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Introduction

The national standards comparable with this International
different not only in details but also in their basic téchnical
cause of different codal requirements. In particular this appl
lowing points.

a)

c)

In order to make this International Standard acceptable fo
number of ISO member bodies, it was necessary to give s
or alternative requirements.

It is expected that the attempts to harmonize the codes fd

Some national standards only specify (the verification g
properties for a 28 mm thick standardiest block which H

ISO 4991:1994(E)

Standard are
concept, be-
es to the fol-

f mechanical
as been heat

treated under the same conditions:as the casting, indepgndent of the
actual casting thickness. In these'cases, the tensile test only checks

the quality of the steel and heat treatment and not the
properties. The influence ©f ‘thickness on mechanical
thickness limitations forithe use of the steels are cons

hctual casting
properties or
idered in the

design codes. Other natiénal standards require the verification of me-

chanical properties om test blocks having the ruling thid
casting.

Some nationaléstandards specify an impact test for room
and elevated' temperature grades. Others specify only
of area determined by the tensile test.

Many~ national standards specify minimum elevated
proof-stress values for the elevated temperature grades
sider the influence of the elevated temperature in the de

kness of the

temperature

he reduction

temperature
Others con-

sign rules.

r a sufficient
ipplementary

r boilers and

pressure vessels will make a future revision of this Internatipnal Standard

more consistent when considering the material requireme
castings.

nts for steel
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Steel castings for pressure purposes

1 Scope

1.1 This|international Standard covers steel castings
used for [pressure purposes. It includes materials
which are|used for the manufacture of components
subject tg pressure vessel codes (see ISO/R 831,
ISO 2694 gnd ISO 5730) and for other pressure con-
taining components not subject to codal require-
ments.

1.2 In cdses where castings are produced by weld-
ing together component parts, this International Stan-
dard doeq not cover the welding process or the
properties|of the weldment.

2 Normative references

The following standards contain (provisions which,
through rgference in this text, (Constitute provisions
of this International Standard“At the time of publi-
cation, the| editions indicatedWere valid. All standards
are subjedt to revision;and parties to agreements
based on this Internatienal Standard are encouraged
to investigate the possibility of applying the most re-
cent editipns of the standards indicated below.
Members [0fTEC and ISO maintain registers of cur-
rently valid_[nternational Standards

ISO 2605-2:1976, Steel products for
poses — Derivation and verification of
perature properties —\xPart 2: Prg
austenitic steel products.

ISO 2694:—", Pressure vessels.

ISO 4990:1986, Steel castings — Ge
delivery.requirements.

ISO.5730:1992, Stationary shell boile
canstruction (other than water-tube boi

3 General delivery requireme

Unless otherwise specified in this Inte
dard, materials supplied according to th
Standard shall conform to the red
ISO 4990.

4 Ordering

In addition to the indications for ord
ISO 4990, the following is to be obseny

Alternative delivery conditions are co
8.2, 9.1.2, 9.2.2.1 and 10.1. If the pun
leave the choice between the differen

pressure pur-
elevated tem-
of stress of

heral technical

rs of welded
ers).

hts

rnational Stan-
s International
uirements of

bring given in
ed.

vered by 5.2,
chaser cannot
conditions to

the manufacturer, he shall indicate the

required con-

ISO 783:1989, Metallic materials — Tensile testing at
elevated temperature.

ISO 831:1968, Rules for construction of stationary
boilers.

ISO 2605-1:1976, Steel products for pressure pur-
poses — Derivation and verification of elevated tem-
perature properties — Part 1. Yield or proof stress of
carbon and low alloy steel products.

1) To be published.

ditions in the enquiry and order.

5 Conditions of manufacture

5.1 Steelmaking process

The steel shall be produced by the open hearth or
electric process, or one of the basic oxygen processes
and this may be followed by separate degassing or
refining.
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5.2 Heat treatment

5.21 The type of heat treatment shall be as indi-
cated in table 1. Where more than one type of heat
treatment is given for the grade ordered, the choice
is left to the discretion of the manufacturer, unless
otherwise specified by the purchaser.

5.2.2 The heat-treatment temperatures shall be as
indicated in table 1.

Unless otherwise _agreed_  alternative temperatures

© ISO

9 Testing and inspection

9.1 Certificates

9.1.1 Castings delivered according to this Inter-
national Standard shall be supplied with an inspection
certificate and shall consequently be specifically in-
spected and tested.

9.1.2 Unless an inspection certificate signed by the
purchaser or the representative of a body named by

are permitted, grovided that all specified property val-
ues are compligd with.

5.3 Repairs

Cavities resulting from the removal of unacceptable
discontinuities gnd repair welds (see note 1) shall be
inspected accgrding to the same non-destructive
testing criteria gs the relevant part of the casting.

NOTE 1 Within this International Standard, the term “re-
pair welding” inditates welding operations which are carried
out by the foundgr during the manufacturing process, in or-
der to comply with the quality requirements of the casting.

6 Chemical composition

The steel shall conform to the chemical composition
requirements given in table 1. (For check-analysis see
footnote 2 to taple 1.)

7 Mechanigal properties

7.1 The mecHanical properties of the 28 mm thick
standard test blpck shall conform ta‘the’ requirements
given in table 1| (See the first nateto table 1 and 9.6
of 1ISO 4990:1986.)

7.2 If material to be used at elevated temperatures
is ordered, the| proof-stress values given in table3

apply.

him (ICP) is ordered, the inspection certificate signed
by the representative of the qualified depaftment of
the works (IC) is to be delivered.

9.1.3 The inspection certificate-shall includg

a) the results of all elements specified ip table 1,
provided by the manufacturer;

b) the results of<the mechanical tests required by
9.2.2;

c) a statement of the results of the visual inspection
and-dimensional checks;

d)#f" any additional tests and inspectiohs were
agreed upon, the results or statements ¢f the re-
sults of these additional tests and inspedtions.

9.2 Mechanical tests
9.2.1 Formation of lots

9.2.1.1 In the case of castings weighing [1 000 kg
or less, the delivery shall be subdivided [into lots
covering castings of the same type from the same
cast having undergone the same heat treatmpnt. (See
9.1 of ISO 4990:1986.)

The weight of a test lot shall not be gregter than
5 000 kg.

7.3 Annex A gives guidance values for creep prop-
erties.

8 Surface quality and internal soundness

8.1 All castings shall be examined visually to verify
the absence of feeder heads, adhering sand, scale,
cracks and hot tears.

8.2 Additional surface and internal quality require-
ments may be specified by the purchaser. (See
6.2.3.1 and 6.2.3.2 of ISO 4990:1986.)

9.2-1.2—tnthe case of castings weighing more than

1 000 kg, each individual casting shall be regarded as
a test lot.

9.2.2 Test to be carried out

9.2.2.1 Steel used for castings shall conform to the
mechanical property requirements given in table 1.

9.2.2.1.1 For the room temperature and elevated
temperature grades, either area reduction or impact
strength shall be determined and shall conform to the
requirements prescribed for the grade in table 1. The
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choice of test will be at the discretion of the manu-

fnﬁfnrnr unless the conditions of 11.3 or 11.5 are

[R= A ORRV IR -] HOSS VUNHIATUUIiiS Ui v aro

specn‘led by the purchaser at the time of the order.

9.2.22 For the low temperature grades, three im-
pact tests shall be carried out at the temperature in-
dicated in table 1 and shall be evaluated in accordance

with 6.2.2.3.2 of ISO 4990:1986.

9.2.2.3 |If a verification of the elevated temperature
proof-stress values is required, this may be carried out

in accordance—with-supplementanyrequirements11-6

ISO 4991:1994(E)

use with the specification are listed below, by title

From ISO 4990:1986

9.1.2 Reporting of the steel making process
9.1.3 Agreed manufacturing procedure
9.1.4 Dividing up the cast

9.1.6 Mass and tolerance on mass

le |
sy

1, left to the

or 11.7. 9.3 Chemical analysis for residual.elements
. 9.4.4.2 Lateral expansion
10 Marking
9.4.4.3 Percentage of shear area
10.1 If npt otherwise agreed at the time of inquiry 9.6.1 Test blocks repreéntative of the castin
and order,| the castings shall be legibly marked to Q
show If test blocks with,the-ruling thickness T|of the casting
are ordered, instead of the 28 mm thicH standard test
a) the symbols of the manufacturer; blocks, or if thé test pieces are to be taken from the
) casting, anghif in these cases heat-treptment condi-
b) s_ymbo s, letters or ngmbers which relate the cer- tions are,. within the limits given in tablé
tificatedl test, test pieces and products to each discrétion of the manufacturer, the mefchanical prop-
other. ertiés given in table1 shall apply up |to the ruling
thickness given in table 2.
10.2 Except as indicated in 10.3, the identification
marks shall be stamped or cast on each piece in a lo- 9.7.2 Details of the treatment
cation and| a manner to be designated by the pup- .
chaser. 9.8.1 Prior agreement relating to [major repair
welds
10.3 Smagll castings may be batched and the' identi- 9.8.2 Weld maps (sketches)
fication mgrks stamped on the label attached to each
batch. 9.9.1 Liquid penetrant inspection
11 Supplementary requiréments 9.9.2 Magnetic particle inspection
9.9.3 Radiographic inspection
11.1 General
9.9.4 Ultrasonic inspection
Additional |supplementary requirements suitable for .
use with the specifications of this International Stan- 9.10.1 Intergranular corrosion test
dard, at the option of the purchaser, are described 9.10.3 Pressure-tightness
below. Ongcor*more of the supplementary require-
ments indieated—below—rmaybeinecluded—in—the—pur

chaser's order or contract. When so included, a
supplementary requirement shall be as important as
the body of the specification. Details of supplemen-
tary requirements which are not fully described shall
be agreed upon by the purchaser and the supplier.

11.2 List of optional supplementary
requirements

A list of standardized supplementary requirements to
be used at the option of the purchaser is described in
ISO 4990. Those which are considered suitable for

11.3 Measurement of the reduction in area

The minimum values for the reduction in area given
in table 1 are mandatory.

11.4 Test on samples with additional heat
treatment

One additional sample per test lot, selected and pre-
pared as described in 9.2, shall be subjected to an
additional heat treatment and to the same tests as the
samples which have not undergone the additional
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heat treatment. The details of the additional heat
treatment and the properties to be obtained shall be
agreed upon by the parties concerned at the time of
enquiry and order.

11.5 Measurement of the impact energy at
room temperature

The minimum values for the impact energy at room
temperature given in table 1 are mandatory.

© ISO

ISO 783 at one of the temperatures given in table 1.
The relevant temperature and, if 9.2.1 does not apply
for these tests, the formation of lots shall be agreed
upon by the interested parties.

11.7 Verification of the elevated
temperature proof-stress properties by
non-specific tests

The elevated temperature proof-stress properties
shall be verified by the presentation of statistical as-

11.6 Verific‘:tion of the elevated
temperature [proof-stress properties by
specific testing acceptance tests

The proof-stregs properties shall be verified by spe-
cific tests to |be carried out in accordance with

sistance, preferably in accordance with ISQ [2605-1 or
ISO 2605-2.

11.8 Individual testing

Each individual casting shall be/fegarded as g separate
test lot.
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NOTES

The mechanical properties required are obtained from 28 mm thick standard test blocks, cast either separately, or attached to the casting that they represent. The test
values so exhibited therefore represent the quality of steel from which the castings have been poured; they do not necessarily represent the properties of the casting
themselves, which may be affected by solidification conditions and rate of cooling during heat treatment, which in turn are influenced by casting thickness, size and
shape. If the thickness of the casting is considerably greater than 28 mm, the application of the supplementary requirement 9.6 of ISO 4990:1986 should be taken into
consideration.

(See 11.2: text following 9.6.1 of ISO 4990:1986.)

1) Elements not quoted in this table shall not be intentionally added without the purchaser’s agreement, other than for the purpose of finishing the heat treatment.
For unalloyed steels, if not otherwise agreed, the following maximum values, in percentage, are applicable:

Cr Mo Ni \Y Cu Cr+ Mo + Ni + VCu

0,40 0,15 0,40 0,03 0,40 100

2) The permissible deviations for the results of check-analysis on test blocks shall be as specified in ISO 4990.

3) Re: yteld strength (see footnote 5);
R : tensile strength;

A percentage elongation after fracture on original gauge-length

Lo F 5,(:‘05\/5—0 (where S, is the original cross-sectional area);
Z: redquction of area;
KV: IBO V-notch impact strength.

4) The gjven minimum values apply for the average of three individual test results. One of the three individual'values may be below the speciflfed minimum average
value, provlded it is not less than 70 % of that value.

5) See 5/2.
6) The vilues of R, shall be regarded as complied with if, in the case of non-austenitic stéels, the upper yield stress (Rg), the 0,5 % total elpngation proof stress
(Rto'5) or the 0,2 % proof stress (RpO,Z) satisfy the specified values.
For the ausfenitic steels, the value of R, shall be regarded as complied with if the 0,2 % proof stress (Rpg ») is not more than 30 N/mm? lower thdn the specified value.

7) The njinimum values for either Z or KV apply. Unless otherwise specified, the, choice is left to the manufacturer. However, the purchaser shall note that some
national or iSO codes require the testing of impact specimens.

8) A: anpealed (heated above Acs, furnace cool);
N: nofmalized (heated above Acg, cooled in air);
Q: qupnched (heated above Acz, quenched in liquid);
T: temppered;
Nac: (lheated above Ac3, accelerated air cooling);
S: solution treated;

Brackets indicate that the relevant treatment is only applied in special cases.
9) a: air]f: furnace; I: liquid quenching;-ac: accelerated cooling in air.

10) For stpels C23-45AH and C26-52H, ‘the creep properties in annex A were only derived from test pieces in the condition N+ T or Q+T.

For steel C32H, the creep properties in.annex A stem from casts with a specified carbon content of 0,15 % (m/m) to 0,20 % (m/m).

11) For edch 0,01 % (m/m) €/below the maximum carbon content, an increase of 0,04 % (m/m) Mn will be permitted up to a maximum mjanganese content of
1,40 % (mAm).

12) For cgrtain applications and upon agreement at the time of enquiry and order, this grade of steel can be supplied with a maximurp carbon content of
0,30 % (m/m) and‘@;maximum manganese content of 0,90 % (m/m).

13) If the minimum yield strength R, is met, tensile strength (R,,) values down to 500 N/mm? should be regarded as acceptable.

14) For castings with thin sections, a minimum value of 1,00 % (m/m) Cr may be agreed upon.

15) Depending on the wall thickness, a nickel content of less than 1,00 % (m/m) is permitted.

16) After cooling to less than 100 °C, intercritical heat treatment at 820 °C to 870 °C with subsequent cooling in air may be appropriate.
17) This type of steel is usually applied only at temperatures above 525 °C.

18) Liquid cooling is permitted, unless otherwise specified by the purchaser at the time of enquiry and order.

19) Austenitic steels normally have a high toughness because of their structure.

20) Depending on the thickness, accelerated air cooling may also be applicable.

21) Valid for an impact value of 45 J. Normally, this value is also to be expected for the room temperature grade. If, however, the low temperature grade is ordered,
the value has to be verified by testing.
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Table 2 — Maximum ruling thickness for table 1 when an alternative test block is

Values in millimetres

Steel type designation

Ruling thickness

Unalloyed steels

C23-45A 40
C23-45AH 40
C23-45B 40
C23-45BH 40
C23-45Rl 40
C26-%2 40
C26-%2H 40
C26-$2L 40
Alloyed ferritic and martensitic steels

C28H 100
C31U 75
C32H 150
C33H 150
C34AH 150
C348H 150
C34HL 100
C358H 150
C37H 150
C38H 150
C39QH 300
C390NiH 300
C39NiH 300
C39NiL 300
C40H 300
C43L 40
C43Q1L 100
C4382aL 100
C43H2bL 100
Austgnitic steels

C46 150
C4a7 150
C47H 150
C470 150
C50 150
C57 150
C60 150
C60H 150
C60Nb 150
Ce1 150
C61L 150
NOTES

1 It is not necessary to test a 28 mm thick test block, if a thicker test block is tested.

2 As the ruling thickness of a casting increases, it may be necessary to use a higher alloyed steel
to attain the desired mechanical properties.

3 All the mechanical properties specified in table 1 apply to test blocks with a ruling thickness up
to the value listed in this table. In addition, the R, and R,, values and low temperature impact values
for the low temperature grades, apply to test pieces taken from the actual casting, if this is agreed
upon by the purchaser and manufacturer at the time of enquiry and order.
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0,2 % or 1,0 % proof stress (R, or R,; ;) values at elevated temperatures

mimum

Table 3 — M
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Annex A
(informative)

Stress rupture properties at elevated temperatures
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