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Forewor

d

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-governn

the

Internationa
Internationa
The main ta
adopted by

Internationa

Attention is
rights. ISO s

ISO 9328-3
purposes.

This third ed
revision.

1ISO 9328 cq
Technical dsd

Part 1:
Part 2:
Part 3:
Part 4:
Part 5:
Part 6:

Part 7:

TTryo—toce

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

OOt oy

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
sk of technical committees is to prepare International Standards. Draft International Stang
the technical committees are circulated to the member bodies for voting.)Publication a
Standard requires approval by at least 75 % of the member bodies casting a-vote.

drawn to the possibility that some of the elements of this document¢may be the subject of p
hall not be held responsible for identifying any or all such patent rights.

vas prepared by Technical Committee ISO/TC 17, Steel, Subcemmittee SC 10, Steel for pres

ition cancels and replaces the second edition (ISO 9328-3:2004), of which it constitutes a n

nsists of the following parts, under the generaltitle Steel flat products for pressure purposg
livery conditions:

Seneral requirements

Non-alloy and alloy steels with specified elevated temperature properties
Weldable fine grain steels;-normalized

Nickel-alloy steels with;specified low temperature properties

(Weldable fine gtairn steels, thermomechanically rolled

Weldabledine grain steels, quenched and tempered

Btainless steels

ards
S an

Atent

sure

hinor

)S_

The clauses

marked withapoint (&) contaiminformation retating toagreements that stattbemadeat the

time

of enquiry and order. Clauses and paragraphs marked by two points (ee) contain information relating to

agreements

that may be made at the time of enquiry and order.
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INTERNATIONAL STANDARD

ISO 9328-3:2011(E)

Steel flat products for pressure purposes — Technical delivery
conditions —

Pa
W

rt3:
|dable fine grain steels, normalized

1 Scope

This|part of ISO 9328 specifies the requirements for flat products for pressure) equipment made|
fine grain steels as specified in Tables A.1 and B.1. The requirements «and definitions of ISO
apply to this part of ISO 9328.

NOTE 1 Fine grain steels are understood as steels with a ferritic grain Size*of 6 or finer when tested in ac
ISO §43.

NOTE 2  This part of ISO 9328 offers the possibility to specifying.products in accordance with European

and ASME-type design codes.

2

The

ISO

basdd on chemical compositian

ISO #948-2:1981, Steels-=- Classification — Part 2: Classification of unalloyed and alloy steels
mair quality classes and'main property or application characteristics

ISO P328-1:2014, <Steel flat products for pressure purposes — Technical delivery condition
General requitéments

ISO [10474;1991, Steel and steel products — Inspection documents

EN 1022¢

Normative references

1048-1:1982, Steels — Classification — Part 1: Classification of steels into unalloyed and

following referenced documents areindispensable for the application of this document.
references, only the edition cited applies: For undated references, the latest edition of the
document (including any amendments)\applies.

of weldable
9328-1 also

cordance with

design codes

For dated
referenced

alloy steels

according to

s — Part 1:

EN 10314, Method for the derivation of minimum values of proof strength of steel at elevated temperatures

3 Terms and definitions

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

© 1S0O 2011 — All rights reserved
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4 Classi

4.1
411 The
a)
b)

c) thelow

fication and designation

Classification

steel grades covered by this part of ISO 9328 are given in four qualities:

the room temperature quality (P...N; PT...N);

the elevated temperature quality (P...NH; PT...NH);

emperature nlllqlity (P NLA1:-PT NI 1);

d) the spe

412 1Ina
P355NL1, H
alloy-quality
P460NL1, P

4.2 Desig
See ISO 932

NOTE 1 S
according to {

NOTE 2
Annex C.

n

5 Infornm

5.1 Mand
See ISO 937

Additionally,
upon (see 9

Lial low temperature quality (P...NL2).
ccordance with 1SO 4948-1 and 1SO 4948-2, the grades P275NH, P275NL1, P355N, P35
T400N, PT400NH, PT400NL1, PT440N, PT440NH, PT440NL1, PT490N and) PT490NH

steels, the grades P275NL2 and P355NL2 are non-alloy special steels and.the“grades P46
M60NL2, PT520N and PT520NH are alloyed special steels.

nation
8-1.

eel grades in Annex A are classified according to their yield strength; steel grades in Annex B are clas
heir tensile strength.

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

ation to be supplied by the purchaser

atory information
8-1.

for steel grades in accordance with Annex B, the test direction for the impact test shall be ag
2 and Table B.4, fogtnote b).

5.2 Opti

ns

A number of optionstare specified in this part of ISO 9328. These are listed below under a) to q). Additio
the relevant|options of ISO 9328-1 apply. If the purchaser does not indicate a wish to implement any of these

options at

e time of enquiry and order, the products shall be supplied in accordance with the

bNH,
are
DNH,

sified

en in

reed

nally,

basic

specification (See 1SO 9328-1):

a) delivery
b)
c) delivery
d) maximu
e)

f)

condition other than specified in Tables A.3 and B.3 (see 6.2.1);

tests in the simulated normalized condition (see 6.2.2);

of products in the untreated condition (see 6.2.3);

m carbon-equivalent value (see 6.3.3);

specification of an impact energy value of 40 J (see Note to 6.4.1 and Table A.3);

application of the Rpo2 values of Table A.4 for the corresponding P...NL1 and P...NL2 grades (see 6.4.2);

© 1S0O 2011 — All rights reserved
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g) teston simulated heat-treated samples (see 6.7.2);

h) hydrogen-induced cracking (HIC) test in accordance with Annex D (see 6.10);

i)  mid-thickness test pieces for the impact test and/or tensile test (see Clause 8);
j)  verification of impact energy for longitudinal test pieces (see 9.3);

k) tensile properties for increased product thicknesses (see Table A.3, footnote d);

) Rpo2 values at elevated temperatures for increased product thicknesses (see Table A.4, footnote c);

m) modified values for Ry and R,,, for grades P4A60NH and P460NL1 (see Table A.3, footnote f);
n) pltered maximum value for Cr, Cu, Mo, Nb, Ni, Tiand V (see Table B.1, footnote b);

0) Al content < 0,020 % (see Table B.1, footnote c);

p) |ncreased maximum carbon contents for grades PT...NH (see Table B.1,(footnote d)

q) pther test requirements for the impact test (see Table B.4, footnote c).

5.3 | Example for ordering
10 plates with nominal dimensions thickness = 50 mm, widthy= 2 000 mm, length = 10 000 mm| made of a
steel grade with the name P275NL2 as specified in 1ISO-9328-3, to be delivered with inspection certificate
3.1.B as specified in ISO 10474:1991 is designated as follows:

10 plates — 50 x 2 000 x 10 000 — ISO 9328-3/P275NL2 — Inspection certificate 3.1.B

6 Requirements

6.1 | Steelmaking process

See |SO 9328-1.

6.2 | Delivery condition

6.2.1 e Unless{otherwise agreed at the time of enquiry and order (see 6.2.3), the products coyered by this
part pf ISO 9328\shall be supplied in the normalized condition.

For steelspywith a minimum yield strength > 460 MPa, delayed cooling or additional tempefing may be
necgssary. for small product thicknesses and in special cases. If such a treatment is performed, [this shall be
noted in‘the inspection document

6.2.2 e At the discretion of the manufacturer, normalizing may be replaced with normalizing rolling for the
steel grades P275NH, P275NL1, P275NL2, P355N, P355NH, P355NL1 and P355NL2 (see Annex A and 3.1
in 1SO 9328-1:2011). In this case, additional tests in the simulated normalized condition with an agreed
frequency of testing may be agreed upon at the time of enquiry and order, to verify that the obtained
properties also comply with the standard requirements.

6.2.3 ee If SO agreed at the time of enquiry and order, products covered by this part of ISO 9328 may be
delivered in the untreated condition.

6.2.4 For products delivered untreated, the specified tests shall be carried out on test pieces in the
simulated normalized condition (but see 6.2.1).

© 1S0O 2011 — All rights reserved 3
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NOTE Tests in a simulated heat-treated condition are carried out to verify the suitability of the final product in the
usual delivery condition. However, they do not discharge the processor from the obligation of providing proof of the
specified properties in the finished product when adequately heat treated.

6.3 Chemical composition

6.3.1 The requirements of Tables A.1 and B.1 apply for the chemical composition according to the cast
(heat) analysis.

6.3.2 The product analysis may deviate from the specified values of the cast (heat) analysis given in
Tables A.1 and B.1 by the values given in Table 1.

6.3.3 e Fpr steel grades covered by this part of ISO 9328, a carbon-equivalent value accordirlg to
Table A.2 (sfeel grades in Annex A) or Table B.2 (steel grades in Annex B) may be agreed upon at,the time of
enquiry and forder.
Tlable 1 — Permissible deviations of the product analysis from the specified|limits
given in Tables A.1 and B.1 for the cast (heat) analysis
Specified limit of the cast (heat) analysis . &z .
Element according to Tables A.1 and B.1 Permissible deviation® of the product analypis
% by mass % by mass
cb < 0,20 +0,02
Si < 0,60 +0,06
< 1,00 +0,05
Mn
>1,00to < 1,70 +0,10
pb < 0,030 +0,005
< 0,010 +0,003
Sb
> 0,010 to < 0,030 +0,005
Al > 0,020 -0,005
N < 0,025 +0,002
Cr < 0,30 +0,05
Mo <0,12 +0,03
< 0,30 +0,05
Cu
>0,30to < 0,70 +0,10
Nb < 0,05 +0,01
Ni < 0,80 +0,05
Ti 0,03 +0.01
v <0,20 +0,01

a8  |f 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 only allowed to exceed the permissible maximum
value or fall short of the permissible minimum value, but not both for one cast.

b

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.

4 © 1S0O 2011 — All rights reserved
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6.4 Mechanical properties

6.4.1 The values given in Tables A.3 to A.5 and Tables B.3 and B.4 (see also ISO 9328-1 and Clause 8)
shall apply.

NOTE Optionally, a minimum impact energy value of 40 J can be specified for temperatures where lower minimum
values are specified (see Table A.5, footnote d)

6.4.2 ee By agreement at the time of enquiry and order, the minimum proof strength Rjgo values at
elevated temperature specified in Table A.4 for the P...NH grades may also be applied to the P...NL1 and
P...NL2 grades.

6.5 | Surface condition

See |SO 9328-1.

6.6 | Internal soundness

See |SO 9328-1.

6.7 | Weldability

6.7.1 The steel grades specified in this part of ISO 9328 shallbe’suitable for welding processgs in current
use (see the Note to 6.7.2).

6.7.31 Information on welding can be found in appropriate documents, e.g. EN 1011-1 and BN 1011-2 or
[IS/IW 382-71.

NOTE Excessive post-weld heat treatment (PWHT) Conditions can decrease the mechanical properties. When, on
stress relieving, the intended time-temperature parameter

P =T(20 +Igr)x1073

wher

D

s is the stress relieving temperature, in kelvins;
is the holding timé-in hours,
excegds (for Annex A‘steel grades) the critical value P of
— [17,3 for all’steel grades except P4A60NH, P460NL1 and P460NL2,

— [16,Kin¢the case of steel grade P460NH, and

— 0,5 In the case o1 steel grades FA0UNLT and FA0OUNLZ,

(for Annex B grades, other specific values may apply), the purchaser should, in his enquiry and order, inform the
manufacturer accordingly.

'ee \Where appropriate, tests on simulated post-weld heat-treated samples may be agreed upon at the time of

enquiry and order to check whether, after such a treatment, the properties specified in this part of ISO 9328
can still be regarded as valid.

6.8 Dimensions and tolerances

See ISO 9328-1.

© 1S0O 2011 — All rights reserved 5
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6.9 Calculation of mass

See ISO 9328-1.

6.10 Resistance to hydrogen-induced cracking

Carbon and low-alloy steels may be susceptible to cracking when exposed to corrosive H,S-containing
environments, usually referred to as “sour service”.

ee A test to evaluate the resistance to hydrogen-induced (HIC) cracking in accordance with Annex D or
another agreed test method may be agreed upon at the time of enquiry and arder

7 Inspection

7.1 Types$ of inspection and inspection documents

See ISO 9328-1.

7.2 Testg to be carried out

See ISO 9328-1 and 6.10.

7.3 Retests

See ISO 9328-1.

8 Sampling
See ISO 9328-1.
ee For the impact test and/or tensile test, deviating from ISO 9328-1:2011, Table 3, footnote e, by preppring

test pieces taken from the mid-thickness'may be agreed upon at the time of enquiry and order. In this ¢ase,
test temperdtures and minimum impact energy values shall also be agreed upon.

9 Test methods

9.1 See I$0 9328-1.and Annex D.

9.2 e Impact tests for verification of impact energy values in Tables A.5 and B.4 shall be carried ofit on
transverse st pieces (for steel grades in accordance with AnnexA but see 9.3) or on test piecgs as

9.3 ee For the impact test, verification of impact energy for longitudinal test pieces may be agreed upon at
the time of enquiry and order for steel grades in accordance with Annex A.

10 Marking

See ISO 9328-1.

6 © 1SO 2011 — All rights reserved
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Annex A
(normative)

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

© 1S0O 2011 — All rights reserved 7
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Table A.2 — Maximum carbon-equivalent value (CEV) based on cast (heat) analysis
(if agreed upon at the time of enquiry and order)?

CEVP
max.
Steel name
for product thicknesses, ¢, in mm
<60 60 <t < 100 100 < ¢ < 250

P275NH

P275NLA1 0,40 0,40 0,42

P275NL2

P355N
P355NH
0,43 0,45 0,45

P355NLA1

P355NL2

P460NH

P460NL1 0,53 —

P460NL2
NOTE The values for the carbon equivalent are based on the per€entage by mass and relate to the mechanical
properties specified for the delivery condition.
a8  See6.3.3.
b CEV:C+m+0r+Mo+V+Ni+Cu

6 5 15

© 1SO 2011 — All rights reserved 9
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Table A.3 — Tensile properties at room temperature

Product . Tensile Elongation
thickness Yield strength strength after fracture
Usual delivery ‘ R R Y
Steel name conditionab eH m
mm MPa® MPa® %
min. min.
<16 275
16 <1< 40 265 390 to 510 24
P275NH;
40<t<60 255
P275NL1, +NP
60 <t < 100 235 370 to 490
P275NL2
100 <+ < 150 225 360 to 480 23
150 < ¢ < 250 215 350 to 470
<16 355
P35pN, 16 <t <40 345 490-t0'630 22
P359NH, 40<t<60 335
+Nb
P355NL1, 60 <t < 100 315 470 to 610
P355NL2 100 <+ < 150 305 460 to 600 21
150 < ¢ < 250 295 450 to 590
< 16 460
P46(NH, 16T <1< 40 445 570 to 720°¢ -
P460NL1, +N 40<t<60 430
P460NL2 60 <t < 100 400 540 to 710

100<'tx 250

d

2  +N:norm

b See6.22
€ For produl
d  eeValues
€ 1MPa=
f ee |n the

630 MPa to 72

may be agreed upon at the(time of enquiry and order.

N/mm2

hlized; other delivery conditions by agreement (see 6.2.1 and 6.2.3).

Ct thicknesses up to 16 mm, a maximum value of 730 MPa is permitted.

base of P4A60NH and )P460NL1, up to a product thickness of 20 mm, a minimum R, of 460 MPa and an R range of
b MPa may be agreed upon at the time of enquiry and order.

10
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Table A.4 — Minimum values for the proof strength Rpo,2 at elevated temperatures?

Product thickness Minimum proof strength
t Rpo2
Steel name mm MPaP
at a temperature in °C of

50 100 150 200 250 300 350 400
<16 266 250 232 213 195 179 166 156
16 <1< 40 256 241 223 205 188 173 160 150
5275NH 40<+<66 24F 232 245 +OF & +66 154 145
60 << 100 227 214 198 182 167 153 142 133
100 <+ < 150 218 205 190 174 160 147 136 128
150 <t < 50 208 196 181 167 153 140 130 122
<16 343 323 299 275 252 232 P14 202
16 <t <40 334 314 291 267 245 225 P08 196
P355NH 40<r<60 324 305 282 259 238 219 P02 190
60 <1< 100 305 287 265 244 224 206 190 179
100 <+ < 150 295 277 257 236 216 199 184 173
150 < ¢ < 250 285 268 249 228 209 192 178 167
<16 445 | 419 388 356 326 300 P78 261
16 <1< 40 430 | 405 375 345 316 290 P69 253
P460NH 40<t<60 416 391 362 333 305 281 P60 244
60 << 100 387 364 337 310 284 261 P42 227

100 <t < 250 Cc Cc Cc Cc c Cc c Cc

@  [The values reflect the minimum values for furnacesriormalized test pieces (i.e. they correspond to the lower band of the relevant
trend curve determined in accordance with EN 10314) with a confidence limit of about 98 % (2s).

b 1 MPa=1 Nmm2

€ pe Values may be agreed upon.

Table A.5 — Minimum impact energy values for the normalized condition?

P_roduct Impact energy
thickness
t KV
Steel Yas J
name min.
transverse longitudinal?
at a temperature in °C of

-50 -40 -20 0 +20 -50 -40 -20 0 +20
P30 — | — | 30¢ | 40 50 — — 45 65 75
P...NL1 < 250° — 274 35d 50 60 30d 40 50 70 80
P..NL2 274 309 40 60 70 42 45 55 75 85

@ See6.2.1t06.2.4.
b The values apply for product thicknesses < 40 mm.
¢ For the grades P460NH, P460NL1 and P460NL2, up to product thicknesses of 100 mm.

ee An impact energy value of 40 J may be agreed upon at the time of enquiry and order.

© ISO 2011 — Al rights reserved 1
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Annex B
(normative)

Chemical composition and mechanical properties of products delivered
in accordance with ASME-type design codes
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Table B.2 — Maximum carbon-equivalent value (CEV) based on cast (heat) analysis
(if agreed upon at the time of enquiry and order)?

CEVb
% max.
Steel grade
for product thicknesses, ¢, in mm
<50 50<t< 00 100 << 150
PT400N, PT400NH,
PT400NL1, PT440N, 0,41 0,43 0,43
DTAAQMNLL DTA440M]L 4
PT490N, PT490NH 0,43 0,45 0,45
PT520N, PT520NH 0,45 0,47 0,47
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.
8 See6.3.3.
b CEV=C+m+ Cr+Mo+V + Ni+Cu
6 5 15
Table B.3 — Tensile properties at room temperature?
Product . . Elongation affter
thickness Yield strength Tensile strength fracture
Usual delivery ¢ R R A
Steel grafe condition® eH m
mm MPa® MPa® %
min. min.
6 <t<50 235
PT400N,
PT400NH +N 50 <+ < 100 215 400 to 540 21
100% ¢ < 150 195
6<tr<40 235
PT400NL1 +N 400 to 510 21
40<t <50 215
6 <t<50 270
PT440N,
PT440NH +N 50 <t <100 250 440 to 560 21
100 <1< 150 230
PT440NLA1 +N 6<tr<38 325 440 to 560 19
6 <tr<50 315
PT490N, N N PPN sor OAt R DA 4o
PT490NH TIN JU I %X TUU £II FJU U UZU g
100 <+ < 150 275
6<r<50 355
PT520N,
PT520NH +N 50 <t <100 335 520 to 640 18
100 <1< 150 315

@  Applicable for transverse direction.

b iN: normalized. See also 6.2.1 and 6.2.3.

¢ 1 MPa=1Nmm2
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Table B.4 — Minimum impact energy values for the normalized condition?

Product thickness

Impact energy®°

t KV
mm J
Steel grade
min.
at a temperature in °C of
—40 0
PT ... NL1 6 <t <509 47 —

See 6.2.1 and 6.2.2.

 For longitudinal or transverse test pieces, as agreed upon at the time of enquiry and order.

ee Other test temperatures and minimum impact energy values may be agreed upon at the timelof enquiry and g

For the grade PT440NL1, up to product thicknesses of 38 mm.

rder.
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