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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-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.
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Cryogenic vessels — Static vacuum-insulated vessels —

Part 1:
Design, fabrication, inspection and tests

1 [Scope

Thif document specifies requirements for the design, fabrication, inspection andntesting of static
vacpjium-insulated cryogenic vessels designed for a maximum allowable pressure ofumdre than 0,5 bar.
Thif document applies to static vacuum-insulated cryogenic vessels for fluids and does npt apply to
vess$els designed for toxic fluids.

Thif document also gives guidance for static vacuum-insulated cryogenic vessels designed for a
maximum allowable pressure of not more than 0,5 bar.

2 |Normative references

The following documents are referred to in the text in such a way that some or all of their content
conftitutes requirements of this document. For dated references, only the edition cited gpplies. For
undated references, the latest edition of the referenceddocument (including any amendments) applies.
[SO|4126-2, Safety devices for protection against excessive pressure — Part 2: Bursting disc saféty devices
1SO|4136, Destructive tests on welds in metallic materials — Transverse tensile test

[SO|9016, Destructive tests on welds in.méetallic materials — Impact tests — Test specimen locqtion, notch
origntation and examination

[S0|9328-4, Steel flat productsfar pressure purposes — Technical delivery conditions — Pant 4: Nickel-
alloy steels with specified low temperature properties

1S0|9606-1, Qualification testing of welders — Fusion welding — Part 1: Steels

ISO[9712, Non-destructive testing — Qualification and certification of NDT personnel
[SO[10474:2013,Steel and steel products — Inspection documents

1SO|14732, Welding personnel — Qualification testing of welding operators and weld setters for inechanized
and|automadtic welding of metallic materials

[SOL15613, Specification and qualification of welding procedures for metallic materials — Qualification

based on pre-production welding test

ISO 15614-1:2017, Specification and qualification of welding procedures for metallic materials — Welding
procedure test — Part 1: Arc and gas welding of steels and arc welding of nickel and nickel alloys

ISO 17636-1, Non-destructive testing of welds — Radiographic testing of fusion-welded joints — Part 1: X-
and gamma-ray techniques with film

ISO 17636-2, Non-destructive testing of welds — Radiographic testing of fusion-welded joints — Part 2: X-
and gamma-ray techniques with digital detectors

[SO 21009-2, Cryogenic vessels — Static vacuum insulated vessels — Part 2: Operational requirements

ISO

©IS

21010, Cryogenic vessels — Gas/material compatibility
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[SO 21011,

Cryogenic vessels — Valves for cryogenic service

ISO 21013-3, Cryogenic vessels — Pressure-relief accessories for cryogenic service — Part 3: Sizing and
capacity determination

ISO 21028-1, Cryogenic vessels — Toughness requirements for materials at cryogenic temperature —
Part 1: Temperatures below -80 degrees C

ISO 21028-2, Cryogenic vessels — Toughness requirements for materials at cryogenic temperature —
Part 2: Temperatures between -80 degrees C and -20 degrees C

ISO 23208,

EN 13445-
ASME Boile

; ] yall M £ 4 :
CT yOYTCTIIC—VvECS5TTS CTCUTITICSSJUTCT yOUYCTITC SCTVICT

B, Unfired pressure vessels — Design

r and Pressure Vessel Code, Section VIII, Division 2: Alternative Rules

3 Termis and definitions

For the pui
[SO and [E
ISO On

IEC Elg

3.1
accessorid

service equipment which has a safety-related function with respect to either pressure containmen

control or |
EXAMPLE

3.2
automatid
welding in
process

poses of this document, the following terms and definitions apply,

[ maintain terminology databases for use in standardization at/the following addresses:

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

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

S

both

Protective or limiting devices, controlling and monitoring devices, valves and indicators.

welding
which all operations aresperformed without welding operator intervention during

Note 1 to enftry: Manual adjustmerit of welding variables by the welding operator during welding is not possi

[SOURCE: I

3.3
bursting d
non-reclos

Note 1 to e

SO 14732:2013, 81}

isc device
ng pressure relief device ruptured by differential pressure

htry: ‘The bursting disc device is the complete assembly of installed components including, w

thaburcting icobolday

t or

the

ble.

ere

appropriate

3.4
cryogenic
refrigerate

AZI A AT ey S oo T TIoTatTS

fluid
d liquefied gas

gas which is partially liquid because of its low temperature

Note 1 to entry: This includes totally evaporated liquids and supercritical fluids.

Note 2 to entry: In the ISO 21009 series, the refrigerated, but non-toxic gases, and mixtures of them, shown in

Table 1, are

referred to as cryogenic fluids.

© IS0 2022 - All rights reserved
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Table 1 — Refrigerated but non-toxic gases

(iliz;sif;(cii- Identification number, name and description

3°A Asphyxiant gases
1913 Neon, refrigerated liquid
1951 Argon, refrigerated liquid
1963 Helium, refrigerated liquid
1970 Krypton, refrigerated liquid
1977 Nitroger, refrigerated Hiquid
2187 Carbon dioxide, refrigerated liquid
2591 Xenon, refrigerated liquid
3136 Trifluoromethane, refrigerated liquid
3158 Gas, refrigerated liquid, not otherwise specified (NOS)

3°0 Oxidizing gases
1003 Air, refrigerated liquid
1073 Oxygen, refrigerated liquid
2201 Nitrous oxide, refrigerated liquid, oxidizing
3311 Gas, refrigerated liquid, oxidizing, NOS

3°F Flammable gases
1038 Ethylene, refrigerated liquid
1961 Ethane, refrigerated liquid
1966 Hydrogen, refrigerated liquid
1972 Methane, refrigerated liquid or natural gas, refrigerated liquid, with high methane

content
3138 Ethylene, acetylene and propylene mixture, refrigerated liquid, contairling at least
71,5 % ethylene with not more than 22,5 % acetylene and not more than 6 4o propylene

3312 Gas, refrigerated liquid, flammable, NOS

Ox

—.

The|flammable gases, and mixtures ofthem, may be mixed with: helium, neon, nitrogen, argon, carbon dioxide
lizing and flammable gases shall not be mixed.

NOTE The classification code, identification number, name and description are according to UN codes.

3.5

tec

Notg 1 to entr'ys Documentation consists of:

— |allicertificates establishing the conformity with this document (e.g. material, pressure test,
safety devices);

dorllumentation
nical documents delivered by the manufacturer to the owner

cleanliness,

— ashortdescription of the vessel (e.g. including characteristic data);

— alist of fluids and their net mass for which the cryogenic vessel is designed;

— an operating manual (for the user) that contains:

— ashortdescription of the vessel (e.g. including characteristic data),

— astatement that the vessel is in conformity with this document, and

— the instructions for normal operation (3.10).

© IS0 2022 - All rights reserved
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3.6

gross volume
<inner vessel> (3.7) internal volume of the inner vessel determined at minimum design temperature
and atmospheric pressure

3.7

inner vessel
pressure vessel intended to contain the cryogenic fluid (3.4) to be stored

3.8

manufacturer of the static cryogenic vessel

company t
vessel (3.17

3.9
maximum
maximum

3.10
normal op

hat carries out the final assembly, including the final acceptance test, of the static cryoeg

)

allowable pressure
pressure (3.13) permissible at the top of the vessel in its normal operating position

eration

intended dperation of the vessel either up to the maximum allowable pressure (3.9) or subjecte

handling lg

ads

Note 1 to enftry: Handling loads are exerted on the static cryogenic vessel (3.£7) in all normal transport operat

including, e

3.11
outer jack
gas-tight e

3.12

piping sys
tubes, pipe
valves, fitt

3.13
pressure
gauge pre
pressure r

3.14

pressure s
pressure )
(strengthe

Note 1 to er
pressure an|

g.loading, unloading, pressure loading during transportationyinstallation.

et
hclosure which contains the inner vessel (3.7) and enables the vacuum to be established

tem
s and associated components which'can’come in contact with cryogenic fluids (3.4) inclug
ngs, pressure relief devices, and theitr supports

ssure
plative to atmospheriepréessure

trengthened«wvessel
Fessel, whiclh~has been subjected to a calculated and controlled internal presg
hing pressufe) after completion

try: The wall thickness of such a vessel is calculated on the basis of the stress at the strengthe
d noton the basis of the conventional design stress value of the material used.

enic

] to

ons

ling

ure

hing

Note 2 to entry: Pressure vessels made from solution heat treated material will be subject to a controlled plastic
deformation during the strengthening operation as its yield point is raised. Pressure vessels made from work-
hardened material will be subject to little or no plastic deformation.

3.15

relief plate
plate retained by atmospheric pressure which allows relief of excess internal pressure, generally from
the vacuum jacket

© IS0 2022 - All rights reserved
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3.16

service equipment

accessories, equipment or instruments that will be used to measure the level, to fill or discharge the
tank, to vent the tank, to protect the tank against overpressure and to raise the tank pressure and its
thermal insulation

Note 1 to entry: The thermal insulation is a vacuum inter-space between the inner vessel (3.7) and the outer jacket
(3.11).

3.17

static cryogenic vessel

thefmally insulated vessel intended for use with one or more cryogenic fluids (3.4) in-a]stationary
confition

Note 1 to entry: Static cryogenic vessels consist of inner vessel(s) (3.7), an outer jacket (3.11)and the pjping system
(3.1R).

4 (Symbols

A cross sectional area of reinforcing element mm?

A area of reinforcing ring mm?
A elongation at fracture %

b width of pad, ring or shell reinforcement mm

Cg design factors —

c allowances for corrosion mm

D shell diameter mm

D, outside diameter e.g. of ajcylindrical shell mm
D,y outside diameter of connected cylinder (see Figure 7) mm
D,, outside diameter at effective stiffening (see Figure 9) mm

Dy, D, flat end diameters mm

D, intennal diameter e.g. of a cylindrical shell mm

Dy design diameter (see Figure 7) mm

Dy shell diameter at nozzle (see Figure 8) mm

d, outside dtameter of Tube or Nozzie T

d; diameter of opening mm

d, d, opening diameter mm

E Young's modulus N/mm?
f narrow side of rectangular or torispherical plate mm

H Safety coefficient for pressure test —

h thickness of pad-reinforcement mm

© IS0 2022 - All rights reserved 5
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1 moment of inertia of reinforcing element mm*
material property used for design (see 10.3.2.3.1) N/mm?2
K, material property at ¢ °C used for design (e.g. K, for material N/mm?2

property at 20 °C) (see 10.3.2.3.2)

L cone length between effective stiffenings (see Figure 9) mm

1 ligament (web) between two nozzles mm

L, buckling length mm

I’ length of nozzle reinforcement outstandings mm

I length of nozzle reinforcement in stand mm

m protruding length of nozzle min

n number —

p design pressure as defined by 10.2.3.2.1 and 10.3.3.2 bar (or MPa)
Pe external pressure bar (or MPa)
Pe1 allowable external pressure limited by elastic buckling bar (or MPa)
Pe2 allowable external pressure limited by elastic buckling including bar (or MPa)

reinforcement

Px strengthening pressure bar (or MPa)
Pp allowable external pressure limited by plastic deformation bar (or MPa)
DPs maximum allowable gauge préssure bar (or MPa)
Pt test pressure [see 10.2.3.2.3] bar (or MPa)
R radius of curvature e.g.inside crown radius of dished end mm

r inside radius of knuckle mm

S safety facterat design pressure —

Sk safetyfactor against elastic buckling at design pressure —

Sp safety factor against plastic deformation at design pressure —

St safety factoragaimst ptasticdeformmatiomrat proof test pressure =

S minimum wall thickness mm

Sa required wall thickness at opening edge mm

Se actual wall thickness mm

Sg required wall thickness outside corner area mm

S required wall thickness within corner area mm

Sg wall thickness of nozzle mm

6 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=0aaf35dd4fba89222ce4acc0b98c695f

51
che
dee

5.2
and
ves

5.3

5.4
tho

fro

6

In ;1(11dition, the m@ntfacturer shall retain all supporting and background documents (incly
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temperature °C
wall thickness of nozzle mm
out-of-roundness —

factor indicative of the utilization of the permissible design —
stress in joints or factor allowing for weakenings

Poisson ratio —

(decay-length zone) distance over which governing stress is mm
assumed to act

characteristic lengths (i = 1,2,3) to define corner area [Figures 7a) mm
and b) and 10.3.6.5.4]

auxiliary value —
cone angle °
design stress value N/mm?

General requirements

The static cryogenic vessel shall safely withstand the mechanical and thermal loa
mical effects encountered during pressure test.and normal operation. These require
med to be satisfied if Clauses 6 through 11 dre fulfilled. The vessel shall be tested in
n Clause 12, marked in accordance with Clause 13, and operated in accordance with ISO }

Static cryogenic vessels shall be egquipped with valves, pressure relief devices, etc.,
installed in such a way that the vessel can be operated safely. The number of openings i
bel for this equipment shall be kept to a minimum.

The static cryogenic vessel shall be clean for the intended service in accordance with |

The manufacturer-shall retain the documentation, and all supporting documents
be from subcontractors, if any), taking legal compliance into consideration (e.g. produg

subcontractors, if any) which establish that the vessel conforms to this document.

Mechanical loads

s and the
ments are

hccordance
21009-2.

configured
n the inner

50 23208.

(including
t liability).
ding those

6.1

General

The static cryogenic vessel shall resist the mechanical loads mentioned in this clause without such
deformation which can affect safety and which can lead to leakage.

The mechanical loads to be considered are:

©IS

loads exerted during the pressure test as specified in 6.2;
loads imposed during installation and removal of the vessel;

dynamic loads during transport of the vessel.

02022 - All rights reserved
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The following loads shall be considered to act in combination where relevant:

jacket;

a pressure equal to the maximum allowable pressure in the inner vessel and pipework;

the pressure exerted by the liquid when filled to capacity;

full vacuum in the outer jacket;

loads produced by the thermal movement of the inner vessel, outer jacket and inter-space piping;

a pressure in the outer jacket equal to the set pressure of the relief device protecting the outer

mass d

wind 1
capaci

f vessel when filled to capacity;

bads and other site conditions (e.g. seismic loads, thermal loads) to the vessel wheh fille
[y.

6.2 Load during the pressure test

The load e}

przH

where

H

+1 (in

7 Cheni

Due to ope
the inner s

Due to the
the inner vj
openings a

Corrosion
the vacuun

The maten
intended u

terted during the pressure test used for calculation shall be:

(p; +1) baror [pr 2H(p, +0,1)MPa]

s 1,43 in Europe and 1,3 in North America and for ether parts of the world, a value consis
vith the applicable pressure vessel code;

bar) or [+0,1 (in MPa)] is the allowance fof’external vacuum.

ical effects

lirfaces in contact with the cfiyogenic fluids can be discounted.

fact that the inner vesséli$ inside an evacuated outer jacket, neither external corrosio
Essel, nor corrosion gmthe inner surfaces of the outer jacket will occur. Therefore, inspec
fre not required in the inner vessel or the outer jacket.

hllowance is also hot required on surfaces in contact with the operating fluid or expose
1 inter-spacébetween the inner vessel and the outer jacket.

ial and the protection for the surfaces exposed to the atmosphere shall be suitable
Ge (e.grresistant to industrial and marine atmospheres).

d to

fent

rating temperatures and the materials of construction, the possibility of chemical actiof on

h of
fion

1 to

for

8 Thermal conditions

The following thermal conditions shall be taken into account:

a) forthe
b) for the

inner vessel and its associated equipment, the full range of temperatures expected;

outer jacket and equipment thereof [other equipment than covered by a)]:

— aminimumworking temperature of -20 °C, unless otherwise specified and marked inaccordance
with Clause 13;

— amaximum working temperature of 50 °C.

© IS0 2022 - All rights rese
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9 Material

9.1 General

The materials used to manufacture the inner vessels and associated equipment shall meet the
requirements defined in 9.2 through 9.3.

9.2 Selection of materials

9.2 1 Materials which are or might be in contact with cryogenic fluids shall be inaccordance with

ISO 51010.

9.2{2 Materials used at low temperatures shall follow the requirements of the relevant 1$0 21028-1
and ISO 21028-2; non-metallic materials shall be suitable for operating temperaturds and the
refijigerated gas.

9.213 The base materials, listed in Annex K, subject to meeting the extra’ requirements given in the
main body of this document, are suitable for and may be employed in the manufacture of th¢ cryogenic
vesgels conforming to this document.

9.3| Inspection certificate

9.3]1 The head and shell material shall be declared by~an "inspection certificate 3.1", in ccordance
with ISO 10474:2013, 5.1, or "inspection certificate 322", in accordance with ISO 10474:2013, 5.2, if a
spefific manufacture qualification is not available,

9.3]2 The material manufactured to a recognized document shall be declared by an |inspection
certificate 3.1", in accordance with ISO 10474:2013, 5.1, or "inspection certificate 3.2", in accordance
with ISO 10474:2013, 5.2, if a specific manufacture qualification is not available.

9.4 Materials for outer jackets and service equipment

The outer jacket and the-'service equipment not subjected to cryogenic temperaturg shall be
manufactured from materialsuitable for the intended service.

10(Design

10.1 Designmoptions

10.1.1AGeneral

The design shall be carried out in accordance with one of the options given in 10.1.Z2, 10.1.3 or 10.1.4.

In the case of 9 % Ni steel, the additional requirements of Annex B shall be satisfied.

For metallic materials used at cryogenic temperatures, the requirements of ISO 21028-1 and I1SO 21028-2
shall be satisfied.

When further use of cold properties is allowed, the requirements of Annex E shall be satisfied.

10.1.2 Design by calculation

Calculation of all pressure and load bearing components shall be carried out. The pressure part
thicknesses of the inner vessel and outer jacket shall not be less than required by 10.3. Additional
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calculations may be required to ensure the design is satisfactory for the operating conditions including
an allowance for external loads (e.g. seismic).

10.1.3 Design by calculation when adopting pressure strengthening (if allowed)

The pressure retaining capability of inner vessels manufactured from austenitic stainless steel,
strengthened by pressure, shall be calculated in accordance with Annex C. In some cases, it is possible
that designs adopting pressure strengthening will not be allowed by the competent authorities where
the vessel is to be operated.

10.1.4 D¢

Where it i
controlled
required if

10.2 Com

10.2.1 Ge|

The requir]
used.

SIgIl O components by calculation suppliemented withh experimental methods

5 not possible to design non-inner-vessel components by calculation alone, plafned
experimental means may be used, provided that the results confirm the safety fac
10.3. An example would be the application of strain gauges to assess stress leyels.

mon design requirements

neral

ements of 10.2.2 through 10.2.8 are applicable to all vessels irrespective of the design opt

and
[OT'S

—

on

In the event of an increase in any one of the following parametets, the initial design process shall be

repeated:

—  maxinj
— specifi
—  maxinj
— nomin

or, in the ey

um allowable pressure;

c mass (density) of the densest gas for whichcthe vessel is designed;
um tare weight of the inner vessel;

bl length or diameter, or both, of the'inner shell;

Fent of any change relative to;

— thety
— thefu
— thede

— them

as far as the support systems between the inner vessel and the outer jacket or the inner vessel it
rotective frame, if any, are concerned.

or the

10.2.2 D

To enable t

e of material or grade (e:g-stainless steel or change of stainless steel grade);
damental shape;
rease in the mittimum mechanical properties of the material being used; or

dification efthe design of an assembly method concerning any part under stress, particul

hrly
self

he design to be prepared, the following information shall be available:

— maximum allowable pressure;

— fluids intended to be contained;

— gross volume of the inner vessel;

— configuration;

— location of fastening points and loads allowable on these points;

— method of handling and securing during transit and site erection;

10
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— site conditions (e.g. ambient temperatures, seismic);
— shipping modes (e.g. road, rail, water) of the empty vessel;

— filling and emptying rates;

— range of ambient temperatures, if different from 8 b);
— gross mass;

— details of fastenings in combination with the expected loads from the vessel itself.

A dpsign document in the form of drawings with text if any shall be prepared. It shall, dontain the
infqrmation given above plus the following where applicable:

— |definition of which components are designed by calculation, by pressure\strengthening, by
experiment and by satisfactory in-service experience;

— |drawings with dimensions and thicknesses of load bearing components;
— |specification of all load bearing materials, e.g. grade, class, temper, testing, as relevant;
— |applicable material test certificates;

— |location and details of, e.g. welds and other joints, welding and other joining procedures, filler,
joining materials, as relevant;

— |calculations to verify conformance to this document;

— |design test programme;

— |non-destructive testing requirements;

— |pressure test requirements;

— | piping configuration including type;’size and location of all valves and relief devices;
— |details of lifting points and lifting procedure;

— |calculations for wind and.seismic loads.
10.2.3 Design loads

10.2.3.1 General
Under normaloperating conditions, static vessels are not expected to see pressure variatiors.

If the static vessel is specifically intended for more than 4 000 pressure cycles, fatigue life shall be
calqulated in accordance with an internationally recognized standard.

NOTE1 Apressurecycleis defined as a pressure variation more than 50 % of the design pressure for austenitic
stainless steels and 20 % for the other materials.

The static cryogenic vessel shall be able to safely withstand the mechanical and thermal loads
encountered during normal operation, transportation and pressure test, as specified in 10.2.3.2
through 10.2.3.7.

If a detailed fatigue life calculation is required, the evaluation shall be conducted according to EN 13445-
3, ASME VIII-2 or equivalent standards/codes under consideration of the imperfections under 11.5 and
12.3.4.
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Information about the fatigue life shall be reported to the users in the operating manual.

NOTE 2  Fatigue analysis can be satisfied for existing designs through documented evidence of previous long-
term satisfactory service under the same operating conditions.

10.2.3.2 Inner vessel

10.2.3.2.1 The following loads shall be considered to act in the combinations specified in 10.2.3.2.2.

a)

b)

d)

f)

g)

h)

12

Pressure during operation when the vessel contains cryogenic liquid product:

PcL =bs +p, +1 bar or [pc, =ps +p, +0,1 MPa |
where|p, is the pressure exerted by the weight of the liquid contents when the vessel is fillefl to
capacity with either:

i) badiling liquid at atmospheric pressure, or

ii) cryogenic fluid at its equilibrium triple point or melting point tempenature at atmosphleric
pressure

[pyis rjeglected if less than 5 % of (pg + 1). If p; is greater than 5 % of (p, + 1), it is permissible to
reducq the value by 5 % of (p, + 1)].

Pressyre during operation when the vessel contains only gaseeus product at 20 °C:

Pcg =ps +1 bar or [ pcg =ps +0,1 MPa |

NOTE1 This formula applies only if Annex E is used!

Reactipns at the support points of the inner{¥vessel during operation when the vessel contains
cryogdnic liquid product. The reactions shall be determined by the weight of the inner vessel,[the
weight of the maximum contents of the\gryogenic liquid and vapour and seismic loadings where
appropriate. The seismic loadings shallinclude any forces exerted on the vessel by the insulatidn.

Reactipns at the support points of the inner vessel during operation when the vessel contains ¢nly
gaseoys product at 20 °C. The'redctions shall be determined by the weight of the inner vessel, its
contents and seismic loadings where appropriate. The seismic loadings shall include any forces
exertef on the vessel by the insulation.

NOTEZ This condition applies only if Annex E is used.

Load imposed by.the piping due to the differential thermal movement of the inner vessel, the piping
and thp outerjacket, where the following cases shall be considered:

— copldown (inner vessel warm - piping cold);

— filling and withdrawal (inner vessel cold - piping cold);
— storage (inner vessel cold - piping warm);

Load imposed on the inner vessel at its support points when cooling from ambient to operating
temperature.

Loads imposed during transit and site erection.

NOTE 3  The static cryogenic vessel is not intended to be transported filled. It can be transported empty
or containing marginal residues of cryogenic fluid from one location to another.

Load imposed by pressure in annular space equal to the set pressure of the outer jacket relief device
and atmospheric pressure in inner vessel.
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10.2.3.2.2 The vessel shall be capable of withstanding the following combinations of loadings from
10.2.3.2.1. The design pressure, p, is equal to pressure specified therein, in each combination 1, 2 and 3:

1) operation at maximum allowable working pressure when vessel is filled with cryogenic liquid:
10.2.3.2.1a) +c) + e) + f);
2) operation at maximum allowable working pressure when vessel is filled with gas at 20 °C: b) + d);
3) pressure test: see 10.2.3.2.3;
4) shipping and lifting: 10.2.3.2.1 g);
5) |vessel subject to external pressure developed in the vacuum jacket: 10.2.3.2.1 h).
The inner vessel shall, in addition, be capable of holding the pressure test fluid without giross plastic
defgormation.
10.2.3.2.3 The design shall be evaluated for the following conditions:
Prepsure test: the value used for design purposes shall be the higher of:
pr=H (ps+1) bar [or py =H (p,+0,1) MPa] or see 12.5.1 or
pr =1,25 (ps +p;, +1) K 20 bar [or pt =1,25 (ps +p; +0,1) K 20 MPa |
t t
conpidered for each element of the vessel, e.g. shell, courses, head.
The 1 bar (or 0,1 MPa) is added to allow for the exterhal vacuum.
NOTE1 H is equal to 1,43 in Europe and 1,3 in“North America and for other parts of the wdrld, a value
congsistent with the applicable pressure vessel code.
NOTE2  When cold properties are used, sée Annex E where K4, is used instead of K,.
10.2.3.3 Outer jacket
The following loads shall be donsidered to act in combination where relevant:
a) |an external pressuré of 1 bar (or 0,1 MPa);
b) |an internal pressutre equal to the set pressure of the outer jacket pressure relief device;
c) |load imposed by the supporting systems in the outer jacket taking into consideration site conditions,
e.g. windahd seismic loadings;
d) |load‘imposed by piping as defined in 10.2.3.2.1 e);
e) lload imposed at the inner vessel support paints in the onter jacket when the inner vessellcools from
ambient to operating temperature and during operation;
f) loads imposed during transit and site erection;
g) external loads from, e.g. wind, seismic or other site conditions;
h) gross mass.

10.2.3.4 Inner vessel supports

The inner vessel supports shall be designed for the load specified in 10.2.3.2.1 c) and f) to a maximum
allowable stress value which is equal to 0,66 K,,. Additionally, this maximum stress value shall not be
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exceeded during shipping with loads of 1,7 g down, 1 g upwards and laterally and 2 g in the direction of
the travel based on an empty vessel.

10.2.3.5 Outer jacket supports

The outer jacket supports shall be suitable for the load defined in 10.2.3.3 to a maximum allowable
stress value equal to 0,66 K,,. Compressive stresses and stability shall be considered, see for example
EN 13445-3 and ASME CODE CASE 2286-5 in combination with AISC Manual of Steel Construction 15th
edition. The load conditions and combinations shall take into consideration the applicable regulations
of the countries of use.

10.2.3.6 Lifting points

Lifting poipts shall be suitable for lifting loads under consideration of the load direction initiatef of
the self-lodd of the static cryogenic vessel and 10.3.4, which are lifted in accordance with.the specified
procedure junder taking into account of a maximum allowable stress value equal to 0,66)K,,.

NOTE The maximum self-load corresponds to the weight of the entire non-cortoded pressure vepsel,
including e.g. fittings (floors, packs), insulation, fire protection, pipelines, catwalks and ladders.

10.2.3.7 Riping and accessories

Piping inclpding valves, fittings and supports shall be designed for.the following loads, which shall be
considered to act in combination where relevant:

a) Pressyre during operation: not less than the set pressure of'the system pressure relief devices,|e.g.
set prgssure of the thermal relief device.

b) Thermal loads defined in 10.2.3.2.1 f).
c) Loadspenerated during pressure relief discharge.

d) A design pressure not less than the maximum allowable pressure, p,, of the inner vessel plus jany
appropriate liquid head. For piping inside the vacuum jacket, a further 1 bar (or 0,1 MPa) shalll be
added

e) The dgsign shall consider the effects of vibration during transportation.

10.2.4 Ingpection openings

Inspection| openings are mot required in the inner vessel or the outer jacket, provided that|the
requirements of [ISO 21009-2 are followed.

NOTE1 Due to the\combination of materials of construction and operating fluids, internal corrosion capnot
occur.

NOTE 2  The€inner vessel is inside the evacuated outer jacket and hence external corrosion of the inner vgssel
cannot occur.

NOTE3  The elimination of inspection openings also assists in maintaining the integrity of the vacuum in the
interspace.

10.2.5 Pressure relief

10.2.5.1 General
Relief devices for the inner vessel shall be in accordance with ISO 21013-3;

Relief devices for the outer jacket shall be in accordance with Annex I.
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10.2.5.2 Inner vessel

The inner vessel shall be provided with a pressure limiting system to protect the vessel against
excessive pressure. Examples of current practice are shown in Annex D. The system shall:

— be designed so that it is fit for purpose;
— beindependent of other functions, unless its safety function is not affected by such other functions;

— limit the vessel pressure to 110 % maximum allowable pressure in all emergency cases except fire
engulfment;

NOTE Where required, to protect the vessel against fire engulfment, a bursting disc can‘belused which
is set at the test pressure of the vessel.

— |fail safely;
— |contain redundant features; and
— |contain non-common-mode failure mechanisms (diversity).

The capacity of the protection system shall be established by considering all of the probable{conditions
confributing towards internal excess pressure. For example:

a) [normal vessel heat leak;

b) [heatleak with loss of vacuum;

c) |failure in the open position of the pressure build-up regulator;
d) |flow capacity of any other valve in a line connecting a high-pressure source to the inner|vessel;
e) |recycling from any possible combination of pumps;

f) [flash gas, plus liquid, from maximum-capacity of filling system fed into a tank which is af operating
temperature;

g) |external fire condition with_the loss of vacuum shall be considered if required (normally not
required for directly buried-uinderground installations).

The excess pressure created’by any combination of conditions a) to f) shall be limited to nofmore than
110[% of maximum allowable pressure by at least one re-closable device. The required capdcity of this
re-¢losable device may-be calculated in accordance with ISO 21013-3.

Where, in additien; a non-re-closable, fail safe device is fitted, its operating pressure should be chosen
such that its-ability to retain pressure is unaffected by the operation of the re-closable devi¢e at 110 %
of maximum.allowable pressure. The required capacity of any device provided for redundarcy shall be
equial te the required capacity of the primary device at vessel test pressure.

vided that

interlocks are fitted to ensure that the vessel has sufficient relief capacity at all times.

The relief valve system piping shall be sized such that the pressure drops during discharge are fully
taken into account so that the vessel pressure is not excessive and also so that the valve does not reseat
instantly, i.e. chatter.

The maximum pressure drop of the pipework to the pressure relief device should not exceed that
specified in ISO 21013-3.

10.2.5.3 Outer jacket

A pressure relief device shall be fitted to the outer jacket. The device shall be set to open at a pressure
which prevents collapse of the inner vessel and is not more than 0,5 bar (0,05 MPa).
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The discharge area of the pressure relief device(s) should not be less than 0,34 mm?/I capacity of the
inner vessel for small vessels up to 15 000 . However, normally the size of this device need not exceed

5000 mm?

10.2.5.4 Piping

Any section of pipework containing cryogenic fluid which can be isolated shall be protected by a relief
valve or other suitable relief device.

10.2.6 Valves

10.2.6.1 (
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10.2.8 El¢
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10.3.1 Ge|

solating valves

ling ratio
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I conform to ISO 21011.

any large spillage of liquid, a secondary means of isolation shall be provided for those |
from below the liquid level that are:

' than 13 mm bore and exhausting to atmosphere, or
' than 50 mm bore when forming part of a closed systemx

lary means of isolation may be within the user installation and shall provide an equiva
tection.

\lve, positioned so that it can be operated safely in emergency, an automatic fail-closed v
turn valve or fixed or removable cap on the open end of the pipe.

at the filling condition.

ctrical continuity

Fic vessels designed’to store flammable and oxidising fluids, means shall be provide
trical continuity,

gn by calculation

neral

nes

lent

ary means of isolation, where provided, may be achieved, for example, by the installation of

hlve

1 be provided to ensure that thevessel is not filled to more than 95 % of its gross volfime

1l to

When design is by calculation in accordance with 10.1.2, the dimensions of the inner vessel and outer
jacket shall not be less than that determined in accordance with 10.3.

10.3.2 Inner vessel

10.3.2.1 General

The information in 10.3.2.2 through 10.3.2.6 shall be used to determine the pressure part thicknesses
in conjunction with the calculation formulae of 10.3.6.

16
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10.3.2.2 Design loads and allowable stresses

a) Inaccordance with 10.2.3.2.1 a), c), e), f) and 10.2.3.2.2, 1), material properties determined either
in accordance with 10.3.2.3.2 or 10.3.2.3.3 shall be used if allowed by the competent authorities
where the vessel is to be operated.

b) In accordance with 10.2.3.2.1 b), d), g), h), and 10.2.3.2.2, 2), 3), 4), and 5), material properties
determined in accordance with 10.3.2.3.2 shall be adopted.

10.3.2.3 Material property, K

10.8.2.3.1 General
Thg materials to be used for pressure-bearing parts shall meet the following requirements.

Where the behaviour of a material can be affected by manufacturing processeserioperating fonditions,
to dn extent that would adversely affect the safety or service life of the pressure vessel, this shall be
taken into consideration when specifying materials.

Adyerse effects can arise from manufacturing processes, e.g. degree oficeld forming and heat|treatment;
operating conditions, e.g. hydrogen embrittlement, corrosion, scaling and ageing behaviour of the
matlerial after cold forming.

Materials for pressure bearing parts shall conform to the techhical delivery conditions in 9.2.

Materials shall be selected to be compatible with anticipated fabrication steps and to be suitpble for the
intgrnal fluid and external environment. Both normal,operating conditions and transient|conditions
occiirring during fabrication transport, testing ahd operation shall be taken into accpunt when
sperifying the materials.

Theg materials should be grouped in accordance with ISO/TR 15608 to relate manufacfuring and
ins]ection requirements to generic materialtypes.

Materials have been allocated into these groups in accordance with their chemical compgsition and
properties in view of manufacture and heat treatment after welding.

Thg material property used inmthe calculations shall be in accordance with 10.3.2.3.2.

10.8.2.3.2 Material property K,

Theg material property, K,, to be used in the calculations shall be as follows:

Material Property K Requirements

ausftenitic stainless steel 1 % yield strength Annex Cand only for materipl according
to Table C.1

or oy according to Table C.1

1 a
or1 %yield strength x 1,15 according Further requirements

to Annex |
all other metals 0,2 % yield strength (or 1,0 % if ap-|R,/R,,, not exceeding 0,625, exclud-
plicable) ing fine-grained steel and specially

heat-treated steel

a  Inthe case of austenitic stainless steels, the specified minimum values may be exceeded by up to 15 % for carrying all
loads listed in 10.2.3.2 for the design pressure, p, specified under 10.2.3.2.1 a). The 15 % higher values of K,, may be used
provided this higher value is guaranteed and attested in the inspection certificate and the welding procedures are suitably
qualified for these higher properties.

NOTE Upperyield strength can be used.
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10.3.2.3.3 Material property used for design K,

The permissible value of K shall be determined for the material at the operating temperature
corresponding to the saturation temperature, at the maximum allowable pressure of the vessel, of
the contained cryogenic fluid. The value of K and E shall be determined from the material standard
(see EN 10028-7:2017, Annex F for austenitic stainless steels) or shall be guaranteed by the material
manufacturer.

10.3.2.4 Safety factors, S, Sy, Sp and S,

Safety factprs, the ratio of material property K overthe maximum allowable stress are :1) or h)-

a) internal pressure (pressure on the concave surface):

— atlvessel maximum allowable pressure

— at|vessel test pressure
Sr=1p5
b) externfl pressure (pressure on the convex surface):
— cylinders and cones
S, =16
Sk=30
— spherical region
S, =24
Sx=3,+0,002R/s
— knluckle region

Sp=18

10.3.2.5 Weld joint factors,
For interngl pressure (pressure on the concave surface)

v=0,8p or 1,0 (seeTable 6)

For externgl pressure (pressure on the convex surface)

v=10

10.3.2.6 Allowances for corrosion, ¢
c=0

NOTE ISO 21009-2 gives requirements for safe operation for such cryogenic vessels.
10.3.3 Outer jacket

10.3.3.1 General

The following shall be used to determine the pressure part thickness in conjunction with the calculation
formulae of 10.3.6.
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10.3.3.2 Design pressure, p

The internal design pressure, p, shall be equal to the set pressure of the outer jacket pressure relief
device.

The external design pressure, p, shall be 1 bar (0,1 MPa).

10.3.3.3 Material property, K

The material property, K, to be used in the calculations shall be at 20 °C, as defined in 10.3.2.3.

10.8.3.4 Safety factors S, Sp and S,

Intdgrnal pressure (pressure on the concave surface)
S$=11

Extprnal pressure (pressure on the convex surface)
— |cylinders and cones

Sp=11

S=2,0

Forwell proven designs (evidence of satisfactory service uhder the same operating conditions), a factor
of shfety, S}, equal to 1,5 is acceptable provided that

a) |Disnotmore than 2 300 mm,

b) [l is not more than 10 200 mm, and

c) |the annular space is perlite insulated.
— |spherical region

Sp=16

S =2,0+0,0014R/s

— |knuckle region

Sp=12

10.8.3.5 Weldjoint factors, v

Forlinternal pressure (pressure on the concave surface)

v=0,7

For external pressure (pressure on the convex surface)
v=1,0

10.3.3.6 Allowances for corrosion, ¢

No allowance is required.
c=0

External surfaces should be adequately protected against corrosion.
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10.3.4 Supports and lifting points

10.3.4.1 Supports for operating condition

The supports and lifting points shall be designed for the loads defined in 10.2, using established
structural design methods and safety factors specified in 10.3.2.4 and 10.3.2.5. Due to the dynamic
nature of lifting loads, they shall be multiplied by 1,5 for the purpose of designing lifting points.

When designing the inner vessel, the temperature and corresponding mechanical properties of the
structural attachment that is attached to the inner vessel may be those of the component in question

when the i

the

saturation
in warm cd

10.3.4.2 1

The lifting
which are

using established structural design methods and safety factors specified in 10.8.2.4 and 10.3.2.5.

10.3.5 Piping and accessories

Piping sha
safety fact

Welding se

The ability
(“Acceptan|

Piping sys
lifetime:

a) Failure

b) Leakag

c) Detrinjental stresses or distortion in the piping or in-line equipment (e.g. valves) or in conne

equipn
10.3.6 Ca
10.3.6.1 (

10.3.6.1.1

nner vessel is filled to r‘apqrify with r‘ryngpnir‘ fluid at o temperature not lower than

temperature at pressure, p,. However, it shall be checked whether the stresses are accept
nditions (i.e. vessel empty).

ifting points and supports for installation and transport condition

points and supports shall be designed for the loads based on transport,\installation g

hble

ads
.3.6

dynamic nature by multiplying by factor 1,5 under consideration of‘10.2.3.4 and 10.2

1 be designed for the loads defined in 10.2.3.7 using established piping design methods
brs specified in 10.3.2.4.

ams of piping inside the vacuum space shall be fullpenetration welds.

ce levels for fatigue loaded vessels”) shall bexconsidered.

of piping or supports from overstress under consideration of paragraph 10.2.3.1;

be at any point in the piping;

hent resulting from-excessive thrusts and moments in the piping.
culation formulae
ylinders and spheres subject to internal pressure (pressure on the concave surface

Field of application

f to carry out necessary non-destructive testing based on acceptance levels in Tab

rfem shall have sufficient inherent flexibility to prevent the following during their de$

and

co

— e

gn

ted

Cylinders and spheres where:

Da/Di

10.3.6.1.2

For reinfor

10.3.6.1.3

<1,2

Openings

cement of openings see 10.3.6.7.

Calculation

The required minimum wall thickness, s, is

20

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=0aaf35dd4fba89222ce4acc0b98c695f

ISO 21009-1:2022(E)

for cylinders

D
s=—aP .,
20(K/S) v+p

for spheres

D
s=—aP L.
40(K/S)v+p

Incaseof n in MPa conversionshallbe considered
P 7

10.8.6.2 Cylinders subject to external pressure (pressure on the convex surface)

10.8.6.2.1 Field of application
Cylinders where

D,/D; <1,2

10.8.6.2.2 Openings

Opgnings shall be calculated in accordance with 10.3.6.7, using for the pressure in the formula a value

equial to the external pressure as though it were internallyrapplied.

10.8.6.2.3 Calculation

Annex L gives two alternative calculation meth@ds. Both methods give comparable results aind shall be

equially accepted.
10.8.6.3 Spheres subject to external pressure (pressure on the convex surface)

10.8.6.3.1 Openings

Opgnings shall be calculated jin accordance with 10.3.6.7, using for the pressure in the formula a value

equfal to the external pressure as though it were internally applied.

10.8.6.3.2 Calculation

Sphleres subjett-to external pressure shall be evaluated in accordance with Annex L, in

subclauses & 122 and L.2.2.

10.3.6.4 Dished ends

10.3.6.4.1 Field of application

The following dished ends may be utilized:

a) hemispherical ends where D, /D; < 1,2;

b) 10 % torispherical ends where R =D,and r =0,1D,

c) 2:1torispherical ends where R=0,8 D, and r=0,154 D,
In the case of torispherical ends 0,001 < (s—c)/D, < 0,1).

NOTE Other end shapes can be used provided suitable calculations are carried out.

© IS0 2022 - All rights reserved
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Dished ends of vacuum jackets are not required to meet the above restrictions on R and r, when r is
greater or equal to 3s.

10.3.6.4.2

Straight flange

The straight flange length, h; [Figure 4a)], shall be not less than 3 mm for all ends.

The straight flange may be shorter providing that in the case of inner vessels the circumferential
joint between the dished end and the cylinder is non-destructively tested as required for a weld joint
factor of 1,0.

NOTE

10.3.6.4.3

Heads, wit
of the head

The buttw
and therm|
criteria for

Where onl
weld and f
pressure a

The allowapble shear stress in this simplified case should not exceed K/3 where the area of the butt ¢

in shearis
area of the

Where the
fillet weld

10.3.6.4.4

10.3.6.4.4

The crown|

ther flange/weld configurations can be used provided that suitable calculations are carried out

Intermediate heads

hout limit to thickness, may be installed in accordance with Figure F.2. The ptitside diam
skirt shall be a close fit inside the ends of the adjacent sections of the cylifider.

bld and fillet weld shall be adequately sized to jointly resist any relevant pfessure, mechan
al loads. This may be achieved by accurate detailed stress analysis and by adopting
acceptable stresses of Annex A.

y pressure stresses are present, a simplified approach maj<be adopted such that the |
llet weld are sized to resist in shear a load equivalent to/h,5times the maximum differer
cross the head multiplied by the cross-sectional area ofithe shell.

Lhe width at the root of the weld multiplied by the.circumferential length of the weld and
fillet weld is the throat thickness multiplied by:the circumferential length of the weld.

stresses in the attachment are fully analysed and assessed in accordance with Annex A
may be omitted. In other cases, the fillétweld shall be continuous.

Internal pressure calculation((pressure on concave surface)

1 Crown and hemisphere thickness

region of a torispherieal’head shall be defined as 0,6 D, (see Figure 4).

bter

ical
the

butt
tial

Veld
the

the

The wall thickness of the crown region of dished ends and of hemispherical ends shall be determined

using 10.3.

Openings
be reinforg
shall not e
ends.

6.1.3 for sphereswith D, =2 (R + ).

vithin the.crown area of torispherical ends [see Figure 4b)], and in hemispherical ends s
ed in accerdance with 10.3.6.7. When pad type reinforcement is used the edge of the
ktend beyond the area of 0,8 D, for 10 % torispherical ends or 0,7 D, for 2:1 torispher

hall
pad
ical

10.3.6.4.4.

2 Knuckle thickness

The iteration method of Annex N shall be used for determining the wall thickness of the knuckle region
of dished ends and of hemispherical ends, considering Figure 5 and 6.

If there are openings in the area outside 0,6 D,, these are taken into account by increasing the design
factor in the ratio di/D, > 0 according to Figures 5 and 6.

10.3.6.4.4.3 If the ligament on the connecting line between adjacent openings is not entirely within the
0,6 D, region the ligament shall not be less than half the sum of the opening diameters.
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10.3.6.4.5 External pressure calculations (pressure on the convex surface)

10.3.6.4.5.1 Openings

Openings shall be calculated in accordance with 10.3.6.7, using for the pressure in the formula a value
equal to the external pressure as though it were internally applied.

10.3.6.4.5.2 Calculation

See Annex L.

10.B.6.5 Cones subject to internal or external pressure

10.8.6.5.1 Field of application

Cones according to Figure 7 where:

Sg
0,001 < <0,1
al

=)

and|

0,001 < J-¢

<01
al

Small ends with a knuckle can be safely assessed andverified as a small end with a corner jdint.
For|external pressure |@ |<70°.

Othler cone angles may be used provided that suitable calculations are carried out.

10.8.6.5.2 Openings
Opgnings outside of the corner area (Figure 8) shall be designed as follows.
If | |<70° design according te/10.3.6.5.5 using an equivalent cylinder diameter of:

D = D, +d |sin ¢|

1
cos ¢

| |>70° désign according to 10.3.6.5.6.

10.8.6.5.3“Non-destructive testing

All gérner joints shall be subject to the examination required for a weld joint factor of 1,0. Sefe Table 6.

10.3.6.5.4 Corner area

The corner area is that part of the cone where the dominant stresses are bending stresses in the
longitudinal direction.

The corner area is defined in Figures 7 a) and b) by x;, x,, x5 calculated from the following formulae:

Xy =+/Dyq (Sl _C)
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X3 =0,5X1

10.3.6.5.5 Internal pressure calculation (pressure on concave surface) | |<70°

a) within corner area

The required wall thickness (s;) within the corner area is calculated from Figures 10 a) to 10 g) for
the large end and Figure 10 h) for the small end of a cone using the following variables:

Y 15y D,

. r
For a cprner joint use the curve for —=0.
Dal
For intermediate cone angles use linear interpolation. The wall thickness, s, in thecorner area shall
not be(less than the required thickness, Sg outside of the corner area as calculated’in 10.3.6.5.5|b).
b) outside corner area

The reguired wall thickness, s, outside the corner area is calculated from:

g’
D
Sg = Kkp L
ZD?V—p cos @

where(for the large end, Dy =D,; —2[s; +r(1—cos@)+x,@sin ¢].
For th¢ small end, D, is the maximum diameter of the\cone, where the wall thickness is Sg-
In casg of p in MPa, conversion shall be considered.

10.3.6.5.6 | Internal pressure calculation (pressure on the concave surface) ¢ >70°

If r=0,01 D, the required wall thickness.is

SI=S

lo| p
g[FO.3(Dgy —r)x gox |~ +e

Sk

In casq of p in MPa, conwersion shall be considered.

10.3.6.5.7 | External pressure calculation (pressure on the convex surface)

Stability apainstelastic buckling and plastic deformation shall be verified using 10.3.6.2 and an
equivalent|cylinder.

For the example shown in Figure 9 the equivalent cylinder diameter between the KNuckie and the
stiffener is:

Dg1 + Dy
2cos|o|

a

and the equivalent cylinder length is:

Dy1-Dyp

I=
2sin|g|

Depending on the relevant boundary conditions the equivalent length between two effective stiffening
sections shall be reliably estimated within the context of 10.3.6.2.
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When ¢ = 10° the corner area of a large end can be considered as effective stiffening.

For small ends the thickness in the corner area shall not be less than 2,5 times the required thickness of
the conical shell with the same angle |@| or a stiffener shall be fitted with the following properties:

4
> p(Dal)

960 i
Sk

tan|gp|

If a test pressure higher than 1,25 p is specified, an additional assessment shall be made to ensure that

the

dopted value of I'is notless than that determined at the test pressure with a safety facto

0f 0,74 ..

Ifa
the

Thd

In 3
leng

In 4
10.3

2
A>p(Da1)

test pressure higher than 1,25 p is specified, an additional assessment shall be made to ¢
adopted value of 4 is not less than that determined at the test pressure/with a safety fa

tan|g|

Sk (cylinder) is the safety factor to prevent elastic buckling from 10.3.2.4 or 10.3.3.4;

S, (cylinder) is the safety factor to prevent plastic deformation from 10.3.2.4 or 10.3.3.

bnsure that
ctor of 0,74

p
D, is the diameter according to Figure 7 b).

shell over a width of 0,5,/D,1s; can be used to€alculate the moment of inertia and the

ddition, the corner joint should not be reganded as a classical boundary condition i.e.
rth should be formed from the individual meridional length of the cone and cylinder.

.2.4. or 10.3.3.4. If a test pressure-higher than 1,25 p is specified, an additional asses§

be
pre

valye applicable for internal pressure.

In ¢

10.

10.

Welded, or-solid flat ends where Poisson ratio is approximately 0,3 and

made to ensure that the adopted’material thickness is not less than that determined
ssure with a safety factor 0f\0,74 S,. For thickness calculations in the corner area, v s

hse of p in MPa, conyersion shall be considered.
B.6.6 Flat ends

8.6.6.1 Field of application

Hrea.

the overall

ddition, the cone shall be verified using 10.3.6.5.5 and the safety factors S, for cylipders from

ment shall
at the test
hall be the

(s—c)>qm 0087p
D E

and

(s—¢)
D

<L
3

10.3.6.6.2 Openings

Openings are calculated in accordance with 10.3.6.6.3 but with the C factor multiplied by C,, where C,
is given in Figure 11.
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10.3.6.6.3

Calculation

The required minimum wall thickness of a circular flat end is:

S:CDl

Cand D, ar

[0,1ps »
K

e taken from Figure 12.

The required minimum wall thickness of a rectangular or torispherical flat end is

S:CCE

where Cp; i

In case of p in MPa, conversion shall be considered.

10.3.6.7 (

10.3.6.7.1
Openings 1
— increa
padre
increa

pad an

Where rin
shall be ve

10.3.6.7.2

All nozzles
is maintair

The fillet W

The throat
thickness

)penings in cylinders, spheres and cones

set-in ¢r set-on ring reinforcement, see Figures 16 and 17

0,1pS
/= +c
Nk

taken from Figure 13.

Reinforcement methods
hay be reinforced by one or more of the following typical bubhot exclusive methods:

se of shell thickness, see Figures 14 and 15;

nforcement, see Figure 18;
se of nozzle thickness, see Figures 19 and 20;
d nozzle reinforcement, see Figure 21:

b or pad reinforcement is used on the inner vessel, the space between the two fillet w
hted into the vacuum inter-space.

Design of openings

shall be attachedtathe vessel wall with a full penetration weld unless the attachment
ed at atmospherictemperatures at all times or the weld is not subjected to thermal cycli

reld on a reinforcing pad shall have a minimum throat thickness of half of the pad thickne

thickness of a fillet weld of each nozzle to shell weld shall be not less than the requ
f the thinner part.

plds

Where th

PSS £l £ +1 ' : 4+ 1ol ] +la £l 4 +lo £ 1l Lall 4 3
oLl Cllstll Ul UIIC 1T CIIIIUT Lllls IIIdiclidl 15 TUVVCI UlIall LIIT OlI Cllstll Ul LIIT OSIITIT 11IdilCl Id

an

allowance in accordance with 10.3.6.7.3 shall be made in the design calculations. If the strength of the
reinforcing material is higher than the strength of the shell material, no allowance for the increased

strength is

permitted.

The design rules for non-perpendicular nozzles shall be based on a perpendicular nozzle, using the

dimension

10.3.6.7.3

of the major torispherical axis.

Calculation

One of the alternative calculation methods presented in Annex M shall be used. Both methods give
comparable results and shall be equally accepted.
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10.3.7 Calculations for operating loads

Unless the design has been validated by experiment, calculations in addition to those in 10.3.6 may be
required to ensure that stresses due to operating loads are within acceptable limits. All load conditions
expected during service shall be considered (see 10.2.3).

In these calculations, static loads are substituted for static plus dynamic loads.

The analysis shall take account of gross structural discontinuities but need not consider local stress
concentrations.

A A ACNAL b YLLLL I H - L} L | 4= - 1 | g | = 1. - h
NIPEX77 O 715IVIL, SCCTIOIT vV I, DIVISION 2~ ProvIaesS (eI MIIToTog Y ant acceptabre STIesSSTINTIES wihen an

elagtic stress analysis is performed.
Acceptable calculation methods include:
— [finite element;

— |finite difference;

— |boundary element;

— |recognised text books, codes and standards.

ly ly
NN K
X ———— %\—x X ?m r = X
\ \ b A -
¥
o y »
L1g| o L]
AN
o
a) b)

Figure 1 — Stiffening rings

Se

Figure 2 — Sectional materials stiffeners
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é0;
Se

Figure 3 — Dished ends

odi
- |
<
(Val
© ~
| <=
Q&
; E - | e
| < i =
| " 5
' = 0,6 x 805
®D, @D,
b) Dished end with nozzle

a) Unpierced dished end

d) Weld outside 0,6, D,

c¢) End with knuckle and crown of unequal wall
thickness
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e) Weld inside 0,6, D, f) End welded together from round plate and
segments

Figure 4 — Vessel ends and weld positions

b
=025 03 0k T 05 06
20 ES
=5 d,
-&0‘115 Da ‘\
g &0 =
1
&
——__———====i uyi
(-6 0-05 6-64 8-65 0.1 Se-C

Da

Figure 5 — Design factors, S, for 10 % torispherical dished ends
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Figure 6 — Design factors, £, for 2:1 torispherical dished ends
~ | |
| |
| |
S| | @ Da1 |
| . |
3\(7 N ()] Da1 | Al R |
PO
< | |
| |
| 5 |
5, : :
| & |
L N\ ¢0, | |
< | % |
S
\-é_ (1 | : \A_é_ (( | :
N | N |
£ | 50 |

a) Geometry of convergent conical shells
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M 90,

b) Geometry of a divergent conical shell

Figure 7 — Geometry of conical shell

Figure 8 — Geometry of a cone opening
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igure 9 — Geometrical quantities in the case of loading by éxternal pressure
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a) Permissible value,
15Kv

, for convergent cone with an opening angle ¢ = 10°
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b) Permissible value,

34

pS

15Kv

, for convergent cone with an opening angle ¢ = 20°
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c) Permissible value,
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f) Permissible value, , for convergent cone with an opening angle ¢ = 60°
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Figure 10 — Permissible values for convergent cone
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Figure 11 — Opening factor, C,, for flat ends and plates without additional marginal moment

©1S0 2022 - All rights reserved 41


https://standardsiso.com/api/?name=0aaf35dd4fba89222ce4acc0b98c695f

ISO 21009-1:2022(E)

Type of flat end design Conditions Design
(principle only) factor, C
" 1. knuckle radius: 0,30
| Da "min
Ve i up to 500 30
‘\» = | S over 500 upto 1400 35
I over 1400 upto1600 (40
= = over 1600 upto1900 |45
@0, over 1900 50
o0,
drwi,3
a) Flatend anar s
2. cylindrical part: AW 3,5 x s
it 1. knuckle radius: 0,35
|
/, /V|/ 2, rw %, however at least 8 mm
< i 5 2. cylindrical part: h W s
|
D,
$Da
b) Forged or pressed flat end
it | platéthickness: 0,45
7777 $E3 s, 0,50
| s>3s,
N
S
D,
$Da
c) Flat plate welded into theShell from one side only
v | plate thickness: 0,40
EZéz/ /17/) §<3s; 0,45
i $>35;
i Only killed steels may be utilised. When
N plate material is employed, over an area
[ of at least 3 s, in the weld zone there shall
1 be no evidence of material discontinuities
o0, in the plate.
@0,
d) Plate welded into the shell with welds at both
sides of the latter

42

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=0aaf35dd4fba89222ce4acc0b98c695f

ISO 21009-1:2022(E)

Type of_ fla!t end design Conditions Design
(principle only) factor, C
X‘;‘ " I plate thickness: 0,35
| 1 s<3sy 0,40
AN
i |
31
o0,
D,
e) Flat plate welded into the shell from both sides
Figure 12 — Design factors for unstayed circular flat ends‘and plates
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Key
X  ratio faftor, f/e
Y design factor, C,
1 rectangular plate
2 torisphprical plate
Rectangular|plates Torispherical plates
f=short sidp of the rectanigular plate f=short side of the torispherical plate
e = long sidq of the rectangular plate e =long side of the torispherical plate
4 it 6 i—1
Sz (3T |{ad
- e e 4 D; D;
Cc. =!i=1 i=1 i i
e (‘A =
c e 6 41 d
1,562 0<| |01 EAI-(—) 0<(—j£0,8
= f

A;=1,589146 00
A,=-0,239349 90
A3;=-0,335179 80
A,=0,08521176

Figure 13 — Design factor, Cy, for rectangular or torispherical flat plates
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oD,

Figure 14 — Increased thickness of
a cylindrical shell

®0,/2 | b

Figure 16 — Set-on reinforcement ring
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Figure 17 — Set-in reinforcement ring
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Figure 18 — Pad reinforcement
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Figure 19 — Nozzle reinforcement
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a) Type a: Nozzle with non-through tube
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| N

N\

11 Fabrication

11.1 Gen

11.1.1 Th

manufactufre and testing in accordance with the design.

For fatigue
e.g. EN 134

11.1.2 Th

a syste
vessel;

design

necess
contac

Sh

b) Type b: Nozzle with through tube

Figure 21 — Pad

bral

b manufacturer, or their sub-contractor, shall have equipment available to eng

evaluation see also the relevantilimitation of the applied document for fatigue evaluat
45, ASME VIII-2.

b manufacturer shall maintdin:

m of material traceability for pressure bearing parts used in the construction of the iy

dimensionsayithin specified tolerances;

ary cleanliness of the inner vessel, associated piping and other equipment which can com
t with the cryogenic fluid.

ure

ion,

ner

11.2 Cutti

ng

L=

Material may be cut to size and shape by thermal cutting, machining, cold shearing or other appropriate
method. Thermally cut material shall be dressed back by machining or grinding.
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11.3 Cold forming

11.3.1 Austenitic stainless steel
Heat treatment after cold forming is not required in any of the following cases.
a) For operating temperatures down to -196 °C

1) the test certificate for the base material shows an elongation at fracture Az of not less than
30 % and either the cold forming deformation is not more than 15 % or it is checked that the
residual elongation of the material from the formed end in the maximum deformation zone is
not less than 15 %;

2) the cold forming deformation is greater than or equal to 15 % and it is demonstrated that the
residual elongation (elongation at fracture minus cold forming deformatien) is ndt less than
15 %;

Cold forming deformation may be calculated according to:

D
F=100In—%
D, —2e

whére

e is the thickness of the initial product;
Dyy) is the diameter of the initial product;

D is the external diameter of the final preduct;

e

l is the natural logarithm.

n

b) |For operating temperatures below ;196 °C, the test certificate for the base material shows an
elongation at fracture A of not(less than 30 % and the cold forming deformation is notfmore than
10 %.

c) |For formed heads, exceptifor inner vessels for hydrogen or mixtures of hydrogen, the tesf certificate
for the base material shois an elongation at fracture As:

— not less than~30 % in the case of wall thicknesses not more than 15 mm at fny design
temperatures;

— notlessthan 35 % in the case of wall thicknesses more than 15 mm at any design tenjperatures.
Where heattreatment is required this shall be carried out in accordance with the material standard.

Hegt treatment of cold formed heads should be performed for liquid hydrogen service or for cryogenic
tablalavalc oF 1T C (can IC!‘\ e e ) 1)

ases fontaining inac~onnt
Co-COTTTO I 5 GO CCePTaoTCTIC VvV CTS OT T )yo—(OCTtTO

NOTE For the hydrogen vessels to avoid failure by hydrogen embrittlement, stable stainless steel or higher
ductility can be required (see ISO 21010).

11.3.2 Ferritic steel
Requirements for post-forming heat treatment are:

a) material for the outer jacket, including cold formed ends with or without joggled joints, does not
require post-forming heat treatment;

b) 9 % Ni steel requires post-forming heat treatment where cold-forming deformation exceeds 5 %.
Fully certified quenched and tempered or double normalized and tempered 9 % Ni steel shall
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be stress relieved at 560 °C to 580 °C. Forming and stress relieving may be performed in several
stages. A test piece taken from the parent material that accompanies the formed part through all
stages of heat treatment shall be tested after all heat treatment is complete to demonstrate that the

al mechanical properties conform to the requirements of the material standard.;

the forming deformation is not more than 5 %:

nickel alloyed steels suitable for low temperature use;

carbon and carbon-manganese steels:

for the following ferritic steels used for the inner vessel, post-forming heat treatment is not required

materi
c)

where

1)

2)
When hea

normalizing (double) plus tempering, quenching plus tempering or solution annealing:

Parameter
indication
if the proc

forming anld heat treatment.

11.4 Hot

11.4.1 Ge|

Forming sh
shall speci
forming ta

11.4.2 A|.15

Material shall be heated uniformly in an,appropriate atmosphere without flame impingement,
e not exceeding the recommended hot forming temperature of the material. When fornjing
put after the temperature'of the material has fallen below 900 °C the requirements of 11

temperatu
is carried

apply.
11.4.3 Fe

Requireme

a) 9%Ni

where R, < 530 N/mm?
or where 530 <R, < 650 N/mm? and R o, < 360 N/mm?.

[ treatment is required, suitable heat treatments after cold forming at€)normaliz

5 given by the base material manufacturer in the test certificate-shall be taken as

ing,

an

or recommendation for heat treatments except that other heat treatments may be ap
pdure is qualified and the product or a test piece representing the product is tested

forming

neral

all be carried out in accordance with a written qualified procedure. The forming proced
[y the heating rate, the holding temperaturé/the temperature range and time for which
kes place and shall give details of any heat treatment to be given to the formed part.

tenitic stainless steel

ritic steel
nts for post-forming heat treatment are:

steel thatvis hot formed shall be double normalized and tempered or quenched and tempe

in acc

Test piece(s) shall be provided and tested in accordance with the material standard;

:

dance 'with the material standard to establish the material properties specified ther

ied
ter

ure
the

[0 a

3.1

red

b)

establish the material properties specified therein:

air quenched steels shall be tempered subsequently;

test pieces shall be provided and tested in accordance with the material standard;

ferritic steel that is hot formed shall be heat treated in accordance with the material standard to

for normalized steels a post-forming heat treatment is not necessary if the hot forming is done

within the temperature range specified in the material standard; further test pieces are not
required.
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Post weld heat treatment (PWHT) applicable to pressure vessels made of nickel and nickel alloys,
the following shall additionally apply:

— post weld heat treatment is not normally necessary for welded nickel or nickel alloy pressure
vessels. When in service cracking is possible, e.g. vessels in contact with caustic soda,
fluorosilicates or some mercury salts, a stress relieving procedure should be considered;

— if post weld heat treatment is required then the annealing heat treatment shall be performed in
accordance with a written procedure which describes the parameters required;

— annealingshallbe carried outinaccordance with the material manufacturer'srecommendations;

NOT

NOTI

Nickel and nickel alloys shall be cleaned before heating.

— precautions shall be taken to avoid contamination and embrittlement (as descxibdd in 7.9.2);
after annealing the surfaces shall be descaled.

— hot forming of nickel and nickel alloy materials shall be carried out in aceordande with the
manufacturer's recommendations such that grain boundary liquatien) and ovetheating is
avoided. The material shall be heated uniformly without flame impingement.

E1l See also EN 13445-10.

E2  Most fuels can be used provided that detrimental impurities, e¢g. sulphur, are kept at low Jevels.

Embrittlement by low melting point metals such as sulphur,‘phosphorus, lead, zinc and theif alloys can
occhir from marking materials, die lubricants, pickling liquids, and any waste products epcountered
durjng the manufacturing process. Care should be taken to avoid contact with any foreign pubstances

which may be taken into the surface of the materiakat-elevated temperatures.

—

=

RN\ % E*NN%

h

hy

©IS
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hy

Nomenclatufre

h, hl' hz =

surface misalignments

t = thickhess of the thinner plate

e = dista

For longitudinal seams:
h;<0,15taphd h,<0,15¢

a)

For longitudinal seams:

h<0,15tand
e=L_n>o35¢
2

11.5 Manufacturingtolerances

11.5.1 Gepneral

The recom

hce from the surface of the thicker plate to the centreline of the thinner plate

For circumferential seams:
h;<0,28¢tand h,<0,25¢
Seams which do not require a taper

For circumferential seams:
h, <0,25 tand

e=L_h>0,25¢
2

b)~Seams which do require a taper

Figure 22 — Plate alignment

hiendations in this subclause are suitable for vessels subjected to predominantly static lo

hds.

For fatigue loads, the manufacturing tolerances shall meet the recommendations of the applied design
codes/standards.

To avoid fatigue damage in case of cyclic loading, more severe fabrication, inspection and testing
requirements are needed for critical areas of the pressure vessels, see also 12.3.4.2.

For cyclic loaded vessels the absence of surface imperfections and the necessity of smooth transitions
are essential. Only smooth transitions are allowed. Similarly, shape imperfections such as peaking are
absolutely critical and the maximum permissible peaking of the applied standard/code, or the value
permitted in the fatigue analysis, shall not be exceeded.
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11.5.2 Plate alignment

Except where a tapered transition is provided, misalignment of the surfaces of adjacent plates at welded
seams shall be:

— forlongitudinal seams, not more than 15 % of the thickness of the thinner plate up to a maximum of

3 mm;

— for circumferential seams, not more than 25 % of the thickness of the thinner plate up to a maximum

of 5 mm.

Wh
may
Wh
red

The
tap

Inn

Thd

11.

Thd
thid

11.

The
abr

11.

11.
spe

11.

C1C d tdel ib Pl UVidCd ‘UCtVVCCll t}lC SUl fClLCD, tllib Dlldll havc d DIU}JC Uf llUt IIIUIrcT ‘Chau 30
r include the width of the weld, the lower surface being built up with added weld metal if
ere material is removed from a plate to provide a taper, the thickness of either platé s
iced below that required for the design.

distance between either surface of the thicker plate and the centre line~¢f’the thinn
bred seams shall be:

for longitudinal seams, not less than 35 % of the thickness of the thifiner plate;
for circumferential seams, not less than 25 % of the thickness of the thinner plate.
o case shall the surface of any plate lie between the centre linies of the two plates.

se requirements are illustrated in Figure 23.

5.3 Thickness

kness of the vessel after manufacture and atty variations in thickness shall be gradual.

5.4 Dished ends

knuckle radius shall not be les§_than specified and any variation of the crown radius s
ipt and shall adhere to the following tolerances:

+0,625
“125

5.5 Cylinders

4. The taper

necessary.
hall not be

er plate of

thickness of the vessel shall not be less than the design thickness. This shall be taken as the

hall not be

©IS

b.4.1 The @etual circumference shall not deviate from the circumference calculated from the
Cified diameter by more than 1,5 %.
b4.2" The out-of-roundness, u, calculated from the expression
U= 2OO(Dmax _Dmin ) %
Dmax + Dmin
shall be not more than the values shown in Table 2.
Table 2 — Permitted out-of-roundness
. . . Permitted out-of-roundness for
Wall thickness to diameter ratio
Internal pressure | External pressure

s/D<0,01 2,0 % 1,5 %

s/D>0,01 1,5 % 1,5 %
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The determination of the out-of-roundness need not consider the elastic deformation due to the dead-
weight of the pressure vessel. At nozzle positions, a greater out-of-roundness may be permitted if it can
be justified by calculation or strain gauge measurement. Single dents or knuckles shall be within the
tolerances. Dents shall be smooth and their depth which is the deviation from the generatrix of the shell
shall not exceed 1 % of their length or 2 % of their width respectively. Greater dents and knuckles are
permissible provided they have been proven admissible by calculation or by strain measurements.

Irregularities in profile (checked by a 20 ° gauge) shall not exceed 2 % of the gauge length. This
maximum value may be increased by 25 % if the length of the irregularities does not exceed one
quarter of the length of the shell part between two circumferential seams with a maximum of 1 m.
Greater irregularities require proof by calculation or strain-gauge measurement that the stresses are
permissiblg.

Furthermdre, where irregularity in the profile occurs at the welded seam and is associated with “flpts”
adjacent tofthe weld, the irregularity in profile or “peaking” shall not exceed the values given in Table 3.

A conservidtive method of measurement (covering peaking and ovality) shall be by.means of a 20 °
profile gauge (or template). The use of such a profile gauge is illustrated in Figure.23. Two readings
shall be taken, P; and P, on each side of the seam, at any particular location, the maximum peakirg is
taken as b¢ing equivalent to 0,25 (P; + P,).

Key

A 1stconfact point formeasuring picking value D 2nd contact point for measuring picking value
B 1st poich of measurement P,  distance between D and the gauge

C  2nd poipt of measurement P,  distance between A and the gauge

rigure Zo — Gauge detalls

Measurements should be taken at approximately 250 mm intervals on longitudinal seams to determine
the location with the maximum peaking value. Use of other types of gauges such as bridge gauges or
needle gauges is not prohibited. The maximum peaking value permitted is given in Table 3.

Table 3 — Maximum permitted peaking

Dimensions in millimetres

Vessel ratio wall thickness s to diameter D Maximum permitted peaking
s/D < 0,025 5
s/D > 0,025 10
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For all ratios, a maximum permitted peaking is e.

For cylinders subject to external pressure and where the circumference has a flattened portion, it shall
be demonstrated that the shell has sufficient strength to avoid plastic deformation where the depth of
flattening is more than 0,4 % of the outside diameter of the cylinder. The depth of flattening shall be
measured as a deviation from the normal curvature or from the line of the cylindrical shell. Adequate
strength may be determined by calculation in accordance with the formula given in L.1.1.2, using a
value of u determined as follows:

400
u=——o0
D

d

whére

q isthe depth of flattening, in millimetres;

D, isthe external diameter of the cylinder, in millimetres.

a

11.5.4.3 Departure of the cylinder axis from a straight line shall bé hot more than 0,5 % of the
cylindrical length, except where required by the design.

11.6 Welding

11.6.1 General

Thif document requires that the welding method be.appropriate and be carried out by qualiffed welders
or dperators, that the materials be compatible and that there is verification by a welding prodedure test.

11.6.2 Qualification

Welding procedures shall be approved intaccordance with ISO 15614-1, or ISO 15613 as appljcable.

Welders and welding operators shall be qualified in accordance with ISO 9606-1 or IS() 14732 as
applicable.

11.6.3 Temporary attachments
Te:[porary attachmentswelded to pressure bearing parts shall be kept to a practical minimum.

Tenmpporary attachments welded directly to pressure bearing parts shall be compatiblg¢ with the
immediately adjdcent material.

It is|permissible to weld dissimilar metal attachments to intermediate components, such as pads, which
are|connected permanently to the pressure containing part. Compatible welding materidls shall be
usefdor dissimilar metal joints.

Temporary attachments shall be removed from the inner vessel prior to the first pressurization. The
removal technique shall avoid impairing the integrity of the inner vessel and shall be by chipping or
grinding. Any rectification necessary by welding of damaged regions shall be undertaken in accordance
with an approved welding procedure.

The area of the inner vessel from where the temporary attachments have been removed shall be dressed
smooth and examined by appropriate non-destructive testing.

Any attachments on the outer jackets may be removed by thermal cutting as well as by the methods
described above.
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11.6.4 Welded joints

11.6.4.1 Some specific weld details appropriate to vessels conforming to this document are given in

Annex F or

EN 1708-1. These details show sound and currently accepted practice.

The manufacturer, in selecting an appropriate weld detail, shall consider:

the method of manufacture;

the service conditions;

the ab

for col

for pre

Weld deta
ISO 15614-

To avoid sy

11.6.4.2 V|
adjacent c
used in st4
may be us
joints, redy

11.6.4.3 A
adversely
applied:

the he|
proced

the m4
the m4

If post hea
corrosion 1

See also B.|

11.7 Non

Where non-welded joints are made between metallic materials or non-metallic materials, or b

[ity to carry out necessary non-destructive testing;
l strengthening, see Annex C
ssure strengthening of vessels from austenitic stainless steels, see Annex C.

Is may be used provided their suitability is proven by procedure approyal accordin
1 or [SO 15613 as applicable.

b-standard welding of ferritic steels excess residual magnetism shall-be avoided.

/here any part of a vessel is made in two or more courses/the’longitudinal weld seam
purses shall be staggered. A minimum of 100 mm is recémmended. Joggled joints may
inless steels for circumferential welds only and plate thickness up to 8 mm. Backing st
bd for circumferential welds only with no thickness. réestriction. When forming the jog
ction in toughness shall be considered for low temperature.

s the mechanical characteristics of work-hardened austenitic stainless steels canl
\ffected if the material is not welded properly, the additional requirements below shal

at input during welding shall be not*more than 1,5 kJ/mm per bead to be verified in
ure qualification test;

terial shall cool down to a temperature of not more than 200 °C between passes;
terial shall not be heat treated after welding.

f treatment is required it shall be demonstrated that the required material (e.g. mechan
esistance) will et be adversely affected.

p.7,B.2.8, B.2(10 and B.2.11.

rwelded permanent joints

D

s of
r be
Fips
rled

be
I be

the

cal,

pth,

procedures shall be established in a manner similar to that used in establishing welding procedures,
and these procedures shall be followed for all joints. Similarly, operators shall be qualified in such
procedures and only qualified personnel shall then carry out these procedures.

Brazing procedures and brazing approvals can be found in EN 13133 and EN 13134 or ASME, Section

VIII, Divisio
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Inspection and testing

12.1 Quality plan

12.1.1 General

A quality plan shall include as a minimum, the inspection and testing stages listed in 12.1.2.

12.1.2 Inspection stages during manufacture of an inner vessel

Thd

12.

The

following inspection stages shall be conducted during the manufacture of an inner vess¢
verification of material test certificates and correlation with materials;

approval of weld procedure qualification records;

approval of welder's qualification records;

examination of material cut edges;

examination of set up of seams for welding including dimensiorial check;

examination of weld preparations, tack welds;

visual examination of welds;

verification of non-destructive testing;

testing production-control test-plates for welds and, where required, for formed parts
treatment;

verification of cleaning of inside surfac€ of vessel;
examination of completed vessel.ircluding dimensional check;
pressure test;

in case of application of Annex C (pressure strengthening of vessels from austenitic stain
inspection scope and requirements shall be adapted as specified in Annex C.

1.3 Additional inspection stages during manufacture of a static cryogenic vessel
following inspéction stages shall be conducted during the manufacture of static cryoger]
verification of cleanliness and dryness of static cryogenic vessel;

visual examination of welds not covered by 12.1.2;

I8

after heat

ess steels),

ic vessels:

leaK proorness tests ensuring the integrity oI vacuum, and leak testing ol external piping when it is

connected to the inner vessel;

ensuring integrity of vacuum;

leak test of external piping;

checking documentation and installation of pressure relief device(s);
checking installation of vacuum space relief device;

checking name plate and any other specified markings;

examination of completed vessel including dimensional check.
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12.2 Production control test plates

12.2.1 Re

quirements

Production control test plates shall be produced and tested for the inner vessel as follows:

a) one test plate per vessel for each welding procedure on longitudinal joints except as specified in b);

b) after 10 sequential test plates to the same procedure have successfully passed the tests, testing
may be reduced to one test plate per 50 m of longitudinal joint for 9 % Ni and ferritic steels and to
one test plate per 130 m for other metals.

Productior] control test plates are not required for the outer jacket.

The resultg of the tests shall be as follows:

— weld tensile test (T): R,, R, and Ag of the test specimens shall normally not Be-less than|the
corresponding specified minimum values for the parent metal, or the agreed values of the welding
procedure approved;

— impact test (IW, IH): this test shall be performed in accordance with7the appropriate parft of
[SO 21P28-1 and ISO 21028-2;

— bend test (BF, BR, BS): the testing and the test requirements shall comply with ISO 15614-1:2p17,
7.4.2 for steels;

— macrofetch (Ma): the macro etch shall show sound build-upiof beads and sound penetration.

12.2.2 Extent of testing

The numbér and type of test specimens to be taken.from the test plate is dependent on material pnd

thickness gdnd shall be in accordance with the requirements in Tables 5 and 6 for the particular matgrial

and thicknpss applicable.

NOTE The symbols for Table 5 are given in.Table 4.

The test plpte shall be of sufficient size-to allow for the required specimens including an allowancq for

retests.

Table 4 — Test specimens
Designation Symbol

Face bend tlest to ISO 5173 BF

Root bend flest to ISO\5173 BR

Side bend tgst to 15O 5173 BS

Tensile test| to-4S0O 4136 T

Impact test; weld deposit to ISO 9016 W

Impact test; HAZ to ISO 9016 IH

Macro etch Ma

Table 5 — Testing of production test plates for steels

Group ein mm Test specimens
Fine grain steels normalised or e<12 1BF,1BR,1T,1Ma
thermo mechanically treated 12 <e<35 3IW 31H 1T 1 Ma
Ni steels up to 9 % Ni e<12 1BF,1BR,1T, 1Ma
12<e 3IW,3IH,1T, 1Ma
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Table 5 (continued)
Group ein mm Test specimens
Austenitic stainless steels e<12 1BF,1BR,1T, 1Ma
12<e 3IW,1T,1Ma

12.

3 Non-destructive testing

12.3.1 General

Nor

Nor
rule
acc

Nor
cry

12.
Al

)

If a
test

Are
sur

12.

Examination of the inner vessel for inner-vessel weld seams shall be carried out by radiog

exa

Othler suitable methods accordingto ISO 17635 are applicable:

Thd
Tab

-destructive testing personnel shall be qualified for the duties in accordance with [SO/97

-destructive testing shall be performed according to ISO 17635 and ISO 5817, specify
s and standards to be applied to the different types of testing, for either the methodo
eptance level for metallic materials.

-destructive testing for volumetric imperfections is not required on’the outer jackg
bgenic vessels.

8.2 Extent of examination for surface imperfections
velds shall be visually examined in accordance with ISO 17637 and 1SO 5817.

y doubt arises, this examination shall be supplemented by surface-crack detection, e.g
ing according to ISO 3452-1 and ISO 23277.

as from which temporary attachments have beeifremoved shall be ground smooth and s
face crack detection.

8.3 Extent of examination for weld imperfections

mination in accordance with ISQ17636-1 and ISO 10675-1.

to use radiographic techniques with digital detectors and processing according ISO 176

to use ultrasonic testing in accordance with ISO 17640 and ISO 11666 (and ISO 22825 fo
steels), or to usé-other methods according to ISO 17635.

extent of radiographic examination of main seams on the inner vessel shall be in accor

Wh
sha

le 6. Seesubclause 12.3.4 for acceptance criteria.

en hémispherical ends without a straight flange are welded together or to a cylinde
lcbe tested as a longitudinal weld. Any welds within a hemispherical end shall also b

12.
ng general

ogy or the

bt of static

penetrant

ibjected to

raphic film

B6-2.

" austenitic

Hance with

. the weld
b tested as

dndiaal 1d
TocooTIrar vv CTerST
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Table 6 — Extent of radiographic examination for welded seams

Weld joint factor Radiographic examination
Longitudinal seams T junctions Circumferential seams
1,0 100 % 2 100 % 25%2

When a butt weld occurs less than 3 times the weld thickness (min. 50 mm) from a nozzle cut out, it is necessary to take
additional radiographic film(s) local to the nozzle where the original film(s) have not included this location.

NOTE 1 For additional requirements for 9 % Ni steel see Annex B.

NOTE 2 For corner joints of cones and areas of high bending stress treat the circumferential seam as a longitudinal seam
with joint factor 1.

NOTE 3 Addlitional testing can be required when pneumatic proof testing is used.

a2 The levgl of radiographic examination may be reduced to 10 % of each seam of each vessel if 25 vessels have Heen
successfully[built using the same welding procedure, provided:

— the welding procedure is unaltered;
— the welding experience has been retained in the workshop;

— the testing methods are the same;

— the resullts of non-destructive testing have not revealed any unacceptable systematic defects.

12.3.4 Acfeptance levels

12.3.4.1 Acceptance levels for surface imperfections

The results of the weld checks and inspections shall meet quality level C of ISO 5817:2014, Table 1 and
the corresponding ISO standards for testing classes and acceptance levels, as defined in Table 7 (ffom
ISO 17635:2016, Annex A).

Table 7 — For predominantly static loaded vessels

NDT metth ::csgjgfn::;l;&iques and levels in Acceptance levels in accordance with
Visual testi|ng (vT) ISO 17637 ISO 5817 Level C

Radiograpljic testing (RT) |ISO 17636-1-€lass B2 ISO 10675-1 Level 2

Penetrant esting (PT) 1SO 345241 ISO 23277 Level 2X

a2 The mipimum number of exposures for circumferential weld testing may correspond to the requirementf of
[SO 17636-1]class A.

Additionalfrequirements for the following imperfections:
— stray qrc (601)<vemoval plus 100 % penetrant testing to ensure no imperfection;

— spatter (602)~ weld spatter shall be removed from all pressure parts and load carrying attachnjent
welds.

— torn surface (603), grinding mark (604), chipping mark (605) shall be ground to provide a smooth
transition;

— underflushing (606) shall not be permitted. Any local underflushing shall be related to design
characteristics (calculated thickness)

12.3.4.2 Acceptance criteria for fatigue loaded vessels

The results of the weld checks and inspections shall meet quality level B of ISO 5817 and the
corresponding ISO standards for testing classes and acceptance levels as defined in Table 8 (from
ISO 17635:2016, Annex A).
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Table 8 — Acceptance levels for fatigue loaded vessels

NDT method ::cs()t:;agnct::vl;tl;liques and levels in Acceptance levels in accordance with
Visual testing (VT) ISO 17637 ISO 5817 Level B

Radiographic testing (RT)|ISO 17636-1 class B ISO 10675-1 Level 1

Penetrant testing (PT) ISO 3452-1 IS0 23277 Level 2X

Additional requirements for the following imperfections:

] ramaual e 100 04 nanatrant tacting o A carn i o fa bl o,
y) TCIITOVOT pToS- TU U 70 PCTICTI Ot COS TS U CITSUT O IO TIITP T TC CTIUTY,

— |spatter (602) - weld spatter shall be removed from all pressure parts and load carrying gttachment
welds.

— |torn surface (603), grinding mark (604), chipping mark (605) shall be groundyto provide a smooth
transition;

— |underflushing (606) shall not be permitted. Any local underflushing'shall be related to design
characteristics.

12.4 Rectification

12.4.1 General

Although unacceptable volumetric or surface imperfections may be repaired by removing the
imperfections and rewelding, 100 % of all repaired.welds shall be examined to the original pcceptance
stamdards.

12.4.2 Manually welded seams

When repairs to welds are carried out as;a result of radiographic examination which is less than 100 %,
dition to the full radiography of repair, a radiographic image using a film (200 mm) shgll be taken
ither side of the repair to ensure the imperfection was isolated and not systematic. [Where the
erfections are systematic and characterised by recurrence of the same imperfection,|the extent
amination shall be increased to 100 % until the cause of the imperfections has been|found and
inated.

4.3 Seams produced using automatic welding processes

If apy unacceptable imperfections are found by radiographic examination, all main weld seas shall be
% radiogrdphically examined on all vessels produced with the same welding machine apd welding
proredurefrom the start of the production period or from the last accepted non-destructive|test.

12.5Pressure testing

12.5.1 Every inner vessel shall be subjected to a pressure test and its leak tightness shall be
demonstrated. This leak tightness may be demonstrated during the establishment of the vacuum or by
a separate leak test at pressures up to 90 % of design pressure.

The test pressure shall not be less than the higher of:
H (p,+ 1) bar [ or H (pg + 0,1) MPa] hydrostatic or 1,25 (pg + 1) bar [ or 1,25 (p, + 0,1) MPa] pneumatic

NOTE1 H is equal to 1,43 in Europe and 1,3 in North America and for other parts of the world, a value
consistent with the applicable pressure vessel code.
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K K
1,25(ps +py. +1)% bar, or [1,25(ps +py, +0,1)% MPa, ] considered for each element of the vessel

t t

e.g. shell, courses, head.

NOTE 2

testing, the test pressure can be calculated as Pr =H(P, +1)—-1 baror [P =H(P, +0,1)-0,1 MPa].

NOTE 3

When cold properties are used, see Annex E where Ko, is used instead of K,.

If the inner vessel is enclosed in vacuum (less than 1 mm Hg pressure reading) during pressure

Where the test is carried out hydraulically, the pressure shall be raised gradually to the test pressure,

holdlng lt there for 30 min Then t]nn praccurn shall bn radur‘nd tathe dncign prnccurn saothat o "n' “ual
examinatign of all surfaces and joints can be made. The vessel shall not show any sign of gross.plastic
deformatidn or leakage. The test may be carried out pneumatically on a similar basis. As pfiieumfatic
testing enfploys substantially greater stored energy than hydraulic testing, it shall normally] be
carried ouf where adequate facilities and procedures are employed to assure the safety of'inspectpors,
employees|and the public.
12.5.2 Vegsels which have been repaired subsequent to the pressure test shall. bere-subjected to|the
specified pressure test after completion of the repairs.
12.5.3 WHhere austenitic stainless steel comes into contact with water, the-chloride content of the whter
and time of exposure shall be controlled so as to avoid stress corrosignieracking.
12.5.4 The piping system shall be subjected to a pressure test.at\a'pressure not less than 1,1 times|the
design prepsure [10.2.3.7 d)] for the appropriate section of pipework. It is not necessary to strength-
test mechalnical joints and fittings that have demonstrated:satisfactory in-service experience.
13 Markiing and labelling
The static ¢ryogenic vessel shall bear the following markings in clearly legible and durable charactgrs:
a) on thefinner vessel:

1) name and address, or other means of identification of the manufacturer of the inner vessel;

2) serial number of the innervessel;

3) mark confirming successful final acceptance tests of the inner vessel;
b) on theouter jacket;

1) reference t0 this document, i.e. “ISO 21009-1: 2022” to show that the static cryogenic vessgl is

in [conformity with this document;
2) nanme-and address, or other means of identification of the manufacturer of the static cryoggnic
Vebbcl,

3) serial number of the inner vessel;

4) maximum allowable working pressure (p, in bar or MPa) of the static cryogenic vessel;

5) testpressure (pgin bar or MPa) of the static cryogenic vessel;

6) volume of the inner vessel (in litres);

7) year of manufacture;

8) date (year followed by the month) of the final test;
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9) the identification of those cryogenic fluids for which the static cryogenic vessel is approved

(chemical symbols may be used);

10) minimum design temperature of the jacket if lower than -20 °C;

11) optional marking: maximum gross weight of the product to be contained (this marking can be

found in the instructions of use);

12) information marked on the inner vessel [see a)] shall be repeated on the data plate, mounted or

permanently attached to the outer jacket;

The

parf of the static cryogenic vessel, or on a data plate.

Thd

crypgenic vessel.

Mai
atta

Add

spefified markings called for in this document.

14

Wh
(sed

15

Apq

prior-to-fitine:

1) aflow sheet with operation instructions;

2) anunshortened identification (see 3.4) of the fluid which is stored in the static cryog
3) danger label(s) associated with the fluid;

4) name of the fluid supplier.

marks as described under a) and b) shall be permanently affixed, e.gstamped, either on 4
technique employed for marking and attaching shall not ddyersely affect the integrity d

ks described under c) can either be stamped or indicated on a durable information d

itional markings are permitted, provided-that they do not obscure or create conf

Final assessment
3.5) is completed, the finallassessment is terminated.

Periodic inspection

ropriate periodic inspection procedures are described in ISO 21009-2.

bnic vessel;

reinforced

f the static

sc or label

ched to the static cryogenic vessel or indicated.in“an adherent and clearly visible manmner such as
painting or by an equivalent process.

ision with

en all necessary tests specified in Clause 12 are carried out successfully and the docymentation
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A.1 General

Annex A
(normative)

Elastic stress analysis

This anne)];rovides rules to be followed if an elastic stress analysis is used to evaluate components

static cryo

A4 and A.]
analysis. T
etc.

The calculs
generg
local p
primai

second

Stress inte
category u

The stress
A.4 or A.5.

Peak stres
service. St
service.

Figure A.1

fFimary membrane stress;

benic vessel for operating conditions. The loads to be considered are those defined in 10.]

 give alternative criteria for demonstrating the acceptability of design on thé-basis of ela
he criteria in A.5 apply only to local stresses in the vicinity of attachmentsSupports, noz:

ted stresses in the area under consideration are grouped into the following stress categof

| primary membrane stress;

y bending stress;
ary stress.

hsities, f.,, f1, fy, and fg, can be determined from the principle stresses, f;, f,, and f3, in g
bing the maximum shear stress theory of failure, see A.2.1.

intensities determined in this way shall be less than the allowable values given in A.3

5es need not be considered as they are only relevant when evaluating designs for cy
htic cryogenic vessels within\the scope of this document are not considered to be in cy

stress cate
There will
stress cond

“general” and “secondary” in the case of thermal stresses.

A.2 Teri

bories for some typical cases and stress intensity limits for combinations of stress catego
be instances whéel/references to definitions of stresses will be necessary to classify a spe
lition to a streéss’category. A.4.5 explains the reason for separating them into two catego

minology

ofa

stic

les,

ies:

ach

and

clic
clic

hnd Table A.1 have been included as guidance, where A.4 is used for evaluation, in establishing

ies.
rific
ries

A.2.1 Stress intensity

The stress intensity is twice the maximum shear stress, i.e. the difference between the algebraically
largest principal stress and the algebraically smallest principal stress at a given point. Tension stresses
are considered positive and compression stresses are considered negative.

The principal stresses, f;, and f,, acting tangentially to the surface at the point under consideration
should be calculated from the following formulae:

fi =0,5><(o1 +0, +\/(0'1 —0,)" +4x7? )
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f =0,5><(0'1 +0, —\/(0'1 —02)2 +4x7? )

where

0, isthe circumferential stress;
0, is the meridional stress (longitudinal in a cylindrical shell);

T  isthe shear stress.

A2

Ag
larg
stry

.2 Gross structural discontinuity

oss structural discontinuity is a source of stress or strain intensification that affects
e portion of a structure and has a significant effect on the overall stress or straih patter
[cture as a whole.

Examples of gross structural discontinuities are:

EXA
EXA
EXA

A2

A 1d
Sm4
on 4

EXA
EXA
EXA

A2

Thd
dire

Usu
isc
tot
whi

MPLE 1  End-to-shell junctions.
MPLE 2  Junctions between shells of different diameters or thicknesses.

MPLE 3  Nozzles.

.3 Local structural discontinuity

cal structural discontinuity is a source of stress or strain intensification that affects
1l volume of material and does not have a significant effect on the overall stress or strain
he structure as a whole.

MPLE 1  Small fillet radii.
MPLE 2  Small attachments.

MPLE 3  Partial penetration welds.

.4 Normal stress

ct stress.

ally, the distribution of normal stress is not uniform through the thickness of a part, so

he average’value of stress across the thickness of the section under consideration, and t
ch varies with the location across the thickness.

A.

h relatively
n or on the

h relatively
pattern or

normal stress is the'component of stress normal to the plane of reference; this is also referred to as

this stress

nsidered torbe made up in turn of two components, one of which is uniformly distributedl and equal

he other of

B~ Shear stress

The shear stress is the component of stress acting in the plane of reference.

A2

.6 Membrane stress

The membrane stress is the component of stress that is uniformly distributed and equal to the average
value of stress across the thickness of the section under consideration.

A2

.7 Primary stress

A primary stress is a stress produced by mechanical loadings only and so distributed in the structure
so that no redistribution of load occurs as a result of yielding. A normal stress, or a shear stress
developed by the imposed loading, is necessary to satisfy the simple laws of equilibrium of external
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and internal forces and moments. The basic characteristic of this stress is that it is not self-limiting.
Primary stresses that considerably exceed the yield strength will result in failure, or at least in gross
distortion. A thermal stress is not classified as a primary stress. Primary stress is divided into “general”

and “local”

categories. The local primary stress is defined in A.2.8.

Examples of general primary stress are:

EXAMPLE 1
EXAMPLE 2

The stress in a cylindrical or a spherical shell due to internal pressure or to distributed live lo

The bending stress in the central portion of a flat head due to pressure.

ads.

A.2.8 Prj

Cases aris
associated
transfer of]

Conservati
it has som
distance o

stress, dodg

meridional
stress are

An exampl
moment at

A29 Se

A seconday
by self-con|
Local yield|
from one a

An exampl

A.2.10 Pe

The basic
objectiona

this categofry if it is of a type-that cannot cause noticeable distortion.

EXAMPLE 1| The surfaee stresses in the wall of a vessel or pipe produced by thermal shock.
EXAMPLE 2 Théstress at a local structural discontinuity:.
A.3 Limi

1 1 1 .
[IIIdl y 10UdI IICIITDI dIIT SUITSS

h

b in which a membrane stress produced by pressure or other mechanical loading
with a primary or a discontinuity effect, or both, produces excessive distortion in
load to other portions of the structure.

b characteristics of a secondary stress. A stressed region may be considered as local if
er which the stress intensity exceeds 110 % of the allowable genéral primary membr

s not extend in the meridional direction more than 2,5vRs, andf it is not closer in

direction than 2,5V Rs to another region where the limits, of general primary membry
pxceeded. Where R and s are respectively the radius and thicKness of the component.

E of a primary local stress is the membrane stress in a.shell produced by external load
a permanent support or at a nozzle connection.

rondary stress

y stress is a normal stress or a shear stress.developed by the constraint of adjacent part]
straint of a structure. The basic characteristic of a secondary stress is that it is self-limif
ing and minor distortions can satisfy the conditions that cause the stress to occur and fai
pplication of the stress is not to be gxpected.

b of secondary stress is the bending stress at a gross structural discontinuity:.

hk stress

characteristic of a-peak stress is that it does not cause any noticeable distortion an
ble only as a possible’ source of a fatigue crack. A stress that is not highly localised falls

and
the

sm requires that such a stress be classified as a primary local membrane stress even though

the
ane

the
ane

and

S or
ing.
ure

d is
nto

The longitudinal compressive stress shall not exceed 0,93 AK for ferritic steels and 0,73 AK for austenitic
stainless steel.
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Where 4 is obtained from Figures A.2 or A.3 in terms of p, /p s, and where:

and

2

S

=1,21E| —
Pe (R)

Pyss = 1,86K(%) for ferritic steel

an

A4

A4

A c3
fall
inte
sha

A4
Thd

priary stresses in A.2.7 and are produced by'pressure and other mechanical loads but ej3

sec
the
intq

A4

The
are
The
con

A4

The
are
tho

Dyss = 1,461((%] for austenitic stainless steel.

Stress categories and stress limits for general application

1 General

within one of the five basic stress categories defined in A.42 to A.4.6. For each catego
nsity value is derived for a specific condition of design. To.satisfy the analysis this stres
1 fall within the limit detailed for each category.

.2 General primary membrane stress categery

stresses falling within the general primary membrane stress category are those defined

bndary and peak stresses. The value of.the membrane stress intensity is obtained by
be stresses across the thickness of the section under consideration. The limiting value of
nsity, f,,,, is the allowable stress value'2 K/3.

3 Local primary membrane stress category
stresses falling within thelocal primary membrane stress category are those defined i

stress intensity, fi;Is-the average value of these stresses across the thickness of the seg
Kideration and isdimited to K.

.4 Generdlor local primary membrane plus primary bending stress categor

stresses.falling within the general or local primary membrane plus primary bending stre
thosesdefined in A.2.7 but the stress intensity value, f,, (f,, + f,) or (f; + fi,), is the highe
e siresses acting across the section under consideration excludlng secondary and peak

ilculated stress depending upon the type of loading or the distribution of such stress, of

both, will
'y, a stress
s intensity

as general
cluding all
averaging
this stress

n A.2.8 and

produced by pressure ‘and other mechanical loads but excluding all thermal and peak stresses.

tion under

y

5S category
st value of
stresses. f},

ortional to

is th

Laxnd: adadclh e oo o 1 n PO
cpTTITary u\.llullls DLl TSS 111\.\.1101(,_)’, W eans—tne \.Ullll.l\.un.ll\. Ul l"‘ Hiar _y o\.x TSS lJl P

the distance from centroid of solid section. The stress intensity, f,, (f,, *+ f,) or (f;, + f,), is not to exceed

K.

AA4.

5 Primary plus secondary stress category

The stresses falling within the primary plus secondary stress category are those defined in A.2.7 plus
those of A.2.9 produced by pressure, other mechanical loads and general thermal effects. The effects
of gross structural discontinuities, but not of local structural discontinuities (stress concentrations),
should be included. The stress intensity value, (f, + f,, + f;) or (fy, + f, + f), is the highest value of these
stresses acting across the section under consideration ané shall be 11m1ted to2 K.
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A4.6 Th

ermal stress

Thermal stress is a self-balancing stress produced by a non-uniform distribution of temperature or
by differing thermal coefficients of expansion. Thermal stress is developed in a solid body whenever
a volume of material is prevented from assuming the size and shape that it normally should under a
change in temperature.

For the purpose of establishing allowable stresses, the following two types of thermal stress are
recognised, depending on the volume or area in which distortion takes place:

a)

general thermal stress is associated with distortion of the structure in which it occurs. If a stress

of this
succes
second

Examples
EXAMPLE 1

EXAMPLE 2
attached.

b) localt

type, neglecting stress concentrations, exceeds 2 K the elastic analysis may be invalid
sive thermal cycles may produce incremental distortion. This type is therefore classifije
ary stress in Table A.1 and Figure A.1.

f general thermal stress are:
The stress produced by an axial thermal gradient in a cylindrical shell.

The stress produced by the temperature difference between a nozzle and the shell to which

hermal stress is associated with almost complete suppression(of the differential expan

hnd
1 as

itis

bion

and thus produces no significant distortion. Such stresses are oidy considered from the fatigue

stand]
EXAMPLE 3
A.5 Spe

A.5.1 Ge

The criteri

oint.

A small cold spot in a vessel wall.

cific criteria, stress categories and stress limits for limited application

neral

h and stress limits for particular stress categories for elastically calculated stresses adja

to attachmlents and supports and to nozzles ahd openings which are subject to the combined effect

pressure a

hd externally applied loads are specified in A.5.2. to A.5.4.

The minimum separation in the mehidional direction between adjacent loaded attachments, p

nozzles or

R and s ay
applicable

If design ad

A.5.2 At

bpenings or other stress.concentrating features shall not be less than 2,5vVRs .

e respectively the-fadius and thickness of the component. The criteria of A.2.8 are
fo this section,

ceptability-iS.demonstrated by A.5 then the use of A.4 is not required.

achméents and supports

The dimen

tent
s of

hds,

not

sien in the circumferential direction of the loaded area shall not exceed one third of the s

hell

circumference. The stresses adjacent to the [oaded area due to pressure acting in the shell may be taken
as the shell pressure stresses without any concentrating effects due to the attachment.

Under the design combined load the following stress limits apply:

the pri

mary membrane stress intensity shall not exceed 0,8 K;

exceed 4 K/3;

thermal stresses shall not exceed 2 K.

68

the stress intensity due to the sum of primary membrane and primary bending stresses shall not

the stress intensity due to the sum of primary membrane stresses, primary bending stresses and
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A.5.3 Nozzles and openings

The nozzle or opening shall be reinforced in accordance with 10.3.6.7.
Under the design combined load the following stress limits apply:

— the primary membrane stress intensity should not exceed 0,8 K;

— the stress intensity due to the sum of primary membrane stresses and primary bending stresses
shall not exceed 1,5 K;

thermal stresses shall not exceed 2 K.

A.5.4 Additional stress limits

Where significant compressive membrane stresses are present the possibility~of bucklimg shall be
invgstigated, and the design modified if necessary (see A.3). In cases where,the external logd is highly
congentrated, an acceptable procedure would be to limit the sum of membyrane and bendipg stresses
(total compressive stress) in any direction at that point to 0,9 K.

Where shear stress is present alone, it shall not exceed K/3. The ma%intum permissible bearipg stresses
shopld not exceed K. Where there are tri-axial stresses, the largest'of the stresses shall not efxceed K.

Table A.1 — Classification of stresses for some typical cases

Vesgsel component Location Origin of stress Type of stress Clagsification
General membrane fm
Internal pressure Gradient through plate
Shell plate remote thickness fq

from discontinuities

Cyl ndrical or ( . Membrane f
sphlerical shell Axial thermal gradient -
Bending fq
Junction with hedd or 1 Membrane fu
flance Internal pressure -
g Bending fq
General membrane aver-
External load or aged across full section.
moment, or internal Stress component fm
pressure perpendicular to cross

Any-section across
entire vessel

section

Bending across full sec-

External load or mo- |tion. Stress component f
Any shell or.énd ment perpendicular to cross m
section
Near nozzle or other External loa.d or Local membrane fL
PR moment, or internal N
| 3 o pressure ucuulug fé
Temperature differ- Membrane fq
Any location ence between shell ]
and end Bending f
Membrane fm
Crown Internal pressure -
Dished end or conical Bending fo
end Knuckle or junction Membrane fu?
Internal pressure
to shell Bending jcg

a2 Consideration should also be given to the possibility of buckling and excessive deformation in vessels with large
diameter-to-thickness ratio.
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Table A.1 (continued)
Vessel component Location Origin of stress Type of stress Classification
) Membrane i
Centre region Internal pressure -
Bending fo
Flat end
) Membrane fL
Junction to shell Internal pressure -
Bending fq
Membrane (average f
through cross section) m
Tunical ligamentin o n 1 Vs
J I’ o Pressure ucuuulg LdVCl agc
Perforated end or|Uniform pattern through width of A
shell ligament, but gradient ]
through plate)
Isolated or atypical Membrane Je
ligament Pressure Bondi
ending fq
General membrane (aver-
Internal pressure .
age across full seetion).
. or external load or fm
Cross section perpen-|,oment Stress componens per-
dicular to nozzle axis pendicular tg.;section
External load or mo- |Bendingacroess nozzle f
Nozzl ment section m
ozzle
General membrane fm
Internal pressure Liocal membrane fL
Nozzle wall Bending fq
) ) ) Membrane fq
Differential expansion -
Bending fo

diameter-to

a  Considefation should also be given to the possibility of buckling and excessive deformation in
thickness ratio.

vessels with 1arge
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Stress Primary Secondary
Category General Local Bending
Description Average primary stress across | Average stress across any solid Component of primary stress Self-equilibrating stress necessary to
(for examples, solid section. section. proportional to distance from satisfy continuity of structure.
see Table A.1) Excludes discontinuities and Considers discontinuities but not centroid of solid section. Occurs at structural discontinuities.
concentrations. concentrations. Excludes discontinuities and Can be caused by mechanical load or
Produced only by mechanical | Produced only by mechanical loads concentrations. differential thermal expansion.
loads. Produced only by mechanical loads Excludes local stress concentrations
Symbol
(See NOTE 2)
fin f fo fe
Combination of
strdss components
and allowable limits
of gfress intensities
A
2 K/3 Inner vessel
> .
Jm 0,9 K Outer jacket

A 4
A P K
futfotfe
or —» K
\ . . 4 S +fo+ fe
rlw
futfi
(1§ —» K
fm W

NOTE1  The stresses in category f, are those parts of the total stress that are produced by, ¢.g. thermal
gradients, structural discontinuities, and do not ingltde primary stresses which can also exist at the[same point.
It is|noted, however, that a detailed stress analysis frequently gives the combination of primary angl secondary
strefsses directly and, when appropriate, this ¢alculated value represents the total of £, (or f;) + f;, + fg and notfg
alonje.

NOTE2  The symbols f,, fi, fy and ¥y do not represent single quantities but rather sets of sikx quantities
repiesenting the six stress components.

Figure A<1 — Stress categories and limits of stress intensity
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Figure A.2 — For vessels subject'to external pressure
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Figure A.3 — For vessels not subject to external pressure
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Annex B
(normative)

Additional requirements for 9 % Ni steel

B.1 General
. =enera:

Vesgels constructed of 9 % Ni steels are normally welded using an austenitic or modified austenitic
consumable. The 1 % or 0,2 % proof strength of the parent plate material normally exceeds that of an all
weld metal sample. These weld metals exhibit excellent ductility and work hardening charpcteristics.
Aftér work hardening, the enhanced proof strength of the weld metal is maintainéd within jan entirely
elagtic regime.

The value of K to be adopted in the calculation formulae of 10.3.6 is that of the parent 9(% Ni shell
material.

Duijing the first proof pressure test after fabrication, the welds plastically strain by a small, byt sufficient
amg@unt such that their strength increases to create equilibrium‘with the applied loads. Thereafter the
vessel behaves elastically when subjected to the maximum allowable working pressure.

B.Z Specific requirements

B.2|1 The minimum design temperature of vessels constructed of 9 % Ni steel shall not he less than
-19p °C.

B.2|2 The maximum design temperature shall be 50 °C and a maximum temperature of 200 °C shall
notjbe exceeded, when defrosting ordrying the vessel at low pressure.

B.2|3 The maximum thickneSs*of the vessel at the weld edge preparation shall not exceed 30 mm.
A hjigh nickel austenitic weld-wire shall be used when the thickness of the vessel at the|weld edge
preparation exceeds 20 mn:

B.2|4 The full length of all butt joints shall be examined by radiographic or ultrasonic methods before
thelfirst proof pressure test. Defects that are unacceptable to this document shall be repaired and re-
examined to demonstrate compliance.

B.2|5 _The full length of all branch attachment welds shall be examined by dye penetrant{before the
first proof pressure test. Imperfections that are unacceptable to this document shall be repaired and

re- vaminad tademanctrata camnlianca

OO O t O e ST oot orc e corprictrees

B.2.6 The vessel and all welds shall be examined visually after the proof pressure test to ensure that
there is no evidence of gross deformation.

B.27 1 The weld procedure qualification and production control transverse tensile test
specimens shall:

— show no gross deformation when subjected to a tensile stress equal to the minimum specified
material property, K, of the parent plate. Some small reduction in area is acceptable due to the
expected plastic deformation associated with strain hardening. The measured 1 % proof stress

1) These items also apply to work hardened austenitic stainless steel.
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of the transverse tensile test piece when using a 50 mm gauge length shall not be less than the
minimum specified material property, K, of the parent plate;

plate.

demonstrate arupture strength not less than the minimum specified ultimate strength of the parent

B.2.8 Longitudinal bend tests, as permitted by ISO 15607 shall be used rather than side bend tests
when qualifying weld procedures or testing production control test plates.

B.2.9 The heat affected zone and weld metal at the weld fusion boundary shall be demonstrated to

attain an |
procedure
specimen.

B.2.10 Op
diameter.

B.2.11 Bu
in plasticc

B.2.12 9 ¢
the nozzle
thermal ex
provide an,

U V-notch impact strength of b0 ] at —196 °C, as an average ol 3 test pieces, during, v
qualification and production control plate testing. The test piece shall be a transvs

enings shall not be located with their centre lines closer to principal seams-than twice t

t welds shall not be located where they are subject to high bending stresses which can rej
ycling and incremental collapse.

o Ni vessels may be fitted with nozzles of stainless steel..Where the outside diamete
exceeds 75 mm, the stresses in the shell and nozzle dueto/pressure, mechanical loads
pansion shall be assessed and shown to comply withithe requirements of Annex A an
adequate fatigue life for the intended application ofthe vessel.

reld
brse

heir

sult

r of
and
1 to

B.2.13 Filler wires shall be selected from austenitic, modified austenitic or high nickel austenitic

materials.

B.2.14 99
conformin

b Ni material conforming to ISO 9328-4:is suitable for the construction of cryogenic ves
b to this document. Other materials;may be suitable provided sufficient test data is m

available tp demonstrate the suitability of the-material.

sels
ade
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Annex C
(normative)

Pressure strengthening of vessels from austenitic stainless steels

C.1

General
=enera:

Aus
carl
stre
354

Aus
its ¢
For
and
reni
exc
Wh
can
tot

In g

to produce the required stress which in<tdrn gives the required amount of plastic defo

wit

Thi
i.e.
are

annlexes of this document.

NO']
cry
"str

app
bea

C.2

tenitic stainless steel exhibits stress/strain characteristics (Figure C.2), differentiAr

ngth. Plastic deformation of 10 % is possible with steels having an elongation atfractur
0 in the solution heat treated condition.

tenitic stainless steel that has been strained to a higher proof strength will retain and ev
nhanced strength advantage at cryogenic temperatures.

instance, when austenitic stainless steel is loaded in tension to asstreéss, o}, above its pro

then unloaded a permanent plastic elongation will result. When this steel is loaded a
ain elastic up to this higher stress which is then the new, proof strength; only when
peds o will the deformation follow the original stress/Strdin curve.

bn the strengthening stress, oy, has been chosen théminimum wall thickness of parts o
be calculated from the design operating stress tabe equal to or less than 2/3 of o}, (wh
he new proof strength).

ractice the strengthening is produced by pressurizing the finished vessel to a pressure

hstand the pressure load.

5 technology primarily applies to-vessels (or parts of vessels) of non-complex “balloon-ty
structures where the pressute induced membrane stresses are dominant. Other parts o
normally designed based(on‘conventional design stress values following Clause 10 and t

E
genic vessels can(be'misleading since the strengthening pressure is applied at room temperatu
etching” will béslight, if any, when using shell material in the work-hardened condition. On the
ying a pressuré in excess of the normal test pressure effectively demonstrates the strength a
[ing capability of all parts of the complete vessel.

This method Gsjalso known as "cold-stretching". However, using the word "cold” in conn

Field of application

bm that of

bon steel (Figure C.1), that enable stainless steel to accept strain as a means of indreasing its proof

b of at least

bn increase

pf strength
bain it will
the stress

f the vessel
chis equal

P known
rmation to

pe” design,
F the vessel
he relevant

ection with
Ire. Also, the
other hand,
hd pressure

This annex applies to cryogenic pressure vessels made from austenitic stainless steel of a wall thickness
of not more than 30 mm, strengthened by pressurization at room temperature after being completed

and

intended for a maximum operating temperature of < 50 °C.

IMPORTANT — The requirements for such cryogenic pressure vessels are given in national
legislation. If this method is used, all requirements of this annex shall be applied.

C.3 Materials

C.3.1 Accepted materials of construction that have already been proven suitable for pressure
strengthening for operating temperatures of not less than -196 °C are the austenitic stainless steels

©IS
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specified in Table C.1. Requirements regarding these materials are found in EN 10028-7 and ASME
Section VIII Div. 1.

When material is delivered in a work-hardened condition, the material shall have an elongation at
fracture A; of not less than 35 %.

Table C.1 — Austenitic stainless steels accepted for pressure strengthening of cryogenic vessels
for operating temperatures of not less than -196 °C

Steel designation Solution heat treated material Presesnlg;ie‘f;:::lgth-
Rp0.2 Rp1.0 Oy
Name Number N/mm? N/mm? N/man?2
min min max
X5CrNi18-10 1.4301 210 250 410
X2CrNi19-11 1.4306 200 240 400
X2CrNiN18-10 1.4311 270 310 470
X@4CrNiTi18-10 1.4541 200 240 400
X6ICrNiNb18-10 1.4550 200 240 400
X$CrNiN19-09 1.4315 270 310 470
SA/A-240 340 S 30400 — — 405
SA/A-240 304L S 30403 — — 370
SA|/A-240 304N S 30451 — — 440
SA/A-240 316 S 31600 — — 405
SA/A-240 316L S 31603 -— — 370
SAl/A-240 316N S 31651 — — 440
SAJA-240 316LN S 31653 — — 405

C.3.2 In fase-stable or metastable austehitic steels according to Clause 9 other than those listef in
Table C.1 qre to be qualified for pressure strengthening, or the vessel operating temperature willl be
below -196 °C, steel quality and welding'procedure shall be validated by the type approval test detajfiled
below. Thig test shall be carried out imaddition to the tests required by 9.1 and 11.6.1.

A welded fest plate shall beZsubjected to a tensile stress across the weld equal to the maximum
anticipated value of oy (takinginto account bi-dimensional values of 1,15 of g; ).

Alternativgly, a welded/test plate may be pre-stretched to an elongation of 10% (see C.6.4.3: 8,7%
multiplied [with 1,15.for conversion of uniaxial to biaxial stress condition) multiplied with a Safety
Factor of minimum™“1,2 to simulate cold stretching under consideration of material and thickmness
tolerances fand-deviations during fabrication/cold stretching.

From this tlest p]:\hﬁ specimens shall be tested in accordance with Table C 2

Table C.2 — Testing of pre-stretched production test plates for steels

Group Test specimens
Austenitic stainless steels 1BF,1BR,1T,1Ma
<12 mm
Austenitic stainless steels 1T 1Ma,31W,
>12 mm

One tensile test and the impact tests shall be carried out at the lowest operating temperature, the
other tensile test shall be carried out at 20 °C. The impact value shall not be less than 0,53 mm lateral
expansion.
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base material and the weld shall comply with:

Ry02 2 Oy; As 2 25 %; ayso.y 2 48]/cm?

The material sheets shall be placed so that the direction of rolling is in the same direction as the vessel’s
circumference. The difference between the metal sheets used for the vessel shell shall not exceed the
following criteria:

( pr ,2(certificate) x S( measuredvalue) ) max

. <1,2
(kDO,Z(certiﬁcate] ><S(measuredvalue) )mm

C.4 Design

C.4

C.4

C.4
pos

C.4
soly

C4
the

C.4

Kible increase in diameter due to strengthening.

vessel (longitudinal welds in cylinder, cone or:end).

1 General

1.1 Wall thicknesses calculated according to C.4.2.3 refer to thicknesses before streng

1.2 Nominal diameters may be used in the design calculations. No allowance is necesg

1.3 Maximum design stress value is limited to 200 N/nim? above R, , for the matj
tion heat treated condition.

1.4 The weld joint factor 1,0 may be used for the-calculation of all pressure strengthen

the
tha

c4
for
har

C.4

meinbrane stresses are dominant. Other ‘parts of the vessel shall be designed in accor
ClaI

thening.

ary for the

brial in the

ed parts of

1.5 Pressure strengthening applies toyvessels (or parts of vessels) where the pFESSLI‘e induced

se 10 and the relevant annexes of this document. This requirement shall not preclude ut
strengthening process, provided.that the manufacturer can show that it does not cause de
impair the integrity of the vessel.

1.6 Fastenings and supports should be preferably attached in non-cold stretched areas

ance with
ilisation of
formations

otherwise

the simultaneously (a¢ting pressure and additional loads the different orientation ¢f material

Hening (anisotropichardening) has been taken into account.

1.7 Furthér'eriteria for Nozzle design:

For the'design of Nozzle connections, the reinforcement effect shall be taken into accou

(A cuit out of shell X Re base material ) / (AnozzleX Re nozzle) < 1'5;

1 t;

C4

C4.

For additional evidence needed 1f nozzles integrated 1n the knuckle region ot head and
allowed opening of unreinforced single holes see C.4.2.3.5.

.2 Design for internal pressure

2.1 Design stress values

for largest

The design stress value, o}, at 20 °C can be selected freely up to the highest allowable design stress
value, Oy .« according to Table C.1. This highest allowable design stress value is the same whether the
material used is in the solution heat treated or work-hardened condition.
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C.4.2.2 Calculation of the strengthening pressure
The required strengthening pressure, p,, is calculated according to the following formula:

px =1,5p

NOTE Strained material is also known to increase its strength when cooled to cryogenic temperatures.

However, the effect on strengthening pressure (analogous to the effect on test pressure as in 10.3.2.3.3) is not
taken into account in this annex.

C.4.2.3 C(atculatiomof-waltthicknesses

C.4.2.3.1 |General

The wall tHickness of the various parts of the pressure vessel shall be calculated according’to applicgble
subclauses|of this document with the modifications shown in Table C.3.

Tablge C.3 — Modification of formulae for the design of pressure strengthened vessels

Subclause of this document Modification,
see subclause
in this annex

10.3.6.1 Cylinders and spheres subject to internal pressure C4.2.3.3
10.3.6.4 Dished ends subject to internal or external pressure C4.2.34
10.3.6.4.4 Internal pressure calculation (pressure on the concave
surface)
10.3.6.5 Cones subject to internal or external pressure
10.3.6.5.5 Internal pressure calculation (pressure on the concave C4.2.34
surface) |@| u 70°
10.3.6.5.6 Internal pressure calculation+(pressure on the concave
o C4.2.3.2
surface) |@| > 70
10.3.6.6 Flat ends C.4.2.3.2
10.3.6.7 Openings in cylinders, spheres and cones C4.2.3.5

C.4.2.3.2 |Parts where bending stresses are dominant and large deformations cannot be accepted| i.e.
flat cones gccording to 10.3.6.5/6 and flat ends according to 10.3.6.6, shall be calculated in the norjmal
way using [the design pressure, p, and design stress values according to 10.3.2.3, i.e. the effect of|{the
strengtherling may notde-utilised in such designs.

Additionally, the capability to pass the strengthening without plastic deformation shall be checked by
repeating the calculations using the strengthening pressure (taking the mass of contents into accofint)
for the tesf| pressure, py, and the design stress value at 20 °C from 10.3.2.2 a).

C.4.2.3.3 When designing parts according to 10.3.6.1.3, insert into the applicable formulae the
following:

— design stress value, oy ;

— weld joint factor 1,0.

C.4.2.3.4 Parts according to 10.3.6.4.4 and 10.3.6.5.5 shall be designed with the same modifications
asin C.5.2.3.2. Additionally, the shape factor, f5, for dished ends may be reduced to:

— for 10 % torispherical ends, 2,93;

— for 2:1 torispherical ends, 1,91.
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However, it shall be demonstrated by calculation or experiment that the strain during strengthening
will not cause excessive deformation in regions subject to bending stresses. In cases where the
deformation will lead to a better shape (e.g. deeply dished ends turning hemispherical) the method may
be used even with large bending stresses.

Also, the risk of buckling in regions where compressive stresses occur (i.e. the knuckle of dished ends
and corner area of cones) shall be paid special attention. But, since buckling is heavily dependent on
initial imperfections and work-hardening of the material before pressurization, there is no substitute
for experience. However, the stretching process in itself will reveal any such tendencies (see C.5.1).

C.4 22c Eor yrainforcnimanntce of cpnninge +tha ctiffonce oftbhn atdachaonnt choll b ~oncoid ed SO that

(I arey T OT T CIITOT COITICTIICS OT U P CTITITS 5 CIIC ST IIT S5 UT et ot T e stratt ot CoTToTaT

ovefr-dimensioned reinforcements are avoided. Preferably openings without reinforcement should be
usefl. Unreinforced openings in this context includes openings having reinforcement\not|complying
with 10.3.6.7.

For|openings where the hole diameter exceeds that given below, calculation of;the reinforcement shall
be made according to 10.3.6.7 with the same modifications as in C.4.2.3.3.

When using external plate reinforcement or other kinds of reinforcements that are not weld¢d with full
penjetration, the risk of overloading of the welds during strengtheningshall be observed.

When ligament efficiency is less than 1, stresses due to strengthéning shall be analysed a¢cording to
10.3.7.

C.4{2.3.6 Largest allowed opening of unreinforced single-holes.
In the case of holes joining a nozzle to the shell, the inside diameter of the nozzle shall not exceed d,,,

Ainax =0,4/Dy x5 +C

whére

d is the diameter of largest(allowed opening (major axis for oval holes), mm;

max

Dy is the outside diameter-of shell, mm;
R  isthe inside crownradius of end, mm;
So is the wall thickness of unpierced shell, mm;

S is the truesvall thickness of shell, mm;

So./s;

604/2(1—u) with a maximum of 60 mm.

The value of d,,, calculated may be rounded up to the nearest higher even 10 mm. d,,, shall, however,
meet the conditions:

d <150 mm

max —
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<
max —

d

0,2D,

The wall thickness of an unpierced cylinder is calculated from:

SOZ

pDy

Ok
20— +2
1,5 b

’

The wall thickness of the crown region of an unpierced dished end is calculated from:

D.

SOZ—
2(

X
'S
1,5

In case of p in MPa, conversion shall be considered.

C4.3 De

c4.31 [
to externa
applicable

By these c3

sign for external pressure

a pressure strengthened vessel normally operating under internal ‘pressure can be sub
pressure, the vessel shall also be designed to withstand external\pressure according to
subclauses of Clause 10.

Iculations the design stress value shall be taken from 10:3.2.3. If the pressure strengthe

vessel is npade from solution heat treated material the safety.factors, S, given in 10.3.2.4 may

replaced by

NOTE ’
straining so

In the cas
otherwise
show that {

C4.3.2 If
operation,
account) as

C.5 Mar

y Sy./1,5.

'his modification is a consequence of the improved{shape of the pressure vessel produced by
that a lower factor of safety can be accepted.

b of vessels having large nozzles in the-shell or when this improvement of the shap

he vessel is not significantly out of reund.

it shall be calculated using-the strengthening pressure (taking the mass of contents
a test pressure, pr, and the/material properties at 20 °C from 10.3.2.3.2.

jufacturing andinspection

C.5.1 Stiengthening’procedure

C.5.1.1 T
made follo

ving Written instructions. These instructions shall include the steps described in C.5.1.

C.5.1.6.

ject
the

ned
be

the

e is

doubtful, the above modification maybeutilised only if measurements after strengthening

a vessel is shaped such that it iS"subject to an external pressure during the strengthening

nto

he strengthening operation, which is a step in the production of the finished vessel, shall be

D to

When vessels under pressure require inspection and measurement, adequate facilities and procedures
shall be employed to assure the safety of inspectors, employees and the public.

The procedure shall be monitored and verified on a prototype or a demonstration vessel.

C.5.1.2 Fill the vessel with liquid. Before the vessel is closed, wait for at least 15 min to let any air
dissolved in the liquid escape. Then top up and seal the vessel.

C.5.1.3 The circumference of all courses shall be measured (e.g. with steel tapes) where the largest
increase in cross-section is expected. The strain rate during the strengthening operation shall be

calculated

80

over the full circumference.
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C.5.1.4 The strengthening is normally carried out as follows: the pressure is raised to the
strengthening pressure and maintained until the strain rate has dropped to less than 0,1 %/h. The time
under pressure shall be not less than one hour (see however C.5.1.5). The strain rate shall be checked by
repeated measurements of the circumference according to C.5.1.3. The requirement of 0,1 %/h shall be
met during the last half hour.

NOTE The total time under pressure can be long. This can be reduced if a 5 % higher pressure is applied
during the first 0,5 h to 1 h of the operation.

C.5.1.5 For pressure vessels having a diameter not more than 2 000 mm the time under pressure may

C.5{1.6 The strengthening operation replaces the initial pressure testing of the vessel. Should later
prepsure testing be required, only the normal test pressure shall be used. If the vessél requires to be
reppired, this repair and pressure testing or possibly renewed strengthening shall be carfried out in
accprdance with C.5.3.4.

C.5{2 Procedure record
There shall be a written record of the operation, containing at leastthefollowing informatiopn:
— |pressurizing sequence specifying pressure readings and tire;

— |circumference measurements before, during and after, pressurization;

— |strain rate calculations from circumference measurements according to C.5.1.4;

— |any significant changes of shape and size relevant to the functioning of the vessel;

— |any requirement for renewed strengthening{according to C.5.1.6 and C.6.3.4);

— |the direction of rolling of the material'sheets (according to C.4)

C.5{3 Welding

C.5]3.1 The strengtheningmethod.

Theg strengthening methed presumes high quality welding. For cold strengthening thg following
addjitional requirements,shall apply:

— |production cantrol test plates shall follow C.3.2;

— |Longitudinal welding of cylindrical shell needs to exceed at least 10 %.

C.5{3.2; \""Non-destructive testing shall be carried out before the strengthening to fthe extent
stipuated in 6.3 for the weld joint factor 1,0. Where high local stress and strain concentratjons can be
exp cted—dur g thre—str cugthcuiug Uperation;, exantiation with liquid perretrant strattatso be carried
out, e.g. at changes in wall-thickness or at welded nozzles.

C.5.3.3  After the strengthening operation and reducing the pressure to the design, pressure welds
shall be visually examined externally for their full lengths. Places which have been examined with liquid
penetrant according to C.5.3.2 shall also if possible be tested at random using a volumetric method
(preferably by radiographic examination).

C.5.34 Renewed strengthening shall be carried out if pressure strengthened parts of the vessel
have been significantly affected by post strengthening welding. Exceptions are permitted for tack-
welding of attachments carrying low loads only (e.g. insulation supports) and welding of nozzles not
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more than 10 % of the vessel inner diameter (with a maximum of 100 mm) or minor weld repairs with
comparable effect on the construction. Such welds shall be examined according to C.5.3.2 and C.5.3.3.

Unless renewed pressure strengthening is carried out there shall be a normal pressure test as required

by 12.5.2 a

fter all welding on pressure retaining parts.

C.5.4 Pressure vessel drawing

C.5.4.1

information:

In addition to the information required by 10.2.2, the drawing shall bear the following

the ves

streng

thickn

C.5.4.2 D

C.5.5 Ins

C.5.5.1 G

For testing
to C.3.2, bd

C.5.5.2 N

C.5.5.2.1
stipulated

Irregularit]

C.5.5.2.2

welds shal
concentrat
shall also
nozzles. Pl
random us

C.5.5.2.3

exclusively
the case o
then a rad

sel is manufactured according to Annex C;
thening pressure in bars;

bsses and diameters shown apply before strengthening.
etails to be welded in place after the strengthening shall be marked on‘the drawing.

pection and testing

eneral

production control, on aregular basis the welded test plates shall be pre-stretched accorg
fore working out the specimen for destructive testing.

on-destructive testing

Non-destructive testing shall be carried out before the strengthening to the ex
n 12.3 for the weld joint factor 1,0.

ies shall be inside of the limits accardingly to ISO 5817:2014, Table 1 evaluation group B.

After the strengthening oeperation and reducing the pressure to the ambient press
be visually examined externally for their full lengths. Where high local stress and st
ions can be expected during the strengthening operation, examination with liquid penet}
be carried out, e.g~at/changes in wall thickness, T junctions, Attachments and at wel
aces which have-beén examined with liquid penetrant shall also if possible be teste
ng a volumetricymethod (preferably by radiographic examination).

by the~manufacturer. Only repairs to cold stretched components are given below
[ repairs, a hydrostatic pressure test shall be carried out at stretching pressure (p,),

ling

fent

Lire,
Fain
rant
ded
1l at

To ensufe‘proper repairs of pressure strengthened vessels, they should be performed

. In
and
the

ographic examination and liquid penetration test shall be performed. The repairs and

subsequen

test shall be documented.

a) Repairing weld

Defective points in welds metal shall be machined. Welding qualification is required for repairing the
weld. The repair weld shall be tested by means of a radiographic examination and liquid penetration
test. Strength shall be verified by an extended hydrostatic pressure test with a pressure according to p

b) Extension of radiographic examination
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When defects except tolerances are revealed during the RX sounding, one or several supplementary
films (200 mm mini) will be realized in the continuation of one or several defects, whether it is before

the

‘)

hydraulic test or after the hydraulic test. See 12.4.

Installation of none-strain hardening material

In case plates are inserted in the shell of a pressure vessel, as a matter of principle, the same material
shall be used. The strength of these plates shall be suitable for their place of installation in the cold
stretched vessels.

The welds shall be subjected to a visual examination.

C.5

Thd
STR

C.6

C.6

Aus
cha
the

typ

6 Data plate

name plate shall, in addition to the information according to Clause 13, bear the'text *
ENGTHENED”.

Comments

1 Strengthening theory

tenitic stainless steels exhibit considerable work-hardeningupon deformation while re
Facteristics of the material. The stress required for further)deformation increases cont
deformation increases. Thus, a stress/strain curve for.austenitic steel does not have the f

A
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cal of carbon and low-alloy steels. Compare the stress/strain curves in Figures C.1 and Q.

PRESSURE
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Figure C.1 — Stress/strain curve
for carbon steel
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Figure C.2 — Stress/strain curve for austenitic stainless steel

If a tensilg test piece of solution heat treated austenitic stainless*steel is loaded to a strengthening
stress, oy {and then unloaded, a permanent plastic elongationwill be found. When the same test pjece

is loaded ajgain the deformation will remain elastic up to a higher stress level than before. Only when
the stress, oy, is exceeded will the plastic deformation continue along the original curve.

A test piec¢ which has been loaded to the strengthening’stress, o}, can be regarded as a new test pjece
with:

Rpo,2 50k

An austeniltic stainless steel that has been stretched at room temperature to a higher proof strergth
also exhibifs higher proof strength stress at all other temperatures.

The toughness of the material after stretching to 10 % (nominal strain) will still be satisfactory, sjnce
austenitic $teels in the solutiomheat treated condition has an elongation at fracture not less than 3§ %.

The plastic deformation, required is achieved by subjecting the finished pressure vessel to a
strengthenling pressures p,. This pressure is calculated so that there is sufficient safety margin with
respect to plastic defermation from stresses caused by a pressure equal to the design pressure, p.

Minimum pall thicknesses for the different parts of the vessel are calculated after establishing a
suitable degsign'stress value, oy .

During the strengthening of the finished vessel, the material reaches a strengthening stress (o} ) that
is at least 1,5 times the design operating stress.

C.6.2 Work-hardened material

C.6.2.1 The term work-hardened material shall be applied to material that has had its proof strength
raised through cold rolling, roll straightening, uniaxial stretching in a stretching machine or other
types of cold work.

C.6.2.2 Work-hardened material can be used in order to reduce or eliminate the deformation due to
strengthening of the pressure vessel. It is primarily used in cylinders for internal pressure.
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C.6.2.3 The increase in the proof strength of a work-hardened material is about the same in all
directions. The proof strength of work-hardened plate shall be determined on samples taken across the
direction of rolling or stretching respectively.

C.6.2.4 The structure of work-hardened material differs from solution heat treated material only in
that the number of dislocations is higher. Material that has been subject to a homogeneous deformation
is free from residual stresses. Work-hardening does not significantly affect the resistance to general
corrosion.

Welding of work-hardened material gives rise to a heat-affected zone (HAZ), the width of which depends
on fhe-weltdingmethod—trarcwetding-withcoated-—etectrodes; the-widthof the—zome-tsabout equal to
thelthickness of the material.

The proof strength in the zone may be reduced, but the subsequent strengthening restores|it to about
thel|same level as that of the surrounding material.

Impact toughness and corrosion resistance in the zone depend primaril{on the initiagl material
condition (analysis, well annealed structure) and the welding method (extent of heating) but only
slightly on the degree of strengthening.

Strengthening of a pressure vessel generally decreases local residual stresses introduced int the vessel
during the manufacturing process.

C.6/3 Derivation of formulae

C.6{3.1 Consideracylinder of middle diameter, D, and,design pressure, p, which has been stfengthened
to aldesign stress value, oy, . Its wall thickness should be in accordance with the formula for dylinders in

10.3.6.1.3:

. pDsg
ZOO-kZ

The strengthening shall be carriedout in such a way that the shell is subjected to the stregs, o} . The
strgss in a cylinder is:

5= PP
20s

and the strengthenifg pressure, p,, will therefore be:

_ ZOSO'k
D

Px

If s pccording to the formula given above is substituted:

S
V4

In case of p in MPa, conversion shall be considered.

Since S; = 1,5 and z = 1,0 this corresponds to the formula given in C.4.2.2. Cylinders can be calculated
from the formula in 10.3.6.1.3, if o} is inserted as the design stress value and 1 as the weld joint factor.

If a weld joint factor, z, less than 1,0 is applied to any single main seam an increase in strengthening
pressure is required according to the formula given above. To sustain this higher pressure the thickness
of all parts of the vessel would then need to be increased.
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C.6.3.2 If a shell consists of several courses and one of them is made thicker than the others, it will
have a lower o than the other courses after strengthening.

The thicker course then needs a higher strengthening pressure than the others. Since this is impossible,
this course will fail to satisfy the above formula (not “strengthened enough”), as the anticipated proof
strength, o}, will not be reached.

In order to achieve the full theoretical effect throughout the vessel, it would be necessary to decrease
the thickness of the thicker course. Since this would hardly increase the safety of the vessel it is
allowed to use greater thickness in some parts, e.g. where required by external loads, even if this is not
theoretically correct.

Corresponglingly, constant wall thickness is allowed in conical ends, even though the strengtherlling
theory strictly speaking requires the thickness to be decreased in proportion to the radius-Similarly,
the spheridal part of a dished end will in some cases be “insufficiently pressure strengthened”.

C.6.3.3 T
spheres an|

Utilisation
stresses. F

and normall operation.

Certain pr
stresses (s
of the seco

he derivation of formulae in C.6.3.1 applies to parts free from bending stresses, i.e. cylind
d hemispherical ends.

of the strengthening effect is generally not permitted for parts subject to primary beng
Dr such parts, it is necessary to investigate the stresses during strengthening (see C.4.2.

bssure vessel parts, such as dished and conical ends, contain so-called secondary beng
be Annex A). Itis permissible to use the strengthening éffect in such parts, but the magnit]
ndary bending stresses shall be investigated and shé0ld normally not exceed 2 5y, .

Excepted

shown the pbending stresses to be moderate.

C.6.3.4
material

C.6.3.5

manufactufrer can show that it does not'cause harmful deformation or other problems.

C.6.4 De

C.6.4.1 Tj
been set 2

In convent

C.6.4.2 T

rom this requirement of investigation are 2:k'torispherical ends, where experience

perience has shown that it is possible toyuse design stress values for pressure strengthe
en dimensioning reinforcement pads according to 10.3.6.7.

his annex does not preclude. utilisation of the strengthening effect, provided that

formations at strengthening

he highest allowable design stress value, 0 ,., for the different steels has consiste
0 N/mm? higher than Ry, for the solution heat treated material.

onal tensile testing, this maximum stress produces less than 10 % elongation.

load. This increases the elongation under maximum stress by another 1 % to 2 %.

he/strengthening process can be simulated in tensile testing by allowing extra time ur

ers,

ling
B.2)

ling
ude

has

ned

the

htly

der

After simulated strengthening, the proof strength, R, ,, of the material (calculated on the basis of the
cross-sectional area before the strengthening) is about 30 N/mm? higher than the strengthening stress,
Oy, used.

C.6.4.3 A multi-axial stress state results in other elongation values than tensile testing. These
elongation values can be assessed according to a graph of the deformation hardening of the material as
applied to the effective values of stress, o, and elongation, ¢.

\/1
o=,|—
2

[(0'1 —02)2 +(07 —0'3)2 +(03 —01)2}

86 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=0aaf35dd4fba89222ce4acc0b98c695f

ISO 21009-1:2022(E)

€ Z\/—[(ﬁ —32)2 +(&; —33)2 +(&3-€1 )2}

If the effective values are set = 1, the principal stresses and elongations obtained for the simplest stress
conditions are given in Table C.4:

Table C.4 — Stresses and elongations for different load cases

True stress True elongation

g, [0 lor} £ £y £3 £
Tenlsile test 1 0 0 1 -0,5 -0,5 1
Cylinder 1,15 0,58 0 0,87 0 =0,87 1
SpHere 1 1 0 0,5 0,5 -1 1
Ampng other things, Table C.4 expresses the fact that a tensile test sample contrag¢ts in two
dimensions, while a cylinder decreases only in thickness by an amount corsesponding to th¢ increased
cirqumference.

Tabje C.4 shows that a certain effective stress o produces different elongation in the pringipal stress
dirgction, &, for the different load cases. The same effective stresSythat produces a strain df 10 % in a

tengile test (&; = 1,0) produces a circumferential strain 8,7 %{&; = 0,87) in a cylinder shelf and 5 % (
€1 ¥ 0,5) in a sphere.

The true stresses, 0; 0, 03, and ¢, are calculated o1r'the basis of the cross-sectional area of the

material after deformation. If instead the nominal@&tresses are used, calculated on the basis of the
original cross-sectional area of the material, the comparison of strains will be different.

The following example gives an indication of the difference.

EXAMPLE Values from a typical deformation hardening curve of austenitic stainless steel afe used, i.e.
0,2 %,/280 N/mm?2 and 10 %/420 N/mmZ;If equal nominal principal stresses, 07 ., are applied to this material,

the principal strain, &, for the cylindekis altered from 0,87 to 0,66 and for the sphere from 0,5 to 0,38.

The strain at bursting pressufe‘is half of the maximum homogeneous strain at tensile tdsting for a
cylinder and one third for arsphere.

C.6{4.4 In practice, thejmaximum circumferential strain of cylinders is usually 3 % to 5 % yhen using
solytion heat-treated-plate, less in the spherical part of the ends. The following factors contribute to the
megsured values-being lower than the theoretically calculated maximum value:

— |the proaf'strength, Rpo,2, is higher than the specified minimum for the material;

— |theplate thickness is greater than nominal;

— lthere are rpinfnrr'ing effects of e g ends nozzles

C.6.4.5 Itshould be observed that strengthening of pressure vessels of solution heat treated material
can affect the position, direction and roundness of nozzles. This does not entail any reduction of the
safety of the vessel but may in certain cases be a nuisance to the user.

NOTE One way to minimize these changes is to weld the nozzles in place after the strengthening, whereupon
the vessel could require renewed strengthening (see C.5.3.4). This second strengthening generally leads to much
smaller deformations.

C.6.4.6 When a welded tube is used for nozzles in a cylinder (or cone), the longitudinal weld of the
tube should be located in the direction where the stresses are lowest, i.e. in a plane perpendicular to
the longitudinal axis of the cylinder (or cone).
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Annex D
(informative)

Pressure limiting systems

In designing the pressure limiting systems, the manufacturer is required to assess the hazards that

apply to t

ha nrocconra aouinimant haotng manufactyrad Tha ocdyinsant chall thon ha docignad

and

T P oot oo Pttt ot g oo rac c ot oo T o C U pPTIicrc oot tIrc i o e aCoToTIctr

constructeld taking account of the assessment.

In selectin

— elimin

— take t]

The select

b the most appropriate solutions, the manufacturer shall:

hte or reduce hazards as far as is reasonably possible; and

complex and requires the designer to consider carefully quality, reliability,-service, application
maintenange.

In this doc
of relief sy

Key

iment, no specific system of excess pressure protection js.\recommended, but two exam
tems currently in use are shown in Figure D.1.

A A

e necessary protection measures against hazards which cannot be reasgnably eliminated.

on of numbers, type and arrangement of the devices in the pressure limiting systern is

and

bles

1 changeover valve

2 3-way valve

88

Figure D.1 — Examples of relief systems
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Annex E
(normative)

Further use of the material cold properties to resist pressure loads

E.1

General
=enera:

The
mat
the
met

Thi
cry
arg
tak

Thi

E.2
Thi

re are significant benefits to be gained from taking advantage of the enhanced propert
erials such as stainless steels, 9 % Ni steels at cryogenic temperature and there are €
be phenomena currently used in pressurized systems. This annex deals with a‘theoret
hod for further use of the material cold properties to resist pressure loads.

5 annex concerns a method of calculation of the wall thickness of the inner vessel of vacuur
pgenic vessels permanently containing liquids. Cold vessels designedfor air gases (nitrog
bn) which are refilled systematically when the level of cryogenicdiquid drops below 25
bn as an example.

5 calculation is based on the following considerations:

As long as there is cryogenic liquid, even in very low"quantities, in a static vacuun
cryogenic vessel storage, the temperature of the “hattest” point of the wall of the inner
not exceed a temperature, T, which can be considered the maximum allowable temp
normal operating conditions.

This temperature, T, can be determined experimentally for each type of cryogenic ves
into account all likely operating conditipns. An example of calculation with t = - 80 °C is
end of this annex.

The calculation of the wall thickness of the inner vessel can be performed on the basis of t
property at the temperature, T. In such a case, an additional protection system activate
low liquid level or the direettemperature, T, is fitted.

The additional protection system shall operate, in order to prevent excessive stresses in
ambient temperaturfe.

For the initial pfessure test py = p, + 1 bar or (p = p, + 0,1 MPa) can be considered for the “
design condition”.

Field-of application

es of some
kxamples of
ical design

hinsulated
En, oxygen,
%, can be

1-insulated
ressel does
brature for

sel, taking
biven at the

he material
d by either

avessel, at

xceptional

o-24090 4

5 Cannex applies to cryogenic pressure vessels manufactured from materials fol]lowing the

req

E.3

: - ok
UII CTIIITIILS Ul 10U Z1UZO0~"1.

General requirements

When the method described in this annex is followed, all the requirements included in the main part of
this document shall be followed with some exceptions concerning the calculation method (see 10.2 and
10.3) as indicated in E.5.

E.4 Specific calculation methods

In this specific calculation method the modifications to the general requirements are:
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Replace 10.2.3.2.1 b) by:
pressure during operation when the vessel contains only gaseous product at T °C.

Pcg =Ps +1 baror [pe; =ps +0,1 MPa |

Replace 10.2.3.2.1 d) by:

reactions at the support points of the inner vessel during operation when the vessel contains only
gaseous product at T °C. The reactions shall be determined by the weight of the inner vessel, its contents
and seismi Inndingc where appropriate The seismic Inndingq shall consider anv forces exerted on the

vessel by the insulation.

Replace 10]2.3.2.3 by:

pressure t¢st: The value used for validation purposes shall be the highest of:

K K
—20  bar or [pT:1,25(pS+pL+O,1)¢ MPa]" (normal des$ign

design design

pr =125(ps +pp, +1)

conditipn, full vessel)

where K., is the material property at a temperature specified by the manufacturer for a particplar
design casg;

—H K20 _ K20 . "y

pr = ps+1)K— bar or [pr =H(p; +O,1)K— MPa] fmormal design condition, nearly empty
t t

vessel)

where

pr s the test pressure

H is[,43 in Europe and 1,3 in North‘America and for other parts of the world, a value consistent
with the applicable pressurevessel code;

pp =pd +1 bar or [ pr =ps +0,1"MPa] (exceptional design condition);

considered for each element-of the vessel, e.g. shell, courses, head;
the 1 bar i added to allow for the external vacuum.
Replace 10|2.3.2.2;2) by:

operation atmaximum allowable working pressure when the vessel is filled with gas at T °C: b) + d)}

At the end of 10.2.5.2 add:

— in addition, the inner vessel shall be fitted with an additional protection system operating under
pressure, p's, so that:

K K
p', =(p, +1)—22 1 bar or [p's=(p, +0,1)%—0,1 MPa]
t t
— when the level of liquid drops below a minimum level, in no case lower than 5 % or when the
temperature exceeds the predetermined design temperature, T. This system shall be agreed by the

purchaser, the manufacturer and the competent authorities and shall be at least as reliable as that
of the pressure limiting system.

90 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=0aaf35dd4fba89222ce4acc0b98c695f

ISO 21009-1:2022(E)

Replace 10.3.2.2, b) by:

in accordance with 10.2.3.2.2 1), 3), 4) and 5);

material properties determined in accordance with 10.3.2.3.2 shall be adopted.

Add anew c) to 10.3.2.2, b):

in accordance with the modified 10.2.3.2.2 1) 2) (see above);

— material properties determined in accordance with the new following elements shall be adopted.

Add

all foreseeable operating conditions. These conditions shall be determined and agr
competent authority. The temperature used by the designer shall notrbe’lower than
maximum temperature;

— |the K, value of K at T temperature shall be determined from the nmiaterial standard (see
for austenitic stainless steel) or shall be guaranteed by the magerial manufacturer.
EXAMPLE Calculations of the thickness of the cylindrical part of the inner vessel of a col

11 J00/20 bar

ps §maximum operating pressure =20 bar Material: X2CrNiN 18
py, 9 hydrostatic pressure =0,82 bar (304LN)

D; qinside diameter =1480 mm K., =310MPa

T= maximum allowable temperature K. =Kgg =4201
for normal operation conditions Kiesign = K140 =5311

a new subclause 10.3.2.3.4:

at maximum allowable temperature, 7, for normal operating conditions;

this temperature, T, is the maximum temperature of the wall of the inner vessel taking ipto account

ped with a
the proven

SO 9328-4

1l converter

10

Pa
M Pa
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F1

ISO 21009-1:2022(E)

Annex F
(informative)

Specific weld details

nlication

Spe
tot

In g
bas

F.2

F.2

Thi
con

b)

M Joggle joint, see Figure F.1.

TTCOI T OUTY

.
)
1

his service.

eneral, the welds shall be adequate to carry the expected loads and need.116f be desig
s of joint wall thickness.

Specific weld detail

hections provided that:

when the flanged section of a dished end is joggléd, the joggle is sufficiently clear of t
radius to ensure that the edge of the circumferential seam is at least 12 mm clear of t
(see 10.3.6.4.2 for the dimensions);

when a cylinder with a longitudinal seam is joggled

— the welds are ground flush internally and externally for a distance of approximat
prior to joggling with no redugction of plate thickness below the required minimum,

— on completion of joggling, the area of the weld is subjected to dye penetrant examin:
proven to be free of ¢racks;

the offset section whigh forms the weld backing is a close fit within its mating section
round the entire circumference;

the profile ofthe offset is a smooth radius without sharp corners;

on comptetion of welding the weld fills the groove smoothly to the full thickness of the
being4jeined;

f)

the junctions of the longitudinal and circumferential seams are examined radiograp

cific weld details given in F.2 are currently in common usage in cryogenic vessels and-are gppropriate

ned on the

5 joint may be used for cylinder-to-cylinder and end:to“cylinder (excluding cone tp cylinder)

he knuckle
he knuckle

ely 50 mm
and

ition and is

ht the weld

blate edges

hically and

fanund taobhe froo from cignifir")nf defocts:
+oHH a0+ H-oH -SSR e Raet 55

g)

if Annex C is applied, specific precautions shall be taken regarding the “high notch effe
corresponding problem of initiated cracks on the root side, the bending of circumferent
seam during cold stretching, the volumetric NDT and, if specified, the cycling loading.

ct” and the
ial welding

Regarding the corresponding problem of initiated cracks on the root side and bending of circumferential
welding seam during cold stretching, additionally, a parallel manufactured test specimen should be
tested as follows:

prestretching of 5% of the non-machined specimen;

Macro-Test with no cracks.
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Regarding the volumetric NDT a verification should be done as part of the procedure qualification (see

C.5.5.2).
Regarding

the cycling loading see h).

h) for fatigue evaluation, see restrictions of the applied standard.

F.2.2

Intermediate ends, see Figure F.2 and 10.3.6.4.3.

F.2.3 Backing strip, see Figure F.3.

This strip
pipes and
destructiv

F.2.4 En
also Figure

F.2.5 No

This weld
attachmen

Non-full pd
that the str
loadings.

For nozzle

applied, onlly full penetrated welding seams are allowed:

F.2.6 No

This weld
criteria are

streng|

crevice
conflid

E3 Oxy

The need f
ISO 21010

may be used only for circumferential seams in cylinders, ends, nozzles and intefsy
for seams in ends, when the second side is inaccessible for welding and provided that 1
e testing can be satisfactorily carried out where applicable.

1 plate closure, see Figure F.4 for two examples of the many ways of weldingflat plates.
12,

h-full-penetration nozzle weld, see Figure E.5.

nay be used to attach set in nozzles to ends and cylinders provided that the strength of]
I welds can be demonstrated to be sufficient to contain the-d€sign nozzle loadings.

netration nozzle welds may be used to attach set-in nozzles to ends and cylinders, provi

ength of the attachment welds can be demonstrated«¢obe sufficient to bear the design no

connections where thermal conditions according to Clause 8 are relevant or Annex

h-continuous fillet-weld on attachments:

may be used for all attachments to 'main pressure components provided that the follow
met:

th is adequate for design loadings;
t with E.3.
gen service requirements

r cleanliness of equipment in liquid oxygen and other oxidising liquid service is describe
hnddSO 23208.

ace
jon-

See

the

ded
vzle

C is

fing

s between attached component and main pressure envelope can be demonstrated ngt to

d in

The internat

1d dotasl Lolll 1o+ s PR 4 H 4 Laxd L. | 4
I VWUIU UTLAIIS SIIdll UU SULll UIIdl UCUTI 1S5, CUIILAIIIIIIATIILS, u_yLu Uldl UUIIS Ul ucsl CdadodIlits ULdl

accumulate to such a quantity as to cause a fire risk in future operations.

94
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€4

€4
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BwWw N R

Key

bevel optional

as desired

depth of offset = e;
avoid sharp break

A\

Figure F.1 — Joggle joint

2 x s3° 2 x 53

S1
.

Dimensions in

tangent point
continuous fillet weld
butt weld

_/v
S2

millimetres

s; |cylinder thigkness.

s, |cylinderthickness.

s; |end. thiekness.

2 [Need not exceed 25 mm.

NOTE Cylinder thickness, s;, and s, can vary.
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X

Key
1 intermittent or continuous fillet weld

Figure F.3 — BacKing strip

| \ 4 5

-

Figure F.4 — End plate closure (examples)

Figure F.5 — Non-full penetration nozzle welds
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G.1

ISO 21009-1:2022(E)

Annex G
(normative)

Additional requirements for flammable fluids

In addition to the requirements of Clauses 10, 11 and 12, static vacuum-insulated vessels designed

for

G.2

1se with the gases listed in Table 1 shall comply with the additional items given in G.2 to

Means shall be provided to ensure that the vessel is not filled to more than' 95 %

volyme, with liquid at the filling condition.

G.3
des

G4
ves

G.5
pne
off

sha
nec

G.6
sha
pip

G.7
liqu

G.8

The selection and use of materials and joining procedures shall be carefully consid
gn of the installation to avoid secondary failure in the event of external fire.

For vessels of not more than 5 t capacity, the first valve of the\Supply line shall be d
sel and capable of being safely operated in an emergency.

For vessels of more than 50 t capacity a remotely controlled shut off valve, with a 1
umatic or electrical position indicator shall be fitted before or after the first manual Iq
yalve connected to the liquid phase of the filling and supply pipes. The remotely contr
| operate in a fail-safe mode. The fittings shall bexdesigned so that they continue to fung
bssary extent at the temperatures to be expected’in the event of a self-produced fire.

For vessels of more than 5 t and not more than 50 t capacity a remotely controlled sh
| be fitted before or after the first manual shut-off valve connected to the liquid phase of]
PS.

For vessels of more than 5.t capacity the first shut off fitting in the filling and supply |
id phase shall be designed-as'a welded outer fitting of fire-safe quality or as an inner fitt

The secondary means of isolation may be within the user installation and shall

equiivalent level of protection.

G.9
cap
ove
pro

Vessels shall be equipped with safety devices against overfilling (level limiter). Ves
hcity of mere than 50 t shall be equipped with two independent safety devices protect
-filling;-whereby one such safety device may be incorporated in the level indicator. The t
Lecting against overfilling should operate with different measuring methods.

G.10.

of its total

bred in the

lose to the

hechanical,
cking shut
plled valve
tion to the

1t-off valve
the supply

bipe for the
ng.

brovide an
cels with a

ng against
wo devices

G.1

installation to the provision of:

Because of the risk of fire and explosion, consideration shall be given in the design of the

a) upward venting stacks, means of preventing water blockage or freezing and duplicate stacks;

b)

©IS

leak-tight piping and equipment.
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Annex H
(informative)

Flammable gas vents and relief systems

H.1 All relief devices, blown down and purge valves should be connected to a venting system that

discharges|
H.2 Allm

H.3 Allv
under cong

H.4 The
vents, that

H.5 All 1

installation should be provided with earthing devices so that the tesistance to earth is less than 1

(for more i

H.6 In th
parts shou

H.7 The
automatic

H.8 Arra
with a non

the contents safely.
aterials used should be compatible with the specific flammable fluid under consideratio

hlves and equipment should be suitable for use with the specific cryogenid flammable f
ideration.

Hesign of the static vessel and its installation should ensure, bycthe provision of suit
flammable gas cannot accumulate in cabinets, etc.

hetallic components of the static vessels should be eléctrically continuous. The wl

hformation see IEC 60079-32-2).

e particular case of liquid hydrogen, the possibility of air condensing on uninsulated
d be considered.

iquid fill line secondary isolation valyeyshould be either a non-return valve or fail-cld
Shut off valve.

hgements allowing the vessel (initially) and the loading/filling pipework system to be pur
flammable/non-oxidising gas.

=)

Juid

hble

nole
0Q

rold

sed

ged

98

© IS0 2022 - All rights rese

rved


https://standardsiso.com/api/?name=0aaf35dd4fba89222ce4acc0b98c695f

ISO 21009-1:2022(E)

Annex I
(normative)

Outer jacket relief devices

1.1 —Eield ofannlication
. Hleld-ofappHcation
Thi annex covers the requirements for design, manufacture and testing of pressure protect

req
acc

1.2

1.2.
The

Bur

1.2.

Thd
ves

The
pre

The
har

1.2.

Thd
con

1.2.

Rel
the

lired on outer jackets of vacuum insulated cryogenic vessels in order to reduce any
imulation of pressure.

Requirements

1 General
device shall be either a relief plate/plug or a bursting disc.

sting disc devices shall be in accordance with [SO 4126-2.

2 Design

pressure protection device shall be capable of withstanding full vacuum and all demand
bel operation including its own mass acceleration during transportation.

set pressure and the open relieving area are specified in 10.2.5.3. Consideration shall
rention of blocking of the device by insulation materials during operation.

plate or plug of a relief plate/plugtype device shall be designed and installed such th3
n personnel when ejected.

3 Materials

struction shall besuitable for the range of ambient temperatures expected in service.

A4 Testing

ef plate/plug type relieving devices shall not require testing other than a prototype te
set piessure.

on devices
accidental

5 of normal

be given to

t it cannot

pressure protectipn.devices shall be resistant to normal atmospheric corrosion. The materials of

5t to verify

Bun

t'disc assemblies shall be tested in accordance with ISO 4126-2.

1.2.

5 Inspection

Relief plate/plug type devices shall be subjected to an inspection programme that ensures compliance
with the drawings or specification.

Bursting discs shall be inspected in accordance with ISO 4126-2.

1.2.6 Marking

Bursting discs shall be certified and marked in accordance with ISO 4126-2.

Other pressure protection devices shall be marked with this document, i.e. ISO 21009-1: 2022.
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