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reword

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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INTERNATIONAL STANDARD ISO 21029-1:2018(E)

Cryogenic vessels — Transportable vacuum insulated
vessels of not more than 1 000 litres volume —

Part 1:
Design, fabrication, inspection and tests

1 (Scope

Thif document specifies requirements for the design, fabrication, type test and-initial insgection and
test of transportable vacuum-insulated cryogenic pressure vessels of not mofe than 1 000 | volume.
Thif document applies to transportable vacuum-insulated cryogenic vessels‘\for fluids as gpecified in
3.1 pnd Table 1 and does not apply to such vessels designed for toxic fluids:

NOTE1 This document does not cover specific requirements for refillabletiquid hydrogen and LN[z tanks that
are primarily dedicated as fuel tanks in vehicles. For fuel tanks used in laiid and marine vehicles, see{ISO 13985.

NOTE 2  Specific requirements for open top dewards are not covered by this document.

2 |Normative references

The following documents are referred to in the text'in such a way that some or all of thpir content
conktitutes requirements of this document. For.dated references, only the edition cited gpplies. For
undated references, the latest edition of the referenced document (including any amendmengs) applies.

[SO|148-1, Metallic materials — Charpy perndulum impact test — Part 1: Test method
[SO|2244, Packaging — Complete, filled transport packages and unit loads — Horizontal impact tests

[SO|3834-2, Quality requirementsyfor fusion welding of metallic materials — Part 2: Comprehenfsive quality
reqliirements

[SO|4126-1, Safety devicesfor protection against excessive pressure — Part 1: Safety valves
[SO|4126-2, Safety devices for protection against excessive pressure — Part 2: Bursting disc saf¢ty devices
ISO|4136, Destructive tests on welds in metallic materials — Transverse tensile test
ISO|5173, Déstructive tests on welds in metallic materials — Bend tests

ISO| 5817 Welding — Fusion-welded joints in steel, nickel, titanium and their alloys (beqm welding
excluded) — Quality levels for imperfections

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

IS0 9606-2, Qualification test of welders — Fusion welding — Part 2: Aluminium and aluminium alloys
IS0 9712, Non-destructive testing — Qualification and certification of NDT personnel

[SO 10474:2013, Steel and steel products — Inspection documents

[SO 10042, Welding — Arc-welded joints in aluminium and its alloys — Quality levels for imperfections

ISO 10675-1, Non-destructive testing of welds — Acceptance levels for radiographic testing — Part 1: Steel,
nickel, titanium and their alloys

© ISO 2018 - All rights reserved 1
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ISO 10675-2, Non-destructive testing of welds — Acceptance levels for radiographic testing — Part 2:

Aluminium

and its alloys

ISO 14732, Welding personnel — Qualification testing of welding operators and weld setters for mechanized
and automatic welding of metallic materials

ISO 15607, Specification and qualification of welding procedures for metallic materials — General rules

ISO 15613, Specification and qualification of welding procedures for metallic materials — Qualification
based on pre-production welding test

ISO 15614
procedure

ISO 15614
procedure

[SO 17635:

ISO 17636
techniques

ISO 17636
techniques

ISO 17637,
[SO 21011,

ISO 21013
pressure-re

[SO 21013+
pressure-re

ISO 21013
capacity de

ISO 21014,

ISO 21028
Part 1: Tem

ISO 21028
Part 2: Tem

[SO 21029
volume — |

” U U v | UUuu U “

est — Part 1: Arc and gas welding of steels and arc welding of nickel and nickel alloys

est — Part 2: Arc welding of aluminium and its alloys
016, Non-destructive testing of welds — General rules for metallic materiqls§

L1, Non-destructive testing of welds — Radiographic testing — Part.1¥' X- and gamma
with film

L2, Non-destructive testing of welds — Radiographic testing =*Part 2: X- and gamma
with digital detectors

INon-destructive testing of welds — Visual testing of fusien*welded joints
Cryogenic vessels — Valves for cryogenic service

1, Cryogenic vessels — Pressure-relief accessories for cryogenic service — Part 1: Reclos
lief valves

P, Cryogenic vessels — Pressure-relief acoessories for cryogenic service — Part 2: Non-reclos
lief devices

3, Cryogenic vessels — Pressuretrelief accessories for cryogenic service — Part 3: Sizing
termination

Cryogenic vessels — Cryogenic insulation performance

L1, Cryogenic vessels(— Toughness requirements for materials at cryogenic temperaturg
peratures below -80°C

L2, Cryogenicyvessels —Toughness requirements for materials at cryogenic temperaturé
peratures between -80 °C and -20 °C

2, Cryogenic vessels — Transportable vacuum insulated vessels of not more than 1 000 Ij
Part 2X Operational requirements

efgling

12, Specification and qualification of welding procedures for metallic materials —, Weldling

ray

ray

nble

nble

and

Lres

ISO 23208,

3 Term

pal : 1 patl 1 Val : :
T YOYCTIIC VESSCIS — UICUTIIITIESS JUI LT yUYCETIIC SETVILE

s and definitions

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

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

IEC Electropedia: available at http://www.electropedia.org/

ISO Online browsing platform: available at https://www.iso.org/obp
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3.1

cryogenic fluid

refrigerated liquefied gas

gas which is partially liquid because of its low temperature

Note 1 to entry: In the context of this document the (refrigerated but) non-toxic gases given in Table 1 and
mixtures of them are referred to as cryogenic fluids.

Note 2 to entry: This includes totally evaporated liquids and supercritical fluids.

Table 1 — Refrigerated but non-toxic gases

UN No.a Proper shipping name and descriptiona

Asphyxiant gases

1913 neon, refrigerated liquid

1951 argon, refrigerated liquid

1963 helium, refrigerated liquid

1970 krypton, refrigerated liquid

1977 nitrogen, refrigerated liquid

2187 carbon dioxide, refrigerated liquid
2591 xenon, refrigerated liquid

3136 trifluoromethane, refrigerated liquid
3158 gas, refrigerated liquid, N.0.Sb
Oxidizing gases

1003 air, refrigerated liquid
1073 oxygen, refrigerated ligquid
2201 nitrous oxide, refrigerated liquid

3311 gas, refrigerated liquid, oxidizing, N.0.Sb

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,
containing at least 71,5 % ethylene with not more than 22,5 %
acetylene and not more than 6 % propylene

3312 gas, refrigerated liquid, flammable, N.0.Sb

a U.N. No. and proper shipping name according to UN Recommendations.

b N.O.S. = not otherwise specified.

3.2

transportable cryogenic vessel

thermally insulated vessel comprising a complete assembly ready for service, consisting of an inner
vessel, an outer jacket, all of the valves and equipment together with any additional framework,
intended for the transport of one or more cryogenic fluids

3.3
thermal insulation
vacuum interspace between the inner vessel and the outer jacket

Note 1 to entry: The space may or may not be filled with material to reduce the heat transfer between the inner
vessel and the outer jacket.

© ISO 2018 - All rights reserved 3
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3.4
inner vess

el

vessel intended to contain the cryogenic fluid

3.5

outer jacket
gas-tight enclosure that contains the inner vessel and enables the vacuum to be established

3.6

normal operation
intended operation of the vessel at maximum permissible pressure including the handling loads

defined in

3.7

handling loads

loads exer
loading, un

3.8

piping sys
all pipes 4
fittings, pr

39

equipment

devices th3
protective

3.10

manufactyrer of the transportable cryogenic vessel

company t

3.11

gross volume of the inner vessel

volume of
and atmos

3.12
tare mass
mass of thg

3.13
net mass
maximum

Note 1 to enftry;/ The-‘maximum permissible mass is equal to the mass of the cryogenic fluid occupying 98 % o

net volume

R.7
fed on the transportable cryogenic vessel in all normal conditions of transport inclug

loading, moving by hand or by fork-lift truck

tem

bssure relief devices and their supports

it have a safety-related function with respect to pressure containment and/or control
or limiting devices, regulating and monitoring devjgces, valves, indicators)

hat carries out the final assembly of the transportable cryogenic vessel

the inner vessel, excluding nozzles, pipes etc. determined at minimum design temperat
bheric pressure

empty transportable cryogenic vessel

permissible‘mass of the cryogenic fluid which may be filled

bfthe inner vessel under conditions of incipient opening of the relief device with the vessel in a

ling

hd piping components which can come in contact with cryogenie’fluids including vales,

e.g.

ure

Fthe
evel

attitude and

thé massofthe gasatthe same conditionsinthe remaining volume of the inner vessel
(=] (=]

Note 2 to entry: Cryogenic liquid helium can occupy 100 % of the volume of the inner vessel at any pressure.

3.14
gross mas

S

sum of tare mass plus net mass

3.15
pressure

pressure relative to atmospheric pressure, i.e. gauge pressure

© ISO 2018 - All rights reserved
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3.16
automatic welding
welding in which all operations are performed without welding operator intervention during the process

Note 1 to entry: Manual adjustment of welding variables by the welding operator during welding is not possible.
[SOURCE: ISO 14732:2013, 3.1]

3.17
maximum allowable working pressure
MAWP

Ds
ma{:"imum effective gauge pressure permissible at the top of the vessel in its normal operatipg position
including the highest effective pressure during filling and discharge

Note 1 to entry: Adapted from UN Model Regulations, Rev.19, Vol. II, 6.2.1.3.6.5.

3.18
net|/volume of the inner vessel
volume of the shell, below the inlet to the relief devices, excluding nozzles, pipes, etc. detprmined at
mirfimum design temperature and atmospheric pressure

3.11

typle approval
vessel type, which was successfully subjected to the design«alculation and/or the experinjental type
test], as issued by the responsible authority or its delegate

Note 1 to entry: Vessel type is as defined by 10.2.2.

Note¢ 2 to entry: If it can be proven that the calculation and the experimental tests also cover vaifiants of the
profotype these variants may be included in the type approval. If the type includes variants it mfight also be
callgd “family”.

3.2p
relief plate/plug
platle or plug retained by atmospheric pressure but which allows relief of excess internal pressure

3.21
buifsting disc device
nontreclosing pressure relief device ruptured by differential pressure

Notg¢ 1 to entry: It is the complete assembly of installed components including, where appropriate, the bursting
disdholder.

4 |Symbols
Symbol Designation Unit
A cross sectional area of reinforcing element mm?2
C B design factors 1
c allowance for corrosion mm
D shell diameter mm
D, external diameter e.g. of a cylindrical shell mm
D; internal diameter e.g. of a cylindrical shell mm
dy external diameter of tube or nozzle mm
d; diameter of opening mm
E Young’s modulus N/mm?2
f narrow side of rectangular or elliptical plate mm

© IS0 2018 - All rights reserved 5
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Symbol Designation Unit
I moment of inertia of reinforcing element mm#
K material property used for design N/mm?2
KT (e.g. K20 for material . o 2
property at 20 °C) material property at temperature T expressed in °C N/mm
Iy, I'y buckling length mm
n number of lobes 1
p design pressure as defined in 10.2.3.1.1 (15[?32)
De permissible external pressure limited by elastic buckling (15[?313)
. baj
Pk strengthening pressure MPh)
Pp permissible external pressure limited by plastic deformation (l\t/)[%li)
Ds maximum permissible pressure (15[2;,1&)
bat
Dt test pressure (see 10.2.3.1.2) (MPh)
R radius of curvature e.g. inside crown radius of dished end mnj
Re (1 % proof stress for . . o 2
austenitic steel) minimum guaranteed yield stress or 0,2 %proof stress N/m
Rm minimum guaranteed tensile strength(factual or guaranteed) N/mlln2
r radius, e.g. inside knuckle radius of dished end and cones mnj
S safety factor at design pressure/with respect to Re 1
Sk safety factor against elastic-buckling at design pressure 1
Sp safety factor against plastic deformation 1
s minimum thickness mnj
Se actual wall thickness mnj
u out of roundiiess (see 11.5.4.2) 1
v factor indicative of the utilization of the permissible design stress in joints 1
or factor, allowing for weakenings
Xi (decay+length zone) distance over which governing stressisassumed toact| mnj
Z auxiliary value 1
Poisson’s ratio
5 General requirements
5.1 Applicable regulations may require conformity assessment.

5.2 The transportable cryogenic vessel shall safely withstand the mechanical and thermal loads and
the chemical effects encountered during pressure testing and normal operation. These requirements are
deemed to be satisfied if Clauses 6 to 11 are fulfilled. The vessel shall be marked in accordance with
Clause 13, tested in accordance with Clause 12 and operated in accordance with ISO 21029-2.

5.3 Transportable cryogenic vessels shall be equipped with valves and pressure relief devices
configured and installed in such a way that the vessel can be operated safely.

The inner vessel, the outer jacket and any section of pipework containing cryogenic fluid which can be
trapped, shall be protected against over pressurization.

6 © ISO 2018 - All rights reserved
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5.4 The transportable cryogenic vessel shall be cleaned for the intended service in accordance with
ISO 23208 or an equivalent standard (e.g. EN 12300).

5.5 For transportable cryogenic vessel intended for service with flammable cryogenic fluids, all
metallic components of the vessel shall be electrically continuous. The vessel shall be provided with a
means of attachment to an earthing device(s) so that the resistance to earth is less than 10 Q.

5.6 The manufacturer shall retain the documentation defined in Clause 14 for a period required
by regulations (e.g. product liability). In addition, the manufacturer shall retain all supporting and
background documentation issued by his subcontractors (if any) which establishes that the vessel
conforms to this document.

6 |Mechanical loads

6.1/ General

The transportable cryogenic vessel shall resist the mechanical loads without suffering deformation
which could affect safety and which could lead to leakage. This requirement can be validatedl by:

— |calculation (10.2.1);
— |experimental method (10.4);
— |calculation and experimental method (10.1.3).

Thg mechanical loads to be considered are given in&2and 6.3.

6.2 Load during the pressure test
Theload exerted during the pressure test isgiven by:

p: 21,3(ps +1) inbar or [pt >13#(p; +0,1)in MPa]

whegre

pt  is the test pressupé, in bar;
ps is the maximum permissible pressure (= relief device set pressure), bar (+0,1 MPa);

+1 is themallowance for external vacuum.

6.3| Other mechanical loads

6.3.+—Thefoltowingtoadsshattbeconsidered-toactimrcombinationrwhereretevant:
a) apressure equal to the maximum permissible pressure in the inner vessel and pipework;

b) the pressure exerted by the liquid when the vessel is filled to capacity;

c) loads produced by the thermal movement of the inner vessel, outer jacket and interspace piping;
d) loadsimposed in lifting and handling fixtures (at the vessel);

e) full vacuum in the outer jacket;

f) apressure in the outer jacket equal to the set pressure of the relief device protecting the outer jacket;

© ISO 2018 - All rights reserved 7
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g)

load due to dynamic effects, when the vessel is filled to capacity, giving consideration to:

1) the inner vessel support system including attachments to the inner vessel and outer jacket;

2) the interspace and external piping;

3) the outer jacket supports and, where applicable, the supporting frame.

6.3.2 Dynamic loads during normal operation, equal to twice the mass of the inner vessel when filled
to the capacity shown on the data plate exerted by the inner vessel both horizontally and vertically, shall
be considered.

6.3.3 Ift
of the cent
its base, th

7 Cheni

Due to theij
the inner s

Also, due t
of the inn
inspection

Corrosion
the vacuun

8 Theri
The follow
a)
b)

for the
for the
1) ar
2) af

9 Mate

9.1 Gen

he vessel has a volume of more than 100 1 or a gross mass of more than 150 kg or if the'he
Fe of gravity of the fully loaded vessel is less than twice the smallest horizontal dimensio
e vertically upwards acting reference load may be reduced to equal the gross mass:

ical effects

irfaces in contact with the cryogenic fluids can be neglected.

b the fact that the inner vessel is inside an evacuated outerjacket, neither external corro
br vessel, nor corrosion on the inner surfaces of thecouter jacket will occur. There
openings are not required in the inner vessel or the outer'jacket.

hllowance is also not required on surfaces in contact with the operating fluid or expose
1 interspace between the inner vessel and the outer jacket.

mal conditions

ng thermal conditions shall be takeninto account:

inner vessel and its associated equipment the full range of temperature expected;
outer jacket and equipmentithereof [other than equipment covered by a)]:

hinimum working temperature of -20 °C;

haximum working-temperature of 50 °C.

rial

bral

ariale nead +o oo fo st th b ot~y aganicvunccale tha Folloain g raoaiien

ight
h at

r temperatures and the materials of construction used, the possibility of chemical action on

bion
fore

1 to

For the ma
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shall be met.

9.2 Material properties

nts

9.2.1 All materials that will, or might, be in contact with cryogenic fluids shall be in accordance with the
relevant standards for compatibility for the specific cryogenic fluid(s) that they might be in contact with.

Particular consideration shall be given to material compatibility with cryogenic fluids that are either

flammable

or oxidants.

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=ec3677fe4fb7b517d8a58a96c5734ac9

1SO 21029-1:2018(E)

Material compatibility and cleanliness requirements for vessels intended for service in oxygen or
other oxidising liquids are described in ISO 21010 and ISO 23208 (or in equivalent standard such as
EN 12300).

For liquid hydrogen vessels, consideration shall be given to the possible presence of oxygen enriched air
due to condensation on uninsulated cold parts. See also ISO 21010.

9.2.2 Materials used at low temperatures shall follow the toughness requirements of the relevant
standard. For temperatures below -80 °C, see ISO 21028-1. For non-metallic materials low temperature
suitability shall be demonstrated by providing sufficient test data.

9.213 The base materials, listed in Annex A, subject to meeting the extra requirements‘given in the
mailn body of this document, are suitable for and may be used in the manufacture of the-cryogé¢nic vessels
conforming to this document.

9.3| Inspection certificate
9.3]1 The material shall be declared by an inspection certificate 3.1 in.accordance with ISO [10474.

9.3)2 The material manufactured to a recognized International Standard shall meet the testing
reqpirements of ISO 21028-1 and ISO 21028-2 and shall be certified by inspection certificate 3.1 in
accprdance with ISO 10474.

9.3]3 The delivery of material which is not manufacturéd to a recognized standard shall be certified
by Inspection certificate 3.1 in accordance with [SO~10474 confirming that the material fulfils the
reqpirements listed in 9.2. The material manufacturer shall follow a recognized standard for|processing
and|establishing the guaranteed material properties.

9.4/ Materials for outer jackets and equipment

The outer jacket and the equipment not subjected to cryogenic temperature shall be maphufactured
from material suitable for the intended service.

10|Design
10.1 Design options

10.1.1 General

The desigfishall be carried out in accordance with one of the options given in 10.1.2 or 10.1.8.

NOTE For design validation as part of type approvals see Annex G.

10.1.2 Design by calculation

This option requires calculation of all pressure and load-bearing components. The pressure part
thicknesses of the inner vessel and outer jacket shall be not less than the requirements given in 10.3.
Additional calculations are required to ensure the design is satisfactory for the operating conditions
including an allowance for dynamic loads.

Fatigue life calculation shall be conducted according to EN 13445-3, ASME VIII-2 or equivalent
standards/codes, if the pressure loading is exceeding the limit of predominantly non-cyclic nature
defined by the applied standard/code.

The fatigue life calculation shall be conducted for unlimited lifetime.

© ISO 2018 - All rights reserved 9
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Alternatively, the fatigue life of the vessel may be specified. The user of the vessel shall estimate the
operational fatigue load regime during the expected lifetime. Then the designer can take into account
the operational load regime in the fatigue life calculation.

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.

For cyclic loaded vessels, the absence of surface imperfections and the necessity of smooth transitions

are essenti

al. Only smooth transitions are allowed.

Similarly, shape imperfections such as peaking are absolutely critical and the maximum permissible

peaking of
exceeded.

10.1.3 De

This optio
minimum
validated H

The pressy

ifnod

for ves

the applied standard/code, or the value permitted 1n the ratigue analysis, shall no

sign by calculation and supplemented with experimental methods

h requires validation of the pressure-retaining capacity by calculation. except that
vall thickness requirements of Tables 2 and 3 do not apply. Structurahintegrity shal
y experiment as described in 10.4.

re-retaining capacity may be validated by experimental methods:
bsign formulae are available for shape or material, or

sels with a (p/V) lower than 1 000 bar/1 (100 MPa/1).

Table 2 — Inner vessel minimum/wall thickness

be

the
be

Inner vessel diameter, D Minimum wall thickness s, for reference steelp
(mm) (mm)
D <400 1
400<D<1800 0,5+
1200

a  Referen

thickness ug

Ce steel material is material haying a product Ry x As of 10 000. For other steels calculate the minin
ing the following formula:

LU m

L
3IR| X As
where
Ry is the ultimate terisile strength, in newtons per square millimetre;
As  is the elongation at fracture, in per cent.
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Table 3 — Outer jacket minimum wall thickness

Outer vessel diameter, D Minimum wall thickness s, for reference steela
(mm) (mm)
D <1800 0,5+
1200

a

Reference steel material is material having a product Ry, x As of 10 000. For other steels calculate the minimum
thickness using the following formula:

214 s,

wh

5 =

3R, x Ag

Ry is the ultimate tensile strength, in newtons per square millimetre;

re

As isthe elongation at fracture, in per cent.

10.

10.

Thd
opt

or, in the event of any change relative-to:

2 Common design requirements

.1 General

requirements of 10.2.2 to 10.2.6 are applicable to all vessels irrespective of the design
on used. In the event of an increase in at least one of the-following parameters:

maximum permissible pressure;
specific mass (density) of the densest gas forWwhich the vessel is designed;
maximum tare weight of the inner vessel;

nominal length and/or diameter of the inner shell;

the type of material or grade’(e.g. stainless steel to aluminium or change of stainless ste
the fundamental shape;
the decrease in the-minimum mechanical properties of the material being used;

the modification of the design of an assembly method concerning any part under stress, g
as far as the-support systems between the inner vessel and the outer jacket or the inner ¥
or the protective frame, if any, are concerned;

thé.nitial design programme shall be repeated to take account of these modifications.

validation

bls grades);

articularly
ressel itself

In addition, If any changes alfect the handling method or the stacking condition, the appropriate tests
(complying respectively with 10.4.4.2 and 10.4.4.3) or the relevant calculations, shall be repeated to
take account of these changes.

10.2.2 Design specification

To enable the design to be prepared, the following information, which defines a vessel type, shall be
available:

maximum permissible pressure;
fluids to be used;

liquid capacity;

© ISO 2018 - All rights reserved
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e of the inner vessel;

— method of handling and securing;

— stacking arrangement;

— range

of ambient temperatures.

A design document in the form of drawings with written text, if any, shall be prepared. It shall contain

the inform

— drawi

— specifi
— applicable material test certificates;

— locatig

— calculdtions to verify compliance with this document;
— design|test programme;
— non-dgstructive testing requirements;

— pressure test requirements;

— piping
access

— detaild of lifting points and lifting procedure:

10.2.3 Design loads

10.2.3.1 1

10.2.3.1.1

a) Desigr] pressure, p givémin Formula (1);

p=ps4p+1baror (p:pS +p) +0,1MPa)

where
and sul

ation given above plus, where applicable, the following:

ngs with dimensions and thicknesses of load-bearing components;

configuration including type, size and locatign of all valves and relief devices and of
bries if applicable;

hner vessel

The following loads shall be considered to act in combination where relevant.

p1 is the pressure, in bars, exerted by the liquid contents when the vessel is filled to capa

cation of all load-bearing materials including grade, class, temper, testing etc., as relevanit;

ent;

n and details of welds and other joints, welding and other joining pro€edures, filler, joining
materials etc., as relevant;

her

(0

Ccity

F]’ect to dynamic loading;

b) loadsimposed on the inner vessel due to the mass of the inner vessel and its contents when subject
to dynamic loading;

c) load imposed by the piping due to the differential thermal movement of the inner vessel, the piping
and the outer jacket;

The following cases shall be considered:

1) co

oldown (inner vessel warm - piping cold);

2) filling and withdrawal (inner vessel cold - piping cold);

12
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3) transhipment and storage (inner vessel cold - piping warm);

d) load imposed on the inner vessel at its support points when cooling from ambient to operating
temperature and during operation.

10.2.3.1.2 The design shall be evaluated for the following condition.
Pressure test: the following value, defined with Formula (2) shall be used for validation purposes:
pt21,3(ps + 1) bar or [pr = 1,3(ps + 0,1) MPa] (2)

wheére ps is the maximum permissible pressure.

The 1 bar (or 0,1 MPa) is added to allow for the external vacuum. The primary membrane stjress at test
pregsure shall not exceed the value prescribed in the relevant regulation and in no case shdll it exceed
the|yield stress of the material.

For|cryogenic vessels with a capacity above 450 |, the minimum test pressure shall be 3 bar (qr 0,3 MPa).
Thip requirement does not apply to heating or cooling systems and relateéd service equipment.

10.2.3.2 Outer jacket

The following loads shall be considered to act in combination where relevant:

a) |an external pressure of 1 bar (or 0,1 MPa);

b) [an internal pressure equal to the set pressure of the outer jacket pressure relief device;

c) |load imposed by the inner vessel and its contents at the support points in the outer jacket when
subject to dynamic load;

d) |load imposed by piping as defined in 18:2.3.1.1 c);

e) |load imposed at the inner vesselsupport points in the outer jacket when the inner vesselcools from
ambient to operating temperature and during operation;

f) |reactions at the outer jacket support points due to the mass of the transportable cryogenic vessel
and its contents when filled to capacity and subject to dynamic load (see 10.3.8).

10.2.3.3 Inner vessel'supports

The inner vesseb supports shall be suitable for the load defined in 10.2.3.1.1 c¢) plus lopds due to
differential thérmal movements.

10.2.3.4Outer jacket supports

The onter jacket supports shall be suitable for the load defined in 10.2.3.2 f)

10.2.3.5 Lifting points

Lifting points shall be suitable for lifting the transportable cryogenic vessel when filled to capacity and
subject to vertical dynamic load, when lifted in accordance with the specified procedure (see 10.3.8).

10.2.3.6 Frame
Where a frame is part of the transportable cryogenic vessel it shall be suitable for the static and

dynamic loads imposed during storage, lifting and transport. This shall include loads due to stacking
vessels where applicable (see 10.3.8).

© ISO 2018 - All rights reserved 13
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10.2.3.7 Protective guards

Guards fitted for the protection of fittings and external pipework shall be designed to withstand a load
equal to the mass of the transportable cryogenic vessel filled to capacity applied in the horizontal or
vertical direction.

The load shall be equal to twice the total mass if any of the following conditions is met:
— capacity less than 100 I;

— total mass less than 150 kg;

— the hejght of the centre of gravity of the transportable cryogenic vessel, when filled to capagity,
including any framework elements, is more than twice the smaller horizontal dimension ofiits bpse.

10.2.3.8 HRiping and valves

Piping including valves, fittings and supports shall be designed for the following’loads. With|the
exception ¢f a) the loads shall be considered to act in combination where relevant:

a) pressure test: not less than the permissible working pressure ps plus 1.bar (or 0,1 MPa) for piping
that isfinside the vacuum jacket;

b) pressure during operation: not less than the set pressure of the system pressure relief device;
c) thermalloads defined in 10.2.3.1.1 c);

d) dynanicloads;

e) set prdssure of thermal relief devices where applicable;

f) loads generated during pressure relief discharge:

10.2.4 Ingpection openings

Inspection|openings are not required in the'inner vessel or the outer jacket.

NOTE 1 Tue to the combination of aterials of construction and operating fluids, internal corropion
cannot occyr.

NOTE 2  The inner vessel is inSide’the evacuated outer jacket and hence external corrosion of the inner vdssel
cannot occur.

NOTE3  The eliminatién-ef inspection openings also assists in maintaining the integrity of the vacuum ir] the
interspace.

10.2.5 Pressurerelief

10.2.5.1 General

Relief devices for inner vessels shall be in accordance with ISO 21013-1 and ISO 21013-2 as appropriate,
with the exception that, for flammable gases, non-reclosable pressure-relief devices shall not be used.

Relief devices for inner vessels shall be sized in accordance with ISO 21013-3, taking into consideration
the conditions stipulated in 10.2.5.2 and 10.2.5.3.

In sizing pressure relief devices the calculations shall take into account the back pressure developed by
equipment that may be installed downstream of the outlet of the relief device, such as venting systems,
and, in the case of flammable gas relief devices, flame arrestors.

Relief devices for outer jackets shall be in accordance with Annex B.
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Systems shall be designed to meet the requirements given in 10.2.5.2 and 10.2.5.3.

10.2.5.2 Inner vessel

The inner vessel shall be provided with at least two pressure relief devices to protect the vessel against
excess pressure due to the following:

a) normal heat leak. Insulation performance evaluated as described in ISO 21014 shall be sufficient to

b)

satisfy the holding time requirement;

heat leak with loss of vacuum;

c)

Exc
con

An
sha

Sh
ad
all 4

The
valy

Al
con,

—_—

10.
Ap

failure in the open position of a pressure build-up system.

pss pressure means a pressure in excess of 110 % of the maximum permissible pi
dition a) and in excess of the test pressure for condition b) or c).

exception is made for vessels of less than 450 1 capacity where at least,one pressure r
1 be provided.

-off valves or the equivalent may be installed upstream of pressure relief devices, prd
itional devices and interlocks are fitted to ensure that the vessel has sufficient relief
imes.

pressure relief system shall be sized so that the pressure’dfop during discharge does nd
e to reseat instantly.

pressure relief devices that can release flammable cryogenic fluid to the atmosphe
hected to a venting system that discharges the centents safely.

2.5.3 Outer jacket

essure relief device shall be fitted tolthe outer jacket. The device shall be set to open at

of njot more than 1,7 bar (or 0,17 MPaj:Fhe discharge area of the pressure relief device shall

tha

For

n 0,171 mm2/1 capacity of the inher vessel but not less than 6 mm in diameter.

calculating the resistance-f'the inner vessel and the outer vessel to the pressure, the

actwal set values shall be considered.

10.

Any
valy

10.

p.5.4 Piping

section of pipework containing cryogenic fluid that can be trapped shall be protected
re or other suiitable relief device.

P.6 Piping, valves and equipment

essure for

blief device

vided that
Capacity at

t cause the

e shall be

a pressure
be not less

maximum

by a relief

10.

which the vessel may be used. Particular consideration shal

| be

be used with cryogenic fluids that are flammables or oxidants.

arith : ogeniclfluid(s) for
given to the suitability of com

ponents to

10.2.6.2 Because of the risk of fire and explosion with vessels used for flammable cryogenic fluids, the
design of the piping shall provide for:

a)
b)

c)

upward venting;

leak-tightness;

the vessel and piping to be purged with a non-flammable/non-oxidizing gas when required for the

safe operation and maintenance of the vessel.

© ISO 2018 - All rights reserved
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All lines that can release flammable cryogenic fluid to the atmosphere, such as filling lines and vent
lines, shall be connected to a venting system that discharges the contents safely. Lines to atmosphere
that are only used occasionally, such as purge lines used in relation to maintenance activities, need only
be connected to the venting system when in use but shall have double isolation, in accordance with

10.2.6.3, at

all other times.

10.2.6.3 Valves shall be conform to ISO 21011 and to ISO 4126-1.

For safety critical valves on vessels for flammable gas, depending of the material used (body, seals),
consideration should be given to the use of valves certified as fire-safe in accordance with a standard

07 1O 10407

such as AP

On vessels
atmospher

exception ¢f relief devices which shall not have two means of isolation.

The main 1
in an emer
and atmos

The seconglary means of isolation may be an isolation valve, a non-retugn'valve, a cap or a plug

appropriat
non-returr

10.2.7 De

The degre
flammable
at which th
would reag
be 100 %

degree of f

All vessels
against ove

10.3 Desi

10.3.1 Ge

When desi
vessel and

10.3.2 Innerwvessel

UVU7/7 Ul 10U 1UTJ/7.

that are to be used for flammable cryogenic fluids, all lines that can be open, to
e, such as filling lines and vent lines, shall be provided with two means of isolation, with

heans of isolation shall be an isolation valve, located close to the vessel and\easily accesg
gency. The secondary means of isolation shall be placed between the'main isolation v
bhere.

e, with the exception of the secondary isolation for the liquid fill line which shall be eith|
valve or a fail-closed automatic shut-off valve.

gree of filling

b of filling of large transportable vacuum-insulatéd vessels intended for the carriag
gases shall remain below the level at which, if the contents were raised to the temperat
e vapour pressure equalled the opening pressure of the safety valve, the volume of the lid
h 98 % of the vessel’s net volume at thattemperature. The degree of filling for helium 1
bf net volume. Pre-trip inspection shalllensure that the above limits are not exceeded.
lling shall be calculated or determined or put on the tank plate.

to be used for flammable cryogernic fluids shall be equipped with safety devices to pro
rfilling (level limiters).

gn by calculation

neral

bn validationds-by calculation in accordance with 10.1.2 or 10.1.3 the dimensions of the ir
outer jacket’shall be not less than that determined in accordance with this sub-clause.

the
the

ible
hlve

, as
er a

b of
ure
(uid
may
The

kect

ner

10.3.2.1 Wall thickness

The information given in 10.3.2.2 to 10.3.2.6, in conjunction with the calculation formulae of 10.3.7,
shall be used to determine the pressure part thicknesses.

The actual

wall thickness shall be not less than as shown in Table 3 unless either:

a) the design has been validated by experiment, or

b) astress analysis has been carried out, and assessed in accordance with Annex C.

10.3.2.2 Design pressure, p

The internal design pressure p shall be as defined in 10.2.3.1.

16
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minimum design pressure shall be 2,31 bar (or 0,231 MPa).

The inner vessel shall be designed for a minimum external pressure equal to the set pressure of the
outer jacket pressure relief device.

10.3.2.3 Material property, K290

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

for austenitic stainless steel, 1 % proof strength;

Ks
stai
isa

Hig

For
the
res

Ifa

10.
Thd

ror aluminium and aluminium alloys, 0,2 % prooft strength.

all be the minimum value at 20 °C as taken from the material standard. In the case o
less steels the specified minimum value may be exceeded by up to 15 % provided tthis h
tested in the inspection certificate.

her values of K may be used provided that the following conditions are met:

accepting the order;

the increased properties shall be verified by testing each rolled plate or coil of the ma
delivered;

the increased properties shall be attested in the inspection certificate;
the welding procedures shall be suitably qualified;

austenitic steel higher stress values due to watk-hardening may be considered in the de
r presence in the component has been provéd, the material (including welding seam) ha
dual elongation of rupture and still sufficient impact energy as minimum required.

lowed by the applicable authorities ivhere the vessel is to be operated.

B.2.4 Safety factors S, Sp and Sk

safety factors to be used(@ne as follows:

internal pressure (préssure on the concave surface): S =1,33;
external pressufe (pressure on the convex surface):

— cylindrieal shells, Sp = 1,4, Sk = 2,6;

— spherical region, Sp = 2,1, Sk see applicable method in Annex D;

—"“Knuckle region, S, = 1,6.

F austenitic
gher value

the material manufacturer shall guarantee compliance with this higher value, in writing, when

ferial to be

bign only, if
5 sufficient

10.3.2.5 Weld joint factors, v

For

For

internal pressure (pressure on the concave surface), v= 0,85 or 1,0 (see Clause 12).

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

10.3.2.6 Corrosion allowances, ¢

c=0

NOTE

© ISO 2018 - All rights reserved
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10.3.3 Outer jacket

10.3.3.1 General

The following, in conjunction with the calculation formulae of 10.3.7, shall be used to determine the
pressure part thicknesses.

The actual wall thickness shall be not less than as shown in Table 3 unless either

a) the design has been validated by experiment, or

b) astreds analysis has been carried out and assessed in accordance with Annex C.

10.3.3.2 Design pressure, p
The interngl design pressure, p, shall be equal to the set pressure of the outer jacket pressiive relief deyice.

The externfal design pressure shall be 1 bar (or 0,1 MPa).

10.3.3.3 Material property, K29
The materfal property K to be used in the calculations shall be as follows:

— for augtenitic stainless steel, aluminium and aluminium alloys, material property values shall be as
definefl in 10.3.2.3;

— for carpon steel, K = yield strength.

NOTE Upper yield strength can be used.

10.3.3.4 Safety factors S, Sp and Sk
The safety[factors to be used are as follows:
— internal pressure (pressure on the coneave surface): S = 1,1;
— externjl pressure (pressure on the.convex surface):
— cylindrical shells, Sp = 1, Sk = 2,0;
— s;jwerical region, Sy-=16, Sk = 2,0 + 0,001 4 R/s;

— knjuckle region; 5= 1,2.

10.3.3.5 BRlastic.deformation

Resistance|te plastic deformation is determined by using Annex C with the appropriate safety factdr Sp
defined in L0232 4 and 1033 4

10.3.3.6 Weld joint factor, v
For internal pressure (pressure on the concave surface), v=_0,7.

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

10.3.3.7 Corrosion allowance, ¢
For austenitic stainless steel, ¢ = 0.

For aluminium and aluminium alloys, ¢ = 0.
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For carbon steel, c = 1,0 mm.

¢ may be reduced to zero if the external surface is adequately protected against corrosion.

10.3.4 Supports, lifting points and frame

The supports and frame shall be designed for the loads defined in 10.2.3, using established structural
design methods and safety factors.

When designing the inner vessel support system the temperature and corresponding mechanical
properties to be used may be those of the component in question when the inner vessel is filled to
cappcity with cryogenic fluid.

10.8.5 Protective guards

Extprnal fittings shall be protected by a guard designed for the loads specified in 10.2.3.7. The
reqpirements are satisfied if the fittings to be protected are either:

— |within a guard which is permanently attached to the transportable exyogenic vessel, or

— |located within the outline of the transportable cryogenic vessel, e.g. within an end whidh is domed
inwards.

10.8.6 Piping

Piping shall be designed for the loads defined in 10.2.38\sing established piping design mgthods and
safgty factors.

10.8.7 Calculation formulae

10.8.7.1 Cylindrical shells and spheres subject to internal pressure (pressure on the cgncave
surface) (In case of using pressure unif in MPa, conversion shall be considered)

10.8.7.1.1 Field of application

Cylindrical shells and sphereswhere D,/D; < 1,2.

10.8.7.1.2 Openings

For|reinforcement.of openings see 10.3.7.7.

10.8.7.1.3 .€alculation

The required minimum wall thickness, s, is

£, 1. o 1 1 1l I 1 L0
- TUT CYIHIIUTICAD SIITILS, d5 PTLH TUT TITUIA [ O ].

D
20( %20 |,
S
— for spherical shells, as per Formula (4):
D

K70
40 | =20 |4
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10.3.7.2 Cylindrical shells subject to external pressure (pressure on the convex surface)

10.3.7.2.1 Field of application
Cylindrical shells where D,;/Dj < 1,2

10.3.7.2.2 Openings

Inner vessel openings shall be calculated in accordance with 10.3.7.7 using the external pressure as an
internal pressure.

10.3.7.2.3| Calculation

Annex D gifves two alternative calculation methods. Both methods give comparable results.and shall be
equally acdeptable.

10.3.7.2.4| Stiffening rings

In addition|to the ends, effective reinforcing elements may be regarded as including the types of elenpent
illustrated|in Figures 1 and 2.

80,
-
|
S
[
L

m
Q 0
ASS

Figure 2 — Sectional material stiffeners

The stiffening rings welded to the shell shall satisfy the conditions in Formulae (5) and (6).

0,124 pp3
I>—=/D_(s—c 5
0F als—c) (5)

0,75pD,
A> D_(s—c 6
0K als—c) (6)

The moment of inertia I is relative to the neutral axis of the reinforcing elements cross-section parallel
to the shell axis (see axis x - x in Figures 1 and 2). Narrow and high reinforcing elements of the kind
shown in Figure 1 may undergo severe buckling. Where the height of the element is greater than eight
times its width, a more accurate calculation shall be made.
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Where stiffening rings are joined to the shell by means of intermittent welds, the fillet welds at each
side shall cover at least one third of the shell circumference and the number of weld discontinuities
shall be at least 2n. The number of buckling lobes, n, is obtained as indicated in D.3.1.2.5.

10.3.7.3 Spheres subject to external pressure (pressure on the convex surface)

Spherical shells subject to external pressure shall be evaluated in accordance with 10.3.7.4.4.

10.3.7.4 Dished ends subject to internal or external pressure

S I 4 ph
eerIgures 5, F anta J-

D,

Figure 3 — Dished'ends

\ (777
<
NS
_r
n <
o0,

Figure 4 — Unpierced dished end

¢>d'\

+
|

?
h,

Figure 5 — Dished end with nozzle

© ISO 2018 - All rights reserved 21


https://standardsiso.com/api/?name=ec3677fe4fb7b517d8a58a96c5734ac9

IS0 21029-1:2018(E)

10.3.7.4.1 Field of application

The following dish ends may be utilized:

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

b) 10 % torispherical ends where R = 0,8 D; and r = 0,1 Dy;

c) 2:1torispherical ends where R = 0,8 D, and r = 0,154 Dy;

NOTE

In the case of torispherical ends 0,002 < (s - ¢)/D, < 0,1.

d) 2:1 ellilptical ends where R=0,9 D, and r= 0,170 Dg;

NOTE

In the case of elliptical ends 0,002 < (s - ¢)/D; < 0,1.

e) other torispherical head shapes may be used provided suitable calculations are~carried ouft in
accordance with 10.3.8.

10.3.7.4.2 ]| Straight flange

The straight flange length hq (see Figures 4 and 5) shall be not less than:

— for 10 P torispherical ends, 3,5 s;

— for 2:1|torispherical ends, 3,0 s;

— for 2:1lelliptical ends, 3,0 s.

The straight flange may be shorter provided that in théccase of inner vessels the circumferer
joint betw¢en the dished end and the cylinder is non-destructively tested as required for a weld j
factor of 1)0.

10.3.7.4.3 | Internal pressure calculation (pressure on concave surface)

10.3.7.4.3J1 Crown and hemisphere thickness

tial
bint

The wall thickness of the crown region of dished ends and of hemispherical ends shall be determined
using 10.3.)/.1.3 for spherical shellswith D, = 2(R + s).

Openings yithin the crown.atea of 0,6 D, of torispherical ends and in hemispherical ends shal
reinforced|in accordance with 10.3.7.7. When pad type reinforcement is used, the edge of the pad s
not extend|beyond the avea of 0,8 D, for 10 % torispherical ends or 0,7 D, for 2:1 torispherical ends,

10.3.7.4.3)2 Torispherical end knuckle thickness and hemispherical end to shell junction

be
hall

thickness
The requiredthickness of the knuckle region and hemispherical end junction shall be as per Formulal(7).
D
Szek—l’ﬁw (7)
40 | =20 |y
S

B is taken from Figure 6 a) for 10 % torispherical ends and from Figure 6 b) for 2:1 torispherical ends as
a function of (s — ¢)/D,. Iteration is necessary. D, is the diameter of the end as shown in Figures 4 and 5.

22
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0,25 503 e 0.4 T 0.5 Hh
8 K020

Al

K i‘OL,1‘5 d;/Da ~

.

y

6 KO ~

0,001 0,005 0,01 0,05 0,1
(set ¢)/Do

a) 10 % torispherical dished ends

V=)

11111
g

0,15

0001 0,005 0,01 0,05 0,1
(se— ¢)/Daq

b) 2:1 torispherical dished ends

Figure 6 — Design factors for torispherical dished ends

When there are openings outside the area 0,6 D, the required thickness is found from Figure 6 a) and b)
using the appropriate curve for the relevant value of dj/D,.

The lower curves of Figure 6 a) and b) apply when there are no openings outside the area 0,6 D,.
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If the ligament on the connecting line between adjacent openings is not entirely within the 0,6 D, region,
the ligament shall be not less than half the sum of the opening diameters.

For hemispherical ends a 8 value of 1,1 shall be applied within the distance x=0,5, /R(s—c)x from the
tangent line joining the end to the cylinder, regardless of the ratio, (s — ¢)/D,, where x=0,5, /R(s—c) .

10.3.7.4.3.3 Elliptical end crown and knuckle thickness

The required thickness of the crown and knuckle region shall be:

pxD

i

S=

K
205 —2% xv—0,2p
S
10.3.7.4.4 | External pressure calculations (pressure on the convex surface)

See Annex|D.

10.3.7.5 (ones subject to internal or external pressure

10.3.7.5.1| Symbols and units

For the puiposes of 10.3.7.5, the following symbols apply in addition¢to those given in Clause 4.

A hirea of reinforcing ring, in square millimetres

Da1 butside diameter of connected cylinder (Figure\7 and Figure 9), in millimetres

Da2 putside diameter at effective stiffening (Figure 9), in millimetres

Dy lesign diameter (Figure 7), in millimétres

Dg thell diameter at nozzle (Figure 8)) in millimetres

I moment of inertia about theaxis parallel to the shell, in millimetres

l fone length between effective stiffenings (Figure 9), in millimetres

Sg ‘equired wall thickness outside the corner area, in millimetres

S| ‘equired wallthiickness within the corner area, in millimetres

Xi characteristic lengths (i = 1,2,3) to define corner area (Figure 7, Figure 8 and 10.3.7.5.5), in
nillimetres

10 fone angle, in degrees
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=
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N
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Corner joint
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)

With knuckle

a) Convergent:conical shells

DD 4

N

8D,

b) Divergent conical shells

Figure 7 — Geometry of conical shells
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Higure 8 — Geometrical quantities in the case of loading by external pressure

|
S |

|

S |

00, |

4 |

: |

|

% |
\‘l) !
s ¢Daz |

|

- / |

7 |

|

|

|

i

Figure 9 — Geometry of a cone opening

10.3.7.5.2 Field of application
Cones according to Figure 7 where 0,002 < (sg - ¢)/Da1 < 0,01 and 0,002 < (s] - ¢)/Da1 < 0,01.

For external pressure ¢ < 70°. Small ends with a knuckle can be safely assessed and verified as a small
end with a corner joint.

10.3.7.5.3 Openings

Openings outside of the corner area (Figure 9) shall be designed as follows.
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If ¢ < 70°, design according to 10.3.7.7 using an equivalent cylinder diameter according to Formula (8).

If @

D - Dy +d; sin @

10.

Thd
long

Thd

10.

(8)
cos @
> 70°, design according to 10.3.7.6.
10.3.7.5.4 Non-destructive testing
All corner joints shall be subject to the examination required for a weld joint factor of 1,0.
B.7.5.5 Corner area
corner area is that part of the cone where the dominant stresses are bending’stregses in the
pitudinal direction.
corner area is defined in Figure 7 a) and b) by x1, x2, x3 calculated from Eormulae (9), (1) and (11).
X1 =4Dy, (51-¢) 9)
D, (s;-c)
X2 =07, /L (10)
cosQ
X3=05%, (11
B.7.5.6 Internal pressure calculation (¢ < 70° pressure on concave surface)
Within corner area
The required wall thickness, s1, within the corner area as calculated from Figure 10 a) tp g) for the
large end (convergent cones) and\EFigure 10 h) for the small end (divergent cones) of acone using
the following variables:
S
0, 1§K and shall-be’/not less than the required wall thickness, Sg, outside the corper area as
% ‘11
calculated in Fornmula (12). For a corner joint use the curve for r/Da1 = 0. For intermgdiate cone
angles, ¢, use linear interpolation. For intermediate values of r/D,1 the relevant inferpolation
equation statéd)in Figure 10 a) to h) shall be used.
The wall-thickness, s}, in the corner area shall not be less than the required thickness,|sg, outside
the cornef area as calculated in Formula (12).
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A11=+0,817 613 650 2
A21=+1,038 186 188 2
A31=+0,062 215821 0
Ay1 =+0,009 692 963 5
A12=+0,059 719 513 5 0,2
A2 =-0,241 2593780
A3 =-0,188 064 259 0
A4 =-0,032 453 6587
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pS/15KY
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0,009
0,008
0,007
0,006

0,005

X=In [(51 —c)/ Dy, ] 0.004
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Y=r/D,
4 2 0,002

2= A4;-x"t -y
i=1i=1
pS _,z 0,001

15kv 0,000 8
0,000:Z
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0J003
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a) Convergent cones with an opening angle ¢ = 10°
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A11=-0,143 080 313 5
Az1=+0,138 182 416 5
A31=-0,176 590 600 5
A41=-0,006 502 602 5
A12=-0,446 269 297 7
Az2=-0,832800 6417
A3z =-0,148 603 365 7
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b) Convergent cones with an opening angle ¢ = 20°
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A11=+0,350 036 583 5
Ap1=-0,244 082 237 4
Asz1=-0,324 659 567 3
A41=-0,019 053 507 2
A12=-0,616 128 775 5 02 7
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c) Convergent cones with an opening angle ¢ = 30°
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Aq1 = +0,857 590 246 6
Az1 = +0,537 848 196 4
A31=-0,198 665 329 8
As41=-0,012 2237427
Ar2 =-0,819 824 767 4 02 ,7//
A2z =-0,451513 151 1 / /
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d) Convergent cones with an opening angle ¢ = 40°
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A11=+0,278 991 786 0
A1 =+0,837 707 794 9
A31=-0,165 668 843 2
A41=-0,011893 413 6
A12=-0,020 628 753 0
A2 =-0,563 764 480 4 7
A3 =-0,571145072 1 8: .
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e) Convergent cones with an opening angle ¢ = 50°
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Aq1 = +0,869 439 644 0
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f) Convergent cones with an opening angle ¢ = 60°
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g) Convergent cones with an opening angle ¢ = 70°
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h) Divergent cones with an opening angle ¢ from 10° to 70°

Figure 10 — Permissible value for convergent and divergent
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b) Outside corner area

The required wall thickness, sg, outside the corner area is calculated from:

D 1
Sg = Ié{ d +c (12)
20—v-p cos ¢
S

where

— for the large end, Dx = Da1 — 2[s1 + r(1 - cos ¢) + x2 sin ¢];

— for|the small end, D is the maximum diameter of the cone, where the wall thickness is sg.
10.3.7.5.7 | Internal pressure calculation ¢ > 70° (pressure on the concave surface)
If r= 0,01 D51, the required wall thickness is as per Formula (13).

= :O,B(D - )xﬂ L4 13
$]1=Sg ap " 90 x e )
10—v
S

10.3.7.5.8| External pressure calculation (pressure on the convex surface)
Stability apainst elastic buckling and plastic deformation shall be/verified using 10.3.7.2 and an
equivalent|cylinder.
For the expmple shown in Figure 8 the equivalent cylinder,diameter between the knuckle and|the

stiffener is

as per Formula (14).

O, + Dy
Dy =—f1—2 14)
2 cos @
and the eqpivalent cylinder length is as per Fokmula (15).
Daf =Dy
=217 15)
2pin @
Depending|on the relevant boundary conditions the equivalent length between two effective stiffepping

sections sh
When ¢ 2

For small 4

all be reliably estinfated within the meaning of 10.3.7.2.
|0° the corneryarea of a large end may be considered as effective stiffening.

nds the thickness in the corner area shall not be less than x2,5 the required thickness of]

the

conical shqll withzthe same angle ¢ or a stiffener shall be fitted with the properties as per Formtilae
(16) and (1f7).
4
p(Da, )
[2————tang (16)
K
960| —
p(Da, )*
tang 17

80

36

Eq

K

|

k
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where

Sk is the safety factor to prevent elastic buckling, taken from 10.3.2.4 or 10.3.3.4;

D,1 is the diameter in accordance with Figure 7 b).

The shell over a width of 0,5 /D, xs; may be used to calculate the moment of inertia and the area.

In addition the corner joint should not be regarded as a classical boundary condition, i.e. the overall
length should be formed from the individual meridional length of the cone and cylinder.

In 4
or ]
intq
10.

10.

Welded or solid flat ends where:

and

10.

Op¢d
in H

10.
The

whg

The

ddition, the cone shall be verified using 10.3.7.5.6 above and the safety factors, S, frd
0.3.3.4 increased by 20 %. For thicknesses in the corner area, v shall be the value apj
rnal pressure.

B.7.6 Flat ends

B.7.6.1 Field of application

s—c 24/0,0087p and (s—c¢) < 1
D E D 3

Poisson's ratio is approximately 0,3.

8.7.6.2 Openings

nings are calculated in accordance with 10.3%7.6.3 but with the C factor multiplied by Ca.
igure 11.

B.7.6.3 Calculation

m 10.3.2.4
blicable for

Ca is given

(18)

required minimum wall thickhess of a circular flat end is given by Formula (18).
s = cpy |25
K
re C and D1 are taken from Figure 12.
required minimum wall thickness of a rectangular or elliptical flat end is given by Formula (19).
0,1pS
s =.CC6 —_—

(19)

where Cg is taken from Figure 13.
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A | N
¥ Z % ¢
’ \\
| \
0" Ny — J bl
oD, 0,
0,6
0 0,1 0,2 0,3 0,4 05 0,6 0,7 0,8
Key
X ratio ¢f; /Dj or d; /f
Y opening factor Cp
Type A Type B
d = iside diameter of opening d = inside diameter of opening
Dj = design diameter Dj = design diameter
f = short side of elliptical end f = short side of elliptical end
6 J i-1 p 6 J i-1 J
YAl = | oq=<<0s8 Y Al = | o |<0s8
c, =izt |\Di. D Cy =|izt \Pi. b;
ATIE e d AT (a)! d
all < [0 < |<0,8 als | o< <08
a1 |\ f a1 f
Ay =0{999 03220 Ay =1,001 003 44
A = 1980626 00 A =0,944 284 68
A3 = 91048-554-60 As =4-312-192-00
Ay =18,63283000 Ay =8,389 435 00
As =19,497 590 00 As =9,206 283 84
A6 =7,612 568 00 Ae =3,694 941 96
Figure 11 — Opening factor CA for flat ends and plates
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Type of_ flgt end design Conditions Design
(principle only) factor C
a) flanged flat end 1. knuckle radius:
n D, rmin
| <500 30
Va | ) >500<1400 35
s | s >1400<1600 40
| >1600<1900 45 0.30
= = 1900 c0
®D,
0, andr=1,3s
2.cylindrical part: h 23,5 s
b) fprged or pressed flat end 1. knuckle radius:
s 0,35
re=, however at least 8, nm
“ 2. cylindrical parft=h =z s
7 777
= ’ >
[
D,
®Da
c) flat plate welded into the shell from both.sidés plate thickness:
s<3s1 033
" s>351
S
777
|
;Wv—\} 0,40
S1
D,
D,
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Type of_ fla!t end design Conditions Design
(principle only) factor C
d) plate welded to the shell with welds at both sides of the latter | plate thickness: 0,40
. s<3s1
s>351
% % Only killed steels may be utilized. When
plate material is employed, over an area
of atleast 3 s1in the weld zone there shall
| be no evidence of material discontinuities 0,45
ill t}lC }Jlatc.
S
$D,
D
e) flat platg welded into the shell from one side only plate thickness: 0,45
w s<3s1
1 s>351
\& Z
"y
N w} 0,50
S
®D,
®D.

Figure 12 — Design factors for.uunstayed circular flat ends and plates

40 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=ec3677fe4fb7b517d8a58a96c5734ac9

1SO 21029-1:2018(E)

Y
1,6
N
1,5 \\
\\
AN
1,4

11 \\
AN
1
0 0,2 0,4 0,6 0,8 1 X
ratio f/e
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rectangle
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angular plates Elliptical plates
= short side-of the rectangular plate f = short side of the rectangular plate
= long side-of the rectangular plate e = long side of the rectangular plate
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=-0,335179 80
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A =-0,239349 90
A3 =-0,335179 80
Ay =0,08521176

Figure 13 — Design factor Cg for rectangular or elliptical flat plates
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10.3.7.7 Openings in cylinders, spheres and cones

10.3.7.7.1

Symbols and units

For the purposes of 10.3.7.7, the following symbols apply in addition to those given in Clause 4.

b

ligg

width of pad, ring or shell reinforcement, in millimetres

thickness of pad reinforcement, in millimetres

ment bueh) distance hetwoen two nozzles inmillimoetras
e ot HEvY vy ’J *

len
prd
SA
Ss wa
t in

VA con

10.3.7.7.2

This appli
cylindrical

0,002 {

)

(S—C

Dy

These rule

bth of nozzle reinforcement, in millimetres

truding length, in millimetres

required wall thickness at opening edge, in millimetres

] thickness of nozzle, in millimetres
his context: centre-to-centre distance between two nozzles, in millimetres

hpensation factor for the weakening effect of openings

Field of application

bs round openings and the reinforcement of round openings of unlimited diamete
and spherical shells within the following limits®

(s-¢)

Dy

<01

d.
< 0,002 is acceptable if D—‘ <

a

w | =

5 only apply to cones if the-wall thickness is determined by the circumferential stress.

These design rules permit plastic deformation of up to 1 % at highly stressed local areas du

pressure tq

NOTE
necessary.

4

10.3.7.7.3

sting. Openingsshall therefore be carefully designed to avoid abrupt changes in geomet

\dditional external forces and moments are not covered and would be considered separately w

Reinforcement methods

Openings 1

ay be reinforced hy one ormore ofthe Fn]]nun'ng methods:

in

ing
y.

ere

pad an

increase of shell thickness, see Figures 14 and 15;

setin or set on ring reinforcement, see Figures 16 and 17;
pad reinforcement, see Figure 18;

increase of nozzle thickness, see Figures 19 and 20;

d nozzle reinforcement, see Figure 21.

Where ring or pad reinforcement is used on the inner vessel the space between the two fillet welds
shall be vented into the vacuum space.
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Figure 17 — Set-in reinforcement ring
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Figure 18 — Pad reinforcement
¢4 4, o4,
77 ~’ o~ N o \m\
7 { 5 5 |
— éﬁi_ ’_% %
4 (
S
> SS sS
° &
2 % %
Type a Type b Type c

Figure 19 — Nozzle reinforcement

Ss

Figure 20 — Necked out opening
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Figure 21 — Pad

B.7.7.4 Design of openings
fillet weld on a reinforcing pad shall have a minimum throat thickness of half of the pad

throat thickness of a fillet weld of each n@zzle to shell weld shall be not less than th
kness of the thinner part.

bre the strength of the reinforcing material is lower than the strength of the shell n
wance in accordance with 10.3.Z%5 shall be made in the design calculations. If the stre
forcing material is higher than“the strength of the shell material no allowance for the
ngth is permitted.

B.7.7.5 Calculation

bre the material property, K, of the reinforcement is lower than that of the shell the cros
reinforcement-and the thickness of nozzle reinforcement shall be reduced by the ratio

_i’_>
i < é
= |
| B N\
_4[_ _____
i N
S
| 0
® o -
S¢ P A
Type b

thickness.

e required

haterial an
hgth of the
increased

b section of
of K values

(20)

nings shall also be reinforced according to the following relationship in Formula (20).
A

Ay 1) K

pav) K .LUG ) } J

which is based on equilibrium between the pressurized area, A, and the load-bearing cross-sectional

area, A;. The wall thickness obtained from this relationship shall be not less than the thickness of the
unpierced shell.

The pressurized area, 4, and the load-bearing cross-sectional area, A;, whichequals 4

are

©IS

0+

obtained from Figures 22 to 25.
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Figure 22 — Calculation scheme for cylindrical shells
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Figure 23 — Calculation scheme for spherical shells
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Figphre 24 — Calculation scheme for adjacent nozzles in a sphere oriin a longitudinal djrection of
a cylinder

Figure25 — Calculation scheme for adjacent nozzles in a sphere or in a circumferential
direction of a cylinder

The maximum extent of the load-bearing cross-sectional area shall be not more than b as defined in
Formula (22) for shells and I, as defined in Formula (24) or (25) for nozzles.

The protrusion of a nozzle may be included as load-bearing cross-sectional area up to a maximum
length of

I, =051

The restrictions of 10.3.7.7.7 and 10.3.7.7.8 shall be observed.
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If the material property, K1, K3, etc., of the reinforcing material is lower than that of the shell, the
dimensions shall comply with Formula (21).

K K K
ol [ 1 [ o Yo e g g Yo S (21)
s 20 s 20 s 20 10 P

10.3.7.7.6 Ring or pad reinforcement or increased shell thickness

If the actual wall thickness of the cylinder or sphere is less than the required thickness, S,, at the

opening, tlreopemning Tsadequatety reimforced if tire-watt thickmess, 55 Tsavaitabte Toumnd theopening

over a width of:

b= \/(Di +s, —c)(s, —¢) 22)

with a minfmum of 3s, (see Figures 16,17 and 18).

The thicknpss of pad reinforcement in accordance with Figure 18 shall not be,more than the actual yall
thickness tjo which the pad is attached.

Internal pqd reinforcement is not allowed.

For calculation purposes, sa shall be limited to not more than twice\the actual wall thickness.

The width|of the pad reinforcement may be reduced to b, provided the pad thickness is increasefl to
h, accordipg to Formula (23).
byihy Z bh 23)

and the lin}its given above are observed.
10.3.7.7.7 | Reinforcement by increased nozzle thickness

s.— ¢C
S

The wall thickness ratio shall satisfy

SA —C
The wall thickness, s ,, at theopening shall extend over a width, b, in accordance with Formula {29)

with a minfmum of 3 s -

The limits pf reinforcement normal to the vessel wall are:

for cylinders@nd cones, I = 1,25\/(di +s—c)(sg—c) 24)

for spheres, I, = \/(di +s—c)(s, —¢) (25)

according to

The distance, I, may be reduced to Iy provided that the thickness, Sg» is increased to S¢q

Formula (26).

I 5g 2 15, (26)

SlsS

10.3.7.7.8 Reinforcement by a combination of increased shell and nozzle thicknesses

Shell and nozzle thicknesses may be increased in combination for the reinforcement of openings
(Figure 21). For the calculation of reinforcement 10.3.7.7.7 and 10.3.7.7.8 shall be applied together.
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The increase in shell thickness may be achieved by an actual increase in shell thickness or the
addition of a pad.

10.3.7.7.9 Multiple openings

Multiple openings are regarded as single openings provided the distance, I/, between two adjacent
openings, (see Figures 24 and 25), complies with:

1> z\/(ni +s5, c)(s, ¢ (27)

If [ ]is less than as required by Formula (27) a check shall be made to determine whethef the cross
section between openings is able to withstand the load acting on it. Adequate reinforcement |s available
if the requirement of Formula (20) or (21), as appropriate, is met.

NoZzles joined to the shell in line, by full penetration welds with the wall thickness, calfulated for
intdrnal pressure only, may be designed with a weakening factor:

va =(t-dj)/t (28)
If the nozzles are not attached by full penetration welds, d, shall bg'used in Formula (28).

10.8.8 Calculations for operating loads

Unlgss the design has been validated by experiment, €alculations in addition to those in| 10.3.7 are
reqpired to ensure that stresses due to operating load§’are within acceptable limits. All load|conditions
expected during service shall be considered (see 10:2.3).

Accpptable calculation methods include:
— |finite element;

— |finite difference;

— |boundary element;

— |established calculationrmethod.

In these calculations, static loads shall be substituted for static plus dynamic loads. The dtatic loads
usef shall be as follows:

— |in the horizgntal plane, twice the total mass in any direction;
— |in the vértical plane, the total mass upwards and twice the total mass downwards.

Each of these loads is considered to act in isolation and include the mass of the compopent under
conkideration.

The upward load shall be increased to twice the total mass if any of the following conditions is met:
— capacity less than 100 [;
— total mass less than 150 kg;

— the height of the centre of gravity of the transportable cryogenic vessel including any framework
elements, when filled to capacity is more than twice the smaller horizontal dimension of its base.

Stress levels resulting from the loads induced by the mass of the cryogenic liquid shall be limited to
acceptable stress levels which may be based on material properties at the operating temperature of the
component being validated.
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The analysis shall take into account gross structural discontinuities, but need not consider local stress
concentrations.

Annex C provides terminology and acceptable stress limits when an elastic stress analysis is performed.
10.4 Design validation by experimental method

10.4.1 General

When design validation is by experiment, prototype units shall be manufactured and tested in
accordancgwitirthe fottowitg:

10.4.2 Prpcedure for experimental test programme

A test programme shall be prepared taking into account the transportable cryogenic vessels operating
requiremepts.

The test grogramme shall be designed to establish the cryogenic vessel’s pressure integrity and
structural ntegrity.

Each protoftype transportable cryogenic vessel shall undergo the same quality control tests as requjred
during manufacture of production vessels.

The actuall thickness of critical load-bearing components shall bé/measured and recorded, together
with their mechanical properties.

10.4.3 Tebts for pressure integrity

10.4.3.1 Ipner vessel
The ability|of the inner vessel to withstand internal pressure shall be validated with the following test.

Three innefr vessels consisting of parts subjected directly to test pressure shall undergo a fatigue test of
10 000 cycles between atmospheric pressure and a pressure, Py where:

P, 1,8(p +1) bar [or P, 2 1,3(p, +0,1)MPa]

After this tlest all three vesselsshall withstand a pressure test of 3 (ps + 1) bar [or 3(p, +0,1) MPa

—

The test prfessure and the'eycle test pressure shall be increased proportionally where the shell or Head
thickness ik thicker than specified or if the actual material used has better mechanical properties than
specified.

10.4.3.2 Riping and accessories

No specific pressure test is required if the nominal design pressure of piping and accessories is greater
than the maximum allowable pressure, (ps + 1) bar [or 3(p, +0, 1) MPa].

10.4.4 Tests for structural integrity

10.4.4.1 General

After having undergone tests in accordance with 10.4.4.2 and 10.4.4.3, the transportable cryogenic
vessel shall not show any visual permanent deformation that will render it unsuitable for use.

After having undergone tests in accordance with 10.4.4.4, 10.4.4.5 and 10.4.4.6, some damage and
deformation of the vessel, including loss of vacuum, is acceptable, but the integrity of the transportable

50 © IS0 2018 - All rights reserved


https://standardsiso.com/api/?name=ec3677fe4fb7b517d8a58a96c5734ac9

1SO 21029-1:2018(E)

cryogenic vessel and its safety systems shall be maintained with no leakage of fluid, except for small
quantities escaping from the safety devices protecting the inner vessel.

A single container may be used to demonstrate structural integrity but where damage or deformation
within acceptable limits occurs on any test, an undamaged container may be utilized in subsequent tests.

10.4.4.2 Lifting test
The transportable cryogenic vessel shall be loaded to twice its gross mass.

The transportable cryogenic vessel shall be lifted and suspended for 5 min and then lowered to the
grolind. The test shall be repeated for each of the different lifting modes specified.

Where a transportable cryogenic vessel can be lifted with slings or ropes, these shall‘bejinclined at 45°
to the vertical axis.

10.4.4.3 Stacking test

Where stacking is specified, the transportable cryogenic vessel, filled to.eapacity and equipged with its
fraework, shall withstand the specified load.

The transportable cryogenic vessel shall be set with its base on a rigid horizontal floor and the required
load applied vertically at the top of the framework for at least-5¢min. The applied load shall be at least
equfivalent to x 1,8 the total maximum gross mass of the numper of similar vessels specified

10.4.4.4 Vertical drop test
Thif test shall be carried out under the conditions defined in 10.4.5.

The transportable cryogenic vessel shall be dropped from a height of not less than 1,2 m on to a rigid,
flat| non-resilient, smooth and horizontal suxface, so that the vessel strikes the floor on its base.

The impact surface shall be a concrete-block of at least 1 m x 1 m by 0,1 m thick. The block shall be
profected by a sheet of steel of at least'10 mm thick. The flatness of the protective sheet sHall be such
that the difference in level of any two points on its surface shall not exceed 2 mm. It shall be changed
when it is significantly damaged.This test shall be carried out if any of the following conditipns is met:

— |capacity is less then 100.1;
— |total mass is lessthan 150 kg;

— |the height ofthe centre of gravity of the transportable cryogenic vessel, when filled §o capacity,
including any framework elements, exceeds twice the smaller horizontal dimension of ifls base.

10.4.4.5Inverted drop test

Thip test shall be carried out under the conditions defined in 10.4.5.

The transportable cryogenic vessel shall be subjected to a vertical drop test so that it falls on to a rigid,
flat, non-resilient, smooth and horizontal surface on an upper edge defined when the vessel is in a
normal position (e.g. the shorter upper edge, provided this can be defined).

To do so, the transportable cryogenic vessel is suspended at least 1,2 m above the ground at a point
diametrically opposite to the impact area, so that the centre of gravity is vertically above the upper edge.

This test shall be carried out if any of the following conditions is met:
— capacity is less then 100 I;

— total massis less than 150 kg;
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— the height of the centre of gravity of the transportable cryogenic vessel, when filled to capacity,

includi

ng any framework elements, exceeds twice the smaller horizontal dimension of its base.

10.4.4.6 Horizontal impact test

This test first shall be carried out under the condition defined in 10.4.5.

The transportable cryogenic vessel in its normal shipping position, shall be subjected to a horizontal
impact test according to one of the following methods.

d)

Inclined plane test in accordance with ISO 2244. In this test the transportable cryogenic vessel is

placed

The hd
flat, nd

The tr

Pendu
in its 1
vessel
cryogd

Drop t
positid
succes|

NOTE y
position dog

10.4.5 Te

10.4.5.1 T
materials y
be carried

pressure and with the outer jacket under vacuum.

When, dur]
that of the
indicated i

10.4.5.2 V|
potential e

on its base on a trolley rolling on a plane inclined by 10° to the horizontal.

n-resilient, smooth and vertical surface, in accordance with [SO 2244.
hinsportable cryogenic vessel shall strike successively in two directions at right angles.

um test as specified in ISO 2244. In this test the transportable cryogenid vessel is suspen|
ormal position. The horizontal velocity on impact shall be not less than 2,6 m/s. The imj
shall strike a rigid, non-resilient smooth, flat and vertical sutface. The transport
nic vessel shall strike it successively in two directions at right angles.

est. In this test the transportable cryogenic vessel shall\be suspended in a right aj
n compared to its normal operating position and droppéd vertically from a height of 0,3
Kively on to two sides, as in b) above.

'his method of testing can is only to be used whenthéposition of the centre of gravity in the
s not affect the result.

5t conditions

he transportable cryogenic vessel shall be filled with a test fluid that is inert with respec
sed, and which may be water or(the cryogenic fluid specified on the nameplate. The test
out with the inner vessel pressurized at any value up to 90 % of the maximum permiss

ing testing, the transportable cryogenic vessel is filled with a fluid of a density less t
most dense fluid specified on the nameplate of the vessel, a correction shall be applie
h 10.4.5.2 and 10:4.523.

Uhere a minimum drop height is specified, the height shall be increased to maintain the s

hergy usingFormula (29).

rizontal velocity on impact shall be not less than 2,6 m/s. The impact shall occurrgwa rigid,

ded
bact
hble

ngle
b m,

test

t to
may
ible

han
] as

Ime

29)

M
H=H| (—OW
M
NI
where
Hp isthe drop height specified, in metres;
Mp is the rated gross mass on the nameplate, in kilogrammes;
M  isthe actual gross mass during test, in kilogrammes.
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10.4.5.3 Where a minimum velocity is specified, the velocity on impact shall be increased to maintain
the same kinetic energy, using Formula (30).

0
V=Vy\— (30)
where Vp is the velocity on impact specified, in metres per second.

11 Fabrication

11.1 General

11.1.1 The manufacturer or his or her sub-contractor shall have equipment available| to ensure
manufacture and testing in accordance with the design.

11.1.2 The manufacturer, shall maintain:

— |a system of material traceability for pressure-bearing parts\used in the construction of the
inner vessel;

— |design dimensions within specified tolerances;

— |necessary cleanliness of the inner vessel, associated piping and other equipment which ¢ould come
in contact with the cryogenic fluid.

11.2 Cutting

Material shall be cut to size and shape by thermal cutting, machining or by cold shearing. Thérmally cut
material shall be dressed back by machining’or grinding. Cold sheared material need not be dressed.

11.3 Cold forming

11.B.1 Austenitic stainlesssteel
Hedt treatment after coldforming is not required in any of the following cases:

a) |the test certificate for the base material shows an elongation at fracture, As, of more jthan 30 %
and the cold foyming deformation is not more than 15 % or it is demonstrable that the residual
elongation isnot less than 15 %j;

b) |the coldferming deformation is more than 15 % and it is demonstrated that the residuallelongation
is nottess than 15 %;

c) Llforformed heads, the test certificate for the base material shows an elongation at fractuire, As:

— notlessthan 40 % inthe case of wall thicknesses not more than 15 mm at operating temperatures
down to -196 °C;

— notless than 45 % in the case of wall thicknesses more than 15 mm at operating temperatures
down to =196 °C;

— notless than 50 % at operating temperatures below -196 °C.
Heat treatment is required for cryogenic gases containing traces of sulfur, e.g. LNG.

Where heat treatment is required this shall be carried out in accordance with the material standard.
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11.3.2 Ferritic steel

Material for the outer jacket, including cold formed ends with or without joggled joints, does not require

post forming heat treatment.

11.3.3 Aluminium or aluminium alloys

Cold formed ends made from aluminium or an aluminium alloy do not normally require post forming
heat treatment, unless there is a risk of stress corrosion in service. Treatment shall be carried out in

accordance with the material standard.

11.4 Hot forming

11.4.1 Gepneral

Forming shall be carried out in accordance with a written procedure. The forming procedure s
specify th¢ heating rate, the holding temperature, the temperature range and- time for which
forming takes place and shall give details of any heat treatment to be given to-th€ formed part. H
requirement shall have its means of verification defined.

11.4.2 A|.1stenitic stainless steel

Material shall be heated uniformly in an appropriate atmospheré without flame impingement,

hall
the
ach

[0 a

temperatufe not exceeding the recommended hot forming température of the material. When fornping

is carried ¢ut after the temperature of the material has fallen betow 900 °C the requirements of 11
shall be complied with.

11.4.3 AlIminium or aluminium alloys

Where elo
heat treatment is not required.

11.5 Manufacturing tolerances

11.5.1 Plate alignment

Except whére a tapered transition is provided, misalignment of the surfaces of adjacent plates at wel
seams shalll be:

— for longitudinal welds; not more than 15 % of the thickness of the thinner plate;
— for cirgumferential welds, not more than 25 % of the thickness of the thinner plate.

Where a tgpef.is provided between the surfaces, this shall have a slope of not more than 18,4°.

3.1

gation at fracture of the formed materidlis shown to be greater than 10 %, then post fornjing

ded

The

taper may|include the width of the weld, the lower surface being built up with added weld met

h1 if

necessary. Where material is removed from a plate to provide a taper, the thickness of either plate s
not be reduced below that required for the design.

hall

The distance between either surface of the thicker plate and the centreline of the thinner plate of

tapered seams shall be:

— for longitudinal seams, not less than 35 % of the thickness of the thinner plate;

— for circumferential seams, not less than 25 % of the thickness of the thinner plate.
In no case shall the surface of any plate lie between the centrelines of the two plates.

These requirements are illustrated in Figure 26.
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b) Seams which do require a taper

Key

h, h{, h surface misalignments

t thickness of the thinner plate

e distance from the surface of the thieker plate to the centreline of the thinner plate

For Jongitudinal seams: h1 < 0,15t and h; < 0,15t
For fircumferential seams: h1 < 0,25t ar(d fiz < 0,25t

t
For Jongitudinal seams: h < 0,15¢and e=—-h>0,35¢t
2

t
For fircumferential seamsS:-h< 0,25tand e = — — h > 0,25¢
2

Figure 26 — Plate alignment

11.5.2-Thickness

The thickness of the vessel shall not be Tess than the design thickness. This shall be taken as the
thickness of the vessel after manufacture and any variations in thickness shall be gradual.

11.5.3 Dished ends

The knuckle radius shall be not less than specified and any variation of the crown radius shall not be

abrupt and shall adhere to the tolerance *942 o4,

11.5.4 Cylinders

11.5.4.1 The actual circumference shall not deviate from the circumference calculated from the specified
diameter by more than *1,5 %.
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11.5.4.2 The out of roundness, O, calculated from Formula (31).
0= 2OO(Dmax _Dmin)
Dmax + Dmin

shall not be greater than the values shown in Table 4.

Table 4 — Permitted out of roundness of cylinders

Permitted out of roundness for

Wall thickness to diameter ratio

(31)

internal pressure external pressure

s/D < 0,01
s/D > 0,01

2,0%
1,5%

1,5%
1,5%

When detd
deducted.

shall be sm
the cylindy

For cylindg
shall be dg
depth of fl3
shall be m
Adequate

Formula (3

_40f
Da

u

where q is

11.5.4.3 D
where othg

11.6 Wel

11.6.1 Ge|

rmining out of roundness, the elastic deformation due to the mass of the vessel shal
ndividual bulges and dents shall be within the permitted tolerances. Such bulges and ds
ooth and their depth, measured as a deviation from the normal curvature'or from the lin
ical shell, shall be no greater than 1 % of their length or width.

brs subjected to external pressure and where the circumference has a flattened portio
monstrated that the shell has sufficient strength to avoid,plastic deformation where

basured as a deviation from the normal curvature or front the line of the cylindrical s
strength may be determined by calculation using alwvalue of u determined accordin

2).
g
the depth of flattening, in millimetres.

eparture from a straight line shall\be no greater than 0,5 % of the cylindrical length, ex
rwise required by the design.

ling

neral

This docu

ent requiressthat the welding method be appropriate and be carried out by quali

welders and/or operators, that the materials be compatible and that there be verification by a welg
procedure [test.

The manufpcturer shall fulfil the standard quality requirements of ISO 3834-2.

be
bnts
e of

h, it
the

ittening is greater than 0,4 % of the outside diameter of the ¢ylinder. The depth of flattefing

nell.
b to

32)

rept

fied
ling

11.6.2 Qualification

Welding procedures shall be approved in accordance with ISO 15614-1, ISO 15614-2 or ISO 15613.

Welders and welding operators shall be qualified in accordance with ISO 9606-1 or ISO 9606-2 or
ISO 14732 as applicable.

11.6.3 Temporary attachments

Temporary attachments welded to pressure-bearing parts shall be kept to a practical minimum.

Temporary attachments welded directly to pressure-bearing parts shall be compatible with the
immediately adjacent material.
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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 materials shall be
used for dissimilar metal joints.

Temporary attachments shall be removed from the inner vessel prior to the first pressurization. The
removal technique shall be such as to 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.

Anyf attachments on the outer jackets may be removed by thermal cutting as well as by the methods
desfribed above.

11.6.4 Welded joints

11.6.4.1 Some specific weld details appropriate to vessels conforming td tthis document alre given in
Annlex F These details show sound and currently accepted practice. It{i$ not intended thaf these are
mandatory nor should they restrict the development of welding technology in any way.

Thg manufacturer, in selecting an appropriate weld detail, shall.consider:
— |the method of manufacture;

— |the service conditions;

— |the ability to carry out necessary non-destructive testing.

Othler weld details may be used provided their s@itability is proven by procedure approval in fccordance
with ISO 15614-1, ISO 15614-2 or ISO 15613 as‘applicable.

11.6.4.2 Where any part of a vessel.isymade in two or more courses, the longitudinal Weld seams
of adjacent courses shall be staggefed by 4e with a minimum of 10 mm measured to the ¢dge of the
longitudinal joint.

11.6.4.3 For vessels intended for flammable gas service the selection of joining materials ahd welding
profedures shall take into consideration the prevention of secondary failure in the event of eqternal fire.

11.6.4.4 For vessels-intended for service in liquid oxygen or other oxidising cryogenic liquids, the
intgrnal weld details shall be such that debris, contaminants, hydrocarbons or degreasants cannot
accymulate and’thus cause a fire risk.

11.7 Non-welded joints

Where—romr-welded jUilltb atre—made—betweemr metatic—materiats aud/\u momr-nretattc materials,
procedures shall be established in a manner similar to that used in establishing welding procedures,
and these procedures shall be followed for all such joints. Similarly, operators shall be qualified in such
procedures and only qualified personnel shall then carry out these procedures.
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12 Initial inspection and testing
12.1 Quality plan

12.1.1 General

A quality plan forming part of the quality system referred to in 11.1.1 shall include, as a minimum, the
inspection and testing stages listed 12.1.2.

12.1.2 Ins ppl‘finn stages dnring manufacture of an inner vessel

The follow|ng inspection stages shall be conducted during the manufacture of an inner vessel;
— verifichtion of material test certificates and correlation with materials;
— approval of weld procedure qualification records;

— approval of welders' qualification records;

— examination of material cut edges;

— examination of set-up of seams for welding including dimensional cheek;
— examination of weld preparations, tack welds;

— visual pxamination of welds;

— verificption of non-destructive testing;

— testing production control test plates;

— verificption of cleaning of inside surface of vessel;

— examination of completed vessel including.dimensional check;

— pressure test and where necessary, record permanent set.

12.1.3 Additional inspection stages during manufacture of a transportable cryogenic vessel

The following inspection stages shall be conducted during the manufacture of a transportable
cryogenic yessel:

— verificption of cleaflifiess and dryness of transportable cryogenic vessel (see ISO 23208);
— visual examination of welds;

— ensuripgintegrity of vacuum;

— leak testing 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 Number of tests required

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;

b) after 10 sequential test plates to the same procedure have successfully passed the tests, testing

may be reduced to one test plate per 100 vessels.

Production control test plates are not required for the outer jacket.

12.
The

Tes
ISO

An
thid
tem

p.2 Testing

following tests are required:

one face bend test in accordance with ISO 5173;

one root bend test in accordance with ISO 5173;

one tensile test transverse to the weld in accordance with 1SO 4136.

ring and acceptance shall be as required for welding procedure qualifications in accor
15607.

mpact test in accordance with ISO 148-1 shall be cartied out for austenitic stainless stee
kness is greater than 5 mm and the toughness reguiirements shall follow the relevant sta
peratures below -80 °C, see ISO 21028-1.

Hance with

1 when the
ndards; for

Sonpe damage and deformation of the guard is acceptable provided that the integrity of the trajnsportable

crypgenic vessel and its safety systems is maintained.

12.3 Non-destructive testing

12.B.1 General

Norj-destructive testing persénnel shall be qualified for the duties in accordance with [SO 9712.
Norl-destructive testing)shall be carried out according ISO 17635 and ISO 5817 (for stee] welds) or
[S0|10042 (for alumifium welds), specifying general rules and standards to be applied to the different
types of testing foreither the methodology or the acceptance level for metallic materials.
Nornj-destrugtive testing for volumetric imperfections is not required on the outer jacket of trajnsportable
crypgenic vessels.

12.B.2” Extent of examination for surface imperfections

All welds shall be visually examined in accordance with ISO 17637 and ISO 5817 (or ISO 10042 for
aluminium welds).

If any doubt arises, this examination shall be supplemented by surface-crack detection, (e.g. penetrant
testing according ISO 3452-1 and [SO 23277).

Areas from which temporary attachments have been removed shall be ground smooth and subjected to
surface crack detection.

©IS
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12.3.3 Extent of examination for volumetric imperfections

Examination of the inner vessel for inner-vessel weld seams shall be carried out by radiographic
examination in accordance with ISO 17636-1 and I1SO 10675-1 (or ISO 10675-2 for aluminium welds).

A special case is made

— tojustify ultrasonic testing in accordance with ISO 17640 and ISO 11666, or other methods.

The exten

of r:\dingrqphir‘ examination of main seams on the inner vessel shall be in accord

to use radiographic techniques with digital detectors and processing according ISO 17636-2, and

nce

with Table
processes.

When two
a longitudi

|5 for manually produced seams and Table 6 for seams produced using automatic welg

hemispherical ends are welded together without a straight flange, the weld shall'be teste
nal weld.

Table 5 — Extent of radiographic examination for manually welded seams

ling

d as

b
same as that

The ley
using the sa

C

the w

the wi

the td

the rd

. Radiographic examinatiof
Weld joint factor o ] ) . )
Longitudinal seamsa T junctionsa Circumferential seamsa
1,0b 100 %c 100 % 25 %c
0,85 2% 1 film per vessel 2%
a When p butt weld occurs less than 50 mm from a nozzle cut out, additional radiographic film(s) shall be taken.

The extent of radiographic examination required for vessels whose-design has been validated by testing, shall bg

required for vessels with a weld joint factor 1,0.

rel of radiographic examination may be reduced to 10 %0f each vessel if 25 vessels have been successfully |
ne welding procedure, provided:

elding procedure is unaltered;
elding experience has been retained in the workshop;
sting methods are the same;

sults of non-destructive testing have not revealed any unacceptable systematic imperfections.

the

uilt

Table 6 [— Extent of radiographic examination for seams produced using automatic weldinig
processes
. Radiographic examination
Weld jdint factor - ) o ) )
T junctions and longitudinal seams? Circumferential seamsa
An The greater of one radiographic film per day | The greater of one radiographic film per wleek
y or one radiographic film per 100 vesselsP | or one radiographic film per 500 vesselspP
a Wherd a buttweld occurs less than 50 mm from a nozzle cut out, additional radiographic film(s) shall be taken.

A radi

graphic film shall be taken after:

any new setting of any welding machine or change of welding operator. A new setting is taken to mean a significant
change in basic parameters of the welding procedure or the use of a new welding procedure;

there has been an interruption in production that may affect the quality of the weld. Here, additional radiographic film(s)
shall be taken.

60

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=ec3677fe4fb7b517d8a58a96c5734ac9

1SO 21029-1:2018(E)

12.3.4 Acceptance criteria for surface and volumetric imperfections as classified in ISO 6520-1

12.3.4.1 Acceptance criteria for predominantly static loaded vessels

The results of the weld checks and inspections shall meet quality level C of ISO 5817 or ISO 10042 and
the corresponding ISO standards for testing classes and acceptance levels, as defined in ISO 17635:2016,
Annex A:

Testing techniques and levels in

NDT method accordance with

Acceptance levels in accordance with

[SO 5817 Level C (for steel WETS)

ISO 10042 Level C (for aljuminjum welds)
ISO 10675-1 Level 2 (forsteel yelds)

Visual testing (VT) ISO 17637

Radiographic testing (RT) [ISO 17636-1 class B2 1SO 10675-2 Level 2/(for aluminium
welds)
P¢netrant testing (PT) |ISO 3452-1 ISO 23277 kevel 2X
a The minimum number of exposures for circumferential weld testing may(correspond to the reqyirements of

ISO|17636-1, class A.

Additional requirements for the following imperfections:
— |stray arc (601) - removal plus 100 % penetrant testing to'ensure no imperfection;

— |spatter (602) - weld spatter shall be removed¢from all pressure parts and loagl carrying
attachment welds.

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

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

12.B.4.2 Acceptance criteria for-fatigue loaded vessels

The results of the weld checKksand inspections shall meet quality level B of ISO 5817 or ISO{10042 and
thelcorresponding ISO standdrds for testing classes and acceptance levels as defined in ISO 1[7635:2016,
Anrex A:

Testing techniques and levels in

NDT methofl accordance with

Acceptance levels in accordance with

ISO 5817 Level B (for steel welds)

ISO 10042 Level B (for aluminjum welds)
ISO 10675-1 Level 1 (for steel welds)

Visual testing (VT) ISO 17637

Rad 1ngrnphlr testing (RT) ISQ 17636-1 class Ba SOH8675-2+evelt (fu1 ahrrrinium
welds)
Penetrant testing (PT) [ISO 3452-1 [SO 23277 Level 2X
a The minimum number of exposures for circumferential weld testing may correspond to the requirements of

ISO 17636-1, class A.

Additional requirements for the following imperfections:
— stray arc (601) - removal plus 100 % penetrant testing to ensure no imperfection;

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

12.3.4.3 Extent of examination of non-welded joints

Where non-welded joints are used between metallic materials and/or non-metallic materials, the
quality plan referred to in 6.1 shall include reference to an adequate technical specification.

This techn]cal specification shall include the description of the requirements for inspection and testling,
together wiith the criteria necessary to allow for the repair of any defects.

12.4 Rectification

12.4.1 Gepneral

Although ynacceptable volumetric or surface defects may be repaired by removing the defects pnd
rewelding,[100 % of all repaired welds shall be examined visually and radiographically to the origjinal
acceptancd standards.

12.4.2 M4nually welded seams

When repdirs to welds are carried out as a result of radiographic-examination that is less than 100 %,
an additional radiographic film (200 mm) shall be taken eitlier side of the repair to ensure the deffect
was isolated and not systematic. Where the defects are<systematic and characterized by freqyent
occurrence of the same defect, the extent of examinatiomishall be increased to 100 % until the caude of
the defectd has been found and eliminated.

12.4.3 Seams produced using automatic welding processes

If any unacceptable defects are found by padiographic examination, all main weld seams shal] be
radiographjically examined at 100 %, on all vessels produced with the same welding machine and welding
procedure from the start of the produetion period or from the last accepted non-destructive test.

12.5 Pregsure testing

12.5.1 Evéry inner vessel shall undergo a pressure test.

The test priessure shall not be less than 1,3(p, +1)bar or 1,3(p . +0,1) MPa

Where the testiis carried out hydraulically the pressure shall be held for long enough to allow all
the surfac¢s-and joints to be examined visually. The vessel shall not show any sign of general plgstic
deformatida

Instead of a hydraulic test, a pneumatic test using a gas may be performed using the same value of test
pressure but the visual examination of the joints shall take place at a pressure not more than 80 % of
the test pressure.

As pneumatic testing is potentially a much more dangerous operation than hydraulic testing, it shall
normally only be carried out on vessels of such design and construction that it is not practical for them
to be filled with liquid, or on vessels for use in processes where the removal of such liquids is either
impractical, lengthy or gives rise to other safety considerations.

12.5.2 Vessels that have been repaired subsequent to the pressure test shall be re-subjected to the
specified pressure test after completion of the repairs.
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12.5.3 In the case of austenitic stainless steel vessels, where water is used, the chloride content of the
water shall be controlled to not more than 0,005 % (50 ppm).

12.5.4 Joints in the piping system shall be subjected to a leak test at a pressure not less than the
following:

interspace piping, ps + 1 bar or (ps + 0,1 MPa);

external piping, ps.

13

The
roa
fixe
are

14

Tec

Marking and labelling

transportable cryogenic vessel shall bear the marking and labelling requiredhy’the
1/rail/sea regulations. Examples of tank plates (of the complete tank and of the-inner

given for information in Annex E.

Documentation
hnical documents delivered by the manufacturer to the owner ¢gnsisting of:

all certificates establishing the conformity with this‘document, e.g. material, pre
cleanliness, safety devices and other accessories if applicable;

a short description of the vessel (including characteristic data, etc.);

a list of fluids and their net mass for which the cryogenic vessel is designed;
an operating manual (for the user) consisting of:

1) ashortdescription of the vessel (in€luding characteristic data, etc.);

2) astatement that the vessel is'in conformity with this document;

3) the instructions for norinal operation.

applicable
vessel) for

d tanks of road tankers (tank-vehicles), demountable tanks, tank-containerstand tank sywap bodies

ssure test,
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Annex A

(informative)

Base materi

als

Table A.1 — Pressure vessels

Spedification no. Material grade Material number Heat treatment
condition
EN 10028-4 X8Ni9 1.566 2 HT 640 aud AT 68
EN 10222-] X8Ni9 1.566 2 -
EN 10217-7 - DIN 10216-5 X5CrNi 18-10 14301 Y —
EN 10217-7- DIN 10216-5 X2CrNiN 18-10 14311 A —
EN 10217-7- DIN 10216-5 X6CrNiTi 18-10 14541  coF —
EN 10217-7- DIN 10216-5 X6CrNiNb 18-10 14550 % —
EN 10217-7 - DIN 10216-5 X5CrNiMo 17-12-2 14403 —
EN 10217-7 - DIN 10216-5 X2CrNiMo 17-13-2 4 —
EN 10217-7- DIN 10216-5 X6CrNiMoTi 17-12-2  Npd571 —
EN 10217-7 - DIN 10216-5 X2CrNiMoN 17-13-3 LN 1.4429 —
EN 10217-7 - DIN 10216-5 X2CrNiMo 18-14-3 WO 14435 —
EN 10217-7 - DIN 10216-5 X2CrNiMo 17-13-3 ;3 1.443 6 —
EN 10217-7 - DIN 10216-5 X2CrNiMoN 17-13-5\" 1.4439 —
ASME SA 3§3/SA 353M 9 % Nickel x> K8134 0 N+N+T
ASME SA 553/SA 553M Type 1 (9 %)Nickel K8134 0 QandT
ASME SA 522/SA 522M Type 1.(6\%?) Nickel K8134 0 N+N+TorQ+T
EN 10028-] X2CrNi18-9 1,430 7 —
EN 10028-1 ~(X2crNi19-11 1,430 6 —
EN 10028-7 ~, -~ X2CrNIN18-10 14311 —
EN 10028-] J57  X5CrNiN19-9 1,4315 —
EN 10028-1 ~9 X5CrNi18-10 1,430 1 —
EN 10028-] L& X3CrNiMo17-12-2 1,440 1 —
EN 10028-] OF X2CrNiMo17-12-2 1,440 4 —
EN 100281 % X2CrNiMoN17-11-2 1,440 6 —
EN 10028-] ~ ' X2CrNiMoN17-13-3 1,4429 —
EN 10222-5—— = R —
EN 10222-5 X5CrNi18-10 1,430 1 —
EN 1022-5 X5CrNiMo17-12-2 1,440 1 —
EN 10222-5 X2CrNiMo17-12-2 1,440 4 —
EN 10088-3 X2CrNi19-11 1,430 6 —
EN 10088-3 X2CrNiN18-10 1,4311 —
EN 10088-3 X5CrNi18-10 1,430 1 —
EN 10088-3 X5CrNiMo17-12-2 1,440 1 —
EN 10088-3 X2CrNiMo17-13-2 1,440 4 —
EN 10088-3 X2CrNiMoN17-12-2 1,440 6 —
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Table A.1 (continued)

Specification no. Material grade Material number Heat treatment
condition
EN 10088-3 X2CrNiMo17-13-3 1,442 9 —
ASME SA 479/SA 479M 304L $304 03 —
ASME SA 479/SA 479M 304 $304 00 —
ASME SA 479/SA 479M 316L $316 03 —
ASME SA 479/SA 479M 316 $316 00 —
ASHESA 240 364-364H-316-316E —
JISE 3127 SLIN520 1,566 2 N9
JIS [f 4303-4305 SUS304 1,430 1 > -
JIS [(4303-4305 SUS304L 1,430 7 N -
JIS [14303-4305 SUS316 14401 7 —
JIS [(4303-4305 SUS316L 14404 A\ -
JIS [ 4317-4320 SUS321 14541y 7 —
JIS [ 4317-4320 SUS347 14550 —
JIS [F 4317-4320 SUS316 14401 -
JIS [ 4317-4320 SUS316L AL 1,440 4 -
JIS [ 4317-4320 SUS317L 17 14439 —
JIS [¢ 4313-4315 SUS304 R 1,430 1 -
JIS [ 4313-4315 SUS304L @ 1,430 7 -
JIS [ 4313-4315 SUS304N1 |~ 1,440 6 -
JIS (4313-4315 SUS304LN) SUS304LN -
JIS [(4317-4320 SUS3éL 1,440 6 -
JIS [(4315-4315 SUS316LN 1,442 9 -
GBB531 ~“\"16MnDR — —
GBB531 .~ 15MnNiDR — —
GBB531 S 09MnNiDT — —
GB[150.2 c} 08Ni3DR — —
GB[150.2 HeX 06Ni9DR — —
GB 4511 N7 06Cr19Ni10 $30408 -
GB 4511 JRe 022Cr19Ni10 $30403 -
GBp4511 oo 06Cr17Ni12Mo2 531608 —
GBp4511 ) 022Cr17Ni12Mo2 $31603 -
s
)
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Table A.2 — Piping and pipe fittings

Specification no. Material grade Material number
ASTM A 182/A 182M F304L 530403
ASTM A 182/A 182M FP304 530400
ASTM A 182/A 182M F316L 531603
ASTM A 182/A 182M F316 531600
ASTM A 216/A 213M TP304L 530403
ASTM A 216/A 213M TP304 530400
ASTM A 216/A 213M TP316L 531603 >
ASTM A 231/A 213A TP316 531600 Q'\
ASTM A 249/A 249M TP316 531600 ,\Q/
ASTM A 249/A 249M TP304L 530403 O]
ASTM A 249/A 249M TP304 530400 | C\V
ASTM A 249/A 249M TP316L $31603),
ASTM A 249/A249M TP316 531600
ASTM A 269 TP304L $30403
ASTM A 269 TP304 2, 830400
ASTM A 269 TP316L L) $31603
ASTM A 269 TP316 4$.° 31600
ASTM A 276 304L ] $30403
ASTM A 276 304 o 530400
ASTM A 276 3161\ 531603
ASTM A 276 316 531600
ASTM A 312/A 312M «DP304L 530403
ASTM A 312/A 312M O TP304 530400
ASTM A 312/A 312M >  TP316L 531603
ASTMA312/A312M ¢ | TP316 531600
ASTMA312/A312M () TP321 532100
ASTM A 403/A 403M__\J WP304L 530403
ASTM A 403/A 403M WP304 530400
ASTM A 403/A 403M WP316L 531603
ASTM A 4 03M WP316 531600
ASTM A-682 TP304L 530403
ASTMA 632 TP304 530400
| ASTM A 632 TP316L 531603
ASTM A 632 TP316 S31600
ASTM A 733 TP304L 530403
ASTM A 733 TP304 530400
ASTM A 733 TP316L 531603
NFA 49117 TUZ2CN18-10 —
NFA 49147 TUZ2CN18-10 —
NOTE Piping and pipe fittings to ASTM standards are seamless.
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Annex B
(normative)

Outer jacket relief devices

General
=enera:

Any
tha
acc

B.2

B.2
The

Bur

B.2

Thd
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The
pre

The
har

B.2

Thd
con

B.2

Rel
the

ex B covers the requirements for design, manufacture and testing of pressure protect
are required on outer jackets of vacuum-insulated cryogenic vessels in order to 1
dental accumulation of pressure.

Requirements

.1 General
device shall be either a relief plate/plug or a bursting disc.

sting disc devices shall be as specified in ISO 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

on devices
educe any

5 of normal

be given to

t it cannot

pressure protectipn.devices shall be resistant to normal atmospheric corrosion. The materials of

struction shall besuitable for the range of ambient temperatures expected in service.

.4 Testing

ef plate/plug type relieving devices shall not require testing other than a prototype te
set piessure.

5t to verify

Bun

t'disc assemblies shall be tested in accordance with ISO 4126-2.

B.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 1SO 4126-2.

B.2

.6 Marking

Bursting discs shall be marked in accordance with [SO 4126-2.

Other pressure protection devices shall be marked with the number of this document.
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C.1 Gen

Annex C
(normative)

Elastic stress analysis

ral

When oper
analysis is
of dynamig

C.4 and C|
elastic ana
nozzles, et

The calculz
genera
local p
primail
secong

Stress inte|

each categ

The stress
C.4 or C.5.

Peak stres
service. Tr
cyclic serv

Figure C.1

fFimary membrane stress;

ating conditions are being considered, Annex C provides rules to be followed if elastic'st
used to evaluate components of a transportable cryogenic vessel. Allowance for.'the eff
loads is made by using equivalent static loads as defined in 10.3.8.

b give alternative criteria for demonstrating the acceptability of design,'on the basi
lysis. The criteria in C.5 apply only to local stresses in the vicinity of attachments, suppc

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

| primary membrane stress;

y bending stress;

ary stress.

hsities f, f, f, and fg can be determined from the principle stresses f;, f, and f

bry using the maximum shear stress theory of failure, see C.2.1.

intensities determined in this wayishall be less than the permissible values given in C.3

5es need not be consideredvas they are only relevant when evaluating designs for cy
hnsportable cryogenic vesSels within the scope of this document are not considered to b
ce.

stress cate
There will
stress con

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

bories for some typical cases and stress intensity limits for combinations of stress categot
be instances When references to definitions of stresses will be necessary to classify a spe
lition to @ Stress category. C.4.5 explains the reason for separating them into two catego

€SS
pcts

5 of
rts,

ies:

in

and

clic
e in

hnd Table C.1 havesbeen included as guidance, where C.4 is used for evaluation in establishing

ies.
Fific

ries

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

Vessel Location Origin of stress Type of stress Classification
component
General membrane fm
Internal pressure Gradient through plate
Shell plate remote thickness Je
Cylindrical or from discontinuities Membrane
spherical shell Axial thermal gradient - fe
Bending
Junction with head Membrane S
Internal pressure -
or flange Bending fg
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Table C.1 (continued)

1SO 21029-1:2018(E)

Vessel

Location Origin of stress Type of stress Classification
component
General membrane
average across full
External load or moment, |section; stress
or internal pressure component
i perpendicular
Any section across to cross section £
entire vessel - m
Bending across full
section; stress
Any shell or end External load or moment |component
perpendicular
to cross section
Near nozzle or External load or moment, |Local membrane fu
other opening or internal pressure Bending fs
Anv location Temperature difference Membrane £
y between shell and end Bending &
Membrane fm
Crown Internal pressure -
Dished end or Bending fo
confical end Knuckle or junction Membrane fi
Internal pressure -
to Shell Bendlng fg
_ Membrane fm
Centre region Internal pressuré -
Bending fo
Flaf end
. Membrane fi
Junction to shell Internalpréssure -
Bending fe
Membrane (average f
through cross section) m
Typlcal llgament 1n-a Pressure Bending (a.verage
Perfforated end or |uniform pattern through width of f
shell ligament, but gradient b
through plate)
Isolated-or-atypical |, Membrane fm
: ressure .
ligament Bending fo
General membrane
(average across full
. Internal pressure or exter- |section); stress
Cross section nal load or moment component
perpendicular to perpendicular fm
nozzle axis to section
N 1 Externalload ormaoment Bending across nOZZle
0ZZIT section
General membrane fm
Internal pressure Local membrane fi
Nozzle wall Bending fe
. . . Membrane
Differential expansion - fe
Bending

with large diameter-to-thickness ratio.

NOTE Consideration should also be given to the possibility of buckling and excessive deformation in vessels
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Stress Primary Secondary
category General Local Bending
Description Average primary stress across | Average stress across any | Component of primary stress Self-equilibrating stress
(for examples | solid section. Excludes solid section. Considers proportional to distance from necessary to satisfy continuity
see Table D.1) | discontinuities and discontinuities but not centroid of solid section. of structure. Occurs at structural
concentrations. Produced only | concentrations. Produced | Excludes discontinuities and discontinuities. Can be caused
by mechanical loads. only by mechanical loads. | concentrations. Produced only | by mechanical load or
by mechanical loads. differential thermal expansion.
Excludes local stress
concentrations.
Symbol
(see NOTE 2) fm L fy fg
Combinatiop
of stress
component L _ ___ _Jl {
and
permissible 213 Inner } }
L |
limits of IE vesse | _ 1
stress " 09[!(( to uet |
intensities Jacke I
At FLifyrfy
or —— 2k
. Fat Fy+ fg
[
f L+ f b
or —— k
f m+ f b

NOTE1 Thestressesin category fgare those parts of the total stréss which are produced by thermal gradignts,
structural discontinuities, etc., and do not include primary stresses which may also exist at the same poift. It
should be noted, however, that a detailed stress analysis-ffequently gives the combination of primary |and
secondary dtresses directly and, when appropriate, this calculated value represents the total of fy, (or 1) + fif + fg
and not f; alone.

NOTE2  The symbols fm, fL, fo and fg do not represent single quantities but rather sets of six quantjties
representing the six stress components.

Figure C.1 — Stress categories and limits of stress intensity

C.2 Terminology

C.2.1 Styess intensity

The stress|intensitys twice the maximum shear stress, i.e. the difference between the algebraidally
largest principal’stress and the algebraically smallest principal stress at a given point. Tension stregses
are consid¢red positive and compression stresses are considered negative.

C.2.2 Gross structural discontinuity

A gross structural discontinuity is a source of stress or strain intensification that affects a relatively
large portion of a structure and has a significant effect on the overall stress or strain pattern or on the
structure as a whole.

Examples of gross structural discontinuities are:
a) end to shell junctions;
b) junctions between shells of different diameters or thicknesses;

c) nozzles.
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C.2.3 Local structural discontinuity

A local structural discontinuity is a source of stress or strain intensification which affects a relatively
small volume of material and does not have a significant effect on the overall stress or strain pattern or
on the structure as a whole. Typical cases are:

a) smallfillet radii;
b) small attachments;

c) partial penetration welds.

C.2l4 Normal stress

Theg normal stress is the component of stress normal to the plane of reference; this is-also referred to as
dirgct stress.

Usulally the distribution of normal stress is not uniform through the thickngss of a part, so|this stress
is cpnsidered to be made up in turn of two components one of which is uniformly distributed and equal
to the average value of stress across the thickness of the section under(consideration, and the other of
whilch varies with the location across the thickness.

C.2|5 Shear stress

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

C.2|6 Membrane stress

Thg membrane stress is the component of stress that is uniformly distributed and equal to the average
valye of stress across the thickness of the sectigny under consideration.

C.2|7 Primary stress

A primary stress is a stress produced by mechanical loadings only and so distributed in th¢ structure
that no redistribution of load occurs-as a result of yielding. A normal stress or a shear stresy developed
by the imposed loading, is necessary to satisfy the simple laws of equilibrium of external apd internal
fordes and moments. The basic ¢characteristic of this stress is that it is not self-limiting. Primafry stresses
that considerably exceed thé yield strength will result in failure, or at least in gross distortion. A
thefmal stress is not classified as a primary stress. Primary stress is divided into “general” jand “local”
cat¢gories. The local-primary stress is defined in C.2.8.

Examples of general primary stress are:
a) |stressinacylindrical or a spherical shell due to internal pressure or to distributed live loads;

b) |bending stress in the central portion of a flat head due to pressure.

C.2.8 Primary local membrane stress

Cases arise in which a membrane stress, produced by pressure or other mechanical loading and
associated with a primary and/or a discontinuity effect, produces excessive distortion in the transfer of
load to other portions of the structure.

Conservatism requires that such a stress be classified as a primary local membrane stress even though
it has some characteristics of a secondary stress. A stressed region may be considered as local if the
distance over which the stress intensity exceeds 110 % of the permissible general primary membrane

stress does not extend in the meridional direction more than 0,5+/Rs where R and s are respectively the
radius and thickness of the component.
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It is also considered to be local if, in the meridional direction, it is no closer than 2,5+/Rs to another
region where the limits of general primary membrane stress are exceeded.

An example of a primary local stress is the membrane stress in a shell produced by external load and

moment at

a permanent support or at a nozzle connection.

C.2.9 Secondary stress

A secondary stress is a normal stress or a shear stress developed by the constraint of adjacent parts or
by self-constraint of a structure. The basic characteristic of a secondary stress is that it is self-limiting.

Local yield|
from one a

An exampl

C.2.10 Pe

The basic
objectiona

this categofry if it is of a type that cannot cause noticeable distortion, e.g.:

surfac

a)

b) stress

C3 Li

J
The longit

stainless s
and where

1,3

Pe=—"17—

Pyss =

72

T tor T o 1 1 ] .

pplication of the stress is not be expected.

e 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 localized falls

b stresses in the wall of a vessel or pipe produced by thermakshock;

at a local structural discontinuity.

t for longitudinal compressive general membrane stress

dinal compressive stress shall not exceed 0,93AK for carbon steel and 0,73AK for auster
feel and aluminium alloys. Where A is obtained from Figure C.2 or C.3 in terms of pe/

1,86K:
TS for carbonrsteel and

and py =

RZ

,A46Ks

for austenitic stainless steel and aluminium alloys
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