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Foreword

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
Inte

Inte

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

Fgovernmental, In lalson with 150, also 1ake palt In the WOrkK. 15U Ccollaborates closely with the

rnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The|l main task of technical committees is to prepare International Standards. Draft International Standards
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ISO[21028-1 was prepared by Technical Committee ISO/TC 220,.Cryogenic vessels.

ISO

requirements for materials at cryogenic temperature:

bted by the technical committees are circulated to the member bodies for“voting. Public
rnational Standard requires approval by at least 75 % of the member bodies casting a vote.

s. ISO shall not be held responsible for identifying any or all such patent rights.

21028 consists of the following parts, under the.general title Cryogenic vessels —

Part 1: Temperatures below — 80 °C

Part 2: Temperatures between — 80 °C and =20 °C

ation as an

ntion is drawn to the possibility that some of the elements of this document may be the subjgct of patent

Toughness
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Introduction

The use of materials at low temperatures entails special problems which have to be addressed. Consideration
has to be given, in particular, to changes in mechanical characteristics, expansion and contraction
phenomena and the thermal conduction of the various materials. Austenitic stainless steel can transform from
the austenitic to the martensitic phase when cooled down, leading to dimensional change that needs to be
considered [@Uring design.

However, the most important property to be considered is material toughness at low temperatures.

This part of[ISO 21028 is based on the European Standard EN 1252-1:1998.

iv © ISO 2004 — All rights reserved
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Cryogenic vessels — Toughness requirements for materials at
cryogenic temperature —

Part 1:

Temperatures below — 80 °C

1 |Scope

Thig part of ISO 21028 specifies the toughness requirements of metallic materials for use at tgmperatures
belqw — 80 °C to ensure their suitability for cryogenic vessels. It is not applicable to unalloyed ste¢ls and cast
matgrials.

2 [Normative references

Thel| following referenced documents are indispensable for the application of this document| For dated
references, only the edition cited applies. For undated’ references, the latest edition of the|referenced
docpment (including any amendments) applies.

ISO[ 148 (all parts), Metallic materials — Charpy pendulum impact test

EN [10028-4:1994, Flat products made of stéels for pressure purposes — Part 4: Nickel alloy|steels with
spetified low temperature properties

3 |Terms and definitions

For [the purposes of this document, the following terms and definitions apply.

31

minimum working‘temperature

lowgst temperature likely to be reached by the vessel or by one of the vessel components during operation

4 [Toughness requirements

41 General

The toughness of the materials used shall be either guaranteed by the material producer or verified by
conducting an impact test on the material in accordance with the requirements given in this clause.

Additionally, impact tests shall be performed on welded vessels as part of welding procedure qualification and
production weld tests as specified in the product standard.

© 1SO 2004 - All rights reserved
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4.2 Steels

The materials used for the manufacture of the vessels, the welds and the heat-affected zone shall meet either

the minimum impact energy or lateral expansion values.
a) Minimum impact energy value: 34 J/cm?2.
NOTE 1 34 J/cm? corresponds to a 27 J energy for a full-size specimen.

b) Minimum lateral expansion value: 0,38 mm.

These requirements apply to parent metal, welds and heat-affected zones at minimum working temperdture

and for the following steels.

— Ferriticlalloy steel Ni < 9 %

NOTE 3 Product standards could specify more stringent requirements (e.g. ISO 20421-1).
— Austenjtic stainless steels CrNi (see, for example, EN 10028-7)
NOTE 3 The values relate to V-notch impact test pieces as specified in ISO 148.

1) For working temperatures warmer or equal to — 196 °C, only the, weld should be subjected to
impact test.

2) Fagr working temperatures colder than — 196 °C, base metal, heat-affected zones and weld n

the

etal

shpuld be impact tested. It is sufficient to perform the.impact test at — 196 °C, but either miniium
impact energy value should be 48 J/cm2 or the minimum lateral expansion value should be 0,53 mm.

Far the base material, the value guaranteed in the.material test certificate may be used.

inium or aluminium alloys

unnecessary (see, for example, EN'485-3:1993).

er or copper alloys

The tough
energy unn

ss of copper and copper alloys is inherently high enough at low temperatures to render im
cessary (see, for-example, EN 1652, EN 1653, EN 1981, EN 12163).

4.5 Testmethods

4.5.1 General

The impagt “energy and lateral expansion values specified in 4.2 relate to test pieces measu

ss of aluminium and aluminium allQys is inherently high enough at low temperatures to repder

pact

ring

10 mm x 10 mm with a V-notch.

For materials of thickness less than 10 mm but greater than or equal to 5 mm, test pieces with a cross-section
of 10 x e, where ¢ is the thickness of the material in millimetres, shall be used. If standard test pieces cannot
be obtained from the material, reduced section test pieces, with a width equal to the product thickness,

7,5 mm or 5 mm, may be used as specified in ISO 148. A minimum value as specified in 4.2 shall be met.

Impact testing shall not be carried out on plates of thickness less than 5 mm or on their welds.
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4.5.2 Test piece locations for plates

The impact test shall be performed on three test pieces. Each test piece shall be taken transverse to the
rolling direction and the notch, and therefore parallel to the direction of rolling and perpendicular to the plate
surface.

4.5.3 Test piece locations for welds and heat-affected zones

4.5.31 For thicknesses ¢ < 10 mm

Th tCDt picuca th:: IL-JC tdlr\cll [=+) fU::UVVD.
— |three test pieces from the centre of the weld;

— |three test pieces from the heat-affected zone created by the weld, with the notch being| completely
outside the fused zone but as close as possible to it;

i.e. pix test pieces in total (see Figure 1).

Key|
1 entre of weld
2 heat-affected zone

Figure 1 — Test pieces for e < 10 mm
4.5.3.2 For thicknesses 10 mm <e < 20 mm

Thel test piecesishall be taken as follows:

— |three.test pieces from the centre of the weld;

— |three test pieces from the heat-affected zone;

i.e. six test pieces in all (see Figure 2).

© 1SO 2004 - All rights reserved 3
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2 heat-affgcted zone

Figure 2 — Test pieces for 10 mm < e < 20 mm

or thicknesses ¢ > 20 mm

Two sets, each consisting of three test pieces, shall be taken at each of the two points indicated in Figure B as

4.5.3.3 H
follows:
— onese

from the upper surface;

— the othpr set from the lower surface;

i.e. 12 test pieces in total (see Figure 3).
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Figure 3 — Testpieces for ¢ > 20 mm
Acceptance criteria

1 For impact energy
minimum impact energy values specified in this part of ISO 21028 and in EN 10028-4 corres
rage from three test pieces—One individual value may be less than the specified value, but
than 70 % of the specified,value. If the above requirements are not met, a supplementary se
pieces shall be taken/from the same sample. The following acceptance criteria shall apply to
Its and to the results-of the second test series, together, and shall be met simultaneously:

the average ofthe six tests shall be greater than or equal to the minimum specified value;
a maximum(of two of the six individual values may be less than the specified minimum value.

ese conditions are not met, the sample shall be rejected and the rest of the batch shall be
JER

pond to the
shall not be
ies of three
the original

ubjected to

4.6.2 For lateral expansion

4.6.2.1

less than the required value according to 4.2 b).

4.6.2.2

Each set of the three specimens tested shall have a lateral expansion opposite the notch of not

If the value of lateral expansion for one specimen is less than the required value according to

4.2 b), but not less than 2/3 of the required value, a retest of three additional specimens may be made, each
of which shall be greater than or equal to the required value. Such a retest shall be permitted only when the
average value of the three specimens is greater than or equal to the required value. If the values required are
not obtained in the retest, or if the values in the initial test are less than the values required for retest, the
material may be reheat-treated. After reheat-treatment, a set of three specimens shall be made, each of which
shall be greater than or equal to the required value according to 4.2 b).
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