pressure is not less than 30
kgf/cm® and the design temperature exceeds 4007C.

(5) Two root and two face bend specimens are to be tested. For thickness 12 mm and over, four side
bend specimens may alternatively be tested. Where preparation of the above test specimens is not
possible depending on pipe's diameter, test specimens for face bend test and root bend test may be
reduced to one specimen each for those of 12 mm thickness or less, and for side bend test may be
reduced to two specimens for those of over 12 mm. (2022) (2023)

(6) In a case where preparation of impact test specimens is not possible depending on pipe's dimensions
or in case where welding is made with a base metal having no impact value required, impact test may
be omitted subject to the approval of the Society.

(7) The position of notch is “a” in Fig2.2.7.

(8) Position of notch is as shown in Fig 2.2.7.

(9) For those with an outer diameter of 130 mm or above, and with a design working pressure 30 kgf/cm?
or above, and further with maximum design temperature over 400C. However, even for the pipes hav-
ing an outer diameter of less than 130 mm, radiographic examination depending on material and working
condition may be required.

(10) Internal inspections by radiographic examination or ultrasonic examination and surface inspections by
magnetic particle examination or liquid penetrant examination are to be carried out.
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Table 2.2.6 Tensile Test Requirements for Butt Welded Joint

Tensile
i Yiel h
Kind of testing materials Grade of ltestmg strength eld strezngt
materials (N/mm?) (N/mm?)
590 min.” 315 min.
Rolled steels for lower temperature service AL INAS0 :
630 min.? -
Steel pipes for low temperature service RLPY 630 min. -
5754 190 min. -
5086 240 min. -
5083 275 min. -
Aluminium alloys -
5383 290 min. -
5059 330 min. -
6005A, 6061, 6082¢ 170 min. -
(Notes)
(1) For test specimen in longitudinal direction
(2) For test specimen in transverse direction
(3) See notes (8) of Table 2.2.4.

(2) Tensile tests are to be carried out with the test specimen shown in Table 2.2.1. The tensile
strength is not to be less than the minimum tensile strength specified for the base metal ex—
cept for those specified in Table 2.2.6. When butt welds are made between plates of different
grades, the tensile strength to be obtained on the welded assembly is to be in accordance with
the requirements relating to the steel grade having lower strength. In this case, "lower strength
grade of steel" means grade £ of Fig 2.2.7, (2). (2019)

5 0 - E
</> 1/>
[~ [~

| T

(1) Welded joint of steels (2) Welded joint of steels of
of same specified same specified tough-
strength ness (same specified

impact test temperature)

Fig 2.2.7 Butt Welds between Different Steel
Grades (2019)

(3) In following cases where the consumables are not unavoidably approved by the Society, it is to
be required additionally to prepare a A 14A deposited metal tensile test specimen as shown in
Table 2.2.1 in entirely weld metal and the tensile properties recorded for each specimen are not
to be less than the minimum required for the approval of the appropriate grade of consumable.
(a) For the urgency of the corresponding work schedule
(b) For a small quantity of welding consumables with the rare frequency of the survey in future
Unless the welding consumables are approved by the Society, the Welding Procedure
Specification is to be deemed valid only for same Lot with welding consumables used. And the
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Lot no. is to be stated in the Welding Procedure Specification. (2079)

(4) Where more than one welding process or type of consumable has been used to make the test
weld, test specimens are to be taken from the area of the weld where each was used with the
exception of those processes or consumables used to make the first weld run or root deposit.

5. Bend tests

(1) The number of bend test specimens taken from each test assembly is to be as shown in Table
2.2.4 and Table 2.2.5, and the position of specimen is to be as shown in Fig 2.2.6.

(2) The shape and dimension of face bend specimen, root bend specimen or side bend specimen
are to be as indicated in AB1, RB2 or RB3 of Table 2.2.2. Bend test procedure and inside bend
diameter are to be as indicated in Table 2.2.7. There is to be no crack nor any other defect
greater than 3 mm in length in any direction on the surface of bend specimen. (2018)

(3) For butt joints in heterogeneous base metals, face and root longitudinal bend test specimens
may be used instead of the transverse bend test specimens. (2079)

Table 2.2.7 Bend Test Requirements (2078)

. . Inside bend .
Kind of i : i B
'n?naq[e:gf;“ng Grade of testing materials défnnpne)E%r 223;29
Steel pipes for low 20
temperature service ALPSY 3
AHA43, DH43, EH 43, FH 43,
AH4T7, DH4T, EHA4T, FH 47, 5¢
Weldable high AHB1, DH5B1, EH51, FH51
strength steel AH56, DH'56, EH56, FH 56, 180°
AHB3, DH63, EH63, FH B3, 6t
AH70, DH70, EH70, FH70
Aluminium allovs 5754, 5086, 5083, 5383, 5059, )
v 60054, 6061, 6082?
Other materials 4t

NOTES :

(1) ¢ is the thickness of the test specimen.

(2) See Notes (9) of the Table 2.2.4.

(3) The bend test specimens should be bent on a mandrel with maximum diameter
as given in the formula below.

L Jooxt,
- —

where d is the maximum former diameter
t; is the thickness of the bend test specimen (this includes side bends)
A is the minimum tensile elongation required by the alloy grade, temper
condition and thickness (for combination between different alloys, the
lowest individual value should be used).

6. Impact tests

(1) Normal and higher strength hull structural steels

(a) The test specimen is to be charphy V-notch impact test specimen as shown in Table 2.1.3
and to be taken from the position in Fig 2.2.6.

(b) The number of test specimens taken from test assemblies and the position of notch for the
test specimen are as specified in Fig 2.2.8.

(c) Test specimen is to be sampled from 1 to 2mm below the surface of the base metal,
transverse to the weld and on the side containing the last weld run.

(d) Test temperature and absorbed energy are to be in accordance with Table 2.2.8.
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Table 2.2.8 Impact test requirements for butt joints (t < 50 mm) M@ (2019)

Value of minimum average absorbed energy (J)
Grade of Test temp. For manually or semi-automatically welded joints
steel (c) For automatically
Downhand, Horizontal, Vertical upward, welded joints
Overhead Vertical downward
/4(3) 20
% D 0
E -20
AH 32, AH 36 20 34 min. 34 min.
DH 32, DH36 0
EH32, EH36 -20 47 min.
FH32, FH 36 =40
AH 40 20
DH 40 0
39 min. 39 min.
EH 40 -20
FH 40 -40
EHAT-H .
¢y 50 mm) 20 64 min.
Note:

(1) For thickness above 50 mm other than EH47-H, impact test requirements are to be agreed by the
Society. [See Guidance)

(2) These requirements are to apply to test piece of which butt weld is perpendicular to the rolling direction
of the plates.

(3) For Grade A and B steels average absorbed energy on fusion line and in heat affected zone is to be
minimum 27 J.

(4) When the absorbed energy of two or more test specimens among a set of test specimens is less in
value than the specified average absorbed energy or when the absorbed energy of a single test speci—
men is less in value than 70 % of the specified average absorbed energy, the test is considered to
have failed.

(e) When butt welds are made between different steel grades/types, the test specimens are to
be taken from the side of the joint with lower toughness of steel. Temperature and ab-
sorbed energy results are to be in accordance with the requirements for the lower tough-
ness steel. In this case, "lower toughness grade of steel" means grade D of Fig 2.2.7, (1).
(2019)

(f) Where more than one welding process or consumable has been used to make the test weld,
impact test specimens are to be taken from the respective areas where each was employed.
This is not to apply to the process or consumables used solely to make the first weld run or
root deposit.

(g) Where the weld metal cross—section size or shape does not allow the charphy V-notch im-
pact test specimen to be in deposited metal, the requirements in 202. 3 of Ch 1 are to be
applied.

(2) High strength steels for welded structures

(a) Impact test is to be performed as described in the above (1).

(b) Test temperature and absorbed energy are to be in accordance with the requirements of
base metal

(3) Weldable C and C-Mn hull steel castings and forgings

For base metal with specified impact values test temperature and absorbed energy are to be in

accordance with the requirements of the base metal to be welded.
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heat input thickness Locations of V-notch®
b
1-2mm| R V-dmim) Sndede: 3 BE
=y . I
t < 50 mm® ! i e e
TR — -.!.. ‘i'+ ---------- o A ot -]
st side
normal heat
input 1-2mm¢ Indside @ tI: ¢
< 50 kffem g prem— ] ——
t ) 50 mm . R
TR T T i
tmessmmeem—————— ---.!--- B e |
Ist side
‘I—Emml 2nd side a tlc| {l’ T
P a——— ]
i il
t < 50 mm®@ R, | P
1st side
high heat
input
Y50 kJ/em
t ) 50 mm
1st side
Note:

side.
(3) Notch locations:
a : center of weld "WM"
b : on fusion line "FL"
c :in HAZ, 2 mm from fusion line
d :in HAZ, 5mm from fusion line
e

(1) For one side single run welding over 20 mm notch location "a" is to be
(2) For one side welding with thickness over 20 mm notch locations "a", "b" and "¢" are to be added on root

s in HAZ, 10 mm from fusion line in case of heat input ) 200 kJ/cm

added on root side.

Fig 2.2.8 No. of test sets and locations of V-notch

(4) Steels & Pjpes for low temperature Service (2019)

(a) The test specimen is to be charphy V-notch impact test specimen as shown in Table 2.1.3

and to be taken from the position in Fig 2.2.8.

(b) The number of test specimens taken from test assemblies, the position of notch for the test
specimen, test temperature and absorbed energy are as specified in Table 2.2.9.
(5) Rolled steel plates for boiler and class 1 pressure vessel (2019)

(@) Impact test is to be performed as described in the above (1). The locations of notches are

“a,b,c” of Fig 2.2.8.
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(b) Test temperature and absorbed energy are to be in accordance with the requirements of
base metal.
(6) Pipes for high temperature and high pressure (2019)
(a) Impact test is to be performed as described in the above (1). The location of notch is “a” of
Fig 2.2.8.
(b) Test temperature and absorbed energy are to be in accordance with the requirements of
base metal.

7. Macro-structure inspection

(1) The test specimens are to be prepared and etched on one side to clearly reveal the weld metal,
the fusion line and the heat affected zone. Macro examination is to include about 10 mm un-
affected base metal.

(2) The examination is to reveal a regular weld profile, through fusion between adjacent layers of
weld and base metal and the absence of defects such as cracks, lack of fusion etc.

8. Visual & Non-destructive inspection

(1) Test assemblies are to be examined for the whole length(excepting discard area of test assem-
bly of Fig 2.2.6) by visual and by non-destructive testing prior to the cutting of test specimen.
Visual and non-destructive examinations should be carried out after any required post weld heat
treatment, natural or artificial ageing, and prior to the cutting of the test specimens. (2079)

(2) For weldable high strength steels with specified minimum vield strength of 420 N/mm® and
above the visual and non-destructive testing are to be delayed for a minimum of 48 hrs, unless
heat treatment has been carried out. (2079)
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Table 2.2.9 Impact Test Requirements for Butt Welded Joint (Steels for low temperature Service) (2019)

A(1) B C D 5(1)

Grade of steel Test(o(t:e)mp. Value of average Value of average absorbed energy()®

absorbed energy()® /@ 7
RL 2354 -40
RL 2358 -50
RL 3254 -50
RL 3258 -60
RL 355 -60
41 min. 27 min.
RL1N355 -80
RL 2255 -70
RL 3N355 -100
27 min.
RL 5N390 -120
RL 9NAS0 -196
RLPA -40
RLPB -50 27 min.
RLPC -60
RLP2 -70 )
34 min.
RLP3 -95
RLPY -196 47 min.
NOTES:

(1) Position of notch as shown in Fig 2.2.7.

(2) L(or T) indicates that the direction of welding is transverse (or parallel) to the rolling direction of test
materials.

(3) When the absorbed energy of two or more test specimens among a set of test specimens is less in
value than the specified average absorbed energy or when the absorbed energy of a single test
specimen is less in value than 70% of the specified average absorbed energy, the test is considered
to have failed.

(3) NDT procedures are to be agreed with the Society. The results of non-destructive testing are to
show that there are no cracks or other injurious defects.

(4) Acceptance criteria is to be in accordance with the relevant requirements of the relevant Rules
as follows. However, if agreed by the Society, imperfections detected by visual or non-destruc-
tive testing may be assessed in accordance with /SO 5817, class B, except for imperfection type
such as excess weld metal and excess penetration for which level C applies (2079)

(a) Rolled steels for hull - Annex 2-7

(b) High strength steels for welded structures — Annex 2-7 or Pt 7, Ch 5 of the Rules

(c) Rolled steels for low temperature service — Pt 7, Ch 5 of the Rules

(d) Materials for machinery installation(boilers, pressure vessel and piping system) - Pt 5, Ch 5
or Ch 6 of the Rules

(5) For aluminium alloys, imperfections detected by visual or non-destructive testing should be as-
sessed in accordance with 1SO 10042:2018, level B, except for excess weld metal or convexity,
excess throat thickness and excess of penetration for which the level C applies. (2022) (2023)

9. Hardness test (20719)

(1) Hardness distribution at positions shown in Fig 2.2.9 is to be measured.
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7 ; [ \/ ]
ﬁ.k?{:ufzmn / %) | WETUJW‘

the welds Baseinetal

HAZ narrow A L HAZ wide

2mm max

Note

1. Measuring load is to be 10kg vickers and

measuring intervals are to be 1 mm.

2. For EHA7-H and brittle crack arrest(BCA)
steels, measurement points are to include

mid-thickness position in addition. (2027)

Fig 2.2.9 Hardness Test for butt welded joint
(Units : mm)

(2) The results from the hardness test are to be in accordance with Table 2.2.10. (2079)

Table 2.2.10 Hardness Test Requirements for Butt Welded Joint (2079) (2021)

156

. : Hardness
Grades and material symbols of test specimens (Hv10)
AH 36, DH 36, EH 36, FH 36, AH 40, DH 40, EH 350
Rolled steels for hull| 40 FH 40 EH47-H max.
structural EH47-H-BCA1/2 380 max.
Weldable high AH 43 ~ FH 70 420 max.
stength steel | 190 pH o, £H90, AH 97, DH 97, EH 97 450 max.
RL 235A, RL 2358, RL 3254, RL 3258,
380 max.
RLPA, RLPB, RLPC
RL 355 450 max.
Rolled steels & Steel
pipes for low RL 1N355, RL 2N255, RLP 2 350 max.
temperature service
RL 3N355, RL 5N390, RLP 3
450 max.
RL 9N490, RLP 9
Rolled steel plates for boiler & pressure vessel
The pipes for ordinary piping 380 max.
The pipes used for high temperature and high pressure
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10. Brittle fracture initiation test (2079)

(1) Test assemblies are to be welded for highest heat input and lowest heat input position and all
applicable tests are to be made on those assembilies.
(2) Test method and acceptance criteria
(a) Deep notch test or Crack Tip Opening Displacement (CTOD) test is to be carried out and the
result is to be reported.
(b) CTOD test is to be carried out in accordance with /SO 75653 or equivalent.
(c) When performing the deep notch test, manufacturer is to submit the detailed test procedure
to the Society.
(d) Manufacturer is to be consulted with the Society the dimension of test specimen, test con-
dition, etc.

405. Tests for fillet welded joints

1. Application

The requirements stated hereunder apply to the fillet joints welded by manual, semi—automatic or
automatic welding in any welding position.

2. Kinds of test

The kinds of test and number of test specimens are to be given in Table 2.2.11 and Table 2.2.12.
The kinds of test for machinery installations are to be in accordance with Table 2.2.11. Additional
tests may be required if found necessary by the Society. (2019) (2023) [See Guidance]

Table 2.2.11 Kinds of Test for fillet welded joints'" (2023)

Kinds and number of specimens for test

Visual ins ) Macro— Hard.
p. Surface crack detection structure insp. test? fracture test
Welding positions of whole
Welding positions of length e 1 2
whole length ‘NDT for surface
(MT or PT)
(Notes)

(1) Kinds of test for machinery installation’s fillet welded joints are in accordance with Table 2.2.12.

(2) The materials required hardness test in Table 2.2.4 are to be tested.

(3) In case of other than rolled steels for hull structural, weldable high strength steel, and aluminium al-
loy, one specimen is to be taken.
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Table 2.2.12 Kinds of Test for machinery installations’s fillet welded joints (2079) (2023)

Divisions

Kinds of test and number of specimens taken from test assembles

M@

Macro- Surf k Fracture
structure | Visual insp. | SUr'ace CraCkl parg. test tost
inspection detection

Boiler and class 1 Welding
pressure vessel Welding positions of
. . whole length
Welding of 1 positions of . - 2
i NDT for
boiler and Class 2 pressure whole length f
pressure vessel surtace
vessel (MT or PT)
Class 3 pressure The tests may be omitted according to the discretion of the
vessel Surveyor.
The steel pipes for
low temperature 1
service Welding
Stainl teel pi : positions of
Welding of am.ess e plApeS V\(gldlng whole length
T The pipes for ordinary 2 positions of . 2
piping - ‘NDT for
pIping whole length
surface -
The pipes used for (MT or PT)
high temperature and
high pressure®
Notes :

(1) In a case where special materials are used, special welding procedure is employed or where
deemed necessary by the Society, the other tests or test conditions than those specified in this
Section for the welding procedure qualification may be required

(2) For the welding procedure qualification tests on materials used at high temperature, the Society
may require a creep test or high temperature tensile test.

(3) For steam pipes and flanges to be used in the place where the design pressure is not less than
30 kegf/cm® and the design temperature exceeds 400°C.

3. Test assemblies and welding

(1) Test assembly is to be prepared with the same or equivalent material used in the actual work.
(2) Dimensions and type of test assembly are to be as indicated Fig 2.2.10 and Fig 2.2.11.
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" Fracture |
| itest

| Ipiece
fFracture .
itest )
\piece

/
/ Macro structure etching

~X

NOTES :
1. The length of test specimen is as follows :

(1) Manual and semi-automatic welding : Width W=3 x ¢, min.150 mm, Length [=6 x ¢, min.350 mm
(2) Automatic welding : Width W=3 x ¢, min.150 mm, Length L=min.1000 mm
2. Thickness of webs and flanges of the test assembly, ; and ¢, are to be of ordinary thicknesses used in the actual work.

3. Tack weld may be applied to the test assembly.
4. The fillet length is to be of ordinary length used in the actual work.

Fig 2.2.10 Test assembly for plates with fillet weld joint (unit : mm) (2023)

I > 50 mm Fracture test piece
2100 mm

= Weld
o ________ start/stop
< A . Force

C

Macro structure etching

Weld
1 start/stop

Fig 2.2.11 Test assembly for pipes with fillet weld joint (2023)

(8) Test assembly is to be welded in the same welding positions as the actual work.

(4) The assembly is to be welded on one side only, except in case deemed necessary by the
surveyor.

(5) For single run manual and semi-automatic welding, a stop/restart is to be included in the test
length and its position is to be clearly marked for subsequent examination.

4. Visual & non—destructive inspection

(1) Test assemblies are to be examined by visual and by non-destructive testing(PT or MT) prior to
the cutting of test specimen. In case that any post-weld heat treatment is required or specified
non—destructive testing and visual inspection are to be performed after heat treatment. (2079)

(2) For weldable high strength steel with specified minimum vyield strength of 420 N/mm® and above
the non-destructive testing and visual inspection are to be delayed for a minimum of 48 hrs,
unless heat treatment has been carried out. (2079)

(3) NDT procedures are to be agreed with the Society. The results of visual & non-destructive test-
ing are to show that there are no cracks or other injurious defects. (2079)

(4) The imperfections detected by visual or non-destructive testing are to be assessed in accord—
ance with ISO 5817, class B(ISO 10042:2018, class B for aluminium alloys), except for im-
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perfection type such as excessive convexity and excessive throat thickness for which level C ap-
plies (2019) (2022) (2023)
5. Macro-structure inspection

(1) The test specimen is to be taken from the position in Fig 2.2.10 and Fig 2.2.11. However, in
case of rolled steels for hull structural, weldable high strength steel, and aluminium alloy, two speci-
mens are to be taken. For manual welding and semi—automatic welding, one of the macro etch-
ed specimens is to be from the stop/restart position, if present.

(2) The test specimens are to be prepared and etched on one side to clearly reveal the weld metal,
fusion line, root penetration and the heat affected zone. Macro examination is to include about
10 mm unaffected base metal.

(3) The examination is to reveal a regular weld profile, through fusion between adjacent layers of
weld and base metal, sufficient root penetration and the absence of defects such as cracks, lack
of fusion etc.

6. Hardness test (2079)
(1) Hardness distribution at positions shown in Fig 2.2.12 is to be measured.

Note

1. Measuring load is to be 10 kg vickers and measuring intervals are to be 1T mm.

Fig 2.2.12 Hardness test for fillet welded joint (unit : mm) (2079)

(2) The results from the hardness test are to be in accordance with Table 2.2.10. (2019)
7. Fracture tests

The remaining test assemblies after the macro-structure test specimen has been removed are to
be broken by pressing as shown in Fig 2.2.8 and it shall be evaluated cracks, blow holes, poor
penetrations and any other injurious defects in the fractured surface. And imperfections that are de-
tected should be assessed in accordance with (KS B) ISO 5817, class B(ISO 10042:2018, class B for
aluminium alloys). (2022) (2023)

406. Retests and Procedure qualification records(PQR)

1. Retests

(1) Where visual inspection or non-destructive inspection fails to meet the requirements, the new
test specimens welded under the same welding condition, are to be subject to retest and all of
these test specimens are to pass the test. If this additional test piece does not comply with the
relevant requirements, the pWPS is to be regarded as not capable of complying with the re-
quirements without modification.

(2) Where the result of a tensile or bend test does not comply with the requirements, twice as
many test specimens as the number of specimens of failed test are to be selected from either
the first test material or test materials welded under the same welding conditions, and all of
these test specimens are to be satisfactorily tested.
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(3) If there is a single hardness value above the maximum values allowed, additional hardness tests
are to be carried out (on the reverse of the specimen or after sufficient grinding of the tested
surface). None of the additional hardness values is to exceed the maximum hardness values
required.

(4) (@) Where the result of the impact test is unsatisfactory, additional tests may be carried out,
with the exception of the cases specified in () and (i) below, by taking a set of test specimens
out of the same test material from which the above—-mentioned test specimens have been
taken.

() The absorbed energy of all test specimens is under the required average absorbed
energy.
(i) The absorbed energy of two of the test specimens is under 70 % the required average

absorbed energy.
(b) In case of the previous (a), the test specimens may be accepted, provided that the average

absorbed energy of the six test specimens, including those which have been rejected as un-—
satisfactory, is not less than the required average absorbed energy, and that not more than
two individual results are lower than the required average absorbed energy and of these, not
more than one result is below 70 % of the required average absorbed energy.
(5) Where there is insufficient welded assembly remaining to provide additional test specimens, a
further assembly is to be welded using the same procedure to provide the additional specimens.
(6) Where the retest fails to meet the requirements, the test may be made over again. In this
case, where the whole tests specified on the test assembly are carried out and are complied
with requirements, the tests are accepted as successful.

2. Procedure qualification records(PQR)

(1) Three copies of the procedure qualification records showing the welding conditions for test as-
semblies and test results are to be submitted to the Society for approval. Forms of welding pro-
cedure test records are to be at the discretion of the Society. [See Guidance]

(2) A statement of the results of assessing each test piece, including repeat tests, is to be made
for each welding procedure test. The relevant items listed for the WPS of these requirements
are to be included.

(3) A statement that the test piece was made according to the particular welding procedure is to be
signed by the Surveyor witnessing the test and is to include the Society’s identification.

407. Validity of qualified welding procedure specification

1. General

(1) Welding procedures qualified at a manufacturer are valid for welding in workshops under the
same technical and quality management.

(2) Qualification of a welding procedure remains valid provided the welding variables are kept within
the qualified range during production welding. When one or more variables outside the qualified
range given in 2. occur, the welding procedure is to be respecified and requalified by welding
procedure qualification tests.

(3) Shop primers may have an influence on the quality of fillet welds and is to be considered.
Welding procedure qualification with shop primer will qualify those without but not vice versa.

2. Validity of variables for qualified WPS is as follows. However, it may be considered as equivalent
for the requirements of the standard internationally recognized(AWS, ASME etc.) are applied.

(1) Base metal Kind of base metal and their validity are as follows. Other materials not specified
herein is to be in accordance with the requirements of the standard internationally recognized as
deemed appropriate by the Society. [See Guidance]

(a) Normal and higher strength hull structural steels

@ Normal strength steel(4, B, D and £) or equivalent structural steels with tensile
strength 400 ~ 520 N/mm?

@ Higher strength steels, YP47 steels and brittle crack arrest steels(4+32, DH32, EH
32, FH32, AH36, DH36, EH36, FH36, AH40, DHA40, EH40, FH40, EHAT-H, EH
36-BCA1, EH40-BCA1/2 and EH47-H-BCA1/2) or equivalent structural steels with
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minimum specified vyield strength 315 ~ 460 N/mm?*. (2078) (2021)

(i) For each strength level, welding procedures are considered applicable to the same and
lower toughness grades as that tested.

(i) For each toughness grade, welding procedures are considered applicable to the same
and two lower strength levels as that tested.

(i) For applying the above (i) and (i) to high heat input processes above 50 kJ/cm, e.g. the
two-run technique with either submerged arc or gas shielded metal arc welding, electro
slag and electro gas welding, welding procedure is applicable to that toughness grade
tested and one strength level below.

(iv) For EHAT-H, welding procedure is applicable to that same and lower toughness grade
tested and one strength level below. (4440, DHAQ and £AH40)

(v) Where Welding Procedure Specification (WPS) for the non-BCA steels has been ap-
proved by the Society, the said WPS is applicable to the same welding procedure ap-—
plied to the same grade with suffix “BCA1” or “BCA2” except high heat input processes
over 50 kd/em. (2021)

(b) Weldable high strength steels (Pt 2, Ch 1, 308. of the Rules) or equivalent structural steels
with minimum specified yield strength 365~960 N/mm?.

() For each strength level, welding procedures are considered applicable to the same and
lower toughness grades as that tested.

(i) For each toughness grade, welding procedures are considered applicable to the same
and one lower strength level as that tested.

(i) For applying the above (i) and (i) to high heat input processes above 50 kJ/cm, e.g. the
two-run technique with either submerged arc or gas shielded metal arc welding, electro
slag and electro gas welding, welding procedure is applicable to that toughness grade
tested and one strength level below.

(iv) The approval of quenched and tempered steels does not quality thermo-mechanically rol-
led steels (TMCP steels) and vice versa. (2077) (2023)

(c) Weldable C and C-Mn hull steel castings

() Welding procedures are considered applicable to the same and lower strength level as
that tested.

(i) The approval of quenched and tempered hull steel castings does not quality other deliv-
ery conditions and vice versa.

(d) Weldable C and C-Mn hull and general purpose steel forgings

() Welding procedures are considered applicable to the same and lower strength level as
that tested.

(i) The approval of quenched and tempered hull steel forgings does not quality other deliv-
ery conditions and vice versa.

(e) Rolled steels for low temperature service and Steel pipes for low temperature service (2079)

(i) For carbon steels, welding procedures are considered applicable to the same and lower
strength level as that tested, and the same and lower toughness grades as that tested.

(i) For nickel alloy steels, welding procedures are considered applicable to the same and
lower strength level as that tested, and the same and lower toughness grades as that
tested.

(f) Rolled austenitic stainless steels and austenitic stainless steel pipes (2079)
Welding procedures are considered applicable to the equivalent and lower strength level
as that tested, and the equivalent and lower level of alloying elements as that tested.
(9) Aluminium alloys (2079)
® Group A: aluminium-magnesium alloys with Mg content = 3.5% (alloy 5754)
@ Group B: aluminium-magnesium alloys with 4% = Mg = 5.6 % (alloys 5059, 5083,
5086, 5383 and 5456)
® Group C: aluminium-magnesium-silicon alloys (alloys 6005A, 6061 and 6082)

(i) For each Group, the qualification made on one alloy qualifies the procedure also for the
other alloys of the same Group with equal or lower specified tensile strength after
welding.

(i) The qualification made on Group B alloy qualifies the procedure also for Group A alloys.

(h) Rolled steel plates for boiler (2079)
Welding procedures are considered applicable to the same and lower strength level as
that tested.

(i) Rolled steel plates for pressure vessel (2079)
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() Welding procedures are considered applicable to the same and lower strength level as
that tested, and the same and lower toughness grades as that tested.

(i) The approval of quenched and tempered steels does not qualify other steels and vice
versa.

(2) Thickness and outer diameter of base metal

(a) The qualification of a WPS carried out on a plate or pipe test assembly of thickness t is valid
for the thickness range given in Table 2.2.13 and Table 2.2.14. (2079)

Table 2.2.13 Qualified thickness range for butt, T-joint and fillet welds (2079)

Range of approval #(mm)?
Thickness of test piece, ¢ — ) . — )
(mm) @ Butt and T-joint welds with single run Butt and T-joint welds with
or single run from both sides multi-run and fillet welds
t <3 0.7t ~ 1.1¢ 0.7¢ ~ 2t
3¢t =12 0.7¢t ~ 1.1¢ 3 ~ 2t
< ~ @® 0.5t ~ 2¢
12 (¢t £ 100 0.7¢ 1.1¢ (max.150)
100 ( ¢ 07t ~ 1.1t ©@ 0.5¢ ~ 2t

Notes :
(1) For multi process procedures, the recorded thickness contribution of each process is to be used as a
basis for the range of approval for the individual welding process.

(2) For the vertical-down welding, the test piece thickness "t" is always taken as the upper limit of the
range of application.

(8) For high heat input processes over 50 kJ/cm, the upper limit of range of approval is to be 1.0 x .

Table 2.2.14 Range of Aluminium alloys qualification for parent material
thickness (2079)

Thickness of the test piece t (mm) Range of approval
t <3 0.5t ~ 2t
3¢t <20 3~ 2t
t) 20 > 0.8t

(b) The thickness t is defined for range of qualification as follows (2079)
(i) Butt welded joint
The thickness t is based on the thinner material.
(i) T-joint with full penetration weld
The thickness t is based on the material with bevelling.
(iii) Fillet welded joint and T—joint with partial penetration weld
The thickness t is based on the both base materials.
(c) In addition to the requirements of Table 2.2.13 and Table 2.2.14, the range of approval of
throat thickness "a" for fillet welds is given in Table 2.2.15. (2079)
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Table 2.2.15 Range of qualifications for the throat thickness of fillet welds (2079)
Kind(a=throat thickness)

Range of approval(mm)

Base material other Single-run 0.75a ~ 1.5a
than Aluminium

alloys Multi=run as for butt welds with multi-run (i.e. a=t)

a {10 0.75a ~ 1.5a
Aluminium alloys”

a > 10 > 75

Note

(1) Where a fillet weld is qualified by means of a butt weld test, the throat thickness
range qualified should be based on the thickness of the deposited weld metal.

(d) The qualification of a WPS carried out on a pipe test assembly is valid for the outer diameter
range given in Table 2.2.16.

Table 2.2.16 Qualified outer diameter range for pipe welds (2079)

Outer diameter D (mm) Qualified range (mm)®
D < 25 05D ~2D
D )25 > 0.5 D (min. 25)
Note
(1) When the test for plate is approved, the welding for the pipes over
500 mm in outer diameter is permitted.

(e) Notwithstanding the above, the approval of maximum thickness of base metal for any techni-
que is to be restricted to the thickness of test assembly if three of the hardness values in

the heat affected zone are found to be within 25 Hv of the maximum permitted, as stated
404. 10 (2) and 405. 7 of the Rules.

(3) Welding positions
(a) Approval for a test made in any position is restricted to that position (see Table 2.2.23-2 and

Table 2.2.23-3 of the Rules). Approval range for aluminium alloys is given in Table 2.2.17.
(2019)

Table 2.2.17 Range of qualifications for aluminium alloys’s welding position (2079)

Test Position in ac\:/}t/LJee!le\r/]vgelgi?ngltlggiition
PA(flat) PA
PC(horizontal) PA, PC
PE(overhead) PA, PC, PE
PF(vertical-up) PA, PC, PF

NOTES:

(1) A qualification position performed on a butt weld will also qualify for fillet welding

within the thickness ranges specified for fillet welds specified in (2) (a) above but
not vice versa.

(b) To qualify a range of positions, test assemblies are to be welded for highest heat input posi—
tion and lowest heat input position and all applicable tests are to be made on those
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assemblies. For plates butt welds with full penetration, the highest heat input position is
normally the vertical upwards position and the lowest heat input position is normally the hor—
izontal position. And for pipes butt welds with full penetration, all positions for pipes are
permitted by the qualified welding procedure with PH-45(inclined upwards). But PG(verti-
cal-down), PJ(downwards) and PJ-45(inclined downwards) are required separate qualification
testing and only be acceptable for that position. (2079)

(c) Fillet weld joints, T-joints with full penetration and T—joints with partial penetration are per—
mitted by the approval of butt welding in accordance with Table 2.2.18. (2079)

Table 2.2.18 Correlation with Fillet joints, T—joints(with full penetration and partial penetration)
welding and butt welding (2079)

Approved positn for butt weiging | A% MEIE B raton
PA(flat) PA(flat), PB(horizontal vertical)
PC(horizontal) PB(horizontal vertical), PC(horizontal)
PE(overhead) PD(horizontal overhead), PE(overhead)
PF(vertical-up) PF(vertical-up)
PG(vertical-down) PG(vertical-down)

(4) Welding process

(a) The approval is only valid for the welding process(es) used in the welding procedure test. It
is not permitted to change from a multi-run to a single run.

(b) For multi-process procedures the welding procedure approval may be carried out with sepa—
rate welding procedure tests for each welding process. It is also possible to make the weld-
ing procedure test as a multi-process procedure test. The approval of such a test is only
valid for the process sequence carried out during the multi-process procedure test.

(5) Welding consumables

(@) Welding consumables cover other approved welding consumables having the same grade
mark including all suffixes specified in Pt 2, Ch 2, Sec 6 of the Rules with the welding con—
sumable tested. For WPQT has high heat input processes over 50 kJ/cm, no change in the
grade mark or brand name of the consumables is permitted. For welding procedure over hull
structural and weldable construction, the approval range of welding consumables is left to
the discretion of the Society. (2077) (2019)

(b) Change in welding consumables specified in Table 2.2.3(Application of welding consumables)
of Pt 2, Ch 2 of the Rules is only permitted. (2077)

(c) Change in shielding gas in accordance with Pt 2, Ch 2, 603. 3 (4) of the Rules is only
permitted. (2017)

(6) Welding condition

(a) Changes in the type of current (AC, DC, pulsed) and polarity require a new welding proce—
dure qualification. (2019)

(b) The lower limit of approval is the preheat temperature applied at the start of the welding
procedure test. The upper limit of approval is the interpass temperature reached in the
welding procedure test. (2079)

(c) The heat treatment used in the qualification test is to be maintained during manufacture.
Holding time may be adjusted as a function of thickness. Addition or deletion of post weld
heat treatment or ageing is not permitted except that artificial ageing for 6000 series alloys
gives approval for prolonged natural ageing. (2079)

(7) Heat input

(@) The upper limit of heat input approved is 25 % greater than that used in welding the test
piece or 55 kJ/cm whichever is smaller, except that the upper limit is 10 % greater than that
for high heat input processes over 50 kJ/cm.
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(b) The lower limit of heat input approved is 25% lower than that used in welding the test
piece.

(8) Type of joint
(a) Range of approval depending on type of welded joints for test assembly is to be specified in
Table 2.2.19.
(b) A qualification test performed on a butt weld will also qualify for fillet welding, T-joints with

full/partial penetration within the thickness ranges specified for fillet welds specified in (2) (a)
above. (2079)

Table 2.2.19 Range of approval for type of welded joint (2079)

Type of welded joint for test assembly Range of approval
} With backing A A C
One side : :
) Without backing B A B, C, D
Butt welding - -
_ With gouging C C
Both side - - w
Without gouging D C, D
NOTES:
(1) For aluminium alloys, range of approval includes “A”

(c) Change of specified type of joint which may significantly affect penetration and fusion etc, of
the weld. However decrease in the groove angle, decrease in the root opening or increase in
root face is to be as deemed appropriate by the Society. [See Guidance]

(9) Others The Validity relating to the welding variables other than previous (1) to (8) may comply
with the requirements of the internationally recognized Code (AWS, ASME, /SO, EN etc.)

3. For changes other than previous 2, the welding procedure qualification test may be dispensed with.
In this case, the welding procedure specification to which the related procedure qualification re—
cord(PQR) is attached is to be requalified.
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Section 5 Welders and Welder Performance Qualification Scheme (2078)

501. General

1.

Each welder intended to engage in the welding work for shipbuilding and repair is to pass the per-
formance qualification tests required according to the applicable welding process, welding position
and kinds of materials to be welded and to have the performance qualification by the Society.

Welders engaged in tack welding are to pass the performance qualification tests and should be
qualified for tack welds in accordance with the requirements in this Section. A welder qualified for
butt or fillet welding can be engaged in tack welding for the welding process and position corre-
sponding to those permitted in his certificate.

Welding operators responsible for setting up and/or adjustment of fully mechanized and automatic
equipment, such as submerged arc welding, gravity welding, electro-gas welding and MAG welding
with auto-carriage, etc., must be qualified whether they operate the equipment or not. However a
welding operator, who solely operates the equipment without responsibility for setting up and/or
adjustment, does not need qualification provided that he has experience of the specific welding
work concerned and the production welds made by the operators are of the required quality.

. The performance qualification test of welder intended to engage in the special material and welding

work not prescribed in this Section are to be at the discretion of the Society.

. The training of welders, control of their qualification and maintenance of their skills are the respon-

sibility of shipyards and manufacturers. The Surveyor is to verify and be satisfied that the welders
are appropriately qualified.

. Welders or welding operators qualified in accordance with national or international welder qualification

standards may also be engaged in welding of hull structures at the discretion of the Society pro-
vided that standard is considered equivalent to this Section from technical perspective covering ex—
amination, testing and range approval. Even if the requirements stipulated in the standards are ap-—
plied, the requirement for revalidation of welders’ qualification shall be in accordance with 504. 2.
And alternative welding standards or codes are to be applied in full, cross—mixing requirements of
standards and codes is not permitted. (2022)

502. Grades, and range of qualification

1. A welder should be qualified in relation to the variables such as base material, welding process,

welding consumables type, type of welded joint, plate thickness and welding position.

2. Welding processes

(1) The welding processes for welder's qualification are to be classified in Table 2.2.20.
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Table 2.2.20 Welding processes for welder's qualification (2079) (2022)

Symbol Welding process in actual welding works"® ISO 4063:2009
M Manual welding Shield Metal Arc Welding(SMAW) 111
G Gas welding Gas Welding(GW) 31

. 131
(1) Metal Inert Gas welding(MIG)
) ) 135(solid wire),
S Semi-automatic welding (2) Metal Active Gas welding(MAG) 138(metal cored
wire)
(3) Flux Cored Arc Welding(FCAW) 136
T TIG welding Gas Tungsten Arc Welding(GTAW) 141
(1) Submerged Arc Welding(SAW) 12
) ) (2) Gravity Welding(GRW) 112
A Automatic welding (3) Electro—gas Welding(EGW) 73
(4) Electro-slag Welding(ESW) 72
NOTES:

(1) Each testing normally qualifies only for one welding process. A change of welding process re-
quires a new qualification test. Welders who have passed qualification tests for semi-automatic
welding or TIG welding may be similarly regard as the welder responsible for setting up and/or
adjusting of the welding process using an auto—carriage in the range of qualification for the qual-
ification they qualified.

(2) It is permitted for a welder to be qualified for two or more welding processes by welding a sin-
gle test piece with multi-process joint and sequence or by two or more separate qualification
tests. The sequence of welding processes can not be changed.

3. Welding consumables

(1) The welding consumable covers qualification of the welder or welding operator for the welding
of all other consumables within base material group classified as specified in b.

(2) For manual welding, qualification tests are required using basic, acid or rutile covered electrodes.

(3) Welding with filler material qualifies for welding without filler material, but not vice versa.

4, Types of welded joint

(1) The types of welded joint for welder's qualification are to be classified as shown in Table 2.2.21
in accordance with the qualification test.

(2) Welders engaged in full/partial penetration T welds are to be qualified for butt welds for the
welding process and the position corresponding to the joints to be welded.

(3) Tack welders engaged in butt welds are to be qualified for fillet welds for the welding process
and the position corresponding to the joints to be welded but not vice versa. (2079)
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Table 2.2.21 Types of welded joint for welder's qualification

Type of welded joint used in th(:e:tast assembly for the qualification Type of welded joint qualified
. ) . SS MB, DS MB,
with Material Backing SS MB SL. ML
Single Sided weld with Gas Backing SS GB SS M8, SS GB, DS M8,
SL, ML
Butt weld with No Backing SS NB S5 MB, S5 NB, SS GB, DS M8, DS NB,
SL, ML
. . SS MB, DS MB
with gouging DS MB ' '
Double Sided SL, ML
weld _ _ SS MB, DS MB, DS NB,
without gouging DS NB SL. ML
Single Layer weld - SL SL
Fillet weld
Multi-Layer weld - ML SL, ML

5. Base materials

(1) Base materials for qualification tests are grouped in Table 2.2.22.
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Table 2.2.22 Base material group for welder’s qualification
B . . e . 1) QUallfled
ase material group used in the test assembly for the qualification test group®
Rolled steels for hull structural A~ FHA40
Rolled steel plates for boiler RSP42 ~ RSP49A
Rolled steel plates for pressure vessel RPV24 ~ RPV50
Rolled steels for low temperature service AL 235A ~ R/ 355
(except nickel alloy)
Round bars for chain RSBC31 ~ RSBC70
Rolled steel bars for boiler RSB 42 ~ RSB 46
High strength steels for welded structures | AH443 ~ FH70
YP47 steel plates EHAT-H
Steel tubes for boilers and heat exchangers | ASTH 12 ~ RSTH 52
Steel pipes for pressure piping RST138 ~ RST 424
Carbon steels™" Steel pipes for low temperature service RLPA ~ RLPC Cs CS
(except nickel alloy)
Carbon steel castings RSCA410 ~ RSC600
Low alloy steel castings RSC 4404 ~ RSC 5504
Steel castings for chains RSCCH0, RSCCT70
Steel castings for low temperature service | RLCA, RLCB
(except ALC2 and RLC3)
Carbon steel forgings RSF400 ~ RSF760(H/ M)
Alloy steel forgings RSF550AM ~ RSF1100AM
Steel forgings for chains RSFCH0, RSFC 70
Steel forgings for low temperature service RLFA ~ RLFC
(except RLF3 and RLFI)
Rolled stainless steels RSTS304 ~ RSTS 347
Stainless steel pipes RSTS304T7P ~ RSTS347TP
) Stainless steel castings RSSC13 ~ RSSC 21
Stainless steels Stainless steel casting for propeller 12CANL 19CATNI STS STS
Stainless steel forgings RSSF304 ~ RSSF347
Duplex stainless steel 531803, $32750
Rolled steels for low temperature service RLIN3B5 ~ RLI9NAS0
(except carbon steels)
Steel pipes for low temperature service RLP2 ~ RLP9
. (except carbon steels)
Nickel alloy Steel castings for low temperature service RLC2, RLC3 NI NI
(except RALCA and RLCB)
Steel forgings for low temperature service RLF3, RLF9
(except RLFA ~ RLFC)
Copper and copper | Copper and copper alloy pipes and tubes 1201 ~ 7150 cu cu
alloy Copper alloy castings cUul ~ Ccua
Aluminium alloys Aluminium alloys 5083 ~ 6082 (P/S) AL AL

NOTES :

(1) Base materials for qualification of welders or welding operators are combined into one group with a
specified minimum yield strength Ren < 460 N/mm? for hull structures.
(2) For welding with materials in different material groups, qualification approval may be carried out with sepa-
rate qualification test for each material.
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6. Thickness and outer diameter of base metal

(1) The welder qualification carried out on a plate or pipe test assembly of thickness T is valid for

the thickness range given in Table 2.2,22-1. The qualified thickness range for tack welders is 3
mm and over. (2079)

Table 2.2.22-1 Qualified thickness range for welder qualification (2020)

Thickness of test assembly, i .
Grades Qualified thickness range, t(mm)
T(mm)
T(3 T<t<2T
Butt/fillet ld of plate,

utt/fillet we o'pae 3<T( 12 3<t<oT

Butt weld of pipe
12 <T 3<t
T(3 T <t < Larger(2T or 3mm)

Fillet weld of pipe
3T 3t

(2) The welder qualification carried out on a pipe test assembly is valid for the outer diameter range
given in Table 2.2.22-2.

Table 2.2.22-2 Qualified outer diameter range for pipe welds

Outer diameter O (mm) of the test piece™? Qualified range d (mm)
D<25 D<d=<2D
25¢D 0.5D < d (Min. 25 mm)
NOTES :

(1) Test assemblies for the pipes with 500 mm and over in diameter may be those for
the plates. However, test assemblies for tack welding of the pipes may be those for
the plates regardless of the outer diameter of the pipe. (2022)

(2) For non-circular hollow sections, D is the dimension of the smaller side.

7. Positions

The positions for qualification test and positions qualified for actual welding work are to comply with
the Table 2.2.23-1.
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Table 2.2.23-1 Welding Positions for Welder Qualification

Welding positions in actual welding workM®
Plates® Pipes(A)
i (12
Test Positions Butt joint Fillet joint Butt joint Fillet joint
PH | PJ PH | PJ
PA| PC| PE| PF| PG| PA| PB| PC| PD| PE| PF | PG| PA | PC | PH | PJ PA | PB [ PD | PH | PJ
-45 | -45 -45| -45
Flat PA | @ ®® ® ® | ®
o Horizontal |PC |®@|® @ ®® ® ® @ ®
% | Overhead [PE |®|®|® @ ®ee® @ ® ®| ®|®
%‘ Vertical-up |PF | ® ® @ ® ® O] ORIO;
Vertical-do bG ® ®
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NOTES:

(1) @ indicates those welding positions for which the welder is qualified.

(2) Test positions are to comply with Table 2.2.23-2 and Table 2.2.23-3.

(3) The welders or welder operators only qualified for pipe over 25 mm in outer diameter are permitted the
welding for plates.

(4) The welders or welder operators qualified for plates are only permitted the welding for pipe over 500
mm in outer diameter. However, the tack welders qualified for plates are permitted the tack welding
for pipes regardless of the outer diameter of the pipe. (2022)
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Table 2.2.23-2 Welding position of plates

Description of welding position
Welding position
Butt welds Fillet welds
Flat PA
Horizontal vertical PB
Horizontal PC
Horizontal overhead PD
Overhead PE
Vertical up PF
Vertical down PG tr"
i
¢
d_, = -
Upwards PH - -
Downwards PJ - -
Inclined upwards PH-45 - -
Inclined downwards PJ-45 - -
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Table 2.2.23-3 Welding position of pipes

Welding position

Description of welding position

Butt welds

Fillet welds

P

e TN
)\ N

e

pipe fixed

N

pipe fixed

Flat PA __;.—— ' [ 15
/._ =
pipe rotating
Horizontal vertical PB -
pipe fixed or rotating pipe rotating
Horizontal PC -
pipe fixed or rotating
Horizontal overhead PD - =
©
pipe fixed or rotating
Overhead PE - -
Vertical up PF - -
Vertical down PG - -
N\ Q\’- ﬁ" 15°
Upwards PH =\ /] /
) __ S
pipe fixed
Downwards PJ
Inclined upwards PH-45 \/
pipe fixed
..
Inclined downwards PJ-45
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503. Testing procedure

1. General

(1) The test assemblies are not to be changed their up-and-down or right-and-left position

throughout the welding operation.

(2) The test assemblies are not to be subjected to peening or heat treatment throughout the period

before, during and after the welding.

(3) The backing strips of the test assemblies may be used steel plates, copper plate, ceramic, sim—
ilar materials to obtain the enough penetration or backing gas used for WPS or pWPS.
(4) Welding of the test assemblies and testing of test specimens should be witnessed by the

Surveyor.
2. Test assemblies

(1) Test assemblies for butt welds and for fillet welds are to be prepared as shown in Fig 2.2.13 to

Fig 2.2.20 in each qualification test.

(2) Materials used for tests are to be those specified in 502. 5 or those which are considered

equivalent by the Society.

||
About 25 Discard

Face bend test specimen 30

Discard

Root bend test specimen 30

Face bend test specimen 30

Discard

Root bend test specimen 30

About 25 Discard

Min. 200
| || 1+
(Unit: mm)

Fig 2.2.13 Dimensions and types of test
assembly for butt welds (2023)

About 25] ]

1 Longitudinal
face bend
test specimen

bout

-
— —— c— —
B

| Longitudinal
root bend
test specimen

————— Py

| Se——

About 25]

].— About 250 ———
]

[ A Y4 1

.
t (Nominal)

(Unit : mm)

Fig 2.2.15 Dimensions and types of test assembly

for butt welds(For 9%nickel alloys)
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Discard Min. 200

||
Discard
About 25
Side bend test specimen e I
Discard
-
Side bend test specimen = I
Discard Min. 200
=
Side bend test specimen =3 I
Discard
Side bend test specimen EI
About 25
Discard
|
Min. 200
| ¥ 1
(Unit: mm)

Fig 2.2.14 Dimensions and types of test assembly
for butt welds(T=12mm)

About 20
About 30 l
About 30:I: . About 200

About 100
About 30 .
About 20
About 200
-~ 60"
3-6—w
[ Y/ ] 1about 10
| ] _4~6
75 f
(Unit : mm)

Fig 2.2.16 Dimensions and types of test assembly

for tack butt welds
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Z=ay7 Leg length < 6mm
Z About 10
8 For Tz6mm, D.5T< a<0.5T + 3mm
B For T<6mm, 0.5T=asT About 20
s Aot 100 ¥
Fracture tast E
specimen E / /.N:IDUI 30
.Emm«m-mmunmumm Abom 100
/ About 20 About 30
S / /
-------------------------- A S About 200
¥ 5 /' z About 30
Min, 100 (Unit mm) A 10
t About 100 (Unit: mm)

Fig 2.2.17 Dimensions and types of test assembly  Fig 2.2.18 Dimensions and types of test assembly
for fillet welds for tack fillet welds

(Unit : mm)

/3125

1.3 : root/side bend test

or root fracture test specimen t ¢ thickness of thinner plate

for t=6mm. a<0.5t
for t<6mm, 0.5<a<0.5t
or face fracture test specimen (z=0.7t)

D : diameter of pipe 2.4 : face/side bend test

t : thickness of pipe

Fig 2.2.19 Dimensions and types of test assembly  Fig 2.2.20 Dimensions and types of test assembly
for pipe butt welds for pipe fillet welds

(3) The dimensions and types of welded joint are to be in accordance with WPS or pWPS.

(4) Welding consumables used in qualification tests should be type approved one or those which are
considered equivalent by the Society.

(5) For other than fully mechanized and automatic welding, root run and capping run need each to
have a minimum of one stop and restart. The welders are allowed to remove minor im-
perfections only in the stop by grinding before restart welding. 2079)

(6) Test assembly for automatic welding is to comply with 404. 3 and 405. 3. For butt welded
joints, the width of test assembly is not to be less than 300 mm and the length not to be less
than 400 mm. For fillet welded joints, the width of test assembly is not to be less than 150 mm
and the length not to be less than 400 mm.

(7) Test assemblies used in the qualification test of gas welding are to be of without backing, and
gas welding rods are to be those for mild steel complying with a kS 07005 (Gas welding rods
for mild steel) or EN 72536 or those considered appropriate by the Society.

3. Examination and test
(1) Examination and test are as specified in Table 2.2.24.
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Table 2.2.24 Examination and test for Welder Qualification (2022)

Kinds Examination and test®
Butt welds Visual inspection, Bend testM@®@
Fillet welds Visual inspection, Fracture test®
Tack welds Visual inspection, Fracture test

NOTES
(1) Radiographic test or fracture test may be carried out in lieu of bend test except the
welding processes in the Table below.

Material Welding process(see Table 2.2.20)
Carbon steels, Stainless 131, 135, 138, 311(Oxyacetylene
steels welding)

Nickel alloys 131, 135

Aluminium alloys 131

Copper and copper alloy All welding processes

And the radiographic test may be replaced by ultrasonic test for thickness 8 mm or
above on ferritic steels(e.g. carbon steel, etc.) only.

(2) For 9%nickel alloy in plates, longitudinal bend test specimens may be used as shown
in Fig 2.2.11.

(3) For nickel alloy in tubes, radiographic tests or fracture test mayh be carried out in lieu
of bend test notwithstanding (1) above.

(4) For pipe with outer diameters D < 25 mm, the bend or fracture tests may be replaced
by a notched tensile test of the complete test assemblies as shown in Fig 2.2.21.

(5) Two macro sections may be taken in lieu of the fracture test.

(6) Additional tests may be required, at the discretion of the Society. [See Guidance)

— (Unit: mm)

e ) e 7 et I

(Note)
1. The size of is as follows:
(1) t>1.8mm : d=4.5mm
(2) t {1.8mm : d=3.5mm
d. diameter of the hole in weld
(Holes are not allowed in start and stop areas)
2. Notch profiles s and g are also permitted in circumferential direction
according to /SO 9017

Fig 2.2.21 Notch tensile test for pipe assemblies outer diameter D <25 mm

(2) Visual examination
(a) The welds should be visually examined prior to the cutting of the test specimen for the bend
test.
(b) The result of the examination is to show the absence of cracks or other serious
imperfections. Imperfections detected are to be assessed in accordance with quality level B
in (KS B) ISO 5817:2014(ISO 10042:2018, class B for aluminium alloys), except for im-
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perfection type such as excess weld metal, excess penetration, excessive convexity and ex—
cessive throat thickness for which level C applies. (2022) (2023)
(3) Bend test

(a) Two face bend test and two root bend test specimens are to be tested for initial qualification
test. For thickness 12 mm and over, four side specimens with 10 mm in thickness may be
tested as an alternative.

(b) One face and one root bend test specimens for maintenance of approval. For thickness 12
mm and over, two side specimens with 10 mm in thickness may be tested as an alternative.

(c) At least one bend test specimen is to be included one stop and restart in the bending part,
for root run or for cap run.

(d) Bend test specimens are to be of size and dimensions given in Table 2.2.2 according to the
kind of test assemblies.

(e) The mandrel diameter to thickness ratio (i.e. D/t) is to be that specified in each article of Pt
2, Ch 2, Sec 6 of the Rules +1 except for aluminium alloy for which requirements in Table
2.2.65 of Pt 2, Ch 2, 608 of the Rules applies.

(f) The test specimens are to be bent through 180 degrees. After the test, the test specimens
should not reveal any open defects in any direction greater than 3mm. Defects appearing at
the corners of a test specimen during testing should be investigated case by case.

[See Guidance]

(g) For roller bend test of gas welding, the radii of the plunger of the jig and support roller are

to be 10 mm, and the roller spans to be 53 mm.
(4) Non—destructive testing

(@) When radiographic testing or ultrasonic testing is used in lieu of bend test, imperfections de-
tected are to be assessed in accordance with (KS B) ISO 5817:2014, level B(ISO 10042:2018,
class B for aluminium alloys). (2022) (2023)

(b) Where deemed the excess of the amount of heat input by visual inspection after welding,
bend tests other than radiographic testing may be required additionally.

(5) Fracture test

(@) When fracture test is used for butt welds, full test specimen in length is to be tested in ac—
cordance with 1SO 9017:2017 and 1SO 9606-1:2012, 9606-2/3/4. Imperfections detected are
to be assessed in accordance with (KS B) ISO 5817:2014, level B(ISO 10042:2018, class B
for aluminium alloys). (2022) (2023)

(b) The fracture test of fillet welds is to be carried out in accordance with the requirements
specified in Pt 2, Ch 2, 405. 8 of the Rules. Evaluation should concentrate on cracks, poros—
ity and pores, inclusions, lack of fusion and incomplete penetration. Imperfections that are
detected should be assessed in accordance with (KS B) I1SO 5817:2014, level B(ISO
10042:2018, class B for aluminium alloys). (2022)

(6) Macro examination

When macro examination is used for fillet welds, examination procedures and acceptance criteria

are to be as follows:;

(@) Two test specimens are to be prepared from different cutting positions; at least one macro
examination specimen is to be cut at the position of one stop and restart in either root run
or cap run.

(b) The test specimens are to be prepared and etched on one side to clearly reveal the weld
metal, fusion line, root penetration and the heat affected zone.

(c) Macro sections should include about 10mm of unaffected base metal.

(d) The examination is to reveal a regular weld profile, through fusion between adjacent layers of
weld and base metal, sufficient root penetration and the absence of defects such as cracks,
lack of fusion etc.

4, Retest

(1) When a welder fails a qualification test, the following should apply.

(@) In cases where the welder fails to meet the requirements in part of the tests, a retest may
be welded immediately, consisting of another test assembly of each type of welded joint and
position that the welder failed. In this case, the test is to be done for duplicate test speci—
mens of each failed test. All retest specimens are fully comply with all of the specified
requirements.

(b) In cases where the welder fails to meet the requirements in all parts of the required tests
or in the retest prescribed in (a) above, the welder should undertake further training and
practice.

ZZ» Rules for the Classification of Steel Ships 2024 179



Pt2 Materials and Welding
Ch2 Welding Pt2, Ch2

(c) When there is specific reason to question the welder's ability or the period of effectiveness
has lapsed, the welder is to be re—qualified, not retested.
(2) Where any test specimen does not comply with dimensional specifications due to poor machin—
ing, a replacement test assembly should be welded and tested.

5. Certification

(1) Qualification certificates are normally issued to shipbuilder or manufacturer when the welder has
passed the qualification test in accordance with the Society’s Rules. Each Shipyard and
Manufacturer is to be responsible for the control of the validity of the certificate and the range
of the approval. (2022)

(2) The following items should be specified in the certificate:

(@) Range of qualification for materials, welding processes, filler metal type, types of welded
joint, plate thicknesses and welding positions;

(b) Expiry date of the validity of the qualification;

(c) Name, date of birth, identification and the photograph of the welder;

(d) Name of shipbuilder / manufacturer.

(3) When a certificate is issued, the relative documents such as test reports and/or re-validation re-
cords are to be archived as annexes to the copy of certificate.

504. General requirements for qualification validity

1. Initial approval

(1) Normally the validity of the welder's approval begins from the issue date of qualification certifi-
cate when all the required tests are satisfactorily completed.

(2) Where welder has not engaged in a particular process and equipment for a period exceeding six
months, his qualification is automatically withdrawn. All the following conditions are fulfilled for
maintaining welder's qualification. If any of these conditions are not fulfilled, the Society is to be
informed and the certificate is to be cancelled.

(a) The welder should be engaged with reasonable continuity on welding work within the current
range of approval. The welder's work should in general be in accordance with the technical
conditions under which the approval test is carried out.

(b) The qualification validity of welder is to be confirmed at six-month intervals by the ship—
yards/manufacturers responsible for weld quality. After this confirmation, the certificate is to
be signed by the shipyards/manufacturers.

(c) The status of approvals of each individual qualification is to be demonstrated to the Society
when requested.

(d) There shall be no specific reason to question the welder's skill and knowledge.

(3) Where welder has failed to meet the requirements of the Society in welding work as follows,
his qualification is to be suspended.

(@) When welder quits his job from the company where he had employed and certified.

(b) Where there is some specific reason to question a qualified welder's ability.

(4) The effectiveness of qualification of welder who has switched his job specified in (3) (a) above
may be considered as remaining, provided that the all followings are satisfied. For remaining, the
certificate may be issued to last shipyards/manufacturers.

(@) It is to be proved that the welders have kept performance qualification at previous company.

(b) It is to be proved that welding condition is similar to those of previous company, and the
welders carried out qualified work with acceptance welding performance.

(c) It is to be proved that welders had worked with a particular process and equipment for a
period exceeding six months before quitting.

2. Maintenance of the approval

(1) Revalidation is to be carried out by the Society. The skill of the welder is to be periodically veri-
fied by one of the following (A) ~ (C) options. The chosen maintenance option scheme of qual-
ification is in accordance with (A) or (B) or (C) shall be stated on the certificate at the time of
issue: (2022)

(A) The welder is to be re—tested every 3 years. The welder is to be performed the test for re—
validation within 6 months before the expiration date of qualification. These tests revalidate
the welder's qualifications for an additional 3 years. (2022)

(B) Every 2 vears, two welds made during the last 6 months of the 2 years validity period are
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to be tested by radiographic or ultrasonic testing or destructive testing and shall be recorded.

The weld tested shall reproduce the initial test conditions except for the thickness and the

outer diameter. These tests revalidate the welder's qualifications for an additional 2 years.

A welder’s qualification for any certificate shall be valid as long as it is signed according to

1. (2) above subject that all the following conditions are fulfilled. In this option, the fulfiiment

of all the conditions is to be verified by the Society. The frequency of verification by the

Society is to be no longer than 3 years and is to be agreed between the Society and the

shipyards/manufacturers. This can be replaced by a method recognized by the Society.

(2020) (2022) [See Guidancel

(a) The welder is working for the same shipyard/manufacturer which is responsible for pro-
duction weld quality as indicated on his or her qualification certificate.

(b) The Society shall verify that the welder quality management system of the ship-
yard/manufacturer includes as minimum:

(i) A designated person responsible for the coordination of the welder quality manage—
ment system.

(i) List of welders and welding supervisors in shipyard/manufacturer

(iii) If applicable, list of subcontracted welders

(iv) Qualification certificate of welders and description of the associated management
system

(v) Training requirements for welder qualification programme

(vi) Identification system for welders and WPS used on welds

(vii) Procedure describing the system in place to monitor each welder performance
based on results of welds examination records(e.g. repair rate, etc.) including the cri-
teria permitting the maintenance of the welder qualification without retesting.

(c) The shipyards/manufacturers have to document at least once a year that the welder has
produced acceptable welds in accordance with construction quality standards and
Society’s requirements in the welding positions, type of welds and backing conditions
covered by its certificate. Which documents are required and how to document the evi-
dences should be in agreement between the Society and the shipyards/manufacturers.

If, despite the preceding (A) ~ (C), you have completed the revalidation of the qualification

within one month after the expiration date of qualification, you may be deemed to have

maintained the approval for the period from the expiration date to the completion of the
revalidation. When the revalidation is completed, the validity of the qualifications is to be as

given in (A) ~ (C).

(2) The welder has to be verified compliance with the conditions of (1) above and the maintenance
of the welder's qualification certificate is to be signed by the Surveyor.

(3) Welders who are not engaged in plates(including steel castings and forgings) welding for hull
structural may omit the revalidation of qualifications. At this time, the manufacturer(shipbuilder) is
to distinguish between the welders engaged in hull structural plate(including steel castings and
forgings) welding and the other welders. (2019) (2023)
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Section 6 Welding Consumables

601. General

1.

3.

4,

6.

182

Application

(1) The covered electrodes for manual welding and gravity welding, wire/flux combinations for two
run or multirun submerged arc welding, solid wire/gas combinations for arc welding, flux cored
wires with or without gas for arc welding and consumables for use in electroslag and electrogas
vertical welding specified in the Rules are to be approved by the Society in accordance with the
requirements in this Section.

(2) The welding consumables which are used in welding processes differing from those specified in
(1) or where it is considered impracticable to apply the requirements in this Section are to be of
the type approved by the Society.

(3) The approval test for welding consumables which are not covered by this Section is to be left to
the discretion of the Society. [See Guidance]

Process of manufacture

The approved welding consumables are to be manufactured of uniform quality, under the manu-
facturer's responsibility, by the process approved by the Society, at works approved by the Society.

Test assemblies

(1) The test assemblies are to be prepared under the supervision of the Surveyor, and all tests are
to be carried out in his presence.

(2) When a welded joint is performed, the edges of the plates are to be bevelled either by me-
chanical machining or by oxygen cutting; in the later case, a descaling of the bevelled edges is
necessary.

(3) The welding conditions used such as amperage, voltage, travel speed, etc are to be within the
range recommended by the manufacturer for normal good welding practice. Where a filler mate-
rial is stated to be suitable for both alternating current (AC) and direct current (DC), AC is to be
used for the preparation of the test assemblies.

Approval test

(1) The approved welding consumables are subject to the approval tests and inspections specified in
602. to 609. in this Section.

(2) Welding consumables are to be approved at each manufacturing plant and for each brand.
However, where are specified in (a) and/or (b) below, a reduced test programme at least equiv—-
alent to annual tests is permitted if the manufacturer can certify that the materials used and the
fabrication process are identical with those used in the main works. However, should there be
any doubt, complete test—series may be required.

(@) Where welding consumables which have been approved are intended to manufacture at man—
ufacturing plants other than those of the manufacturers who manufacture the said welding
consumables.

(b) Where welding consumables which have been approved are intended to manufacture ac-
cording to technical licensing agreements with those parties who manufacture the said weld-
ing consumables.

(3) Wire flux combination for submerged arc welding. If a unique powder flux is combined with dif-
ferent wires coming from several factories belonging to the same firm, it may be admitted to
perform only one test-series if the different wires are conformable to the same technical speci—
fication, after approval of the Society.

(4) Where deemed necessary by the Society, tests other than those specified in this Section may
be required.

. Periodical inspection

The manufacturer of welding materials is annually to be subjected to the periodical inspection in the
presence of Surveyor for each brands of the welding materials at each manufacturing plant. (2024)
Alterations to approved consumables

(1) In case when the particulars of the welding materials which being mentioned in the certificate of
approval, such as grade, welding position, maximum diameter of welding materials or shield gas,
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are changed, the manufacturer is to submit a copy of application form for change to the Society,
and necessary additional approval tests are to be carried out accordingly.

(2) When the significant changes in compositions or manufacturing process of the wire and flux or
removal of manufacturing plant is made, the manufacturer is to submit a single copy of notifica—
tion of alternation in any preferred form to the Society, and necessary confirmation survey and
test may be carried out accordingly.

(3) Upgrading and uprating of welding consumables will be considered only at manufacturer's re-
quest, preferably at the time of annual testing. Generally, for upgrading of the strength or
toughness, tests from butt weld assemblies will be required in addition to the normal annual ap-
proval tests. Generally, for uprating of hydrogen, hydrogen test will be required in addition to the
normal annual approval tests. (2077)

7. Retests

(1) Tensile test and bend test

(@) Where the tensile test and bend test fail to meet the requirements, twice as many test
specimens as the number of specimens of failed test are to be selected from the first test
material or from a test material welded under the same welding conditions, and if all of test
specimens pass the tests, then the tests are considered to be successful.

(b) Where insufficient original welded assembly is available, a new assembly is to be prepared
using welding consumables from the same batch.

(c) If the new assembly is made with the same procedure (particularly the number of runs) as
the original assembly, only the duplicate re—test specimens needs to be prepared and tested.
Otherwise, all test specimens should be prepared as for re-testing.

(2) Impact test

(@) Where the result of the impact test is unsatisfactory, additional tests may be carried out,
with the exception of the cases specified in (i) and (i) below, by taking a set of test speci—
mens out of the same test material from which the above-mentioned test specimens have
been taken.

() The absorbed energy of all test specimens is under the required average absorbed
energy.

(i) The absorbed energy of two of the test specimens is under 70 % the required average
absorbed energy.

(b) In case of the previous (a), the test specimens may be accepted, provided that the average
absorbed energy of the six test specimens, including those which have been rejected as un-—
satisfactory, is not less than the required average absorbed energy, and that not more than
two individual results are lower than the required average absorb energy and of these, not
more than one result is below 70 % of the required average absorbed energy.

(3) Where the retest fails to meet the requirements, the test may be made over again with
changed welding conditions. In this case, if the whole tests specified for the test assembly are
carried out and are in compliance with the requirements, the test is accepted as successful.

8. Revocation of approval

In the following cases, the approval of welding consumables by the Society shall be revoked, after
notice is given to the manufacturer:

(1) When the Society has recognized that the quality is remarkably worse than that approved or is
not uniform.

(2) When the welding consumables have failed the requirements in the annual inspections.

(3) When the welding consumables are not inspected annually as required by the Rules.

9. Data

The Society may require the submission of the data with respect to the properties of welding con-
sumables if necessary.

10. Packings and markings

(1) The approved welding consumables are to be packed throughly to keep the quality during their
transportation and storage.

(2) Al packages of approved welding consumables are to clearly marked with the following
descriptions. (2019)
(a) Brand
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(b) Specification and classification

(c) Name of manufacturer and supplier

(d) Number(lot, control or heat number) of production (2024)
(e) Special notices on the treatment

602. Electrodes for manual arc welding for normal strength steels, higher strength steels and
steels for low temperature service

1. Application

(1) Electrodes for manual arc welding for normal strength steels, higther strength steels and steels
for low temperature service given in the following (a) and (b) (hereinafter referred to as
"electrodes”) are to be subjected to the approval test and annual inspections in accordance with
the requirements in 602..

(a) Electrodes for manual welding
(i) For butt welds
(i) For fillet welds
(i) For both butt welds and fillet welds
(b) Electrodes used in gravity welding or similar set-ups
(i) For fillet welds
(i) For both butt welds and fillet welds

(2) Any requirements regarding one side welding without backing are left to the discretion of the

Society. [See Guidance]

2. Grades and marks of electrode
(1) Electrodes are classified as specified in Table 2.2.25.

Table 2.2.25 Grades and Marks (2077) (2021)

For steel for low
temperature service

For normal

strength steel For higher strength steel

2Y,3Y, 4Y, 5Y,

.23 2YA0. 3Y40, 4 Y40, 5Y40, 3 Y47

L1, L2, L3, L5, L9

(2) For low hydrogen electrodes which have passed the hydrogen test specified in Par 6, the suf-
fixes given in Table 2.2.32 are to be added to the grade marks of the said electrodes. (e.g. 2V

Hb)
3. General provisions for tests

(1) Kinds of test, number, thickness and dimension of test assemblies, diameter of electrodes used
for welding, welding positions, grades and number of test specimens to be taken from each test
assembly for electrodes given in Par 1 (1) (a) (i) and (i) are to be as given in Table 2.2.26.
However, where deemed necessary by the Society, hot cracking tests may be required by the
Society in addition to tests specified in this Table. [See Guidance)

(2) Kinds of test, number, thickness and dimension of test assemblies, diameter of electrodes used
for welding and welding positions, together with grades and number of test specimens to be
taken from each test assembly for electrodes given in Par 1 (1) (a) (i), are to be as given in
Table 2.2.27.

(3) Tests for electrodes given in Par 1 (1) (b) are to be in accordance with the requirements in the
following (a) and (b):

(a) For electrodes given in Par 1 (1) (b) (i), tests given in Table 2.2.27 specified in the preceding
(2) are to be conducted.

(b) For electrodes given in Par 1 (1) (b) (i), tests specified in the preceding (a) and butt weld
test given in Table 2.2.27 specified in the preceding (1) are to be conducted.
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Table 2.2.26 Kinds of Test for Electrode

Test assembly

Kind and No. of test

Kind of i i )
nd o Welding ) No. of | Dimensions Thickness| specimens taken from test
test . Diameter of electrode (mm) test of test bl
position . (mm) assembly
assemblies| assembly
. 1) . .
Deposited 4 1 . Tensile test specimen : 1
Flat Fig 2.2.22 20 :
metal test @ max. diameter 10 9 Impact test specimen @ 3
First run. 4;
Subsequent runs:5 or over; 1
Last two runs. max. dia.
Flat
First run. 4;
Second run,5 or 6; 1@
Subseguent runs. max. dia. ) _
Tensile test specimen : 1
Butt weld | Horizontal | First run. 4 or 5 . Face bend specimen : 1
1 Fig 2.2.24 | 15~20
test @ Subsequent runs, 5 9 Root bend specimen : 1
Vertical | First run. 3.2; Impact test specimen : 3

upward | Subsequent runs. 4 or 5

Vertical @)
downward

First run. 3.2;
1
Overhead Subsequent runs. 4 or 5

Macro structure test
Fillet weld ) One side; max. dia. specimen : 3®
Horizontal : ) ) 1 Fig 2.2.25 20 .
test® The other side: min. dia. 9 Hardness test specimen : 3®
Fracture test specimen : 2

Hydrogen

test? Flat 4 4 © 12 Hydrogen test specimen : 1

NOTES:

(1) Where the diameter of the manufactured electrodes is of one type, there is to be one test assembly. If 4
mm is the largest size, two test assemblies including 4 mm and other largest size are required. (2079)

(2) Where the tests are conducted solely in the downhand position, this test assembly has been added.

(3) Electrodes with diameters specified by the manufacturers are to be used.

(4) For electrodes which have passed butt weld tests in the downhand and vertical upward positions, test in the
horizontal position may be omitted subject to approval by the Society.

(5) Impact tests are not to conduct for overhead welds.

(6) This test is added solely for electrodes used in both butt welds and fillet welds.

(7) This test is to conduct solely for low hydrogen electrodes.

(8) Test specimens used in macro structure test and hardness tests are considered to be the same.

(9) Dimensions of test assembly are to be as specified in 602. 6.

(4) Where electrodes are intended to be used for both items specified in Par 1 (1) (a) and (b), ap-
proval tests required for each electrode are to be conducted. However, deposited metal tests
may be omitted for electrodes given in Par 1 (1) (b).

(5) Steel plates to be used in preparation of test assemblies are to be as given in Table 2.2.28 ac-
cording to the grades of electrode.

(6) The welding conditions used such as amperage, voltage, travel speed, etc. are to be within the
range recommended by the manufacturer for normal good welding practice. Where a filler metal
is stated to be suitable for both alternating current (AC) and direct current (DC), AC is to be
used for the preparation of the test assemblies.

(7) For the approval of electrodes, the tests specified in the preceding (1) to (4) are to be con-
ducted for each brand of electrodes.

(8) After welding, the test assemblies are not to be subjected to any heat treatment.
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Table 2.2.27 Kinds of Test for Electrode

Test assembly
Kind of . Diameter of Dimensions ‘ Kind and No. of test specimens taken
test Welld‘mg electrode No. of tgst of test Thickness from test assembly
position assemblies (mm)
(mm) assembly
4 1
) . . -
Deposited Flat — Fig 2.2.22 20 Tensile test spec.lmen .
metal test : 1 Impact test specimen @ 3
diameter
Flat 1
Horizontal- 1
vertical One side;
. . max. dia. Macro structure test specimen : 3"
Fillet Vertical . . o)
The other 1 Fig 2.2.25 20 Hardness test specimen @ 3
weld test | upward o . .
side; min. Fracture test specimen : 2
Vertical dia. 1
downward
Overhead 1
Hyd )
¥ rog)en Flat 4 4 ® 12 Hydrogen test specimen : 1
test
NOTES:
(1) Test specimens used in macro tests and hardness tests are considered to be the same.
(2) This test is to conduct solely for low hydrogen electrodes.
(3) Dimensions of test assembly are to be as specified in 602. 2. 6.
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Table 2.2.28 Grade of Steels used for Test Assembly (2077) (2021)

Grade of electrode Grade of steels used for test assembly™®
1 A
2 A BorD
3 A B D or E
2Y AH 32, AH 36, DH 32 or DH 36
3Y AH 32, AH 36, DH 32, DH 36, EH 32 or EH 36
4y AH 32, AH 36, DH32, DH36, FH32, EH36, FH32 or FH 36
5Y AH 32, AH 36, DH32, DH36, FH32, EH36, FH32 or FH 36
2 Y40 AH 40 or DH 40
3Y40 AH 40, DH 40 or £H 40
4YA0 AH 40, DH 40, EH 40 or FH 40
5Y40 AH 40, DH 40, EH 40 or FH 40
3Y47 EHA47-H
L Eor RL 24A
L2 E, RL 235A, RL 2358, Rl 325A or AL 3258
L3 RL 325A, Rl 3258 or RL 355
L 51 AL 5N390
L 91 RL 9N490
NOTES:

(1) Notwithstanding the requirements in this Table normal strength or higher strength
steel may be used for the deposited metal test assembly. In this case, test assem-—
blies of grade L 91 are to be appropriately buttered.

(2) The tensile strength of higher strength steels AH 32, DH32 EH 32, and FH 32 used
in butt weld test assemblies is to be greater than 490 N/mm?.

(9) It is recommended that the welded assemblies be subjected to a radiographic examination to
ascertain that there are any defects in the weld prior to the preparation of test specimens.

4. Deposited metal test

(1) Welding of deposited metal test assemblies

(a) Test assembly as shown in Fig 2.2.22 is to be welded in the downhand position according to
the normal practice.

(b) The weld metal is to be deposited in single or multi-run layers according to normal practice,
and the direction of each run is to alternate from each end of the plate, each run of weld
metal being not less than 2 mm but not more than 4 mm thick.

(c) After each run, the test assembly is to be left in still air until it has cooled to less than 25
0C but not below 100C, the temperature being taken at the centre of the weld on the
surface of seam.
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Fig 2.2.22 Deposited Metal Test Assembly for Electrode for Manual Arc Welding (unit : mm)

(2) Chemical analysis
The chemical analysis of the deposited weld metal in each test assembly is to be supplied by
the manufacturer and is to include the content of all significant alloying element.

(3) Deposited metal tensile test

(a) The tensile test specimen, one from each test assembly, is to be machined to dimensions
R14A test specimen as shown in Table 2.2.1, care being taken that the longitudinal axis co-
incides with the centre of weld and the mid-thickness of plates.

(b) The tensile test specimen may be subjected to a temperature not exceeding 250 °C for a
period not exceeding 16 hAours for hydrogen removal prior to testing.

(c) The tensile strength, yield strength and elongation of each test specimen are to comply with
the requirements given in Table 2.2.29, where the upper limit of tensile strength is ex-
ceeded, special consideration will be given to the approval of the electrode, taking into con-
sideration of the other mechanical properties shown in the test results and the chemical
composition of deposited metal.

(4) Deposited metal impact tests

(@) One set of three impact test specimens, from each test assembly, are to be machined to
dimensions charphy V-notch impact test specimen as shown in Table 2.1.3. The test speci—
men is to be cut with its longitudinal axis transverse to the direction of welding, and the
test specimen is to coincide with the mid-thickness of the plate shown in Fig 2.2.23.

(b) The notch is to be positioned in the centre of weld and is to be cut in the face of test
specimens perpendicular to the surface of plate.

center line of weld
|

Fig 2.2.23 Position of Butt Weld Impact Test Specimen
(Unit : mm, t : plate thickness)

(c) Test temperature and average absorbed energy are to comply with the requirements given in
Table 2.2.29.
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Table 2.2.29 Tensile and impact Test Requirements for Deposited Metal (2077) (2021)

T il ) Impact test
Grade of st’ra::lteh Yield strength | Elongation
electrode 92 (N/mm?) (%) Test Average absorbed
(N/mm?) temp. () energy(J)
1 20
2 400 ~ 560 305 min. 22 min. 0
3 -20
2Y 0
3Y -20
490 ~ 660 375 min. 22 min.
ay -40 47 min.
5Y -60
2 Y40 0
3Y40 -20
510 ~ 690 400 min. 22 min.
4Y40 =40
5 Y40 -60
3Ya7 570 ~ 720 460 min. 19 min. -20 64 min.
L1 400 ~ 560 305 min. 22 min. -40
L2 440 ~ 610 345 min. 22 min. -60 34 min.
L3 490 ~ 660 375 min. 21 min. -60
L 51 530 min. 375 min.® 25 min. -120 27 min.
L9 590 min. 375 min."” 25 min. -196 27 min.
NOTE:
(1) 0.2% Yield strength

(d) When the absorbed energy of two or more test specimens among a set of test specimens
is less in value than the specified average absorbed energy or when the absorbed energy of
a single test specimen is less in value than 70 % of the specified average absorbed energy,

the test is considered to have failed.

5. Butt weld test

(1) Welding of butt weld test assemblies

(a) Test assembly as shown in Fig 2.2.24 is to be welded in each welding position (flat, horizon—

tal-vertical, vertical-upward, vertical downward and overhead) which is recommended by the

manufacturer, according to the normal practice.

(b) Test assembly is to be left in still air until it has cooled to less than 250TC but not below
100C, the temperature being taken at the centre of the weld on the surface of seam.
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Fig 2.2.24 Butt weld Test Assembly for Electrode for Manual Arc Welding (Unit: mm)

(c) In all cases, the back sealing runs are to be made with 4 mm electrode in the welding posi—
tion appropriate to each test assembly, after cutting out the root run to clean metal. For
electrodes suitable for downhand welding only, the test assemblies may be turned over to
carry out the back sealing run.

(2) Butt weld tensile tests

(@) The tensile test specimen is to be A2A specimen shown in Table 2.2.1 and the test speci-
men is to be taken from each test assembly.

(b) The surface of weld is to be machined flush with the surface of plate.

() The tensile strength of test specimen is to comply with the requirements given in Table
2.2.30.

Q) Butt weld bend test

(a) The face and root bend test specimens are to be AB4 specimen shown in Table 2.2.2, and
test specimens are to be taken from each test assembly. However, for /91, the face and
root bend specimens are to be A8 1 specimen shown in Table 2.2.2, and test specimens are
to be taken longitudinally from each test assembly.

(b) The upper and lower surfaces of the weld are to be filed, ground or machined flush with the
Surface of the plate and the sharp corners of the specimens rounded to a radius not ex—
ceeding 2 mm.

(c) The test specimens are to be capable of withstanding, without crack exceeding 3 mm long
on the outer surface of other defects, being bent through an angle of 120 degrees over a
former having a radius of 1.5 times(2times for 3Y47) the thickness of test specimen. The
radius and angle of the former for £ 91, however, are to be 2 times the thickness of the
specimen and 180 degrees respectively.
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Table 2.2.30 Tensile and impact Test Requirements for butt weld (2077) (20271)

Impact test
Tensil
Grade of ensiie Average absorbed energy (J)
electrode strength Test temp. : -
(N/mm?) “c) Flat, Horizontal, Vertical upward
Overhead Vertical downward
1 20
2 400 min. 0
3 -20
2y 0 34 min.
3Y -20
490 min.
a4y -40 47 min.
5Y -60
2Y40 0
3Y40 -20
510 min. 39 min.
4Y40 -40
5Y40 -60
3Ya7 570 min. -20 64 min. 64 min.
L1 400 min. -40
L2 440 min. -60
L3 490 min. -60 27 min. 27 min.
L 51 530 min. -120
L 9 630 min. -196

(4) Butt weld impact tests

(@) One set of three impact test specimens, from each test assembly, are to be machined to
dimensions charphy V-notch impact test specimens as shown in Table 2.1.3.

(b) The test specimens are to be prepared as shown in Fig 2.2.23 and the dimensions, form,
position and direction of notches are to be as specified in Par 4. (4).

(c) Test temperature and average absorbed energy are to comply with the requirements given in
Table 2.2.30, appropriate to the grades of the electrode and welding position.

(d) When the absorbed energy of two or more test specimens among a set of test specimens
is less in value than the specified average absorbed energy or when the absorbed energy of
a single test specimen is less in value than 70 % of the specified average absorbed energy,
the test is considered to have failed.

6. Hydrogen test

The hydrogen test to be carried out by the mercury method or thermal conductivity detector
method. The use of the glycerine method may be admitted at the Society discretion. (2077)

(1) The mercury method to be as specified in the Standard /SO 3690.2018. (2017) (2023)
(2) The thermal conductivity detector method is to be as specified in /SO 3690:2018. Four weld as—
semblies are to be prepared. The temperature of the specimens and minimum holding time are
to be complied with Table 2.2.31, according to the measuring method respectively. (2017) (2023)
(3) Glycerin method
(a) Welding of test assemblies
() As a rule, mild and high tensile steels are to be used for the test assembly, and four
test specimens are to be prepared measuring 12mm by 25mm in cross section by
about 125mm in length. Before welding, the specimens are to be weighed to the
nearest 0.1 gram. On the 25 mm surface of each test specimen, a single bead of weld-
ing is to be deposited, about 100 mm in length, by a 4 mm electrode, using about 150
mm of the electrode. The welding is to be carried out with as short an arc as possible
and with a current of about 150 amp.
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(i) The electrodes, prior to welding, can be submitted to the normal drying process recom-
mended by the manufacturer.

(b) After welding, each test specimen prepared to the hydrogen test specified in (a) above is to

be quenched in water at a temperature of approximately 20 C for 30 sec, after removing
the slag within a period of 30 sec. Subsequently, the test specimens are to be cleaned and
be sealed into a hydrogen collector by means of the glycerin replacement method.
The glycerin is to be kept at a temperature of approximately 45C during the test. The test
time required for all the four test specimens from welding to the enclosure in the hydrogen
collector is to be within 30 min. After immersing into glycerin for 48 hours, the test speci—
mens are to be cleaned with water and alcohol and weighed with an accuracy of 0.1 g after
being dried to measure the weight of the deposited metal. The volume of hydrogen gas col-
lected is to be measured with an accuracy of 0.05cm® and converted into that under the
conditions 20 °C and 1 atmospheric pressure (760 mm Hy).

Table 2.2.31 Test temperature and minimum holding time (2077)

Measuring method Test temperature Minimum holding time

Thermal 45 C 72 hour
conductivity Gas
detector method™ chromatography 150°C 6 hour

NOTES:

(1) The use of hot carrier gas extraction method may be considered subject to verification of
the testing procedure to confirm that collection and measurement of the hydrogen occurs
continuously until all of the diffusible hydrogen is quantified.

(4) Average diffusible hydrogen contents of the four specimens is to comply with the requirements
given in Table 2.2.32 according to the test procedures specified in preceding articles or the type
of suffixes to be added to the grade marks.

Table 2.2.32 Requirements for Hydrogen Contents (mi/100g) (2017)

Mark Mercury method Thj;gzl[oiogdeﬁg\gty Glycerine method
H15 15 max. 15 max. 10 max.
H10 10 max. 10 max. 5 max.

H5 5 max. 5 max. -

7. Fillet weld test

(1) Welding of fillet weld test assemblies

(@) Test assembly as shown in Fig 2.2.25 is to be welded in each welding position (flat, hori-
zon-vertical, vertical-up ward, vertical-downward and overhead) which is recommended by
the manufacturer.

(b) The first side is to be welded using the maximum size of electrode manufactured and the
second side is to be welded using the minimum size of electrode manufactured.

(c) The leg length of fillet welds may will in general be determined by the electrode size and
the welding current employed during testing.

(d) In case of fillet welds using gravity or similar contact welding method, the fillet welding is to
be carried out with electrodes of maximum length. Where approval is requested for the
welding of both normal strength and higher strength steel, the assemblies are to be pre-
pared using higher strength steel.
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tion of the entire length of the electrode being tested.)

Fig 2.2.25 Fillet Weld Test Assembly (Unit : mm)

(2) Fillet weld macro-structure test

(a) For macro-structure test specimens, those with breadths of 25 mm are selected from three
places shown in Fig 2.2.25.

(b) The macro—etching test is conducted on the transverse section of fillet weld joint and welded
joints are to be free from excessive difference of leg length between upper and lower,
cracks and other injurious defects.

(3) Fillet weld hardness test The hardness of weld metal, heat affected zone and base metal are
to be measured at places given in Fig 2.2.26 for each test specimen which underwent the mac-
ro—etching test specified in preceding (1) and the respective hardnesses are to be in accordance
with those deemed appropriate by the Society. [See Guidance]

— 20—~

Base metal
hardness

Base metal hardness

Heat affected zone hardness

Fig 2.2.26 Hardness Test (Unit : mm)

(4) Fillet weld fracture test

(@) One of the remaining sections of the fillet weld is to have the weld on the first side gouged
or machined to facilitate breaking the fillet weld as shown in Fig 2.2.27, on the second side
by closing the two plates together, submitting the root of the weld to tension. On the oth-—
er remaining section the weld on the second side is to be gouged or machined and the
section fractured using the same procedure.

(b) The fractured surfaces are to be examined and there should be no evidence of incomplete
penetration, or internal cracking and they should be reasonably free from porosity.
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Fig 2.2.27 Fracture Test

8. Annual inspections

(1) In the annual inspections, tests specified in the following (2) and (3) are to be conducted for
each brand of the approved electrodes and they are to be passed satisfactorily.

(2) The kinds of test, etc.in the annual inspections for manual arc welding electrodes are to be as
given in Table 2.2.33.

Table 2.2.33 Kind of Test for Annual Inspection (2079)

Test assembly
Kind of o . Kind and no. of test
test® Welding lameter o ) ) Thickness specimens taken
position elfctro)de Number | Dimensions (mm) from test assembly
mm
4" 1 Tensile test
Deposited . specimen : 1
metal test Flat ~ max. " 1 Fig 22.21 20 Impact test
diameter specimen : 3
NOTES:

(1) Where the diameter of the manufactured electrodes is of one type, there is to be
one test assembly. If 4 mm is the largest size, two test assemblies including 4 mm
and other largest size are required.

(2) For low hydrogen electrodes, an hydrogen test can also be required at the discretion
of the Society.

(8) The kinds of test, etc. in the annual inspections of electrodes used in gravity welding or other
welding using similar welding devices are to be as given in Table 2.2.34.

(4) The welding procedures and requirements for test assemblies of tests specified in the preceding
(2) and (3) are to be as specified in Par 4.

Table 2.2.34 Kind of Test for Annual Inspection

Kind of Test assembly Kind and no. of test
test Welding | Diameter of Number | Dimensions Thickness | sPecimens taken from test
position | electrode (mm) (mm) assembly
Deposited Flat 4 min. 1 Fig 2.2.21 20 Tensile test specimen _. 1
metal test Impact test specimen : 3

9. Changes in grades

(1) Where changes in the grades relating to the strength or toughness or hydrogen of electrodes
approved are to be made, tests specified in the following (2), (3) and (4) are to be carried out
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and satisfactorily passed in accordance with the requirements in 601. 6 (3). (2017)

(2) For changes in the grades relating to strength, the butt weld tests, specified in the annual in-

spection of Par 8 and in the requirements of Par 3 (1), are to be conducted.

(3) For changes in the grades relating to toughness, the butt weld impact tests, specified in the

annual inspection of Par 8 and in the requirements of Par 3 (1), are to be conducted.

(4) For uprating of hydrogen, the hydrogen test, specified in the annual inspection of Par 8 and in

the requirements of Par 3 (1), are to be conducted. (2077)

603. Automatic welding consumables for normal strength steels, higher strength steels and
steels for low temperature service

1. Application

(1) Welding consumables for normal strength steels, higher strength steels and steels for low tem-

2
)

perature service given in the following (a) through (c) (hereinafter referred to as "automatic weld—

ing consumables") are to be subjected to the approval tests and annual inspections in accordance

with the requirements in 603.

(a) Submerged arc automatic welding consumables (Wire flux combinations)

(b) Gas shielded arc automatic welding consumables(Flux cored wire and solid wire automatic
welding consumables with shielding gas)

(c) Self-shielded arc automatic welding consumables (flux-cored or flux-coated wires without a
shielding gas)

Wire—flux combinations for multiple electrode submerged arc welding will be subject to separate

approval tests. They are to be carried out generally in accordance with the requirements in 603.

At the discretion of the Society, wires or wire—gas combinations approved for semi—-automatic

multirun welding may also be approved, without additional tests, for automatic multirun welding

approval. This is generally the case when automatic multirun welding is performed in the same

conditions of welding current and energy as semi automatic welding with the concerned

wire—gas combination.

2. Grades and marks

M

@

©)

The automatic welding consumables are classified as specified in Table 2.2.35.

Table 2.2.35 Grade and Marks (2077) (2021)

For normal strength steel For higher strength steel For steel for onv
temperature service
1Y, 2Y, 3Y, 4Y, 5Y
.23 2Y40, 3Y40, 4Y40, 5Y40, 3Y47 L1, 02, L3, L5, L9

Automatic welding materials which have passed the tests for each welding process given in
Table 2.2.38 are to be appended with the suffixes shown in Table 2.2.36 at the end of their
marks.

In the preceding (2), a suffix G will be added to the grade mark for gas shielded arc automatic
welding consumables, and a suffix N will be added for self-shielded wire automatic welding
consumables Further, the type of gas used is to be as specified in Table 2.2.37, and the suffix
given in Table 2.2.37 will be added after the suffix G. (e.g. 3Y7TM GM1))

Table 2.2.36 Marks

Welding technique Mark
Multi-run technique“) M
Two-run ’[echnique(2> T
Multi-run and two-run technique Wz

NOTES:
(1) Multi-run technique refers to a welding process involving multiple passes.
(2) Two-run technique refers to a welding process involving a single pass on both sides.
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Table 2.2.37 Kinds of Gas

. T Gas composition (1/0/%)
roup ype o, 0, H, AV
M 11 1~5 - 1~5 Rest
M2 1~5 - - Rest
M1
M3 - 1~3 - Rest
M4 1~5 1~3 - Rest
M 21 6~25 - - Rest
M2 M 22 - 4~10 - Rest
M 23 6~25 1~8 - Rest
M 31 26~50 - - Rest
M3 M 32 - 11~15 - Rest
M 33 6~50 9~15 - Rest
c1 100 - - -
C
C2 Rest 1~30 - -
/ /1 - - - 100
E E1 Except above
NOTE:
(1) Argon may be substituted by Helium up to 95 % of the Argon content.
(2) Approval covers gas mixtures with equal or higher Helium contents only.

3. General provisions for tests
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(1) Steel plates to be used for test assemblies are to be as given in Table 2.2.38, appropriate to
the kind of automatic welding consumables.

(2) Kinds of test, number, thickness and dimensions of test assemblies, grades and number of test
specimens to be taken from each test assembly for automatic welding consumables are to be
as given in Table 2.2.39.

(3) For the approval of automatic welding consumables, the tests specified in the preceding (2) are
to be conducted for each brand of automatic welding consumables.

(4) For gas shielded arc automatic welding consumables, the test in the preceding (3) is to be per-
formed for each type of gas given in Table 2.2.37. When the manufacturer of the material rec—
ommends gas types of the group of M1, M2, M3 or C in Table 2.2.37 and the test is satisfac-
torily conducted in accordance with the preceding (3) on one of the gas type, the test on the
other gas types belonging to the same group is allowed to be dispensed with at the discretion
of the Society.

(5) Unless otherwise agreed by the Society, additional approval tests are required when a shielding
gas is used other than that used for the original approval tests.

(6) The welding conditions used such as amperage, voltage, travel speed, etc. are to be within the
range recommended by the manufacturer for normal good welding practice. Where a filler metal
is stated to be suitable for both alternating current (AC) and direct current (DC), AC is to be
used for the preparation of the test assemblies.
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Table 2.2.38 Grades of Steel used for Test Assembly (2077) (2021)

Grade of welding Grade of steel used for test assembly“)<2)
consumable
1 A
2 A Bor D
3 A B D or £
1Y AH 32 or AH 36
2Y AH 32, AH36, DH32 or DH 36
3Y AH 32, AH36, DH 32, DH 36, EH32 or £EH 36
4y AH32, AH36, DH32, DH36, FH32, FH36, FH32 or FH 36
5Y AH 32, AH36, DH32, DH36, FH32, EH36, FH32 or FH 36
2 Y40 AH 40 or DH 40
3Y40 AH 40, DH 40 or £H 40
4Y40 AH 40, DH 40, EH 40 or FH 40
5 Y40 AH 40, DH 40, EH 40 or FH 40
3 Y47 EH47-H
L1 Eor RL 235A
L2 E, RL235A, RL 2358, RL 325A or AL 3258
L3 RL 325A, RL 3258 or RL 355
L 51 RL 5N390
LN RL 9NA90

NOTES:

(1) Notwithstanding the requirements in this Table, normal strength steel or higher strength
steels may be used for deposited metal test assembly In this case, test assemblies off
grade L 91 are to be appropriately buttered.

(2) The tensile strength of higher strength steels AH32, DH32, FH32 and FH32 used in
butt weld test assemblies is to be greater than 490 N/mm?
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Table 2.2.39 Kinds of Test of Automatic Welding Consumables (2077)

T I :
. ) est assembly Kinds and no. of test
Welding Kind of test® Grade of welding ; ; specimens taken from test
technique?” consumables Number Dimen | Thickness P
—sions (mm)® assembly
Deposited metal 1 Fig 20 Tensile test specimen: 2
test 1. 2.3 2.2.28 Impact test specimen: 3
" 1Y, 2Y,3Y, 4Y. 5Y Tensile test specimen: 2@
Mutl_run 2Y40, 3Y40. 4Y40, Face bend test specimen:
technique 5Y40 ® Fig 2@(®)
B | 1 20~2 .
utt weld test | /1, /2, [3, 2.2.29 0~25 Root bend test specimen:
[51, L91 @)6)
Impact test specimen: 3
1 12~15 Tensile test specimen: 2
Longitudinal  tensile  test
specimen: 1®
1, 1Y F bend . 1
1 20~25 ace bend test specimen:
Root bend test specimen: 1
Impact test specimen: 3
Submerged
arc weldin
g 1 20~25 Tensile test specimen: 2
2,3 Longitudinal tensile test
Butt 2Y, 3Y, 4Y, 5Y specimen: 1®
wel 2Y40, 3Y40, 4Y40, ] 30~35 Face bend test specimen: 1
d 5Y40 Root bend test specimen: 1
test Impact test specimen: 3
Two-run Fig )
. 12~15
technigue 1 2.2.30
20@ Tensile test specimen: 2
Gas shielded| 1, 2, 3 o Longitudinal tensile test
and 1Y, 2V, 3Y, 4Y, 5Y 20~25 specimen: 1¢
self-shielded| 2Y40, 3Y40, 4Y40, Face bend test specimen: 1
arc welding | 540 1 acceptable Root bend test specimen: 1
mMaximum | jmpact test specimen: 3
; @
thickness
1 12~15 Tensile test specimen: 2
Longitudinal  tensile  test
L1, L2, L3 20 or specimen: 1®
B | e T
utt weld test L51, 91 1 acceptable | Face bend test specimen: 1
maximum | Root bend test specimen: 1
thickness | Impact test specimen: 3
198 » Rules for the Classification of Steel Ships 2024




Pt2 Materials and Welding
Ch2 Welding Pt2, Ch2

NOTES:

(1) Thickness of test assemblies where applied maximum plate thickness is not more than 25 mm.

(2) Thickness of test assemblies where applied maximum plate thickness is more than 25 mm.

(8) Where thickness is restricted by welding process, thickness of test assemblies may be changed
upon approval of the Society. Test assemblies shall then be welded using plates of 12 to 15 mm
and 20 to 25 mm irrespective of the grade for which the approval is requested.

(4) The number of butt weld test assemblies for multi-run gas shielded and self-shielded arc
welding techniques is to be one for each welding position. However, where there is more than
one welding position, the number of tensile test specimens and bend test specimens selected
from the test assemblies for each welding position may be half of the specified number.

(5) Test specimens are to be selected from only the thicker of two test assemblies.

(6) The number of face bend and root bend test specimens selected from the butt weld test as-
semblies for £ 91 is to be one each.

(7) Tests on both multi-run and two-run technique are to be conducted for multi-run and two-run
welding respectively, and the number, dimensions and thickness of test assemblies, along with
the grades and number of test specimens selected from each test assembly are to be accord-
ing to each of the welding processes. However, the number of tensile test specimens in the
deposited metal test for the multi-pass welding technique is to be one.

(8) The hydrogen test may be applied by request of the manufacturer.

(9) Where approval is requested for welding of both normal strength and higher strength steel two
assemblies are to be prepared using higher strength steel. Two assemblies prepared using normal
strength steel may also be required at the discretion of the Society.

(7) After welding, the test assemblies are not to be subjected to any heat treatment.
(8) It is recommended that the welded assemblies be subjected to a radiographic examination to
ascertain that there are any defects in the weld prior to the preparation of test specimens.

4. Deposited metal test with multi-run technique

(1) Welding of deposited metal test assemblies

(a) Test assemblies as shown in Fig 2.2.28 are to be welded in the flat position by multirun
technigue according to the normal practice. The direction of deposition of each run is to al-
ternate from each end of the plate. After completion of each run, the flux and welding slag
is to be removed.

(b) The thickness of layer is not to be less than the diameter of wire nor less than 4 mm
whichever is the greater for submerged arc automatic welding consumables. For gas shield
and self-shielded are automatic welding consumables the thickness of layer is not to be less
than 3 mm.

(c) After each run, the test assembly is to be left in still air until it has cooled to less than 25
0C but not below 100°C, the temperature being taken at the centre of the weld on the
surface of seam.

(2) Chemical analysis

The chemical analysis of the deposited weld metal in each test assembly is to be supplied by

the manufacturer and is to include the content of all significant alloying element.
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Fig 2.2.28 Deposited Metal Test Assembly with Multi-run Technique (Automatic Welding, Unit : mm)

(3) Deposited metal tensile test with multi-run technique

(a) The tensile test specimens, two from each test assembly, are to be machined to dimensions
R14A test specimen as shown in Table 2.2.1, care being taken that the longitudinal axis co—
incides with the centre of weld and the mid-thickness of plates.

(b) The tensile strength, vield point and elongation of each test specimen are to comply with the
requirements given in Table 2.2.40, where the upper limit of tensile strength is exceeded,
special consideration will be given to the approval of the electrode, taking into consideration
of the other mechanical properties shown in the test results and the chemical composition of
deposited metal.

(c) The tensile test specimens may be subjected to a temperature not exceeding 250 C for a
period not exceeding 16 hours for hydrogen removal prior to testing.

(4) Deposited metal impact test with multi-run technigue

(@) One set of three impact test specimens, from each test assembly, are to be machined to
dimensions A4 test specimen as shown in Table 2.1.3. The test specimen is to be cut with
its longitudinal axis transverse to the direction of welding, and the test specimen is to co-
incide with the mid-thickness of the plate shown in Fig 2.2.22.

(b) Test temperature and average absorbed energy are to comply with the requirements given in
Table 2.2.40.
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Table 2.2.40 Tensile and Impact Test Requirements for Deposited Metal test (2077) (2021)

_ Impact test
Gradg of Tensile Yield strength Elongation
welding strength (N/mm?) %) Test temp. | Average absorbed
material (N/mm?) (c) energy (J)
1 20
400 ~ 560 305 min. 22 min. 0
3 -20
1Y 20
%% 0 34 min.
3Y 490 ~ 660 375 min. 22 min. -20
4y -40
5Y -60
2Y40 0
3Y40 -20
510 ~ 690 400 min. 22 min. 39 min.
4Y40 -40
5Y40 -60
3Ya7 570 ~ 720 460 min. 19 min. -20 64 min.
L1 400 ~ 560 305 min. 22 min. -40
L2 440 ~ 610 345 min. 22 min. -60
L3 490 ~ 660 375 min. 21 min. -60 27 min.
L 51 530 min. 375 min." 25 min. -120
L9 590 min. 375 min."" 25 min. -196
NOTE:
(1) 0.2% vyield stress

(c) The notch is to be positioned in the centre of weld and is to be cut in the face of test
specimens perpendicular to the surface of plate.

(d) When the absorbed energy of two or more test specimens among a set of test specimens
is less in value than the specified average absorbed energy or when the absorbed energy of
a single test specimen is less in value than 70 % of the specified average absorbed energy,
the test is considered to have failed.

5. Butt weld test with multi-run technique

(1) Welding of butt weld test assemblies with multi-run technique
(a) The face side of the test assemblies as shown in Fig 2.2.29 is to be multi-pass welded in
flat position, and the corresponding welding procedure is to follow the requirements of the
preceding 4. (1). However, for gas shield arc and self shielded arc wire automatic welding
consumables, the welding position is to be as specified by the manufacturer.
(b) After completing the face welding in downhand position, back welding is performed. In this
instance, back chipping may be carried out to expose sound deposited metal at the root.
(2) Butt weld tensile test with multi-run technique
(@) The tensile test specimens are to be prepared to A2A specimen shown in Table 2.2.1 and
two test specimens are to be taken from each test assembly.
(b) The surface of weld is to be machined flush with the surface of plate.
(c) The tensile strength of test specimen is to comply with the requirements given in Table
2241,
(3) Butt weld bend test with multi-run technique
(a) The face bend and root bend test specimens are to be /#B4 specimen shown in Table 2.2.2,
and two test specimens are to be taken from each test assembly. However, for £ 91, the
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face bend and root bend specimens are to be AB1 specimen shown in Table 2.2.2, and test
specimens are to be taken longitudinally from each test assembly. (2077)
(b) The test specimens are to be capable of withstanding, without crack exceeding 3 mm long on
the outer surface of other defects, being bent through an angle of 120 degrees over a for-

mer having a radius of 1.5 times(2 times for 3 Y47)the thickness of test specimen.

The radi-

us and angle of the former for L 91, however, are to be 2 times the thickness of the speci—

men and 180 degrees respectively. (20717) (2027)

Fig 2.2.29
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Table 2.2.41 Tensile and Impact Test Requirements for butt weld test with multi-run

technique (2017) (2021)

Impact test
Grade of welding Tensile ]
material strength(N/mm?) Test temp. (C) Average absorbed
energy (J)
1 20
2 400 min. 0
3 -20
1Y 20
34 min.
2Y 0
3y 490 min. -20
a4y -40
5Y -60
2Y40 0
340 -20
510 min. 39 min.
4Y40 -40
5Y40 -60
3Y47 570 min. -20 64 min.
L1 400 min. -40
L2 440 min. -60
L3 490 min. -60 27 min.
L 51 530 min. -120
L9 630 min. -196

(4) Butt weld impact test with multi-run technigue
(@) One set of three impact test specimens, from each test assembly, are to be machined to
dimensions A4 test specimens as shown in Fig 2.1.3. The test specimen is to be cut with

its longitudinal axis perpendicular to the direction of welding, and the test specimen is to
coincide with the mid-thickness of the plate shown in Fig 2.2.23.

(b) Test temperature and average absorbed energy are to comply with the requirements given in

Table 2.2.41.

(c) The requirements in Par 4. (4), (c) and (d) are to correspondingly apply to this Paragraph.

6. Butt weld test with two-run technique

(1) Welding of Butt weld test assemblies with two-run technique

(@) Test assemblies are to be prepared as shown in Fig 2.2.30, and the diameter of wire and
edge preparation are to be as shown in Fig 2.2.31, but some deviation may be allowed
where accepted by the Society.

(b) Test assemblies are to be welded according to the normal practice in downhand position by
two-run technigue where each run is to be started alternately from each end of the plate.
After completing the first run, the assembly is to be left in still air until it has cooled to 10
0C or below, the temperature being taken at the centre of weld on the surface of seam.

(2) Chemical analysis

The chemical analysis of the weld metal is to be supplied by the manufacturer, and is to include
the content of all significant alloying elements.
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Fig 2.2.30 Butt Weld Test Assembly with Two-run Technique (Automatic welding, Unit : mm, t : plate thickness)

(A) Submerged arc welding consumables (B) Gas shielded arc and self shielded arc welding consum-

ables
Thickness of . ) Thickness of . Max. dia. of
test assembly Edge preparation( Max. dia. of core || . assembly Edge preparation(2 wire

12-15 ‘I 5 60"

12~15

60" — \ {
20~25 6
6
T[ Maximum
| 8~12} diameter of

wire used is
—60° to be report-

70~ ed for infor-
mation by
‘ (——— | manufacturer.
30-35 I 6-14} 7 20-25 8[
‘\700/'

~—60° "

— ~— ]

NOTES:
(1)Root gap is not to be greater than 1.0 mm.
(2)For assemblies using plate over 25 mm in thickness, the edge preparation used is to be specified by the manufactur-
er and the thickness of assembly is to comply with Table 2.2.28. (2).

Fig 2.2.31 Edge Preparation of Butt Weld Test Assembly with Two-run Technique (t : plate thickness, Unit : mm)
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(B) Butt weld tensile tests with two-run technique

(@) The tensile test specimens are to be R2A specimen shown in Table 2.2.1 and two test
specimens are to be taken from each welded assembly.

(b) The surface of weld is to be machined flush with the surface of plate.

() The tensile strength of test specimen is to comply with the requirements given in Table
22.41.

(d) One longitudinal tensile test specimen of R14A shown in Table 2.2.1 is to be machined from
the thicker of the test assembly specified in Table 2.2.38 and the longitudinal direction of
the test specimen is to be parallel to the weld line and the centre line of the test specimen
is to coincide with the centre of second layer.

(e) The longitudinal tensile test specimen in the preceding (4) may be subjected to a temper—
ature not exceeding 250°C for a period not exceeding 16 hours for hydrogen removal prior to
testing.

(f) The requirements of tensile test specified in the preceding (d) and (e) are to be as given in
Table 2.2.33. Where the upper limit of tensile strength is exceeded, special consideration will
be given to the approval of the welding consumables, taking into consideration of the other
mechanical properties shown in the test results and the chemical composition of deposited
metal.

(4) Butt weld bend test with two-run technique

(@) The face and root bend test specimens are to be RB4 or RB5 specimen shown in Table
2.2.2 and test specimens are to be taken from each test assembly. However, for L91, the
face and root bend test specimens are to be RB1 test specimens and test specimens
shown in Table 2.2.2 are to be taken longitudinally from each test assembly. (2077)

(b) The requirements in Par 5. (3), (b) are to correspondingly apply to this Paragraph.

(5) Butt weld impact test with two-run technigue

(@) One set of three impact test specimens, from each test assembly, are to be machined to
dimensions charphy V-notch impact test specimens as shown in Table 2.1.3, and the longi-
tudinal direction of the test specimen is to be perpendicular to the weld line and the surface
of weld about 2mm apart is to coincide with the surface of specimen as shown in Fig
2.2.32.

Centre line of weld
2nd run

2
3 / |
I
| VA B
/\/\ |
Fig 2.2.32 Position of impact Test Specimen for Butt Weld Test Assembly with Two—Run Technique
(Unit : mm, t : plate thickness)

(b) Test temperature and average absorbed energy are to comply with the requirements given in
Table 2.2.41.
(c) The requirements in Par 4. (4), (c) and (d) are to correspondingly apply to this Paragraph.

7. Hydrogen test
The hydrogen test is to be in accordance with 602. 6 of the Rules

8. Annual inspections

(1) In the annual inspection, tests specified in the following (2) are to be conducted for each brand
of the approved consumables, and they are to be passed satisfactorily.

(2) The kinds of test, etc. involved in the annual inspections are to be as given in Table 2.2.42.

(3) The welding procedures and requirements for test assemblies of tests specified in the preceding
(2) are to be as specified in Pars 4 through 6.
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Table 2.2.42 Kinds of Test for Annual Inspection (2077) (2021)

Grade of Welding Test assembly Kinds and no. of

. . . test specimens
welding technique Kind of test ' ' Thickness o ?rom o
consumables M Number | Dimensions a es

(mm) assembly

Tensile test
specimen: 1
Impact test
specimen: 3

Multi-run Deposited metal

technique test 1 Fig 2.2.28 20

Tensile test
specimen: 1
Longitudinal tensile
test specimen: 1
1,2, 3 Submerged Face bend test
1Y, 2Y, 3Y, 4Y, arc welding specimen: 1

5Y Root bend test

2 Y40, 3Y40, specimen: 1

4 Y40, 5 Y40, Impact test

347 Two-run | Butt ] specimen: 3
L1, LZ, L3y teohnique weld Flg 2.2.30
L51, 191 test

Tensile test
specimen: 1
Longitudinal tensile
test specimen: 1
Face bend test
specimen: 1

Root bend test
specimen: 1
Impact test
specimen: 3

Gas
shielded
and self 1 20~25
shielded

arc welding

NOTE:
(1) Tests on both multi-run and two run technique are to be conducted for multi-run and two run
welding respectively. However, longitudinal tensile test of two run technique are not required.

9. Changes in grades

(1) Where changes in the grades relating to the strength or toughness of automatic welding con-
sumables approved are to be made, tests specified in the following (2), (3) and (4) are to be
carried out and satisfactorily passed in accordance with the requirements in 601. 6 (3).

(2) Changes in grades relating to the strength or toughness of multi-run automatic welding con-
sumables are to be in accordance with the requirements in the following (a) and (b).

(a) For changes in the grades relating to strength, the butt weld tests, specified in the annual
inspection of Par 8 and in the requirements of Par 3 (1), are to be conducted.

(b) For changes in the grades relating to toughness, the butt weld impact tests, specified in the
annual inspection of Par 8 and in the requirements of Par 3 (1), are to be conducted.

(3) Changes in grades relating to the strength or toughness of two-run automatic welding con-
sumables are to be in accordance with the requirements in the following (a) and (b).

(a) For changes in the grades relating to strength, all tests specified in Par 3 (1) are to be
conducted.

(b) For changes in the grades relating to toughness, the butt weld impact tests, specified in the
annual inspections of Par 8 and in the requirements of the preceding (a), are to be
conducted.

(4) Changes in the grades relating to the strength or toughness of automatic welding consumables
for multi-run and two-run use are to be as specified in the preceding (2) and (3).
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604. Semi—-automatic welding consumables for normal strength steels, higher strength steels
and steels for low temperature service

1. Application

Welding consumables for semi-automatic welding for normal strength steels, higher strength steels

and steels for low temperature service given in the following (a) and (b) (hereinafter referred to as

"semi-automatic welding consumables”) are to be subjected to the approval test and annual in-

spections in accordance with the requirements in 604.

(a) Gas shielded arc semi-automatic welding consumables(flux cored wire and solid wire semi-auto-
matic welding consumables with shielding gas)

(b) Self-shielded arc semi-automatic welding consumables(solid wire and flux cored wire semi-auto-
matic welding consumables without shielding gas).

2. Grades and marks

(1) The semi-automatic welding consumables are classified as specified in Table 2.2.43.

Table 2.2.43 Grades and Marks (2077) (2021)

For steel for low temperature

For normal strength steel For higher strength steel .
service

1Y, 2Y, 3Y, 4Y 5Y

2 Y40, 3YAO. 4Y40, 5 Y40, 3YA7 1, L2, [3, [51, [91

(2) A suffix "S" will be added after the grade mark to indicate approval for semi-automatic multi-run
welding. For wires intended for both semi-automatic and automatic welding, the suffixes will be
added in combination.(eg. 3YSM)

(3) A suffix G will be added to the grade marks for semi—-automatic welding consumables which use
shield gas, and a suffix N will be added for semi-automatic welding consumables which do not
use shield gas. Further, the type of shield gas used is to be as specified in Table 2.2.37, and
the suffix given in Table 2.2.37 will be added after the suffix G. (e.g. 3YS G(M1))

(4) For low hydrogen electrodes, which have passed the hydrogen test specified in 602. 6, the suf-
fixes given in Table 2.2.32 are to be added to the end of the grade marks of the said electrode.
(e.g. 3YS H5)

3. General provisions for tests

(1) Kinds of test, number, thickness and dimensions of test assemblies, diameter of wire used for
welding, welding position, grades and number of test specimens to be taken from each test as—
sembly, position for semi—automatic welding consumables used in butt welds or in both butt and
fillet welds are to be as given in Table 2.2.44.

(2) Kinds of test, number, thickness and dimensions of test assemblies, diameter of wire used for
welding, welding position, grades and number of test specimens to be taken from each test as-
sembly for semi-automatic welding materials used in fillet welds only are to be as given in
Table 2.2.27.

(3) Steel plates to be used for test assemblies are to be as given in Table 2.2.45, appropriate to
the kind of semi—-automatic welding consumables.

(4) For the approval of semi-automatic welding consumables, the test specified in the preceding (1)
and (2) are to be conducted for each brand of semi-automatic welding consumables.

(5) For semi-automatic welding consumables, the test in the preceding (4) is to be performed for
each type of gas given in Table 2.2.37. When the manufacturer of the material recommends
gas types of the group of M1, M2, M3 or C in Table 2.2.37 and the test is satisfactorily con-
ducted in accordance with the preceding (3) on one of the gas type, the test on the other gas
types belonging to the same group is allowed to be dispensed with at the discretion of the
Society.

(6) The welding conditions used such as amperage, voltage, travel speed, etc. are to be within the
range recommended by the manufacturer for normal good welding practice. Where a filler metal
is stated to be suitable for both alternating current (AC) and direct current (DC), AC is to be
used for the preparation of the test assemblies.

(7) After welding, the test assemblies are not to be subjected to any heat treatment.
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(8) It is recommended that the welded assemblies be subjected to a radiographic examination to
ascertain that there are any defects in the weld prior to the preparation of test specimens.

Table 2.2.44 Kinds of Test for Semi-automatic Welding Consumables

Test assembly
. Kinds and no. of test
Kind of specimens taken from test
® Welding ) ) Dimen- | Thickness
test Wir meter (mm) | Number
position re diameter (mm) | Numbe sions (mm) assembly
. ; ; m . . .
Deposited Flat maximum  diameter 1 Fig 20 Tensile test specimen: 1
metal test minimum diameter 1@ 2222 Impact test specimen: 3
Flat 19
Horizontal® 1
Vertical First=run: minimum Tensile test specimen: 1
Butt weld uoward diameter 1 Fig 15-20 Face bend test specimen :1
test P Remaining-run: 2224 Root bend test specimen: 1
Vertical maximum diameter® 1 Impact test specimen: 3®
downward
Overhead 1
. One side: .
Fillet . . . Macro test specimen: 3"
. maximum diameter Fig : . A7)
weld Horizontal . 1 20 Hardness test specimen: 3
©) The other side: 2.2.25 . )
test . . Fracture test specimen: 2
minimum diameter
NOTES:
(1) Where the core diameter to be manufactured is of single variety, the number of test assembly is
to be one.

(2) Where tests are conducted solely in the Flat position. one test assembly welded with wire of dif-
ferent diameters is to be added. Where only one diameter is manufactured, only one deposited metal
assembly is to be prepared.

(3) Impact tests are not required for welding in overhead position.

(4) The butt weld assemblies in positions other than downhand, are to be welded using, for the first run,
wire of the smallest diameter to be approved, and, for the remaining runs, the largest diameter of wire
recommended by the manufacturer for the position concerned.

(5) For semi-automatic welding consumables which have passed butt weld tests in the downhand and
vertical upward positions, the horizontal butt weld test may be omitted. at the discretion of the
Society.

(6) This test is to be added solely against welding consumables for use in both butt and fillet weld.

(7) The test specimens used in the macro-etching test and hardness test are to be the same.

(8) For low hydrogen welding consumables, an hydrogen test may be conducted by the application of
the manufacturer, and test assembly is to be as specified in 602. 6 (1).
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Table 2.2.45 Grades of Steel for Test Assembly (2077) (2021)

Grade of welding Grade of steel for test assembly™®
consumables
1S A
2S A, Bor D
3S A B, D or E
1YS AH 32 or AH36
2YS AH 32, AH36, DH32 or DH 36
3YS AH 32, AH36, DH 32, DH36, EH32 or £EH 36
4Ys AH32, AH36, DH32, DH36, EH32, EH36, FH32 or FH36
5YS AH32, AH36, DH32, DH36, EH32, EH36, FH32 or FH36
2Y40S AH 40 or DH40
3Y40S AH 40, DH 40 or £H40
4Y40S AH40, DH 40, EH40 or FH40
5Y40S AH40, DH 40, EH40 or FH40
3Y47S EH 47-H
LS Eor RL 235A
L2S E, RL235A, RL 2358, RL 325A or RL 3258
L3S RL 325A, RL 3258 or RL 355
L51S RL 5N390
L91S RL 9NAI0
NOTES;

(1) Notwithstanding the requirements in this Table, normal or higher strength
steels may be used for deposited metal test assembly. In this case, test as—
semblies of grade £ 91 are to be appropriately buttered.

(2) The tensile strength of higher strength steels 4432, DH32, FH32 and FH32
used in butt weld test assemblies is to be greater than 490 N/mm?,

4. Deposited metal test

(1) Welding of Deposited metal test assemblies

(a) Test assembly as shown in Fig 2.2.22 is to be welded in the flat position according to the
normal practice.

(b) Test assembly is to be welded in single or multi-run layers, and the direction of deposition
of each run is to alternate from each end of the plate, each run of weld metal being not
less than 2 mm but not more than 6 mm thick.

(c) After each run, the test assembly is to be left in still air until it has cooled to less than 25
0C but not below 100C, the temperature being taken at the centre of the weld on the
surface of seam.

(2) Chemical analysis
The chemical analysis of the deposited weld metal in each test assembly is to be supplied by
the manufacturer and is to include the content of all significant alloying element.

(3) Deposited metal tensile test

(a) The tensile test specimen, one from each test assembly, is to be machined to dimensions
R14A test specimen as shown in Table 2.2.1, care being taken that the longitudinal axis co-
incides with the centre of weld and the mid-thickness of plates.

(b) The tensile test specimen may be subjected to a temperature not exceeding 250C for a pe—
riod not exceeding 16 hours for hydrogen removal prior to testing.

(c) The tensile strength, vyield strength and elongation of each test specimen are to comply with
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the requirements given in Table 2.2.46, where the upper limit of tensile strength is ex-
ceeded, special consideration will be given to the approval of the electrode, taking into con-
sideration of the other mechanical properties shown in the test results and the chemical

composition of deposited metal.

Table 2.2.46 Tensile and Impact Test Requirements for Deposited Metal test (2077) (2021)

Grade of Impact test
rade o . .
T |
welding ensile strzength Yield strezngth Elongation (%) Test temp Average
Consumab|es (N/mm > (N/mm ) (ec> ’ absorbed energy
)
18 20
28 400 ~ 560 305 min. 22 min. 0
38 -20
1Ys 20
2YS 0
3Ys 490 ~ 660 375 min. 22 min. -20
47 min.
4Ys -40
5YS -60
2Y40S 0
3Y408 -20
510 ~ 690 400 min. 22 min.
4AYAQS -40
5Y405 -60
3Y478 570 ~ 720 460 min. 19 min. -20 64 min.
L1S 400 ~ 560 305 min. 22 min. -40
L2S 440 ~ 610 345 min. 22 min. -60 34 min.
L3S 490 ~ 660 375 min. 21 min. -60
L51S 530 min 375 min." 25 min. -120 27 min.
L91S 590 min 375 min.” 25 min. -196 27 min.
NOTE:
(1) 0.2% vyield stress

(4) Deposited metal impact tests
(@) One set of three impact test specimens, from each test assembly, are to be machined to

dimensions charphy V-notch impact test specimens as shown in Table 2.1.3. The test speci-
men is to be cut with its longitudinal axis transverse to the direction of welding, and the
test specimen is to coincide with the mid-thickness of the plate shown in Fig 2.2.23.

(b) Test temperature and average absorbed energy are to comply with the requirements given in

Table 2.2.39.

(c) The notch is to be positioned in the centre of weld and is to be cut in the face of test

specimens perpendicular to the surface of plate.

(d) When the absorbed energy of two or more test specimens among a set of test specimens

is less in value than the specified average absorbed energy or when the absorbed energy of
a single test specimen is less in value than 70 % of the specified average absorbed energy,
the test is considered to have failed.

5. Butt weld test
(1) Welding of butt weld test assemblies
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(@) Test assembly as shown in Fig 2.2.24 is to be welded in each welding position (flat, hori-
zontal-vertical, vertical-upward, vertical-downward and overhead) which is recommended by
the manufacturer.

(b) After each run, the test assembly is to be left in still air until it has cooled to less than 25
0C but not below 100C, the temperature being taken at the centre of the weld on the
surface of seam.

(2) Butt weld tensile tests

(a) The tensile test specimen is to be A2A test specimen shown in Table 2.2.1 and the test
specimen is to be taken from each test assembly.

(b) The surface of weld is to be machined flush with the surface of plate.

(c) The tensile strength of test specimen is to comply with the requirements given in Table
2.2.47.

Table 2.2.47 Tensile and Impact Test Requirements for Butt weld test (2077) (2021)

Impact test
Grade of Tensile
welding strength Test temp. Average absorbed energy (J)
consumables (N/mm?) ) Flat, Horizontal Vertical upward,
Overhead Vertical downward
18 20
25 400 min. 0
35 -20
1Y$s 20
34 min.
2YS 0
3Ys 490 min. -20
47 min.
4YS -40
5YS -60
2Y40S8 0
3Y40S8 -20
510 min. 39 min.
4Y408 -40
5Y408 -60
3Y47S 570 min. -20 64 min. 64 min.
L1S 400 min. -40
L2S 440 min. -60
L3S 490 min. -60 27 min. 27 min.
LB1S 530 min. -120
LI1S 630 min. -196

(@) Butt weld bend test

(a) The face and root bend test specimens are to be RB4 specimen shown in Table 2.2.2, and
test specimens are to be taken from each test assembly. However, for £ 91, the face and
root bend specimens are to be RB1 specimen shown in Table 2.2.2, and test specimens are
to be taken longitudinally from each test assembly. (2077)

(b) The test specimens are to be capable of withstanding, without crack exceeding 3 mm long
on the outer surface of other defects, being bent through an angle of 120 degrees over a
former having a radius of 1.5 times(2 times for 3Y47) the thickness of test specimen. The
radius and angle of the former for £ 91, however, are to be 2 times the thickness of the
specimen and 180 degrees respectively. (2017) (2027)
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(4) Butt weld Impact test

(@) One set of three impact test specimens, from each test assembly, are to be machined to
dimensions charphy V-notch impact test specimens as shown in Table 2.1.3. The test
specimen is to be cut with its longitudinal axis transverse to the direction of welding, and
the test specimen is to coincide with the mid-thickness of the plate shown in Fig 2.2.23.

(b) Test temperature and average absorbed energy are to comply with the requirements given in
Table 2.2.47.

(c) The requirements in Par 4 (4), (c) and (d) are to correspondingly apply to this Paragraph.

6. Fillet weld test assemblies

(1) Welding of fillet weld test assemblies The test assemblies are to be in accordance with the
requirements in 602. 7 (1).

(2) Fillet weld macro—structure test The macro-structure test is to be correspondingly in accordance
with the requirements in 602. 7 (2).

(3) Fillet weld hardness test The hardness test is to be correspondingly in accordance with the
requirements in 602. 7 (3).

(4) Fillet weld fracture test The fracture test is to be correspondingly in accordance with the re-
quirements in 602. 7 (4).

7. Hydrogen test
Flux—cored or flux—coated wires which have satisfied the requirements for Grades 25, 2VS, 2Y40S,
35, 3YS 3Y40S, 4YS or 4Y40S may, at manufacturer's option, be submitted to the hydrogen test as
detailed in 602. 6 using the manufacturer's recommended welding conditions and adjusting the dep-

osition rate to give a weight of weld deposit per sample similar to that deposited when using man-
ual electrodes.

8. Annual inspections

(1) In the annual inspections, tests specified in the following (2) are to be conducted for each brand
of the approved consumables, and they are to be passed satisfactorily.
(2) The kinds of test, etc. in the annual inspection are to be as given in Table 2.2.48.

Table 2.2.48 Kind of Test for Annual Inspection

Test assembly Kind and no. of test
Kind of test | \welding Diameter of Num Thickness | specimens taken from test
. . Dimension assembl
position wire (mm) ber (mm) Yy
Deposited Flat @ 1 Fig 2.2.22 20 Tensile test specimen : 1
metal test Impact test specimen : 3
NOTE:

(1) The diameters of the wire are to be within the range specified by the manufacturers.

(3) The welding procedures and requirements for test assemblies of tests specified in the preceding
(2) are to be as specified in Par 4.

9. Changes in grades

(1) Where changes in the grades relating to the strength or toughness or hydrogen of welding con-
sumables approved are to be made, tests specified in the following (2), (3) and (4) are to be
carried out and satisfactorily passed in accordance with the requirements in 601. 6 (3). (2077)

(2) For changes in the grades relating to strength, the butt weld tests, specified in the annual in-
spection of Par 8 and in the requirements of Par 3 (1), are to be conducted.

(8) For changes in the grades relating to toughness, the butt weld impact tests, specified in the
annual inspection of Par 8 and in the requirements of Par 3 (1), are to be conducted.

(4) For uprating of hydrogen, the hydrogen test, specified in the annual inspection of Par 8 and in
the requirements of Par 3 (1), are to be conducted. (2077)
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605. Electro—slag and electro-gas welding consumables

1. Application

Electro-slag and electro—gas welding consumables for normal strength and higher strength steels
(hereinafter referred to as "welding consumables”) are to be in accordance with the requirements in

605.
2. Grades and marks

Welding consumables are classified as specified in Table 2.2.49.

Table 2.2.49 Grades and Marks (2027)

For normal strength steel For higher strength steel
W2y 3y 1YV, 2yv, 3yV, 4YV, 5YV
2YA0V, 3YA0V, 4YAQV, 5YAQ0V, 3YATV

3. General provisions for tests

(1) Kinds of test, number, thickness and dimensions of test assemblies, grades and number of test

specimens to be taken from each test assembly for welding consumables are to be as given in
Table 2.2.50.

Table 2.2.50 Kinds of Test for Electro—Slag and Electro-Gas Welding Consumables

Test assembly”

. Kinds and no. of test specimens
Kind of test
Number Dimensions Thickness (mm)® taken from test assembly
1 20 ~ 25 Tensile test specimen: 2
Longitudinal tensile test specimen: 2
Butt weld test Fig 2.2.33 Side bend test specimen: 2
1 35 ~ 40

Impact test specimen: 6
Macro structure test specimen: 2

NOTE:

(1) Where approval is requested for welding of both normal strength and higher strength steel two as-
semblies are to be prepared using higher strength steel. Two assemblies prepared using normal
strength steel may also be required at the discretion of the Society.

(2) Where thickness is restricted by welding process, thickness of test assemblies may be changed
upon approval of the Society. In this case, the maximum test thickness is to be taken as the
maximum applicable thickness.

(2) Steel plates to be used for test assemblies are to be as given in Table 2.2.51, appropriate to
the kind of welding consumables.

(3) For the approval of welding consumables, the tests specified in the preceding (1) are to be con-
ducted for each brand of welding consumables.

(4) The welding conditions used such as amperage, voltage, travel speed, etc. are to be within the
range recommended by the manufacturer for normal good welding practice. Where a filler metal
is stated to be suitable for both alternating current (AC) and direct current (DC), AC is to be
used for the preparation of the test assemblies.

(5) After welding, the test assemblies are not to be subjected to any heat treatment.

(6) It is recommended that the welded assemblies be subjected to a radiographic examination to
ascertain that there are any defects in the weld prior to the preparation of test specimens.
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Table 2.2.51 Grades of Steel used for Test Assembly (2027)

Grade of vyelding Grade of steel used for test assembly®
material
1 A
2V A, Bor D
3V A B, D or £
1YV AH32 or AH36
2YV AH32, AH36, DH32 or DH 36
3V AH32, AH36, DH 32, DH36, EH32 or £H36
4yv AH32, AH36, DH32, DH36, FH32, EH36, FH32 or FH36
5YV AH32, AH36, DH32, DH36, FH32, EH36, FH32 or FH36
2Y40V AH A0 or DH 40
3Y4a0V AH A0, DHA40 or EH 40
4Ya0V AH A0, DH40, EH40 or FH40
5Y40V AH 40, DH 40, EH A0 or FH40
3Ya7V EHAT-H
NOTE:
(1) The tensile strength of higher strength steels of A#32, DH32, EH32 and FH32
used in the test assemblies is to be greater than 490 N/mm?.
(2) This is in respect of the content of grain refining elements, and if general approval
is required, a niobium treated steel is to be used for the approval tests.

4. Butt weld test

(1) Welding of butt weld test assemblies
(a) Test assemblies as shown in Fig 2.2.33 are to be welded upward in vertical position in one
Pass.

i e 1Side bend test

H— --...'specimen
Macro structure]
test specimen Longitudinal
(Horizontal| «|: | tensile test

. o .
section) [ ¢+ | specimen
H

- - V-Charpy spec-
~imens (Center
:-Eof weld)

1 V-Charpy specimens
‘(Weld metal, 2mm from
“ifusion line of weld)

i [Longitudinal
111 |tensile test
1Lt.|specimen

Macro struc-
ture test spec-
imen (Vertical

section) |
[ E see-e- :Side bend test
[A— --]------!specimen

|

— | — t

~——250 min.———~1~—— 250 min. ——~| |

t : thickness

Fig 2.2.33 Butt Weld Assembly (Electro—slag and electrode—gas welding, Unit : mm)
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(b) The welding conditions and edge preparation are to be within the range recommended by the

manufacturer.
(2) Tensile test

(@) Two tensile test specimens to be R2A specimen and two longitudinal tensile test specimens
to be R14A specimen as shown in Table 2.2.1 are to be taken from each test assembly.
The longitudinal axis of test specimen coincides with the centre of weld and the mid-thick—
ness of plates.

(b) The longitudinal tensile test specimens may be subjected to the heat treatment not exceed-
ing 250°C for a period not exceeding 16 hours for hydrogen removal prior to testing.

(c) Tensile strength of each test specimen R2A and tensile strength, yield strength and elonga—
tion of each longitudinal test specimen R14A are to comply with the requirements in Table
2,252, Where the upper limit of tensile strength is exceeded, special consideration will be
given to the approval of the welding consumables, taking into consideration of the other me-
chanical properties shown in the test results and chemical composition of deposited metal.

Table 2.2.52 Tensile and Impact Test Requirements for Butt weld test (2027)

Longitudinal Tensile Test Impact test
Grade of Tensile strength
welding (N/mm?) Tensile strength | Yield strength | Elongation tTeSt b Ak;/ec;age
consumables (N/mm?) (N/mm?) (%) eiﬂp. absorpbed energy
() )
114 20
2V 400 min. 400 ~ 560 305 min. 22 min. 0
3V =20
1T 20
34 min.
2YV 0
3w 490 min. 490 ~ 660 375 min. 22 min. -20
4yy -40
5V -60
2Y40V 0
3Y40V -20
510 min. 510 ~ 690 400 min. 22 min. 39 min.
4Y4A0V -40
5Y40V -60
3YaA7V 570 min. 570 ~ 720 460 min. 19 min. -20 64 min.

(3) Bend test

(a) Bend test specimens are to be AB6 specimens shown in Table 2.2.2 and two side bend
test specimens are to be taken from each test assembly.

(b) The test specimens are to be capable of withstanding, without crack exceeding 3 mm long
on the outer surface of other defects, being bent through an angle of 180 degrees over a
former having a radius of two times the thickness of test specimen.

(4) Impact test

(a) Two sets of six impact test specimens, from each test assembly, are to be machined to di-
mensions charphy V-notch impact test specimens as shown in Table 2.1.3 and the longi-
tudinal direction of the test specimen is to be perpendicular to the weld line and the surface
of weld about 2mm apart is to coincide with the surface of specimen as shown in Fig
2.2.34.

(b) The position of the notch is to be in accordance with Fig 2.2.34 (a) and (b) respectively, and
its longitudinal direction is to be perpendicular to the surface of the test assembly.
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Centre line of weld Centre line of weld
Notch Notch
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t [ T t

- _f_ _l[_ —

i | -2

(a) Centre of weld (b) Weld metal, 2 mm from

fusion line of weld

Fig 2.2.34 Position of Impact Specimen (Unit : mm, t = Plate thickness)

(c) Test temperature and average absorbed energy are to comply with the requirements given in
Table 2.2.52.

(d) When the absorbed energy of two or more test specimens among a set of test specimens
is less in value than the specified average absorbed energy or when the absorbed energy of
a single test specimen is less in value than 70 % of the specified average absorbed energy,
the test is considered to have failed.

(5) Macro-structure test

(a) Two macro-structure test specimens are to be taken from the position shown in Fig 2.2.33.
As for the surface to be tested, one is to be normal to the assembly surface and the other
parallel to the assembly surface.

(b) Both the welded parts and the weld boundaries are to show complete fusion, penetration
and sound metallurgical structure.

5. Annual inspections

(1) In the annual inspection, tests specified in the following (2) are to be conducted for each brand
of the approved materials, and they are to be passed satisfactorily.

(2) The kinds of test, etc. in the annual inspections are to be as given in Table 2.2.53.

(3) The welding procedures and requirements for test assemblies of tests specified in the preceding
(2) are to be as specified in Par 4.

Table 2.2.563 Kind of Test for Annual Inspection

Test assembly Kinds and no. of test specimens taken

Number Dimensions | Thickness (mm)™ from test assembly

Kind of test

Tensile test specimen: 1

. Longitudinal Tensile test specimen: 1
Butt weld test 1 Fig 2.2.33 20 ~ 25 Side bend test specimen: 2

Impact test specimen: 6

NOTE:

(1) One set of three impact test specimens may be taken from the centre of welded part. where
approved by the Society.

6. Changes in grades

Where changes in the grades relating to the strength or toughness of welding consumables ap-—
proved are to be made, tests specifi