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ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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Steel flat products for pressure purposes — Technical
delivery conditions —

Part 5:
Weldable fine grain steels, thermomechanically rolled
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Scope

momechanically rolled weldable fine grain steels as specified in Tables Adand B.1. Th
uitable for hot forming.
now, no sufficient data for the standardization of the elevated temperature propert

ed upon between the interested parties.

requirements and definitions of ISO 9328-1 also apply to this document.
rdance with ISO 643.

E 2 This document offers the possibility of specifying products in accordance with European
\SME-type design codes.

Normative references
titutes requirements of this document. For dated references, only the edition cited

1948-1, Steels — Classification — Part 1: Classification of steels into unalloyed and alloy
hemical composition

ty classes and,main property or application characteristics

0328-1:2018, Steel flat products for pressure purposes — Technical delivery condition
ral requirements

document specifies the requirements for flat products for pressure éguipment, made of

e steels are

ies of these

s are available. If their use at such temperatures is intended, the.conditions for this afre specially

£ 1 Fine grain steels are understood to be steels with a\ferritic grain size of 6 or finer when tested in

design codes

following documents are referred-to in the text in such a way that some or all of their content

hpplies. For

ited references, the latest edition of the referenced document (including any amendmerts) applies.

steels based

1948-2, Steels —*€lassification — Part 2: Classification of unalloyed and alloy steels according to main

s — Part 1:

3

1 WS an-d-dafimitian
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For the purposes of this document, the terms and definitions given in ISO 9328-1 apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

IEC Electropedia: available at http://www.electropedia.org/

ISO Online browsing platform: available at https://www.iso.org/obp
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4 Classification and designation

4.1 C(lassification

In accordance with ISO 4948-1 and ISO 4948-2, all steel grades covered by this document are alloyed

special stee

Is.

4.2 Designation

Shall be in accordance with ISO 9328-1.

This docum
a) Dbasic sg
b)
c)

d) seriesV

series

series

NOTE1 T
Annex B are

NOTE 2
in Annex C.

In]

5 Inforn

5.1 Mangdgatory information

Shall be in 2

Additionall
agreed upo

ent covers the steel grades specified in Annexes A and B in four series:

ries (P..M, PT...M);

yith low temperature properties down to -40 °C (P...ML1, PT...ML1);

yith low temperature properties down to =50 °C (P...ML2 - grades of Afnex A only);
vith low temperature properties down to =60 °C (PT...ML3 - gradesof Annex B only).

he steel grades in Annex A are classified in accordance with their yiéld strength; the steel grad
classified in accordance with their tensile strength.

formation on the designation of comparable steel grades in.national or regional standards is §

hation to be supplied by the purchaser

ccordance with ISO 9328-1.

, for steel grades in accordance with Annex B, the test direction for the impact test shg
h (see Clause 9 and Table B.4,footnote 2).

5.2 Optilns

A number
the relevan
these optio

basic speciffication (see(ISO 9328-1):

options are specifiéd in this document. These are listed below under a) to g). Additiorx
L options of IS@'9328-1 apply. If the purchaser does not indicate a wish to implement aj
s at the time-of enquiry and order, the products shall be supplied in accordance wit}

equivalent value (see 6.3.3);

es in

riven

11 be

ally,
hy of
1 the

afion of an impact energy of 40 ] (see Note to 6.4 and Table A.4):

a) carbon
b) specifi
<)
d) increas
e) increas
f)
g)
2

decreased minimum Alyta) content (see Table B.1, footnote b);

ed maximum carbon content for the grade PT550ML1 (see Table B.1, footnote ¢);

ed maximum silicon content for the grade PT550M (see Table B.1, footnote 4);

other test requirements for the impact test (see Table B.4, footnote b);

tests on simulated heat-treated samples (see 6.7.2).
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An order of 10 plates with nominal dimensions thickness = 50 mm, width = 2 000 mm, length =
10 000 mm, made of a steel grade with the name P355ML2 as specified in this document, with inspection
certificate 3.1 as specified in [SO 10474, is designated as follows:

10 plates - 50 x 2 000 x 10 000 - ISO 9328-5 P355ML2 - Inspection certificate 3.1

6 Requirements

6.1
Shal

6.2
The

6.3

6.3
cast

6.3.]
Tabl

Steelmaking process

be in accordance with ISO 9328-1.

Delivery condition

products complying with this document are supplied in the thermomechanically rolled

Chemical composition

(heat) analysis.

e A.1 and Table B.1 by the values given in Table 1«

6.3.]
stee

condition.

.1 Therequirements in Table A.1 and Table B.1 apply for thie)chemical composition accdrding to the

. The product analysis may deviate from the speeified values of the cast (heat) analysis given in

8 For steel grades covered by this documeént, a carbon-equivalent value according to Table A.2 (for
grades in Annex A) or Table B.2 (for stéel grades in Annex B) may be agreed upon at| the time of

enqyiry and order.
Taple 1 — Permissible deviations-of the chemical composition from the results of thee product
analysis from the.specified values applicable to the cast (heat) analysis
Specified value in the cast Permissible deviationa
Element analysis@ccording to Tables A.1 and B.1 of the product analysis
% by mass % by mass
Cc <0,20 +0,02
Si <0,75 +0,06
Mn <2,00 +0,10
P¢ <0,030 +0,005
2 <0,010 +0,003
> (0,010 to < 0,030 +0,005
Al 20,020 -0,005
N <0,020 +0,002
Mo <0,20 +0,03
Nb <0,05 +0,01

a

b

C

If several product analyses are carried out on one cast, and the contents of an individual element, as determined, lie
outside the permissible range of the chemical composition specified for the cast analysis, then it is allowed either to exceed
the permissible maximum value or to fall short of the permissible minimum value, but not both for one cast.

Only specified for grades in Annex A.

In the case of the steel grades specified in Annex B, the maximum values listed in Table B.1 also apply for the product
analysis.

© ISO 2018 - All rights reserved
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Table 1 (continued)

Specified value in the cast Permissible deviationa
Element analysis according to Tables A.1 and B.1 of the product analysis
% by mass % by mass

Ni <0,50 +0,05

Ti <0,05 +0,01

\ <0,10 +0,01

B <0,0010 +0,000 5

Cr + Cu + Mab <060 +010
V + Nb + Tib <0,15 +0,03

a If severfal product analyses are carried out on one cast, and the contents of an individual element, as determinef, lie
outside the pgrmissible range of the chemical composition specified for the cast analysis, then it is allowed eithet to exiceed
the permissiljle maximum value or to fall short of the permissible minimum value, but not both for one cast.
b Only splecified for grades in Annex A.
c In the cpse of the steel grades specified in Annex B, the maximum values listed in Table B.1 also apply for the prdduct
analysis.
6.4 Mechanical properties
The values given in Tables A.3 and A.4, as well as in Tables B.3 and B4, apply (see also ISO 9328-1).
NOTE OFtionally, a minimum impact energy value of 40 ] can be specified for temperatures where lpwer
minimum vallues are specified (see Table A.4, footnote a).
6.5 Surfgce condition
Shall be in g4ccordance with ISO 9328-1.
6.6 Internal soundness
Shall be in 4ccordance with ISO 9328-1.
6.7 Weldability
6.7.1 The|steels specified in\this document shall be suitable for welding processes in current use|(see
Note to 6.7.R).
6.7.2 The| manufacturer shall, if requested, provide the purchaser with data on suitable welding
conditions dletermined on the basis of weld procedure tests.

With incregqsing nominal thickness and strength level, cold cracking can occur. Cold cracking is ca

1sed

by the fOllOWiug factorsrcombimation:

— the amount of diffusible hydrogen in the weld metal;

— tensile

brittle structure of the heat-affected zone;

stress concentrations in the welded joint.

When using recommendations laid down in appropriate documents, e.g. EN 1011-1 and EN 1011-2
or IIS/IIW 382-71, the recommended welding conditions and the various welding ranges of the steel
grades can be determined depending on the nominal thickness, the applied welding energy, the design
requirements, the electrode efficiency, the welding process and the weld metal properties.

© ISO 2018 - All rights reserved
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Excessive post-weld heat treatment (PWHT) conditions can decrease the mechanical properties. When,
on stress relieving, the intended time-temperature parameter shown by Formula (1):

P=T, (20+Igt)x107

where

Ts isthe stress relieving temperature, in kelvins;

is the holding time, in hours;

reg
orde

Whse
of e
can

6.8
Shal

6.9
Shal

7.1
Shal

7.2
Shal

7.3
Shal

8

t
exc:l:ds the critical P-value of Pcrit. = 17,3 (for steel grades in accordance with Annex(A

ded as necessary in the case of Annex B steel grades, the purchaser should, id his ¢
r, inform the manufacturer accordingly.

re appropriate, tests on simulated post-weld heat-treated samples may be-agtreed upon
quiry and order to check whether, after such a treatment, the properties,;specified in thi
till be regarded as valid (see 5.2, Option 7).

Dimensions and tolerances

| be in accordance with ISO 9328-1.

Calculation of mass

| be in accordance with ISO 9328-1.

[nspection

Types of inspection and inspection documents

| be in accordance with ISO 9328-1.

Tests to be carried out

| be in accordance with ISO 9328-1.

Retests, sorting and reprocessing

be in aecordance with ISO 9328-1.

Sanipling

Shall be in accordance with ISO 9328-1.

ey

) or, where
nquiry and

at the time
s document

For an impact test (and/or the tensile test), that deviates from ISO 9328-1:2018, Table 3, footnote ¢, test
pieces taken from the mid-thickness may be agreed upon at the time of enquiry and order. In this case,
test temperatures and minimum impact energy values shall also be agreed upon.

9 Test methods

9.1

Shall be in accordance with ISO 9328-1.

© ISO 2018 - All rights reserved
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9.2 Impact tests for verification of impact energy values in Tables A.4 and B.4 shall be carried out on
transverse test pieces (for steel grades in accordance with Annex A) or on test pieces as specified in the
order (for steel grades in accordance with Annex B; see Table B.4, footnote 2).

10 Marking
Shall be in accordance with ISO 9328-1.

6 © ISO 2018 - All rights reserved
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Annex A
(normative)

Chemical composition and mechanical properties of products
delivered in accordance with European design codes

© ISO 2018 - All rights reserved 7
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Table A.2 — Maximum carbon-equivalent value (CEV) based on the cast (heat) analysis (if
agreed upon at the time of enquiry and order)2

CEVb
max.
Steel grade > ) ) )
for specified nominal thickness t in mm
t<16 16 <t<40 40<t<63

P355M/ML1/ML2 0,39 0,39 0,40
P420M/ML1/ML2 0,43 0,45 0,46
PAGOMANMAAMH2 845 046 047

NOTE The values for the carbon equivalent are based on the percentage by mass and relate to the mechaniqal properties
specjfied for the delivery condition.

a See 6.3.3.

Mn Cr+Mo+V Ni + Cu
b ICEV=C+—+ + .

6 5 15

Table A.3 — Tensile properties at room temperature

Yield strengtha Tensile strength Elonfgaitcit(:ll:.:fter
ReH Rm A
Stelel grade MPab MPab %
min. min.
for specified nominal thickness'in mm
t<16 16 <t<40 40<t<63
355M
P355ML1 355 345 450 to 610 22
P355ML2
F420M
P420ML1 420 400 390 500 to 660 19
P420ML2
B460M
P460ML1 460 440 430 530 to 720 17
P460ML2
a The yieldStrength to be determined shall be the upper yield strength Rey or, if this is not pronounced, the 0,2 % proof
stremgth Rposz,
b 1 MP&=1N/mm2.

© ISO 2018 - All rights reserved 9
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Table A.4 — Minimum impact energy values (valid for transverse V-notched test pieces)

Nominal Impact ener
thickness P gy
t KV
Steel grades of the mm ]
following series i
min.
at a temperature in °C of
-50 -40 =20 0 +20
P.. — — 27a 40 60
P..ML1 <63 — 272 40 60 <
P..ML2 274 40 60 80 —
a An impfct energy value of 40 ] may be agreed upon at the time of enquiry and order.

10 © ISO 2018 - All rights reserved
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Annex B
(normative)

ISO 9328-5:2018(E)

Chemical composition and mechanical properties of products
delivered in accordance with ASME-type design codes

Table B.1 — Chemical composition [cast (heat) analysis]

% by massa
Sfeel | ¢ | si Mn P | s |AlowP| cr | cu | Mo | Nb | NiChTi | v | B
grade tota
max. | max. max. | max. | min. | max.|max. | max. | max. |[Max. | max. [nfax.| max.
PT440M | 0,18 | 0,55 <1,60 0,020(0,020| 0,020 | 0,30 | 0,40 | 0,20 | 0,054+0,50 | 0,05 |0}10 | 0,001 0
PT440ML1 0.70
0,16 | 0,55 ! 0,015|0,010| 0,020 | 0,30 | 0,40 | 0,20%4°0,05 | 0,50 | 0,05 | 0{10 | 0,001 0
PT440ML3 to<1,60
PT490M | 0,18 | 0,55 <1,60 0,020(0,020| 0,020 | 0,30 | 0,40/,0;20 | 0,05 | 0,50 | 0,05 |0}10 | 0,001 0
PT490ML1 0.70
0,16 | 0,55 ) 0,015|0,010| 0,020 | 0,30 | 6440 | 0,20 | 0,05 | 0,50 | 0,05 | 0{10 | 0,001 0
PT490ML3 to<1,60
PT%20M | 0,18 | 0,55 <1,60 0,020{0,020| 0,020 | 0,30 | 0,40 | 0,20 | 0,05 | 0,50 | 0,05 | 0}10 | 0,0010
PT520ML1 0.70
0,16 | 0,55 ! 0,015(0,010| 0,020 | 0,30 | 0,40 | 0,20 | 0,05 | 0,50 | 0,05 |0}10 | 0,001 0
PT530ML3 to<1,60
PT$50M | 0,18 |0,55d <1,60 0,020(0,020|+0,020 | 0,30 | 0,40 | 0,20 | 0,05 | 0,50 | 0,05 |0}10 | 0,001 0
PT5%0ML1| 0,18¢| 0,55 to (1’71060 0,015(6,010| 0,020 | 0,30 | 0,40 | 0,20 | 0,05 | 0,50 | 0,05 |0}10 | 0,001 0
a Elements not listed in this table shallingt be intentionally added to the steel without the agreement of the purchaser,
except for finishing the cast. All appropriate measures shall be taken to prevent the addition of these elemenfts from scrap
and pther materials used in steelmaking»which may adversely affect the mechanical properties and usability
b On cast analysis, the aluminium/content shall be not less than 0,020 % total aluminium or, alternatively, 0,015 % acid-
soluble aluminium. By agreement-at the time of enquiry and order, the (total or soluble) aluminium content mdy fall short of
this minimum, if niobium, titanitim or vanadium are additionally used for nitrogen binding.
c By agreement at the tiine of enquiry and order, the maximum carbon content may be increased to 0,20 %.
d By agreementatthe time of enquiry and order, the maximum silicon content may be increased to 0,75 %.

Table B.2 -~ Maximum carbon-equivalent values (CEV) from the cast (heat) analysis|(if agreed

upon at the time of enquiry and order)2

CEVb
max.
Steel grade . ] ) )
for specified nominal thickness ¢t in mm
6<t<50 50<t<100 100 <t <150

PT440M 0,37 0,40 0,42
PT440ML1/ML3 0,37 — —
PT490M 0,38 0,41 0,43

a See 6.3.3.
b CEV=C+&+C1*+M0+V+N1+Cu .
6 5 15

NOTE The values for the carbon equivalent are based on the percentage by mass and relate to the mechanical properties
specified for the delivery condition.

© ISO 2018 - All rights reserved
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Table B.2 (continued)

CEVD
Steel grade » Tnax. _ .
for specified nominal thickness t in mm
6<t<50 50 <t<100 100 <t <150
PT490ML1 0,38 0,41 —
PT490ML3 0,38 — —
PT520M 0,40 0,42 0,44
PT520ML1 6,40 0,42 =
PT520ML3 0,40 — —
PT520M 0,42 0,45 <
PT520ML1 0,42 0,45 -+
NOTE The vplues for the carbon equivalent are based on the percentage by mass and relate to the mechanical propejrties
specified for fhe delivery condition.
a See 6.3{3.
b CEV:C+E+Cr+Mo+V+Ni+Cu .
6 5 15
Table B.3 — Tensile properties at room temmpeérature?
Nominal thickness Yield strengthb Tensile strength Elonfflg‘ztcit(:lrlzft o
Steel grade t Ren Rm A
mm MPac MPac %
min. min.
6<t<50 270
PT440M 50 <t<100 250 440 to 560 20
100 <t< 150 230
PT440ML1/ML3 6<t<38 325 440 to 560 19
6<t<5Q 315
PT490M 50<t<100 295 490 to 610 19
100- < 150 275
PT490MLL 6<t<65 345 490 to 620 19
65<t<100 310 460 to 590
PT490ML3 6<t<38 365 490 to 610 17
6<t<50 355
PT520M 50 <t<100 335 520 to 640 17
100 <t< 150 315
PT520ML1 6=t=50 385 520 to 640 17
50<t<100 365
PT520ML3 6<t<38 410 520 to 640 16
a Applicable for transverse test pieces.

b The yield strength to be determined shall be the upper yield strength Rep or, if this is not pronounced, the 0,2 % proof
strength Rpo,2.

c 1 MPa=1N/mm?2.
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