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FOREWORD

ISO (the International Organization for Standardization) is a worldwide federation
of national standards institutes (ISO Member Bodies). The work of developing
International Standards is carried out through ISO Technical Committees. Every
Member Body interested in a subject for which a Technical Committee has been set
up has the right to be represented on that Committee. International organizations,
governmental and non-governmental, in liaison with 1SQ, also take part in the work.

Draft International Standards adopted by the Technical Committees are circulated
to the Member Bodies for “approval before their acceptance as International
Standards by the 1SO Council.

International Standard ISO 2604/1V (originally 1SO/DIS 2607) was drawn up by
Technical Committee 1SO/TC 17, Steel, and circulated to the Member Bodies in
October 1971.

It has been approved by the Member Bodies of the following countries :

Australia France Romania

Austria Germany South Africa, Rep. of
Belgium Hungary Spain

Bulgaria India Switzerland

Canada Japan Thailand
Czechoslovakia Korea, Rep. of Turkey

Denmark Netherlands United Kingdom
Egypt, Arab Rep. of New Zealand U.SS.R.

Finland Portugal

The Member Bodies of the following countries expressed 'disapproval of the
document on technical grounds :

Norway
Sweden
U.S.A.

© International Organization for Standardization, 1975 e

Printed in Switzerland
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INTERNATIONAL STANDARD

ISO 2604/1V-1975 (E)

Steel products for pressure purposes — Quality requirements —

Part 1V : Plates

1 SCOPE AND FIELD OF APPLICATION

This International Standard specifies the quality
requirements for plates of 3 to 100 mm thickness
manufactured from the steel types listed in table 1, for
pressure purposes.

2 REFERENCES

ISO 82, Steel — Tensile testing.

ISO/R 83, Charpy impact test (U-notch) for steel.
ISO/R 85, Bend test for steel.

1SO 148, Stee/ — Charpy impact test (V-notch).1)

ISO/R 205, Determination of proof stress and proving test
for steel at elevated temperatures.

ISO/R 377, Selection and preparation of samples and test
pieces for wrought steel.

ISO/R 404, General technical delivery requirements for
steel.

ISO/R 643, Micrographic determination of the austenitic
grain size of steels.

ISO/R 783, Mechanical testing of steel at elevated
temperatures — Determination of lower yield stress and
proof stress and proving test.

IS0 2566/1, Steel — Conversion of elongation values — Part | :
Carbon and low alloy steels.

ISO 2605/1, Steel products for pressure purposes — Deri-
vation and verification of elevated temperature properties —
Part | : Yield or proof stress of carbon and low afloy steel
products.2}

I1ISO 2605/11, Stee!/ products for pressure purposes — Deri-
vation and verification of elevated temperature properties —
Part 1] : Proof stress of austenitic steel products.?2)

ISO/DATA No. 1, Summary of average stress rupture proper-
ties for wrought boiler and pressure vessel steels for times
of 10 000 hours to 250 000 hours and master curves.

1) At present at the stage of draft. (Revision of ISO/R 148.)
2) At present at the stage of draft.

Full document details: ISO 2604-4-1975

3 GENERAL REQUIREMENTS
3.1 Information to be supplied by the purchaser
3.1.1 The purchaser shall state on his enquiry and order

the requirements given below :

a) the plate dimensions and tolerances (see 3.7);

b) the steel type (see table 1);

c) the inspection procedures and type of documents
(see 3.8, 3.13, 4.2 and 5.2).

3.1.2 Certain  alternatives are permitted by this
International Standard and the purchaser may also state on
his enquiry and order his requirements as follows, but if no
such statement is made supply will be at the option of the
manufacturer :

d) the deoxidation practice (see 3.2.3);

e} if plates for hot-forming are required, the heat-
treatment condition of supply (see 3.3.2 and 3.5.1.2);

f) if a product (check) analysis is required (see 3.4.2);

g) if additional mechanical tests are required (see
3.5.1.2);

h) any special requirements for freedom from defects
(see 3.6.2);

i) the number of room temperature impact tests (1 or 3)
required (see 3.10.1.6);

i) the details of non-destructive tests, if required (see
3.10.3 and 3.11.4};

k) if elevated temperature proof stress tests are
required and if so, the testing temperature selected from
tabie 3 (see 4.2.1);

1) if low temperature V-notch impact tests are required
and, if so, the testing temperature selected from table 5
(see 5.2.3);

m) if a maximum copper content is required (see
table 1, note 1).
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3.2 Manufacture of the steel

3.2.1 Uniess otherwise stated on the enquiry and order,
the steelmaking process and the deoxidation practice
within the provisions of 3.2.2, 3.2.3 and table 1 will be at
the option of the steel manufacturer.

3.2.2 The steel shall be produced by the open hearth,
electric or one of the basic oxygen processes. Other
processes may be used by agreement between the interested
parties1). If he so requests, the purchaser shall be informed
of the steelmaking process used.

3.2.3 Deoxidation practice shall be as defined in table 1
for the steel type specified.

NOTE — 1SO documents covering the use of plates for pressure
purposes place additional limitations on deoxidation practice for
certain applications. For such applications, the purchaser shall
ensure that these limitations are stated on the enquiry and order.

3.3 Heat treatment

3.3.1 The plates shall be %supplied in the heat-treated
condition given in table 1 for the particular steel type
ordered.

For the steel types P3 to P18, the application of controlled
temperatures during and after rolling or forming may take
the place of normalizing provided the specified properties
are obtained.

3.3.2 By agreement between the interested parties the
plates may be delivered in a condition other than the final
heat-treated condition according to table 1, for example for
hot-forming. Test samples shall be given a heat treatment
complying with the requirements of table 1 (see 3.10.1.5)
and the purchaser shall be informed of the actual heat
treatment. Alternatively, see 3.56.1.2.

3.4 Chemical composition

3.4.1 Ladle analysis

The steel shall show on ladle analysis the composition given
in table 1 appropriate to the steel types specified.

3.4.2 Product analysis

3.4.2.1 If a check analysis on the product is required, the
permissible deviations given in table 2 shall apply to the
ladle analysis specified in table 1 for samples taken from
the standard position (see 3.4.2.2).

If a check analysis for acceptance purposes is required, this
shall be stated on the enquiry and order.

3.4.2.2 If a check analysis on the product is required, the
number of samples to be taken shall be agreed between the
interested parties.

The samples shall be taken either from the test pieces used
for the verification of the mechanical properties, or from
drillings through the whole thickness of the plate at the
same location, as for the mechanical test samples. The
requirements of 3.2 and 3.3 of ISO/R 377, covering the
method of selection and preparation of the samples for
chemical analysis, shall apply.

3.4.3 Cases of dispute

In cases of dispute, the methods for chemical analysis shall
be in accordance with the relevant ISO documents. If no
ISO document is available, the method to be used shall be
agreed between the interested parties.

3.5 Mechanical and technological properties
35.1 Mechanical properties

3.5.1.1 The mechanical properties at room temperature to
be obtained on test pieces selected, prepared and tested in
accordance with 3.10.1 and 3.11 are given in table 1.

3.5.1.2 If heat treatments different from, or additional to,
the normal reference heat treatment are to be carried out
after the delivery of the plates {which may have an adverse
effect on the mechanical properties), the purchaser may
require, at the time of enquiry and order, additional
mechanical tests on additional samples which have been
given heat treatments different from, or additional to, those
in table 1. In this case the heat treatment of the samples
and the mechanical properties to be obtained on them shall
be agreed between the interested parties at the time of
enquiry and order.

NOTES

1 The mechanical properties can be affected by heating or
reheating during fabrication. Purchasers who intend to heat or
reheat any of the steels are advised to discuss the application and
proposed heating or reheating treatment with the supplier.

2 If the plates are hot-formed, they shali have the same mechanical
properties as specified in this International Standard provided the
steel has not been heated to mare than 1 100 “C, and that, after
forming, it has been cooled to a temperature below the
transformation temperature and then normalized at the specified
temperature.

However, the final normalizing may be omitted provided :

a) the hot-forming is done in one operation at the normalizing
temperature;

b) if hot-forming is done in more than one operation, the plate
is cooled to a temperature below the transformation temperature
before the last operation, and this operation is then carried out
at the normalizing temperature.

3.5.2 Weldability

The steels covered by this International Standard are
generally regarded as being weldable. However, the general
weldability of any of the steels, but especially of the steels
with relatively high carbon content or relatively high alloy
content, cannot be guaranteed as the behaviour of the steei

1} Such as the user, purchaser, and manufacturer of the equipment, the producer of the supplied construction material and the inspection

and/or certifying authority.
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during and after welding is dependent not only on the steel,
but also on the welding conditions and the final use for
which the steel is employed. Therefore, where appropriate,
the welding procedure shall be agreed between the
interested parties at the time of enquiry and order.

3.6 Surface condition and soundness

3.6.1 The plates shall have a workmanlike finish and shall
be clean and free from surface and internal defects likely to
have an adverse effect.

3.6.2 Any special requirements for freedom from defects
shall be agreed between the interested parties at the time of
the enquiry and order.

3.6.3 The requirements for surface defects, rectification
and internal defects given in 8.1, 8.2 and 8.3 of ISO/R 404
shall apply.

3.6.4 Before delivery=or submission for acceptance, the
surface defects shall be removed by the supplier by
grinding, provided that the final thickness complies with
the minimum tolerance and that the resulting depression is
properly smoothed off in relation to the remainder of the
surface. If the thickness has to be reduced below the
minimum accepted value, this repair shall be carried out
only with the agreement of the user or his representative.
Larger surface defects may, by agreement with the user or
his representative, be repaired by grinding (possibly by
chiselling), followed by welding and levelling of the weld.
This operation shall be carried out under the following
conditions :

a) The defects shall be completely eliminated before
any filler metal is applied.

b} The total surface to be repaired shall not exceed 2 %
of the surface area of the face of the plate in question.

c¢) The complete removal of the defects shall not reduce
the thickness of the plate by more than 20 % of the
nominal thickness.

d) It shall be verified that, after the total elimination of
the defect, the two above conditions are complied with.
Every facility shall be given to the accepting agent (or
to the representative of the user) to enable him if
necessary to carry out the same verification.

e} The repair shall be carried out by qualified welders
accepted by the user or his delegate, using covered
electrodes and following a procedure suitable for the
composition of the steel used for the plate and further
heat treatments. His procedure shall be accepted by the
user {or his representative). The welds shall be sound,
without discontinuity or break. The filler metal, which
shall be completely melted and joined throughout to the
base metal shall finally present an excess thickness of at
least 1,5 mm. This excess shall then be levelled by
grinding (possibly preceded by chiselling) to give the
repaired plate a technically smooth and uniform surface.

Full document details: ISO 2604-4-1975
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f) An examination of the quality of the repair shall be
carried out ultrasonically, magnetoscopically, by dye
penetration or, where applicable, by radiography. The
technique used for the examination and the qualification
of the operator shall be agreed by the user or his
representative.

g} For plate which has to be delivered in a heat-treated
condition, the repair of the defects shall be carried out
before the final test treatment.

h) In cases where plates are delivered untreated, repair
by means of welding shall be followed by a post-weld
heat treatment.

3.6.5 The position of repairs of defects shall be carefully
marked and pointed out to the user. These marks shall be
mentioned in the acceptance report.

3.7 Dimensions and tolerances

3.7.1 The dimensions of the plates shall be stated on the
enquiry and order.

3.7.2 Until the relevant ISO documents are available, the
tolerances on dimensions and mass shall be agreed between
the interested parties and stated on the enquiry and order.

3.7.3 The requirements of 8.4 of ISO/R 404 shall apply.

3.8 Inspection procedures

The purchaser shall indicate on his enquiry and order which
of the five inspection procedures listed in clause 4 of
ISO/R 404 is to be followed.

NOTE — The inspection procedure selected shall, if appropriate, be
compatible with the requirements of the 1ISO document covering the
use of the product.

3.9 General rules for carrying out acceptance tests

The requirements of clause 5 of ISO/R 404 covering the
following shall apply :

a) place of acceptance;

b) submission for inspection;
c) rights of the inspector;

d) acceptance.

3.10 Number, selection and preparation of samples and
testpieces

3.10.1 Mechanical tests at room temperature

3.10.1.1 The requirements of 2.3 and 2.4 of ISO/R 377,
covering the identification and preparation of samples and

test pieces shall apply. Documents
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3.10.1.2 For plates not exceeding 5 000 kg in mass and
15 m in length, one test sample sufficient for the required
test pieces shall be taken from one end of each plate as
rolled! {see 3.10.1.6, 4.2 and 5.2).

3.10.1.3 For plates exceeding 5 000 kg in mass or 15 m in
length, one test sample sufficient for the required test
pieces (see 3.10.1.6, 4.2 and 5.2) shall be taken from each
end of each plate as rolled?’.

3.10.1.4 The test samples shall be selected from a position
halfway between the edge and the axis of the plate.

3.10.1.5 The test samples shall be cut from the plate after
the final heat treatment. If the plates are to be delivered in
a condition different from the specified final heat-
treatment condition, the test samples shall be in the
reference heat-treatment condition required by table 1

3.10.1.6 From each test sample, the following test pieces
shall be prepared, with the axis of the test pieces at right
angles to the direction of fina| rolling :

a) One tensile test piece — this shall be a rectangular-
section test piece, with dimensions in accordance with
the requirements of 1SO 82. The width of the paraliel
portion shall not exceed 40 mm. The thickness shall be
that of the plate, except that for plates over 30 mm
thick, the thickness of the test piece may be reduced to
30 mm by planing or miiling of one face only.

Alternatively, for plates over 30 mm thick, and by
agreement between the interested parties, a proportional
round test piece, having dimensions in accordance with
the requirements of ISO 82 and with the axis located
one-sixth of the thickness from the outer surfdce, may
be used.

b) One bend test piece — this shall be of the dimensions
specified in 4.1 and 4.2.2 of I1SO/R 85, except that the
test piece shall be of the full thickness of the plate for
plates up to 30 mm thick. For plates over 30 mm thick,
the thickness of the test piece may be reduced to 30 mm
by machining on one face only.

c) One or, if specified on the order, three transverse
ISO V-notch test pieces — these shall be of the
dimensions specified in 1SO 148 and shall be taken from
a position close to one of the rolled surfaces. For plates
thicker than 40 mm the axis of the test piece shall be
one-quarter of the thickness from one of the rolled
surfaces. The test piece shall not be closer than 25 mm
from any flame-cut or sheared edge.

The axis of the notch shall be perpendicular to the rolled
surface.

For piates with a thickness between 5 and 10 mm,
the impact test pieces shall be reduced to test pieces
of a width equal to the thickness of the plate. The

impact strength values to be obtained, increased in
proportion to the difference in cross-sectional area
between the test piece used and a normal test piece,
are the same as for normal test pieces.

NOTE — Until 31st December 1975, U-notch test pieces with
dimensions as specified in ISO/R 83 may be used instead of
V-notch specimens.

3.10.2 Visual inspection

Every plate shall be inspected.

3.10.3 Non-destructive testing

If non-destructive testing is required by the order, every
plate shall be tested unless otherwise agreed between the
interested parties.

3.11 Test methods and test results
3.11.1 Tensile test at room temperature

3.11.1.1 The tensile test shall be carried out in accordance
with ISO 82.

3.11.1.2 The tensile strength R, the lower yield stress
R. or proof stress R, and elongation A shall be
determined. The results obtained shall meet the
requirements given in table 1.

For acceptance purposes, the proof stress (total elongation)
R, may be determined. The 0,5 % proof stress (total
elongation) R.g5 shall be used for ferritic steels having a
specified lower vyield stress R, or 0,2 % proof stress
{non-proportional elongation) R,q2. The 1,0 % proof stress
{total elongation) R4 o should be used for austenitic steels
having a specified 1,0 % proof stress (non-proportional
elongation). However, in cases of dispute, the lower yield
stress R, , or proof stress (non-proportional elongation)
Roo02 (Ryq10 for austenitic steels), shall be determined.

The percentage elongation shall be reported with reference
to a 5,65 \/§; gauge length. If other gauge lengths are used,
the corresponding elongation on 5,65 \/§o shall be
obtained by reference to I1SO 2566/1. In cases of dispute, a
gauge length of 5,65 \/S,, shall be used.

3.11.2 Bend test

3.11.2.1 The bend test shall be carried out in accordance
with ISO/R 85.

The test piece shall be bent through 180° to an internal
diameter not exceeding that given in table 1.

If the test piece is reduced in thickness by machining (see
3.10.1.6), the remaining original rolled surface shall be
placed in tension.

1) The term “plate as rolled’’ refers to the unit plate from a slab, or rolled directly from an ingot, in its relation to the location and number of
specimens; not to its condition. If the plate is sheared or otherwise cut into smaller pieces after rolling, the tests made on test samples taken

from the original plate shall govern,

4
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3.11.2.2 The outer surface of the bent test piece shall not
show any cracks or splits.

3.11.3 /mpact test at room temperature

3.11.3.1 The V-notch impact test shall be carried out in
accordance with I1SO 148 and the U-notch impact test in
accordance with ISO/R 83.

3.11.3.2 If one test piece is used, the value obtained shall
meet the requirements given in table 1.

3.11.3.3 If three test pieces are used, the average value
obtained shall meet the requirements given in table 1. One
individual value may be below the specified value provided
that it is not less than 70 % of that value.

3.11.4 Non-destructive testing

If non-destructive tests for internal soundness, by methods
such as radiography, ultrasonics, magnetic particle
detection, or dye penetrgnts, are required by the purchaser,
this shall be the subject of agreement at the time of the
enquiry and order. Any such agreement shall include details
of the test procedure.

3.12 Retests

The requirements of 6.5 and 7.6 of 1SO/R 404 shall apply
except in the case of impact tests, where the average of the
results on three test pieces is taken. In this latter case, the
following procedure shall be used :

If the average of three impact values is lower than the
specified value, or if any one value is lower than 70 % of
this specified value, three additional test pieces shall be
taken from the same sample and tested. The average value
of the six tests shall be not less than the specified value.
Not more than two of the individual values may be lower
than the specified value and not more than one may be
lower than 70 % of this value.

3.13 Documents

The purchaser shall state at the time of the enquiry and
order which of the documents permitted by clause 4 of
ISO/R 404 are to be provided (see also 3.8).

3.14 Marking

3.14.1 The piates shall be legibly marked to show :

a) the identification symbols for the type of steel, as
given in tabte 1;

b) the brand of the manufacturer of the plates;

c) symbols, letters or numbers which relate the test
certificates, test pieces and products to each other.

3.14.2 Unless the provisions of 3.14.4 are valid, the
symbols, letters or numbers shall be stamped or painted on
a corner of each plate such that they read in the direction
of rolling.

Full document details: ISO 2604-4-1975
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3.14.3 If paint is used for marking, it shali be free of lead,
copper, zinc and tin.

3.144 On plates which are bundled or boxed, the
information in 3.14.1 may be marked on the box, or on a
tag securely attached to the bundle or box in which they
are shipped.

4 SPECIAL REQUIREMENTS FOR PLATES IN STEEL
TYPES HAVING SPECIFIED ELEVATED TEMPERA-
TURE PROPERTIES

4.1 Mechanical properties

4.1.1 For the steel types which have specified elevated
temperature properties, the minimum elevated temperature
proof stress values, derived in accordance with clause 2 of
ISO 2605/1 (in the case of austenitic steels, 1SO 2605/11)
are given in table 3.

4.1.2 For the same steel types, average stress rupture
properties are given in table 4.

4.2 Verification and testing
4.2.1 Elevated temperature proof stress

4.2.1.1 The elevated temperature proof stress values shall
be verified either by elevated temperature acceptance
testing or by the procedure given in clause 3 of 1SO 2605/}
or, in the case of austenitic steels 1SO 2605/11.

4212 VERIFICATIONBY ACCEPTANCE TESTS

One test shall be made on each cast using a test sample
prepared in accordance with 3.10.1, and with the test piece
taken at a position adjacent to one of the test pieces used
for the tensile test at room temperature. |f plates of more
than one thickness are to be supplied from one cast, then
the test shall be made on the thickest plate.

The proof stress tests at elevated temperature shall be
carried out in accordance with 1SO/R 205 or ISO/R 783 at
a temperature selected from table 3 and agreed between the
interested parties at the time of enquiry and order.

For retests, the requirements of 6.5 of 1ISO/R 404 shall
apply.

4.21.3 VERIFICATION
TESTS

WITHOUT ACCEPTANCE

The elevated temperature proof stress values shall be
verified by the procedure given in clause 3 of 1SO 2605/1 or,
in the case of austenitic steels, 1SO 2605/11. The 95 % lower
confidence limits of the elevated temperature proof stress
values which are necessary for the application of that
procedure are given in figures 1 to 14 for the various steel

types. Documents
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4.2.2 Stress rupture properties

For steel plates supplied to this International Standard, the
average stress rupture properties at elevated temperatures
given in table 4 are valid provided that :

a) the product has been manufactured strictly in
accordance with the technical requirements of this
International Standard, to ensure that the stress rupture
requirements are complied with;

b) the producer of the steel supplies a statement to this
effect, which shall be agreed by the interested parties.

5 SPECIAL REQUIREMENTS FOR PLATES IN STEEL
TYPES HAVING SPECIFIED LOW TEMPERATURE
PROPERTIES

5.1 Mechanical properties

For the steel types which have specified low temperature
properties, the minimum longitudinal Charpy V-notch
impact values are given in table b {see also 5.2.4).

5.2 Verification and testing‘

5.2.1 Tests shall only be carried out if so stated on the
enquiry and order, and if the thickness of the plate is
greater than or equal to 5 mm.

NOTE — International Standards covering the use of plates in the
construction of pressure vessels include mandatory low temperature
test requirements.

6
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5.2.2 If low temperature impact tests are required, from
one sample of each acceptance unit as specified in 3.10.1.2
and 3.10.1.3, three ISO V-notch test pieces shall be
prepared in accordance with 3.10.1.6, except that
longitudinal test pieces shall be taken.

523 The tests shall be carried out in accordance with
ISO 148 at a temperature selected from table 5 and agreed
between the interested parties at the time of enquiry and
order.

5.2.4 The average value of the three tests shall meet the
requirements given in table 5. One of the three individual
values may be below the specified minimum average value
of table 5 provided it is not less than 70 % of that value.

5.25 For retests the following procedure shall be used :

If the average of three impact values is lower than the
specified value, or if any one value is lower than 70 % of
this specified value, three additional test pieces shall be
taken from the same sample and tested. The average value
of the six tests shall be not less than the specified value.
Not more than two of the individual values may be lower
than the specified value, and not more than one may be
lower than 70 % of this value.
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