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Foreword

[SO (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 electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO documents should be noted. This document was drafted in accordance with the editorial rules of the
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ISO 21012:

2024(en)

Cryogenic vessels — Hoses

1 Scope

This document specifies design, construction, type and production testing, and marking requirements for
both non-insulated cryogenic flexible hoses and insulated vacuum jacketed hoses used for the transfer of
cryogenic fluids within the following range of operating conditions:

worki

nomin

End fitting
subject to

2 Norm

The follow
requireme
the latest ¢

[SO 7369, |
ISO 10806,
[SO 21010,

[SO 21028
Temperatu

ISO 23208,

3 Term|
For the puj
ISO and IE
IEC El4

ISO On

g temperature range: from -270 °C to +65 °C;

b1 size (DN): from 10 to 100.

ther standards.

ative references

ng documents are referred to in the text in such a way that'some or all of their content
hts of this document. For dated references, only the edition'Cited applies. For undated
dition of the referenced document (including any amehdments) applies.

ipework — Metal hoses and hose assemblies — Vocabulary
Pipework — Fittings for corrugated metal hoseés
Cryogenic vessels — Gas/material compatibility

1, Cryogenic vessels — Toughness requirements for materials at cryogenic temperature
res below -80 degrees °C

Cryogenic vessels — Cleanliness for cryogenic service

s and definitions
poses of this docunient, the terms and definitions given in ISO 7369 and the following
[ maintain térntinology databases for use in standardization at the following addresse

ctropedia’available at https://www.electropedia.org/

liné.browsing platform: available at https://www.iso.org/obp

s for mounting of any couplings are within the scope of this document;but the coliplings are

ronstitutes
references,

— Part 1:

apply.

2]

3.1
hose
flexible lea

3.2
braid

k-tight inner tube of either corrugated metal, elastomer or plastic

layer, or layers, of cylindrically woven wires covering the hose (3.1) and permanently attached to the flexible
hose assembly (3.5) end fitting (3.4) with a ferrule, serving the function of restraining the flexible hose

against elo

ngation
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protection coil

protection

cover

outer coil or cover fitted to protect the main hose (3.1) and braid (3.2) against damage and abrasion

3.4

end fitting
fitting (of material compatible with material and product transferred) attached to each end of the hose (3.1)
and braid (3.2) (when fitted)

3.5

hose assembly
hose (3.1) with end fittings (3.5) attached, complete with either braid (3.2) or other covering, or both, ready

for service

3.6
nominal s
DN
alphanumse

Note 1 to en
physical siz

[SOURCE: ]
The origin

3.7
rated pres
Pg
<of a hose>

Note 1 to en

3.8

rated min
lowest tem
be used fory

3.9
working t
highest an

3.10

cyclic life
minimum
withstand

4 Gene

ze

ric designation of size for components of a pipework system, which is used for referenc

try: It comprises the letters DN followed by a dimensionless whole number: that is indirectly r4
b, in millimetres, of the bore or outside diameter of the end connections.

SO 6708:1995, 2.1, modified — The second part of the definition-was moved into a Notg
il Note 1 to entry was deleted.]

sure

(3.1) lowest maximum allowable working pressure (MAWP) of any component of the h

try: See also 4.1.

imum temperature

the transfer

bmperature range
l lowest temperature.to which the hose assembly (3.5) is to be subjected

humber of ‘cemplete cycles which, at the test conditions, the hose assembly (3.5) is d
withoutfailure

e purposes

blated to the

1 to entry.

bse at 20 °C

perature to which the hose assembly (3.5) is rated by the manufacturer and which is intended to

esigned to

rabrequirements

4.1 Design and construction

The test pressure used during tests (see Clause 5) shall be greater than or equal to 1,5 x the PR specified. In
addition, the PR shall not be less than the maximum allowable pressure (PS) of the equipment to which it is
to be used. A hose is typically made from corrugated metal, from strip steel. The corrugation may be parallel
or helical. The maximum pressure in service shall be lower than or equal to the (PR), which is stamped on
the hose assembly.

If elastomers or composites are used, additional requirements shall be applied in accordance with 5.3.2.2.

© IS0 2024 - All rights reserved
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A braid is commonly fitted over the hose. This generally consists of woven wire in one or two layers
in stainless steel, or a high strength copper alloy. It may have a cover that shall be compatible with the
surroundings and with the conveyed fluid.

The design shall ensure that pressurization, or corrosion, between the inner tube and the outer braid or

sheathis p
End fitting

— atight

revented.
s shall be designed as a rigid seal to the ends of a hose to ensure:

fit to the hose;

— astrong joint between the braid, hose and end fitting to stabilize the hose against elongation at PR.

Fittings for corrugated metal hose assemblies may conform to ISO 10806 or other recognized standards.
An area foff marking shall be provided on one of the end fittings or on an attachment.

All joining methods used in corrugated hose assemblies shall be qualified. Manuat,wélds ghall be in
accordance¢ with applicable standards.

A typical cf'yogenic hose assembly is shown in Annex A.

4.2 Materials

All materidls shall be compatible with the fluid conveyed and shall be ¢entrolled by the manufacturer of the
hose assenbly by a specification ensuring control of chemical content'and physical properties, anfl quality at
least equivplent to an internationally recognized standard. Materials for the manufacture of corrugated metal

hose assempblies shall be selected on the basis of their suitabilityfor fabrication, e.g. cold forming and welding

and for the|conditions under which they shall be used. In addition, the following requirements shall be met:

— end connections and couplings shall be made of materials compatible with the other matetials of the
hose apsembly;

— amaterial is compatible when it does not lead.to any violent reaction (e.g. ignition) or any sldw reaction
with the conveyed gases, and permeability-shall be appropriate for intended use;

— a test fertificate providing the chemical content and physical property test results shall be provided
with the hose assembly.

The materials used in a cryogenic hose assembly shall:

a) maintgin sufficient ductility-at the rated minimum temperature (as specified in ISO 21028-1)}

b) be oxygen compatible;ifspecified for oxygen or nitrous oxide service (as specified in ISO 21010);

c) be solytion annealed after formation for any austenitic stainless-steel hoses used in hydrogenh service;

d) containlessthan 65 % copper, in the alloy as well as the soldering materials, if it is specified fdr mixtures
containing.acetylene.

A list of acceptable materials 1s given In Annex E (lable E.I for European materials, Table E.2 for non-
European materials).

4.3 C(Clea

nliness

Hose assemblies specified for all cryogenic fluids shall be cleaned in accordance with ISO 23208 to remove
hydrocarbons, moisture, particles or other contaminations from inside the hose assembly.

© IS0 2024 - All rights reserved
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4.4 Mechanical properties

4.4.1 Burstpressure

The burst pressure shall be at least three times the PR at ambient temperature. Failure shall occur only in
the body of the hose and braid and not in their connections. See 5.3.3 for burst test.

4.4.2 Pressure cycles

Hose assemblies shall have a minimum cyclic life of 10 000 cycles when repeatedly pressurized from <1 bar

to their PR in accordance with 5.3.1.

4.4.3 Bepnding test

Hose asserpblies shall have a minimum cyclic life of 10 000 cycles when repeatedly flexéd at their PR in
accordance¢ with 5.3.2.

This test ip only required if the flexible hose is subject to multiple wide/significant moves when under
pressure.

NOTE Actual life cycle of hose depends on actual operating conditions.

When it comes to bending tests, the test shall be done under specified gperating conditions.

4.4.4 Resistance to abuse

Hose assemmblies shall withstand a crushing test, simulating a‘person stepping on the hose agsembly, in
accordance¢ with 5.2.6.

Hose assenpblies shall have sufficient resistance to visible-deterioration of the braid, such as broken|braids and
exposed hdgse, when they are dragged on the ground. For'additional protection of the braid, a coil can be used.
4.4.5 Low temperature resistance

All components of the hose assemblies, which become cold during operation, shall retain their tqughness at
the lowest design temperature.

4.4.6 Lepktightness

Hose assemblies shall be leak:tight in accordance with 5.2.5.

4.4.7 Elé¢ctrical propérties

Hose assemblies specified for flammable products shall be electrically conducting from one end tp the other

(electric re

sistance less than 25 Q).

5 Hose

sample tests

5.1 General

The hose test samples shall be representative of production. In case of a connection breaking pre-
programmed system, testing will be performed on flexible hoses without these connections. The hose
sample test procedures shall include:

a)

— inspec

inspec

tion and non-destructive tests:

tion: dimensions, cleanliness, material identification and marking;

— tests: pressure test, leak and crushing tests;

© IS0 2024 - All rights reserved
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b) destructive tests:
— pressure cycling, bursting test, rolling bend cycling and examination of sectional cut.

The tests shall be recorded in a written report which shall be retained for 10 years after the last hose has
been placed on the market.

Four sample hose assemblies (A, B, C and D) are necessary to perform the tests.

The tests and order of tests are summarized in Table 1. The numbers 1 to 5 give the order of the tests.

Table 1 — Testing scope and sequence

Tests Heose cc\m:\ln
A B C D

1) Non-dedtructive tests
Documentdtion of materials 1 1 1 1
Dimensional check 1 1 1 1
Cleanlinesq check 1 1 1 1
Pressure tgst 1 1 1 1
Leak test 2 4 3 2
Crushing tgst 2 —
2) Destrugtive tests
Hydraulic gressure cycling 3 — — —
Rolling benfd cycling
(required if flexible hose is subject to multiple wide/sig- — 3 2 —
nificant mgves when under pressure)
Hydraulic Hursting test 4 5 — 3
Examinatidn of a sectional cut — — 4 —

The hydraylic bursting test shall be carried out to qualify all DN hose assemblies.

When a hose assembly with a given DN anda given rated pressure, Py, has been successfully sanpple tested,
any hose agsembly of the same type, having:

— arated pressure Pg;
and
— anominal diameter up)to 1,25 DN

can be considered as-approved, except each DN hose assembly shall be hydraulic burst tested.

A hose assemblysis said to be of the same type when the design and its characteristics are sinpilar to the
tested hos¢. “Similar" is defined as having the same

— materials;

— welding method;

— type of corrugation (shape and method of manufacturing);
— method of joining (hose and end fitting);

— braid (type of braiding, i.e. calculated, according to diameters to obtain the same maximum tensile stress
in each wire, same materials, same welding method).

Bend radius and minimum hose length for sample hose assemblies are defined in Annexes B and C.

Hose assemblies used for the crushing and destructive tests shall not be placed on the market.

© IS0 2024 - All rights reserved
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5.2 Non-destructive tests and inspection

5.2.1 Documentation of materials

The materials, assembly methods, weld procedures and welder qualification for the manufacture of the hose

assemblies

shall be identified and recorded.

5.2.2 Dimensional check

The outside diameter and total length of hose assemblies shall be measured, as delivered, to check conformity
with the drawings.

5.2.3 Cl¢anliness check

The hose apsembly shall satisfy the requirements of ISO 23208.

5.2.4 Pressure test

All flexible

equal to 1,5 x the PR. The pressure shall be held for a minimum of 3 min. Fhere shall be no le
pressure, the overall length shall not increase by more than 3 %.

Where auskenitic stainless steel comes into contact with water, the chléride content of the water
exposure shall be controlled so as to avoid stress corrosion cracking,

As an alternative to the hydraulic test, it is also permissible to-"perform a pneumatic test, a

pressure,

5.2.5 Leaktest

The hose agsembly shall be leak tested by immersionin water and pressurized with gaseous nitr

to the PR.

The pressy

bubbles of gas in water). This corresponds approximately to a leak rate of less than 10~% Pa m3/s.

hose assemblies shall be subjected to a hydraulic pressure test, at room temperature (

rovided that the necessary safety precautions are met (e.g. perform the test in a cage)

re shall be maintained for a minimitm of 5 min. There shall be no leaks detected (i.e.n

Table 2 — Conversion factors

0 +10) °C,
aks. Under

hnd time of

[ the same

ogen or air

b release of

mm Hg l/s
or

3/ |mbarl/s 1 atm STP at cm3/s atm STP

Pam®/s or mntHgls wm Hg 1/s atm cm3/s or STP ft3/h
o mbarl or or or atcm3 sl or

341 -1

Pam=s s1 T°‘:rl/ S wm Hgls STP cm3 s°1 ft3 (STP)/h STP ft3 h-1
Torrls1
104 103 7,501 x 10-4 7,501 x 101 9,869 x 10~4 1,020 x 103 1,255 x 10-4

Other methods of equivalent or greater accuracy may be used for standard hose assemblies. Hose assemblies
specified for more stringent applications may have more stringent leak requirements (e.g. helium leak
testing under pressure) when specified by the customer.

5.2.6 Crushing test

This test is

only carried out for hose assemblies made without corrugated stainless steel.

This test shall be performed on hose assemblies to simulate risks of damage when walking on a hose. The
hose assembly shall be held between two 200 mm x 200 mm rigid plates and a force of 1 000 N shall be

applied 10

times at the same location in the middle of each flexible hose.

© IS0 2024 - All rights reserved
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The hose assembly shall then be examined to check if there is any pronounced damage caused by this test (a
reduction in diameter greater than 20 % and visible damage to the braid, such as broken braids and exposed

hose, is unacceptable).

After that,

the destructive tests shall be carried out on these same hose assemblies.

5.3 Destructive tests

5.3.1 Hydraulic pressure cycling

This test shall be carried out on one hose assembly of the tested lot with pressure cycling from 1 bar to PR,
at room temperature and at a frequency of <10 cycles per minute.

The test shiall be stopped at 10 000 cycles and the hose assembly be subjected to a hydraulic bulssft test.

There shal| be no leakage in the hose during the test.

5.3.2 Rdllling bend cycling test

5.3.2.1 (eneral

The rolling bend cycling test is required if flexible hose is subject to multiple wide/significant nfoves when

under presjsure.

5.3.2.2 (orrugated metal hose assemblies

A rolling Hend cycling test shall be carried out with the flexible hose assembly maintained af its PR, as

described In Annex B.

The test hdse assembly shall undergo 10 000 cycles without failure and then be subjected to a leak test (leak

rate higheif than the one required in 5.2.5).

There shal| be no leakage in the hose during theltest.

5.3.2.3 Hose assemblies constructed from non-metallic materials or composites

A rolling bend cycling test shall be_¢apried out (with the addition of some induced torque and iftermittent

thermal shppck) with the hose assembly maintained at its PR as described in Annex C.

The test hdse assembly shallaiidergo 10 000 cycles.

5.3.3 Hydraulic bursting test

The tested|samples'shall be pressurized up to rupture as follows:

— subjectastraight, unconstrained sample assembly of minimum length 1 m to a hydraulic pressfire applied
graduglly’in increments over a minimum period of 1 min until the assembly fails by visible|leakage or

rupture of any of the components;

— bursting pressure values shall be equal to or greater than three times the PR, at room temperature
(20 = 10) °C.

This test shall be carried out:

— onone

— onone

hose assembly after non-destructive tests (flexible hose D);

hose assembly subjected to a hydraulic pressure cycling test (flexible hose A);

— on a flexible hose assembly subjected to rolling bend cycling test (flexible hose B).

© IS0 2024 - All rights reserved
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Bursting is to occur only in the body of the hose assembly and shall not affect the end fittings and their
connections.

5.3.4 Examination of sectional cut

A section shall be cut through the hose assembly local to the end fitting and the end connection to examine
the correct connection between end fittings and hose, as well as the shape and thickness of corrugations.

6 Production testing

6.1 General

All hose agsemblies shall be tested in the condition in which they are to be supplied, i.e. eithex|braided or
unbraided] After manufacture, every hose assembly shall be subjected to the pressure tests,and leak tests
described In 6.2 and 6.3.

6.2 Pregsure test

According to 5.2.4.

6.3 Leaktest

The hose assembly shall be leak tested as specified in 5.2.5. A leak test'shall be carried out at a gressure no
greater thqn PR. Leak detection may be by water immersion or other'methods. Alternative leak test methods
may be usdd (e.g. helium tests) where the maximum leakage sh@llmot exceed a leak rate of 10~4 Pp m3/s. See
Table 2.

Hose asseinblies designed from materials other than cerrugated metal can show increased pgrmeability
under pregsure or bending. For these materials, an\acceptable permeation rate shall be jointly agreed
between manufacturer and purchaser, taking into-account the product being transferred and the general
design confitions.

7 Marking

The follow|ng information shall be miarked in an indelible manner on the end of the hose at the marking area
by the marfufacturer (see Annex A):

a) reference to this documentyi.e. SO 21012:2024;

b) rated Iressure, Pg;

¢) nominpl size, DN;

d) testdate (y&ar and month) (the test date is the date at the end of manufacturing);

e) manufpcturer's reference: name or abbreviations or logo and identification number;

f) hose serial number or type designation;

g) rated minimum and maximum temperature range;

h) testpressure, Pr;

i) in addition, space may be left for additional operational marking if used, e.g. retest dates.

© IS0 2024 - All rights reserved
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8 Cleaning

Hose assemblies shall be cleaned in accordance with ISO 23208 to remove hydrocarbons, moisture, particles
or other contaminations from inside the hose assembly.

9 Periodic examination

Guidance for periodic inspection of flexible hoses are given in Annex D.

10 Test certificate

If d Fioa toct oot fiootn 1o oot d £o0 oo boca occa bl o baotr ol £ occarabline tho tf t
a pro u CIUIT LCOU CULT UITICAdlLL 10 lb\1ull \ACIpavyy CdAdUIl T1TUOC UQQLIIAULJ Ul UdlLIl Ul dooTCIITUIIC O, UIIv Cer 1 lca e

should statle the following to enable the complete hose assembly and manufacturing history te b traced:

a) conformity of the hose assembly to this document;
b) the mdterial specification for each component of the assembly;
c) the production test pressure;

d) the unjque marking reference.

© IS0 2024 - All rights reserved
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Annex A
(informative)

Typical hose assembly

A typical hose assembly is shown in Figure A.1.

S U1 A W N

il

i g
i =

=
5

SHSHE—.

braid
end coipling

protectiion coil
protectiive cap
markinlg
ferrule

Figure A.1 — Typical hose assembly

© IS0 2024 - All rights reserved
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Annex B
(normative)

Rolling bend cycling test for metallic hose assemblies and hose
assemblies made of materials with a record of satisfactory use in
cryogenic service

A bend fatigue test shall be carried out with the hose assembly maintained at jts rated pressure, P

The hose a
the test.

The test sH
vertical lod

One end of]
and 60 cyc

The total s

froke length shall be 250 mm.

Table B.1 — Length of hose assembly for test

5sembly shall be set up so that its bend radius is maintained (as shown in Figure B.1) {

the hose assembly shall be fixed. The other end shall be stroked at.a.rate between 20
es/min in a direction parallel with the axis of the flexible hose.

R*

hroughout

jall be conducted at room temperature using hose assemblies mounted te form a horizontal or
p as shown in Figure B.1 and the length of hose assembly for test as showxnin Table B.1.

cycles/min

Dimensions inl millimetres

Nominal[size(DN) | 6 | 8 [ 10 [ 12| 15 | 20 (25 | 32 | 40 | 50 | 65 | g0 | 100
Maximum fend 140 | 165 | 190 | 210 | 250 | 290" | 325 | 380 | 430 | 490 | 580 | 6B0 | 750
radius, R,

Maximum lengthof | Joc | mac | g5 [ 965 | 112601250 | 1425 | 1645 | 1845 | 2085 | 2 445 | 2 $45 | 3125
hose assempbly for test

test hose assembly

fixed en

d

pneumatic cylinder (travel 250 mm)

o

1
2
3 hose assembly support
4
R

bend radius

Figure B.1 — Horizontal or vertical loop
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Annex C
(normative)

Rolling bend cycling test for hose assemblies constructed from
materials or composites not commonly used in cryogenic service

A bend fatigue test shall be carried out with the flexible hose assemblies maintained at its rated pressure, Py.

The hose a
the test.

The hose a
connection

The test sH
vertical lod

The hose a

lal 1 111 . 4] kol | I o et L 1 : I Faliz Y
SUIITULY SIIdIT DT STL U SU UIIAU IS UTITIU T dUTUS IS TIdHITAIIITU [dS SITUWIT T IS UIT U. 1)

ssembly shall also be set up so that itis subjected to some torque by off-setting thie inlet

s by one degree after fixing each end of the hose flexible assembly.

p as shown in Figure C.1 and the length of hose assembly as shown inmTable C.1.

5sembly shall be subjected to repeated cycling at a rate between20.Cycles/min and 60

in a direction parallel with the axis of the flexible hose.

The total s

The hose 4
at the star
flexible ho

troke shall be 250 mm.

ssembly shall also be subjected to an intermittent thermal shock by introducing crycd
t of the test and after every 1 000 cycles. Sufficient liquid nitrogen shall be used to
be assembly reaches liquid nitrogen temperature!

Table C.1 — Length of liose assembly for test

Dimensions in|

hroughout

and outlet

jall be conducted at room temperature using hose assemblies mounted to form a horizontal or

cycles/min

genic fluid
ensure the

millimetres

Nominal size (DN) 6 | 8 10| 12:J015 | 20 | 25 | 32 | 40 | 50 | 65 | §0 | 100
Maximum bend 140 | 165 | 190 | 2107| 250 | 290 | 325 | 380 | 430 | 490 | 580 | 480 | 750
radius, R,

Maximum length of 685 | 785 |-885 | 965 | 1125 | 1250 | 1425 | 1645|1845 |2085| 2445 | 2B45 | 3125
hose assempbly for test
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test ho

be assembly

fixed end

hose as
pneum
Cryoge
bend r4

sembly support

hic liquid inlet.
dius

htic cylinder (travel 250 mm) resistant to rotation

Figure C.1 — Horizontal or vertical {oop
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Annex D
(informative)

Guidelines for periodic examination of transfilling hoses

It is recommended that hoses, connected temporarily for the transfer of cryogenic pumps, should be
subjected to a periodic visual examination, under working conditions, at regular intervals, e.g. annually.

This examination shall be the responsibility of the user.

© IS0 2024 - All rights reserved
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Annex E
(informative)

Acceptable materials

Table E.1 — European materials nomenclature

Specification No. Material grade Material number Material group
1507 TR15698:2017
EN 10216- X5CrNi18-10 1.4301 8y
EN 10216- X2CrNi19-11 1.4306 _U8a
EN 10216-" X2CrNi18-9 1.4307 RN
EN 10216- X5CrNiMo17-12-2 1.4401 NS 8.1
EN 102165 X2CrNiMo17-12-2 1.4404 AV 8.1
EN 10216-" X6CrNiTi18-10 14541 & 8.1
EN 10216-" X6CrNiMoTi17-12-2 14571 8.1
EN 10217-7 X5CrNi18-10 14300¢ 8.1
EN 10217-7 X2CrNi19-11 1.4306 8.1
EN 102177 X2CrNi18-9 . 14307 8.1
EN 10217-7 X5CrNiMo17-12-2 o, 14401 8.1
EN 102177 X2CrNiMo17-12-2 DO 1.4404 8.1
EN 10217-7 X6CrNiTi18-10 o 14541 8.1
EN 102177 X6CrNiMoTi17-12-2 _ | 1.4571 8.1
EN 10253-4 X5CrNi18-10 1.4301 8.1
EN 10253-4 X2CrNi19-115" 1.4306 8.1
EN 10253-4 X2CrNi18-9 1.4307 8.1
EN 10253-4 X5CrNiMo17-12-2 1.4401 8.1
EN 10253-4 X2€1NMo17-12-2 1.4404 8.1
-
EN 10253-4 (“X6CrNiTi18-10 1.4541 8.1
EN 10253-/ _\D X6CrNiTi18-10 1.4571 8.1
EN 10272 )7 X5CrNi18-10 1.4301 8.1
EN 10272 i X2CrNi19-11 1.4306 8.1
EN 10272 O X2CrNi18-9 1.4307 8.1
EN10272 | o> X5CrNiMo17-12-2 1.4401 8.1
EN 10272 | X2CrNiMo17-12-2 1.4404 8.1
EN 10272 X6CrNITi18-10 14541 81
EN 10272 X6CrNiTi18-10 1.4571 8.1
EN 10028-7 X5CrNi18-10 1.4301 8.1
EN 10028-7 X2CrNi19-11 1.4306 8.1
EN 10028-7 X2CrNi18-9 1.4307 8.1
EN 10028-7 X5CrNiMo17-12-2 1.4401 8.1
EN 10028-7 X2CrNiMo17-12-2 1.4404 8.1
EN 10028-7 X6CrNiTi18-10 1.4541 8.1
EN 10028-7 X6CrNiTi18-10 1.4571 8.1
EN 10088-1 X5CrNi18-10 1.4301 8.1

© IS0 2024 - All rights reserved
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Table E.1 (continued)

Specification No. Material grade Material number Material group
ISO/TR 15608:2017
EN 10088-1 X2CrNi19-11 1.4306 8.1
EN 10088-1 X2CrNi18-9 1.4307 8.1
EN 10088-1 X5CrNiMo17-12-2 1.4401 8.1
EN 10088-1 X2CrNiMo17-12-2 1.4404 8.1
EN 10088-1 X6CrNiTi18-10 1.4541 8.1
EN 10088-1 X6CrNiTi18-10 1.4571 8.1
Table E.2 — Non-European materials
Specifjcation No. Material grade Material number Material group
ISO/TR'156(08:2017
SA/A-312 TP 316L S$31603 8.1
SA/A-358 TP 316L S$31603 8.1
SA/A-249 TP 316L S$31603 8.1
SA/A-409 TP 316L S$31603 8.1
SA/A-688 TP 316L S$31603 8.1
SA/A-813 TP 316L S31603 8.1
SA/A-814 TP 316L S:31603 8.1
SA/A-249 TP 316 §31600 8.1
SA/A-312 TP 316 S 31600 8.1
SA/A-358 TP 316 S 31600 8.1
SA/A-409 TP 316 S 31600 8.1
SA/A-688 TP 316 S 31600 8.1
SA/A-813 TP 316 S 31600 8.1
SA/A-814 TP 316 S 31600 8.1
SA/A-249 TP 316LN S 31653 8.1
SA/A-312 TP\316LN S$31653 8.1
SA/A-358 TP 316LN S31653 8.1
SA/A-688 TP 316LN S31653 8.1
SA/A-249 TP 316N S 31651 8.1
SA/A-312 TP 316N S 31651 8.1
SA/A-358 TP 316N S 31651 8.1
SA/A-688 TP 316N S 31651 8.1
SA/A-813 TP 316N S 31651 8.1
SA/A-814 TP 316N S31651 8.1
SA/A-249 TPXM-29 S$24000 8.3
SA/A-312 TPXM-29 $24000 8.3
SA/A-688 TPXM-29 $24000 8.3
SA/A-249 TP 304L S30403 8.1
SA/A-312 TP 304L S30403 8.1
SA/A-358 TP 304L S 30403 8.1
SA/A-409 TP 304L S30403 8.1

NOTE SA/SB prefix to specification number refers to ASME specifications. A/B prefix to specification number refers to ASTM
specifications. When materials to ASME specifications are unavailable, materials to the same specification number with a prefix
of A/B (ASTM) are used. All ASME/ASTM specification numbers listed are equally acceptable with a suffix M.
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Table E.2 (continued)

Specification No. Material grade Material number Material group
ISO/TR 15608:2017
SA/A-688 TP 304L 530403 8.1
SA/A-813 TP 304L 530403 8.1
SA/A-814 TP 304L 530403 8.1
SA/A-249 TP 304 530400 8.1
SA/A-334 8 K 81340 9.3
SA/A-333 8 K 81340 9.3
SA/A-312 TP 304 530400 8.1
SA/A-358 TP 304 530400 84,
SA/A-409 TP 304 530400 o84
SA/A-688 TP 304 530400 A V81
SA/A-813 TP 304 530400 RS
SA/A-814 TP 304 530400 a, 8.1
SA/A-249 TP 304LN s30453 () 8.1
SA/A-312 TP 304LN 530453 - 8.1
SA/A-358 TP 304LN 530453 O 8.1
SA/A-688 TP 304LN $30453" 8.1
SA/A-813 TP 304LN 5:30453 8.1
SA/A-814 TP 304LN ©830453 8.1
SA/A-249 TP 304N D 530451 8.1
SA/A-312 TP 304N &\ 530451 8.1
SA/A-358 TP 304N K2 530451 8.1
SA/A-688 TP304N . O 530451 8.1
SA/A-813 TP304N - 530451 8.1
SA/A-814 TP 304N ) 530451 8.1
SA/A-312 TP321 532100 8.1
SA/A-249 (TR321 $32100 8.1
SA/A-358 ~ (UTp321 $32100 8.1
SA/A-409 ~\J Tp321 532100 8.1
SA/A-813 ~ TP321 532100 8.1
SA/A-814 oV TP 321 $32100 8.1
SA/A-213 X TP 316L 531603 8.1
SA/A-312 QV TP 316L 531603 8.1
sa/a312 | AN FP 316 531600 8.1
sa/A-213 | D TP 316 531600 8.1
SA/A-312 TP 316 531600 8.1
SA/A-376 TP 316 531600 8.1
SA/A-213 TP 316LN 531653 8.1
SA/A-312 TP 316LN 531653 8.1
SA/A-376 TP 316LN 531653 8.1
SA/A-312 FP 316N 531651 8.1
SA/A-213 TP 316N 531651 8.1

NOTE SA/SB prefix to specification number refers to ASME specifications. A/B prefix to specification number refers to ASTM
specifications. When materials to ASME specifications are unavailable, materials to the same specification number with a prefix
of A/B (ASTM) are used. All ASME/ASTM specification numbers listed are equally acceptable with a suffix M.
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Table E.2 (continued)

Specification No. Material grade Material number Material group
ISO/TR 15608:2017
SA/A-312 TP 316N 531651 8.1
SA/A-376 TP 316N 531651 8.1
SA/A-182 F 316L 531603 8.1
SA/A-336 F 316L 531603 8.1
SA/A-403 316L 531603 8.1
SA/A-182 F 316 531600 8.1
SA/A-336 F 316L 531600 8.1
SA/A-403 316 531600 84,
SA/A-182 F 316LN 531653 oga
SA/A-336 F 316LN 531653 A V81
SA/A-403 316LN 531653 o 81
SA/A-182 F 316N 531651 a. 8.1
SA/A-336 F 316N s3tes1 () 8.1
SA/A-403 316N 531651 .~ 8.1
SA/A-182 F 304L 530403 O 8.1
SA/A-336 F 304L $ 30403 8.1
SA/A-403 304L 530403 8.1
SA/A-182 F 304 8530400 8.1
SA/A-336 F304 2 530400 8.1
SA/A-403 304 & 530400 8.1
SA/A-182 F 304LN R4 530453 8.1
SA/A-336 F304LN . O 530453 8.1
SA/A-403 304LN - 530453 8.1
SA/A-182 F304N N 530451 8.1
SA/A-336 F304N 530451 8.1
SA/A-403 (304N 530451 8.1
SA/A-552 O K 81340 9.3
SA/A-420 -\ wpLs K 81340 9.3
SA/A-213 ~ TP304L 530403 8.1
SA/A-213 oV TP 304 $ 30400 8.1
SA/A-213 X TP 304LN 530453 8.1
SA/A-213 Y TP 304N 530451 8.1
sa/a312 | AN FP 304 530400 8.1
sa/a312 | D FP 304N 530451 8.1
SA/A-376 TP 304LN 530453 8.1
SA/A-376 TP 304 530400 8.1
SA/A-376 TP 304N 530451 8.1
SA/A-376 TP 316LN 531653 8.1
SA/A-376 TP 316 531600 8.1
SA/A-376 TP 316N 531651 8.1
SA/A-213 TP 321 532100 8.1

NOTE SA/SB prefix to specification number refers to ASME specifications. A/B prefix to specification number refers to ASTM
specifications. When materials to ASME specifications are unavailable, materials to the same specification number with a prefix
of A/B (ASTM) are used. All ASME/ASTM specification numbers listed are equally acceptable with a suffix M.
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