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FOREWORD
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of national starjdards 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
governmental an

to be represented on that Committee. International organizations,
H non-governmental, in liaison with 1SO, also take part in the work.

Draft Internatiohal Standards adopted by the Technical Committees are circulated
to the Member] Bodies for “approval before their acceptance as International
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INTERNATIONAL STANDARD ISO 2604/1V-1975 (E)

Steel products for pressure purposes — Quality requirements —
Part IV : Plates

1 SCOPE AND FIELD OF APPLICATION 3 GENERAL REQUIREMENTS

This Intefnational Standard specifies the quality

3.1 Information to be supplied by the purchaser

requiremenjts for

pilates of 3 to 100 mm thickness

manufactujed from the steel types listed in table 1, for ) )
pressure pufposes. 3.1.1 The purchaser shall state~on his enquify and order
the requirements given below
a) the plate dimensions and tolerances (see 3.7);
2 REFERENCES b) the steel type)(see table 1);
ISO 82, Step! — Tensile tésting. c) the inspection procedures and type of documents
ISO/R 83, Charpy impact test (U-notch) for steel. (see 3.8,8.13, 4.2 and 5.2).
ISO/R 85, Bend test for steel. 3.1.2, Certain alternatives are permitted by this
. lnternational Standard and the purchaser may jalso state on
— A 1)
150 148, Stee/ — Charpy impact test (V-notch). his enquiry and order his requirements as follows, but if no
ISO/R 205| Determination of proof stress and proving test such statement is made supply will be at the gption of the
for steel at plevated temperatures. manufacturer :
ISO/R 377| Selection and preparation of samples and, test d) the deoxidation practice (see 3.2.3);

pieces for

rought steel.

e) if plates for hot-forming are required, the heat-

ISO/R 404, General technical delivery requirements for treatment condition of supply (see 3.3.2 and 3.5.1.2);
steel. f) if a product (check) analysis is required (see 3.4.2);
ISO/R 643, Micrographic determinatipon\of the austenitic o) if additional mechanical tests are rdquired (see

grain size o

ISO/R 78

F steels.

B, Mechanical testing”) of steel at elevated

temperaturgs — Determination-of lower yield stress and

proof stresg

1ISO 2566/1
Carbon and

and proving test:

Steel — Conversion of elongation values — Part | :
low alloy steels.

3.5.1.2);

h) any special requirements for freedom 1
(see 3.6.2);

i) the number of room temperature impact
required (see 3.10.1.6);

i) the details of non-destructive tests, if r

rom defects

ests (1 or 3)

pquired (see

ISO 2605/1| Steel products for pressure purposes — Deri- 3.10.3 and 3.11.4);

vation and Yérification of elevated temperature properties —

Part | : Yield Or proot STress of carbor and 10w alloy Steel KJ i1 elevated (emperature prool siress tests are
products.2} required and if so, the testing temperature selected from

tabie 3 (see 4.2.1);

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.

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

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

parties!). If he sorequests;thepurchaserstat-be-rformed

of the steelmakipg process used.

3.2.3 Deoxidatjon practice shall be as defined in table 1
for the steel typ¢ specified.

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

3.3 Heat treatment

3.3.1 The plafes 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 ndrmalizing provided the specified properties
are obtained.

3.3.2 By agregment between the interested parties the
plates may be delivered in a condition other than the final
heat-treated cordition according to table 1, for example for
hot-forming. Test samples shall be given a heat treatment
complying with| the requirements of table 1 (see3.10.1.5)
and the purchdser shall be informed of the-actual heat
treatment. Alterdnatively, see 3.56.1.2.

3.4 Chemical composition

3.4.1 Ladle anglysis

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

3.4.2 Product gnalysis

be in accordance with the relevant ISO documents] If no
ISO document is available, the method to be uséd shall be
agreed between the interested parties.

3.5 Mechanical and technological propertiés
35.1 Mechanical properties

3.5.1.1 The mechanical properties at room temperafure to
be obtained on test pieces selected, prepared and teqted 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 referencé heat treatment are to be carripd out
after the delivery of the plates {which may have an ddverse
effect on the-mechanical properties), the purchasqr may
require, at) the time of enquiry and order, addjtional
mechanical tests on additional samples which have been
givedtheat treatments different from, or additional to} those
intable 1. In this case the heat treatment of the sgmples
and the mechanical properties to be obtained on thern shall
be agreed between the interested parties at the time of
enquiry and order.

NOTES

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

2 If the plates are hot-formed, they shali have the same meghanical
properties as specified in this International Standard provifled the
steel has not been heated to mare than 1 100 “C, and that, after
forming, it has been cooled to a temperature belgw 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 norgnalizing
temperature;

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.

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

ISO 2604/1V-1975 (E)

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.

have an afdverse effect.

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

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

3.6.4 Bgfore delivery=or submission for acceptance, the
surface fefects shall be removed by the supplier by
grinding, | provided that the final thickness complies with
the mininum 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
minimun] 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 reprdsentative, be repaired by grinding (possibly( by
chiselling), followed by welding and leveliing of thé.weld.
This opdration shall be carried out under the fellowing
conditior)s :

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 thg 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 bewverified that, after the total elimination of
the ddfect, the-'two above conditions are complied with.

Every |facility shall be given to the accepting agent (or
to theé_representative of the uger) to enable him if

h) lo_cases where r\lnfoc are_delivered unt eated, repair
by means of welding shall be followed by a post-weld

heat treatment.

3.6.5 The position of repairs of defects sha

| be carefully

marked and pointed out to the\user. These rharks shall be

mentioned in the acceptance féport.

3.7 Dimensions and tolerances

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

3.7.2.\Until the relevant 1SO documents are

stated on the

available, the

tolérances on dimensions and mass shall be agreed between
the interested parties and stated on the enqujry 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 i
ISO/R 404 is to be followed.

h clause 4 of

NOTE — The inspection procedure selected shall, iff appropriate, be
compatible with the requirements of the 1ISO documpnt covering the

use of the product.

3.9 General rules for carrying out acceptancg tests

The requirements of clause 5 of ISO/R 404

following shall apply :
a) place of acceptance;

b) submission for inspection:

covering the

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.

c) rights of the inspector;

d) acceptance.

3.10 Number, selection and preparation o
testpieces

f samples and

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.
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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 Thewmwww'—
halfway between the edge and the axis of the plate.

3.10.1.5 The fest 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 conglition, the test samples shall be in the
reference heat-freatment condition required by table 1

3.10.1.6 Fron| each test sample, the following test pieces
shall be preparpd, with the axis of the test pieces at right
angles to the difection of fina| rolling :

a) One ten
section test

ile test piece — this shall be a rectangular-
piece, with dimensions in accordance with

the requirements of 1SO 82. The width of the paraliel

portion shal
that of the
thick, the th

not exceed 40 mm. The thickness shall be
plate, except that for plates over 30 mm
ickness of the test piece may be reduced to

30 mm by planing or miiling of one face only.

Alternatively
agreement b
round test (
the requiren
one-sixth of
be used.

b) One ben
specified in
test piece sh
plates up to
the thicknes|
by machinin

¢) One or,
ISO V-notd

, for plates over 30 mm thick, and by
ptween the interested parties, a proportional
iece, having dimensions in accordance wijth
nents of ISO 82 and with the axis located
the thickness from the outer surfdce, may

H test piece — this shall be of the dimensions
4.1 and 4.2.2 of 1SO/R 85, except that the
all be of the full thickness of the plate for
30 mm thick. For(plates over 30 mm thick,
5 of the test piecé. may be reduced to 30 mm
) on one face only.

if specified/on the order, three transverse
h test._'pieces — these shall be of the

dimensions tecified in 1SO 148 and shall be taken from
|

a position ¢

s€_to one of the rolled surfaces. For plates

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

3.10.3 Non-destructive testing

If non-destructive testing is required by\\the ordef, every
plate shall be tested unless otherwiselagreed betwpen 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 accgrdance
with ISO 82.

3.11.1.2 The tensile strength R, the lower yielgl stress
R 0 proof stress R, and elongation A shall be
determined. The results obtained shall megt the
regquirements given in table 1.

For acceptance purposes, the proof stress (total elorjgation)

R, may be determined. The 0,5 % proof stres{ (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 % progf stress
{total elongation) R4 o should be used for austenitic steels
having a specified 1,0 % proof stress (non-propgrtional
elongation). However, in cases of dispute, the loweér yield
stress R, , or proof stress (non-proportional elongation)
Roo02 (Ryq10 for austenitic steels), shall be detemined.

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

Q112 Pand tnce
ot

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

1a-TtestT

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


https://standardsiso.com/api/?name=e714c53c76267f5dd84846ff82aaf097

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

ISO 2604/1V-1975 (E)

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.

accordance with ISO/R 83.

3.11.3.2 If one test piece is used, the value obtained shall
meet the rdquirements given in table 1.
4 SPECIAL REQUIREMENTS FOR PLATES IN STEEL
) TYPES HAVING SPECIFIED ELEVATED |TEMPERA-
3.11.3.3 [f three test pieces are used, the average value
: A . - TURE PROPERTIES
obtained shall meet the requirements given in table 1. One
individual palue may be below the specified value provided . .
that it is ngt less than 70 % of that value. 4.1 Mechanical properties
3.11.4 Ndn-destructive testing 4.1.1 For the steel. types whi;h have speciffed elevated
temperature properties~the/minimum elevated femperature
If non-desfructive tests for internal soundness, by methods proof stress values, derived in accordance with clause 2 of
such as |radiography, ultrasonics, magnetic particle ISO 2605/l (in the~case of austenitic steels, 18O 2605/11}
detection, or dye penetrgnts, are required by the purchaser, are given in tablé 3.

this shall Ibe the subject of agreement at the time of the

enquiry an|
of the test

d order. Any such agreement shall include details
procedure.

3.12 Retests

The requir

bments of 6.5 and 7.6 of 1SO/R 404 shall apply

except in fhe case of impact tests, where the average of the

results on
following g

If the ave)
specified
this specif

three test pieces is taken. In this latter case, the
rocedure shall be used :

age of three impact values is lower «than the
lue, or if any one value is lower than)70 % of
ed value, three additional test pieces shall be

taken fronp the same sample and tested. The average value

of the six
Not more

tests shall be not less than-the specified value.
than two of the individual ‘values may be lower

than the g4pecified value and not'more than one may be

lower than

3.13 Doclments

70 % of this value.

4.1.2 For the same steel types, average stf
propergie€s.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|
be verified either by elevated temperature
testing or by the procedure given in clause 3 of
or, in the case of austenitic steels 1SO 2605/11.

4212 VERIFICATIONBY ACCEPTANCE T

One test shall be made on each cast using a
prepared in accordance with 3.10.1, and with t
taken at a position adjacent to one of the test
for the tensile test at room temperature. |f pl3
than one thickness are to be supplied from or
the test shall be made on the thickest plate.

ess rupture

values shall
acceptance
I1ISO 2605/1

ESTS

test sample
he test piece
pieces used
tes of more
e cast, then

The proof stress tests at elevated temperat

re shall be

carried out in accordance with 1SO/R 205 or 1$0/R 783 at
a temperature selected from table 3 and agreed petween the

The purchaser shallstate at the time of the enquiry and
order whigh of thehxdocuments permitted by clause 4 of
ISO/R 404] are tobe 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.

imterestedpart er.

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.
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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

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

effect, which shal! be agreed by the interested parties.

5 SPECIAL REQUIREMENTS FOR PLATES IN STEEL
TYPES HAV|NG SPECIFIED LOW TEMPERATURE
PROPERTIES

5.1 Mechanical properties

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

5.2 Verificatipn and testing‘

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

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

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 ysed :

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 avergge value
of the~siX tests shall be not less than the specifi¢d value.
Not more than two of the individual values may pe lower
than the specified value, and not more than one| may be
jower than 70 % of this value.
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NOTES TO TABLE 1

1)

Elements not quoted in the table shall not be intentionally added without the agreement of the purchaser, other than for the purpose of
finishing the heat. All reasonable precautions shall be taken to prevent the addition of such elements from scrap or other materials used in the
manufacture, but residual elements may be present provided the mechanical properties and applicability are not adversely affected.

If the level of residual elements is important in relation to the properties or weldability of the steel, the cast (ladle) analysis for such elements
shall be reported.

If the purchaser so requires, for reasons of formability etc., a maximum Cu content of 0,25 % may be imposed.

2)
3
4)
5)
6)

7

not exceed the specified value, shall be deemed to meet this requirement.

Where a minimum Al ., of 0,016 % is specified, determination of the total aluminium content shal\beé deemed to meet this
provided the total aluminium content value obtained is not less than 0,018 %.

In cases of dispute, the metallic aluminium content shall be determined.

8)
9)
10}

1M

12)

13)

14)
15)
16}
17

18)

For permissible deviations on product {check) analysis, see table 2.

Steel P3R shall be rimmed, steels P3, P7 and P11 semi-killed or fully killed. All other steels shall be fully killed. See also note i

For ele

For ste

By agre

Where

Alternatjvely, an austenftic grain size of 6 or finer, determined in accordance with ISO/R"643, can be agreed.

For thi

If the

R = [lower yield stress

Rpo'z = 0,2 % proof stress (non-proportional elongation)
R51,0 F 1.0 % proof stress (non-proportional elongation)
R, = fensile strength

A = pefcentage elongation after fracture on gauge length, L, = 5,65/S,

KCcuU

KV =

D = maximum diameter of mandref
a = thigkness of test piece.
N = normalized, Q = quenched, T = tempered.

For thickness > 63 mi but < 100 mm, the values specified for the thickness range > 40 mm but < 63 mm are lowered b
5 mm of thi¢gkness over63/mm.

For acdeptancepurposes, total elongation proof stress may be used (see 3.11.1.2).

Befor

1f the

cfric furnace steel, N < 0,012 %.
ee|s P3 and PS5, in thicknesses exceeding 40 mm, Mn = 0,40 to 1,20 %.
ment between the interested parties, aluminium may be replaced by other elements having a similar effect.

almaximum Al .. of 0,010%, 0,012 % or 0,020 % is specified, determination of the total aluminium content, provid

cknesses > 30 mm but < 100 mm, C = 0,22 % max.

elevated temperature properties of tabie 4 are specified, the manganese content shatl be 0,80 to 1,40 %.

= 1SO U-notch impact strength

ISO V-notch impact strength

n 3.2.3.

bd that it does

requirement,

1% for each

e lthistreatment the material should he normalized as follows - 800 to 920 c("' air conled

elevated temperature properties of table 4 are specified, the Al 4, content shall be < 0,010 %.

a = air, 0 = 0il, w = water,

For d

esign purposes, the values given in table 3 apply.
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TABLE 2a) — Permitted deviation from the specified composition
for carbon and carbon-manganese steels

TABLE 2c¢) — Permitted deviation from the specified composition

for high alloy and austenitic steels

Maximum of

Permissible deviation1.2)

Maximum of

Permissible deviation1.2)

Element e e from the specified Element .. from the specified
specification range L specification range "
composition composition
Carbon < 0,25 + 0,03 Carbon < 0,03 + 0,005
> 0,03 - 0,25 + 0,01
Silicon < 0,50 + 0,05
Manganese < 040 — 070 + 003
Manganese <20 + 0,10 > 0,70 — 1,0 + 0,04
Suloh > 10 - 20 + 0,05
e < 0,050 + 0,005
specified max. Silicon < 1,0 + 0,05
[
hospﬁorus < 0,050 + 0,005 Sulphurand | < 0,030 + 0,003
specified max. Phosphorus > 0,030 — 0,040 + 0,004
specified max.1 > 0,040 — 0,050 + 0,005
Nickel < 1,0 + 0,03
> 1,0 —, 20 + 0,05
TABLE 2b) — Perpnitted deviation from the specified composition Z g'g < 13'3 . g'%
for | d medi ! | ludi 1 X . s
or low an ium alloy stegls excluding manganese steels > 100~ — 20,0 . 015
% 200 + 0,20
E Maximum of Psrrfnissibl: d"“fr"“'” Chromium < 10,0 + 0,10
ement specification range rom t| es;.:e.cl ied >10,0 — 150 £ 0,15
composition > 15,0 ~20,0 + 0,20
> 20,0 + 0,20
Carbon < 0,25 + 0,03
- Molybdenum | < 1,0 + 0,04
Silicon < 0,50 + 0,05 > 10 — 20 + 0,05
Manganese <20 +0,10 > 20 - 30 +0,08
> 3,0 £ 0,10
Sulphur and I
Phosphorus < 0,050 + 0,005 Tl'tan.lum and | AH ranges + 0,05
ya Niobium
specified max.
Nickel <50 + 007 Vanadium < 0,35 + 0,03
>50-10,0 £ 0,10
Chromium <25 + 0,10
Molybdenum < 0,35 + 0,04
>035-1,5 + 0,08
Vanadium < 0,35 + 0,03
1) The deviation$, other 'than when maxima only are specified, apply either above or below the specified limits of the range but npt both
above and below for-the same element from different sample products from the same cast. When maxima only are specified the deviations are

positive only. The

values are valid only T the samples were selected accordimng 10 3.4.2.2-

2) These values apply only to fully killed and semi-kitled steels and shall be considered as provisional until more confident data are available.

10
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TABLE 3 — Minimum lower yield stress {R, ) or 0,2 % proof stress ‘Rpo,z) values at elevated temperature

Reference RgL min.or Ry 2 min.3), N/mm?2

Steel heat Thickness 5

No. treatment mm Temperature, "C

1,2) 205! | 505.8) | 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 550 | 600 | 650 ] 700

P3 N <16 192 | 183 [175 (172 |168 |150 [124 |117 |115 ({113 | — - - - -
> 16 < 40 176 | 173 171 |169 {162 |144 124 |117 {115 [113 | — - - - -
> 40 <63 170 | 166 |162 (158 (152 (141 124 |117 115 (113 | — - - - -
>63<100 | 160 | 155 |150 [148 |144 [136 124 117 |115 {113 | — - - - —

P5 N <16 220 | 214 1204 |185 [165 1145 1127 [116 |110 106 | — — — - -
> 16 < 40 202 | 200 |196 |183 |164 |145 (127 [116 {110 |106 | — - - - -
> 40 <63 184 | 183 [179 (172 1159 |145 [|127 |116 [110 [106 | — - S - -
> 63 < 1007}

P7 N <16 232 | 220 |211 |208 [201 [180 [150 |[142 {138 [136 | — - - - -
> 16 < 40 200 | 204 |201 |198 [191 [171 [150 [142 {138 |136 | — X - - -
> 40 < 63 201 | 196 |192 |188 [181 |168 [150 [142 [138 136 | — - - - -
>63<100 | 189 | 183 |[178 |175 [170 |162 |150 |142 [138 {136 | C - - — -

] N <16 252 | 248 |235 {216 {194 |171 (152 {141 [134 |130' |, — — - - -
> 16 < 40 239 | 235 |228 [213 1192 [171 |152 141 [134 [130 ] — - — - -
> 40 <63 226 | 222 |215 |204 {188 [171 |152 |141 |134 130 | — - - - -
> 63 < 1007)

P11 N <16 272 | 260 |248 |243 |235 [210 |176 |168, |462 [158 | — - - - -
> 18 <40 241 | 235 |230 {227 |220 (198 |176 |168,|162 [158 | — - — - -
> 40 < 63 232 | 227 |222 |218 |210 [194 |176 [168“|162 [1568 | — - - - -
>63<100 | 218 | 212 |206 |203 |197 |188 (176 ({168 [162 [158 | — — - - -

P13 N <16 284 | 276 | 266 [247 223 [198 |1772>|167 |158 [163 | — - — - -
> 16 <40 277 | 271 | 260 |242 220 [198 |4%7 |167 {158 [1563 [ — — - - -
> 40 < 63 268 | 262 |251 |236 {217 |198~)177 |167 |158 [163 | — — - - -
> 63 < 1007)

P16 N <16 295 | 280 |270 |264 !255w(228 {192 |183 |177 [172 | — - - - -
> 16 < 40 261 | 255 | 248 |245 1237,%|214 [192 |183 [177 {172 | — — - - -
> 40 <63 251 | 245 |240 [236 227 |210 {192 |183 [|177 (172 | - — - - -
>63<100 | 236 | 229 {222 |219.[212 |203 {192 |183 (177 [172 | — - - - -

P18 N <16 304 | 297 |284 265 |240 |213 192 |182 |173 {168 | — - - - -
> 16 < 40 300 | 293 |279(}260 {237 |213 {192 |182 {173 {168 | - - - - -
> 40 <63 293 | 286 |272 1256 |234 213 {192 [182 [173 |168 | — - — - -
> 63 < 1007)

P26 N+T 241 | 239\ | 237 (232 {218 |200 167 [153 |148 [143 {139 | — — - -

p2g4) N+T

P304 N+T

P32 N+T 298 | 284 |270 |259 {248 [237 [216 [203 [199 |194 {188 (181 |174 || — -

P33 N+T 270 | 266 |259 |248 [235 [218 [192 [184 [177 |168 |155 [148 [135 || — -

P34 N+T 259 | 255 |249 |241 233 (224 219 1212 [207 |194 | 180 [160 |137 || — -

P48 Q 195 132 1120 (109 100 | 92 | 87 | 84 | 81 | 79 | 78 | 76 || - -

P56 Q 205 171 [162 [ 153 | 147 {139 |133 {129 | 1256 [123 |122 [120 | — -

P63 0 205 155 (144 {132 |121 113 |107 |101 [ 98 | 95 [ 92 | 90| 89 | 88

P674) Q 215

P694) Q 165

1)
2)
3)
4)

1SO 2605/11, are available for these steels, the values shall be agreed between the interested parties at the time of enquiry and order.

5)
6)
7}

N = normalized, Q = quenched, T = tempered.

For temperatures and cooling conditions, see table 1.

if a yield phenomenon is pronounced, R, is valid. If a yield phenomenon is not pronounced, Rpo,z is valid.

Until values for lower yield stress and proof stress, derived in accordance with clause 2 of 1SO 2605/1 or, in the case of austenitic steels,

Values at 20 "C and 50 °C are included for design purposes only, and are not subject to verification.

Values at 50 “C have been obtained by interpoiation.

For thicknesses > 63 mm but < 100 mm, the values specified for thickness range > 40 mm but < 63 mm are lowered by 1 % for each
5 mm of thickness over 63 mm.

GENERAL NOTE - Values are subject to revision when more data become available.

11
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TABLE 4 — Stress rupture properties at elevated temperature

Reference Estimated average stresses for rupture3), N/mm?2
Rupture
Steel heat time Temperature, °C
No. treatment ! h P ’
1.2 380 390 400 410 420 430 440 450 460 470 480 490 500
p36) N 10000 | 285 263 240 218 196 176 155 135 117 101 86 75 64
30000 { 251 228 205 181 160 139 120 103 88 76 64 53 (44}
50 000 | 234 211 188 165 143 124 105 89 76 65 54 (45} (36)
100000 | 211* | 186* | 164* | 141* | 122* | 103 88 75 63 51 (42)* — -
150000 | 196* | 173* | 150* | 127* | 108* 91° 78* 66° 54*° | (44)*| (36)° - —
200000 | 185* | 163* | 139 | 118* 99* 85* 72* 60°* 49* | (39)* (31)* A —
250000 | 177* | 185* | 131* | 111* 93* 80* 67* 55° (45)* | (36)* - N -
Ps N 10000 | 221 201 181 164 148 132 118 104 91 79 69 59 51
30000 | 192 175 157 140 124 108 94 81 70 60 51° 43* (36)*
50000 | 181* | 163* | 145*% | 128* | 112* 97° 82* 70* 59* 50* 43> | (36)* || (30)*
100 000 | 164* | 145* | 127* | 110* 94* 79° 68* 56* 46* 3900~(33)* - -
150000 | 153* 135* | 119* 101* 84* 71* 59* 49° 40* (34)* | (28)* - -
200000 { 146> | 128* | 111* 93* 77* 64 * 53* 44> | (36)*1 (30)* - - -
250 000 § 140* 123* | 104* 86° 72* 59* 49° 40* (3312, 127} - - -
p76) N 10000 | 285 263 240 218 196 176 165 135 17 101 86 75 64
30000 | 251 228 205 181 160 139 120 103 88 76 64 53 (44)
50 0004 234 211 188 165 143 124 105 89 76 65 54 (45) (36)
100000 | 211* | 186* | 164* | 141* | 122* | 103 88 75 63 51 (42)¢ - -
150000 | 196* | 173* | 150* 127* | 108* 91° 78% 66* 54* (44)* ! (36)° - —
200000 | 185* | 163* | 139* 118* 99* 85° 72% 60* 49* (39)* | (31)° - -
250000 177* | 156* | 131* | 111* 93* 80° 67> 55° (45)* ! (36)°* - — -
P9 N 10 000 | 221 201 181 164 148 132 118 104 91 79 69 59 51
30000 | 192 175 157 140 124 108 94 81 70 60 51* 43* (36)*
50000 | 181* | 163* | 145* | 128* | 112* 97° 82* 70* 59* 50* 43* (36)* || (30)*
100000 | 164* | 145* | 127* | 110* 94* 79* 68* 56° 46* 39* | (33)° - -
150 000 | 153* | 135* | 119* | 101* 84* 71°* 59* 49* 40* (34)* | (28)° - -
200000 | 146* | 128* | 111* 93* 27 64* 53* a4° (36)°| (30)* - - -
250 000 | 140" | 123* | 104* 86* 72* 59+ 49* 40* | (33)* ]| (27)* - - -
P114.6) N 10000 | 293 270 247 226 204 182 162 143 127 11 97 84 74
30 000 | 259 235 214 191 170 150 132 116 101 87 75 64 (54)
50 000 | 243 221 197 176 155 135 119 104 89 76 65 (54) -
100 000 | 221 198 176 154 134 117 102 87 75 63 (63} - -
150 000 | 206* | 183*(| ,162* 142* | 125* | 107* 91* 77* 66* (65)* | (46)* - -
200000 | 196* | 174*“1563* | 134* | 116* 99° 84* 72* 60* | (50)*! (42)° - -
250000 | 189* ' 167% | 146" | 128* | 110* 93* 79* 67* 56* | (47)* - - -
P134) N 10000 | 279 254 229 206 183 163 145 127 113 100 88 78 7
30000 | 251 224 197 174 152 133 117 101 88 77 68 60 (52)
50 000 {237 206 179 158 137 119 103 88 76 67 59 (52) (45)
100 000.]“211* | 182* | 157* | 1356* | 117* | 100* 85* 73* 62* (63}* | {47)° - -
150000 196* | 168* | 144* | 124* | 104* 87°* 75* 65* 56* | {48)* - - —
200000 | 185* | 1567* | 135* | 114* 95* 79* 69* 59° | (61)* — - - -
250000 | 177* 150* | 127* ; 106* 88° 75* 64* (55)*| (46)° - - - —
P166) N 10000 | 293 270 247 226 204 182 162 143 127 11 97 84 74
30000 | 259 235 214 191 170 150 132 116 101 87 75 64 (54)
50 000 | 243 221 197 176 165 135 119 104 89 76 65 (54) -
100 000 | 221 198 176 154 134 117 102 87 75 63 {63) - -
150000 | 206* | 183* | 162* | 142* | 125* | 107* 91* 77* 66" (65)° | (46)* - -
200000 | 196* | 174* | 153* | 134* | 116* 99° 84* 72* 60* (60)* | (42)* - -
2560000 | 189* | 167* | 146* | 128* | 110* 93* 79* 67* 56* (47)* — - -
P18 N 10000 | 279 254 229 206 183 163 145 127 113 100 88 78 71
30 000 | 251 224 197 174 162 133 117 101 88 77 68 60 (52)
50 000 | 237 206 179 158 137 119 103 88 76 67 59 (52) (45)
100000 | 211> } 182* | 157* | 135* | 117* | 100* 85* 73* 62* | (63)*| (47)* - -
150000 ] 196* | 168* | 144* | 124* | 104* 87* 75* 65* 56* (48)* - — —
200000 | 185* | 157* | 135* | 114* 95* 79* 69* 59* | (51)* - - - -
250000 177* | 150* | 127* | 106* 88* 75* 64" (65)*| (46)° - — - -
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TABLE 4 (continued)

Estimated average stresses for rupture3), N/mm?2

Reference Ruptur
Steel heat :":ne ) Temperature, °C
No. treatment lh perature,
1.2 450 | 460 | 470 | 480 | 490 { 500 [ 510 | 520 | 530 | 540 | 550 | 560 | 570 | 580 | 590 | 600
P26 N+T 10000) 298 | 273 |247 222 1196 [171 [147 [125 {102 82 64 - - - - -
30000{273 (244 1216 {187 {159 [134 |113 93 76 61 49 — - — - —
YU UUU 20U LI ZUU L4 144 LIRS g ou fele] fo %) (‘0“7 - - - - -

100000 | 239* | 208* [178* |148 |123 101 81 66 53 | (42)¢| (34)*| — - — - -

150 000 | 226* | 197* | 168* | 139* | 114* | 91* | 74* | 60* | 48> | (39)*| — - i - - -
200 000 | 217* | 188* | 159* [130* {105* | 84* | 69* | 55* | 45~ | (36)*] — - c - - -
250 000 | 210* | 180* | 151* | 124* |100* | 80* | 65* | 52* | (42)* (33)*| — — - - - -

p285) N+T

P305) N+T

P32 N+T 10 000 - - — 1304 (273 |[239 (209 (179 |[154 3128 (109 91 76 64 || 53 44
30 000 - - — 1267 (233 |200 |169 [140 (116 96 79 66 54 44 | 136 |{29)

507000 - - — 1239 (207 [177 |149 (124 (104 82 68 19 45 - - -

100 000 - - - {210 (177 [146 [121 99 81 67 54 43 35 - - -

150 000 - - — 1194* [161* 1132* | 108* (87/° | 71 57 46 38 |[(31) - - -

200 000 - - — {180* |148* |122* | 99% 1 *79* | 64* ; 52* | 42> | 34* | (28)*| — - -

250 000 - - — {170* [139* [114* | ~\91*| 74* | 59* | 48" | 39* | 32* {{26}*! — - -

P33 N+T 10 000 - - — 1299 (268 {241[219 {198 |179 |164 [148 [134 (121 |108 | |95 78
30 000 - - — {261 (232 (209 |187 (168 (152 [135 ;121 ;107 93 80 | 167 {{50)

50 000 - - — {243 {217 {193 [172 |153 (136 121 !107 92 78 G6 - —

100 000 - - — |218.y191 |170 {150 (131 (116 }100 ! 85 72 59 |{46) - -

150 000 - - ~ 2051179 |156 [136 [119 |101* ) 85* | 70* | 57* | (45)*| (35) - -

200 000 - - — |M94* [169* |146* {127* {109* | 91* | 76* | 61 | (48)*| (37)*| (28) - -

250 000 - - ~ {185* |160* {138* | 119* 1101* | 83* | 68* | 54* | (42)*| (32)*| - - -

P34 N+T 10 000 {(309}*|(285)*1(263}*240 (219 |196 [176 |1556 |137 {122 1108 96 85 76 | 1 68 61

30 000 |(276)*[{264)*| 233* |213 (192 |172 |[152 |134 (118 [103 90 79 70 61 | | 54 48
50 000 {(257) %] 236* | 217* |197* |177* 1158* [ 139* |123* |107 93 80 71 62 54 | |47 42

100 000 | 221 204> {186* | 170* | 153" [137* 122" |107* | 93 79 69 59 51 44 | (38) [(34)

150 006, { 209* | 192* |{175* |158* {141* |126* [110* | 95* | 82* | 73* | 63* | 54° | 47 40 | (35) |(30}
200 000-f 203* | 186* [ 169* | 152* {135* [119* | 103* | 89* | 77* | 68* | 58> | 50* | 43* | (37)] {(32)* |(28)*
250,000 | 198* | 181° | 164* | 147* [130* |113*| 98* | 84* | 74* | 64* | 55* | 47* | 41* | (35} |(30)* [(26)*
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NOTES TO TABLE 4
1) N = normalized, Q = quenched, T = tempered.
2} For temperatures and cooling conditions, see table 1.

3) Values given in parentheses were obtained by extrapoiation beyond the stress range covered by the test data and are thus subject to greater
uncertainty.

4) The stress rupture properties are valid only if the manganese content is > 0,80 %.

5) Until values of stresses for rupture derived by 1SO/TC 17/SC 10/ETP-Sub-Group are available, the values provided by national or similar
standards, or by the quality controf of the interested parties, shall, if necessary, be agreed at the time of enquiry and order.

6) The strgss rupture properties are valid only if the Almet content is < 0,010 %.
GENERAL|NOTES — Values are subject to revision when more data become available.

Values for [the longer times have been extrapolated by the method approved by TC 17/SC 10/ETP-Sub-Group, to a greater qr lesser degree
depending yipon the duration of the tests from which the values have been derived.

In analysing the data on austenitic steels, no differentiation has been made between boron-containing and bofron-free casts.

The derivation of the values marked with an asterisk may have involved extended extrapolation. ThevalUes are recommended values, but their
use should|take account of the extent and duration of the test data on which they were based:(see ISO/DATA No. 1).
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TABLE 5 — Impact properties at low temperature

Provisional minimum impact test value, KV 3.4.5) in joules,

Reference Plate average of three tests
Steel heat thick
No. treatment fokness Temperature, °C
1,2) mm

0 ~-20(~40| -50 [—-80 |-100|- 120(- 150}~ 170|- 195
P5 N
P9 N

< 100 55 47 31 27

P15 N
P18 N
P41 N,.N+T,Q+T

71 63 55 51 27
P42 N

< 50

P43 N 59 55 51 47 39 27
P44 Q+T 63 59 55 55 47 38 27
PAS N+Q+T,Q+T < 30 71 67 63 63 55 55 51 47 43 39
P49 *Q 86 86 82 82 78 78 74 74 71 71
P52 Q < 16

78 78 74 74 71 71 67 67 63 63
P55 Q

1)
2)
3
4)

5)

16

N = normalizdd, Q = quenched, T = tempered.

For temperatyres and cooling conditions, see table 1.

V-notch test giece, longitudinal.

Single values rjot less than 70 % of the average value.

The values ap|
agreed between th)

e interested parties.

bly to standard 10 mm X 10 mm test pieces! Where it is necessary to use subsidiary standard test pieces the values|shall be
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R : N/mm?2
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Normalized

< 16 mm
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FIGURE 6 — 95 % LCL lines for : .

PS5, P9, P13, P18 (C and CMn; fine grained)

Steels :

Normalized

Heat treatment :

> 16 mm but < 40 mm

Thickness :

22
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FIGURE 7 — 95 % LCL lines for :

P5, P9, P13, P18 (C and CMn; fine grained)

Steels :

Normalized

Heat treatment :

> 40 mm but < 63 mm

Thickness :

23
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