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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’2.
ask of technical committees is to prepare International Standards. Draft Interrdational Stand
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| Standard requires approval by at least 75 % of the member bodies casting a-vote.
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Cryogenic vessels — Transportable vacuum insulated vessels

of not more than 1 000 litres volume —
Part 1:
Design, fabrication, inspection and tests
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Scope

part of 1SO 21029 specifies requirements for the design, fabrication, inspection and
sportable vacuum-insulated cryogenic vessels of not more than 1 000C-volume designed to ¢
imum permissible pressure greater than atmospheric.

part of ISO 21029 applies to transportable vacuum-insulated-ecfyogenic vessels for fluids as
and Table 1 and does not apply to such vessels designed fof toxXic fluids.

E This part of ISO 21029 does not cover specific requirements for refillable liquid hydrogen tz
arily dedicated as fuel tanks in vehicles. For fuel tanks used(n land vehicles, see ISO 13985.

Normative references

following referenced documents are.lindispensable for the application of this document
rences, only the edition cited applies. For undated references, the latest edition of the
Liment (including any amendments)._applies.

148-1, Metallic materials ——Charpy pendulum impact test — Part 1: Test method

2244, Packaging — Complete, filled transport packages and unit loads — Horizontal impact te

4136, Destructive tests on welds in metallic materials — Transverse tensile test
5173, Destructive tests on welds in metallic materials — Bend tests

6520-1:1998, Welding and allied processes — Classification of geometric imperfections

maf

testing of
perate at a

specified in

nks that are

For dated
referenced

Sts

4126-2, Safety devices for protection against excessive pressure — Part 2: Bursting disc safely devices

in metallic

prials — Part 1: Fusion welding

ISO

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

ISO 9606-2, Qualification test of welders — Fusion welding — Part 2: Aluminium and aluminium alloys

ISO

ISO

9712, Non-destructive testing — Qualification and certification of personnel

10474:1991, Steel and steel products — Inspection documents

ISO 11117, Gas cylinders — Valve protection caps and valve guards for industrial and medical gas
cylinders — Design, construction and tests
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ISO 14732, Welding personnel — Approval testing of welding operators for fusion welding and of resistance

weld setters for fully mechanized and automatic welding of metallic materials

ISO 15613, Specification and qualification of welding procedures for metallic materials — Qualification based

on pre-production welding test

ISO 15614-1, Specification and qualification of welding procedures for metallic materials — Welding

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

ISO 15614-2, Specification and qualification of welding procedures for metallic materials — Welding

procedure test — Part 2: Arc welding of aluminium and its alloys

ISO 17636,/ Non-destructive testing of welds — Radiographic testing of fusion-welded joints
ISO 17637,|Non-destructive testing of welds — Visual testing of fusion-welded joints
ISO 21010,|Cryogenic vessels — Gas/materials compatibility

ISO 21011,|Cryogenic Vessels — Valves for cryogenic service

ISO 2101341, Cryogenic vessels — Pressure relief accessories for cryogenic service — Part 1: Reclos
pressure relief valves

ISO 21013, Cryogenic vessels — Pressure relief accessories for gryogenic service — Part 2: |
reclosable pressure relief devices

ISO 2101343, Cryogenic vessels — Pressure relief accessories for-éryogenic service — Part 3: Sizing

capacity defermination
ISO 21014,|Cryogenic vessels — Cryogenic insulation perfofinance

ISO 2102841, Cryogenic vessels — Toughness requiremeénts for materials at cryogenic temperature — P4
Temperatures below — 80 °C

ISO 210282, Cryogenic vessels —Toughness requirements for materials at cryogenic temperature — P43
Temperatures between — 80 °C and — 20 °C

ISO 21029, Cryogenic vessels — Transportable vacuum insulated vessels of not more than 1 000 |
volume — Rart 2: Operational requirements

EN 288-1, $pecification and qualification of welding procedures for metallic materials — Part 1: General 1
for fusion welding

EN 12300, Cryogenic vessels — Cleanliness for cryogenic service

EN 13068-3, Non-destructive testing — Radioscopic testing — Part 3: General principles of radiosc
testing of metallic‘'materials by X- and gamma rays

able

Non-
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3 Terms and definitions

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

3.1

cryogenic fluid

refrigerated liquefied gas

gas which is partially liquid because of its low temperature’)

NOTE In the context of this part of ISO 21029 the (refrigerated but) non-toxic gases given in Table 1 and mixtures of
them are referred to as cryogenic fluids.

Table 1 — Refrigerated but non-toxic gases

UN No.? Proper shipping name and description?

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/@.S.°

Oxidizing gases

1003 air, refrigerated(iquid
1073 oxygen, refrigerated liquid
2201 nitrous.oxide, refrigerated liquid

3311 gas, refrigerated liquid, oxidizing, N.O.S ?

Flammable gases®

1088 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 ethvlene acetvlene and propviene mixture refrigerated liguid caontaining
¥ Y e y =) t =5

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

3312 gas, refrigerated liquid, flammable, N.O.S b

@ UN No. and proper shipping name according to UN Recommendations, 12th edition.
b N.O.S. = not otherwise specified.
c See Annex A.

1) This includes totally evaporated liquids and supercritical fluids.

© 1SO 2004 — All rights reserved 3
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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 The space may or may not be filled with material to reduce the heat transfer between the inner vessel and the
outer jacket.

3.4
inner vessel
vessel interjded to contain the cryogenic fluid

3.5
outer jacket
gas-tight erfclosure that contains the inner vessel and enables the vacuum to be established

3.6
normal opération
intended operation of the vessel at maximum permissible pressure including the handling loads defined in B.7

3.7
handling lgads
loads exerted on the transportable cryogenic vessel in all northal conditions of transport including loading,
unloading, moving by hand or by fork-lift truck

3.8
documentation
technical dgcuments delivered by the manufacturerito the owner consisting of:

— all cerlificates establishing the conformity with this part of ISO 21029, e.g. material, pressure fest,
cleanliness, safety devices;

— a short|description of the vessel(including characteristic data, etc.);
— allist of fluids and their net\mass for which the cryogenic vessel is designed;
— an opefating manual (for the user) consisting of:

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

2) a.statement that the vessel is in conformity with this part of ISO 21029;

3) the instructions for normal operation.

3.9

piping system

all pipes and piping components which can come in contact with cryogenic fluids including valves, fittings,
pressure relief devices and their supports

3.10

equipment

devices that have a safety-related function with respect to pressure containment and/or control (e.g. protective
or limiting devices, regulating and monitoring devices, valves, indicators)

4 © 1SO 2004 — Al rights reserved
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3.1
manufacturer of the transportable cryogenic vessel
company that carries out the final assembly of the transportable cryogenic vessel

3.12

gross volume of the inner vessel

volume of the inner vessel, excluding nozzles, pipes etc. determined at minimum design temperature and
atmospheric pressure

3.13
tare mass
mags of the empty transportable cryogenic vessel

e net volume

cally, during

net[volume-of the inner vessel
volymeofithe shell, below the inlet to the relief devices, excluding nozzles, pipes, etc. determined at minimum
des|gb-temperature and atmospheric pressure

© 1SO 2004 — All rights reserved 5
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4 Symbols

For the purposes of this part of ISO 21029, the following symbols listed in Table 2 apply.

Table 2 — Symbols, designations and units

Symbol Designation Unit
A cross sectional area of reinforcing element mm?
Cp design factors 1
- attewance-for-corrosion mm
D shell diameter mn+
D, external diameter e.g. of a cylindrical shell mnl
D; internal diameter e.g. of a cylindrical shell mn
dy, external diameter of tube or nozzle mn
d, diameter of opening mn}
E Young’s modulus N/mm?2
f narrow side of rectangular or elliptical plate mnj
1 moment of inertia of reinforcing element mmf*
K material property used for design N/mm?
Ky (e.g. 10 for material material property at temperature T expressediin’ °C N/mm?2
properfy at 20 °C)
b, b buckling length mn
n number of lobes 1
)4 design pressure as defined in 10:2.3.2.1 ba
Pe permissible external pressure-limited by elastic buckling ba
Pk strengthening pressure ba
Py permissible external pressure limited by plastic deformation ba
Pg maximum permissible pressure ba
Py test pressure (see 10.2.3.2.2) ba
R radigs-of curvature e.g. inside crown radius of dished end mn
Re (;:ﬁt;ﬁ?‘: :::l)s for minimum guaranteed yield stress or 0,2 % proof stress N/mm?2
R, minimum guaranteed tensile strength (actual or guaranteed) N/mm?
r radius, e.g. inside knuckle radius of dished end and cones mny)
S safety factor at design pressure, with respect to R, 1
K safety-factor-against-etastic-buckling-at-designpresstre 4
Sp safety factor against plastic deformation 1
s minimum thickness mm
Se actual wall thickness mm
u out of roundness (see 11.5.4.2) 1
v factor indicgtive of the uti]isation of the permissible design stress in joints or 1
factor allowing for weakenings
X (decay-length zone) distance over which governing stress is assumed to act mm
auxiliary value 1
v Poisson’s ratio 1

© I1SO 2004 — Al rights reserved
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5

5.1

5.2
and

The

ISO 21029

General requirements

-1:2004(E)

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.

Transportable cryogenic vessels shall be equipped with valves and pressure relief devices configured

installed in such a way that the vessel can be operated safely.

inner vessel, the outer jacket and any section of pipework containing crvogenic fluid which can

be trapped,

sha

5.3
EN

5.4

| be protected against over pressurization.

The transportable cryogenic vessel shall be cleaned for the intended service if) acco
12300.

The manufacturer shall retain the documentation defined in 3.8 for a period required by regu

prodluct liability). In addition, the manufacturer shall retain all supporting and background do

issy

6.1

The
cou

The

6.2

The

whd

ed by his subcontractors (if any) which establishes that the vessel conforms 6 this part of ISO

Mechanical loads

General

transportable cryogenic vessel shall resist the meghanical loads without suffering deform
d affect safety and which could lead to leakage. This.requirement can be validated by:

calculation;
experimental method;
calculation and experimental method:

mechanical loads to be considered are given in 6.2 and 6.3.

Load during the pressure test
load exerted during'the pressure test is given by:
pt=13(pst1)

re

dance with

lations (e.g.
umentation
21029.

ation which

pi./ is the test pressure, in bar;

ps is the maximum permissible pressure (= relief device set pressure), in bar;

+1 is the allowance for external vacuum, in bar.

© I1SO 2004 — All rights reserved
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6.3 Other mechanical loads

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

a) a pressure 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;

posed in lifting and handling fixtures (at the vessel):

d) loadsi
e) full vac
f) apresg
g) load du

uum in the outer jacket;
ure in the outer jacket equal to the set pressure of the relief device protecting the outer. jacket;

e to dynamic effects, when the vessel is filled to capacity, giving consideration tox

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

2) the interspace and external piping;

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

6.3.2 Dynpamic loads during normal operation, equal to twice the mass of the inner vessel when filled to

capacity sh
considered

6.3.3 If th
the centre ¢

own on the data plate exerted by the inner vessel *beth horizontally and vertically, shal

e vessel has a volume of more than 100 | or a-gross mass of more than 150 kg or if the heig
f gravity of the fully loaded vessel is less thantwice the smallest horizontal dimension at its b

the vertically upwards acting reference load may be reduced to equal the gross mass.

7 Chen]

Due to thei
inner surfag

Also, due tq
inner vesse

ical effects

I temperatures and the materials of construction used, the possibility of chemical action on
es in contact with the cryogenic fluids can be neglected.

the fact that the innen vessel is inside an evacuated outer jacket, neither external corrosion of
I, nor corrosion oh-the inner surfaces of the outer jacket will occur. Therefore inspection open

are not reqyired in the inner vessel or the outer jacket.

Corrosion 4

llowance(is ‘also not required on surfaces in contact with the operating fluid or exposed to

vacuum intg@rspacesbetween the inner vessel and the outer jacket.

the
be

nt of
hse,

the

the
ngs

the

8 Thermal conditions

The following thermal conditions shall be taken into account:

a) forthei

nner vessel and its associated equipment the full range of temperature expected;

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

— a minimum working temperature of — 20 °C;

— a maximum working temperature of 50 °C.

© I1SO 2004 — Al rights reserved


https://standardsiso.com/api/?name=15c732813253dd30cbd7e837b0782646

ISO 21029

9 Material

For the materials used to manufacture the transportable cryogenic vessels, the following require
be met.

9.1 Material properties

-1:2004(E)

ments shall

9.1.1 Materials which are or might be in contact with cryogenic fluids shall be in accordance with the

relevant standards for compatibility. For oxygen compatibility, see ISO 21010.

91 vratetrtarS—tuSet—a OW—€E v, a C V—Ie wjvje oC - - a
For|temperatures below — 80 °C, see ISO 21028-1. For non-metallic materials low temperature-sui
be demonstrated by providing sufficient test data.

ato v O

9.1.3 The base materials, listed in Annex B, subject to meeting the extra requirements given

vant standard.

tability shall

in the main

body of this part of ISO 21029, are suitable for and may be used in the manufacturéof'the cryogenic vessels

conforming to this document.

9.2| Inspection certificate
9.21 The material shall be declared by an inspection certificate 3.1B¢n*accordance with ISO 104
9.2.2 The material manufactured to a recognized International-Standard shall meet the testing re
of IO 21028-1 and I1SO 21028-2 and shall be certified by.inspection certificate 3.1B in acco
ISO110474:1991.

9.2 The delivery of material which is not manufaetured to a recognized standard has to be
insgection certificate 3.1A in accordance with I1SQ 10474:1991 confirming that the materia

requiirements listed in 9.1. The material manufacturer shall follow a recognized standard for pro
estgblishing the guaranteed material properties.

9.3| Materials for outer jackets and equipment

Thel outer jacket and the equipment not subjected to cryogenic temperature shall be manufa
material suitable for the intended service.

10 | Design
10.1 Design options

10.1.1 General

Thel design shall be carried out in accordance with one of the options given in 10.1.2 or 10.1.3.

174:1991.

bquirements
rdance with

certified by
fulfils the
essing and

ctured from

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.

© I1SO 2004 — All rights reserved
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10.1.3 Design by calculation and supplemented with experimental methods

This option requires validation of the pressure-retaining capacity by calculation except that the minimum wall
thickness requirements of Tables 3 and 4 do not apply. Structural integrity shall be validated by experiment as
described in 10.4.

The pressure-retaining capacity may be validated by experimental methods:

— if no design formulae are available for shape or material, or

— for vessels with a (p-1) lower than 1 000 bar/l.

Table 3 — Inner vessel minimum wall thickness

Inner vessel diameter, D Minimum wall thickness s, for reference steel 2
(mm) (mm)
D <400 1
4 D <1 0,5+
00 <D <1800 1200

a8  Referende steel material is material having a product R, x A5 of 10 000. For other materials calculate the minimum thickness using
the following formula:

g =145
%ﬂ?m X Asg
where
R isfhe ultimate tensile strength, in newtons per square millimetre;
Ag is the elongation at fracture, in per cent.

Table 4 — Quter jacket minimum wall thickness

Outer vessel diameter;-D. Minimum wall thickness s, for reference steel 2
(mm) (mm)
D
D < A~800 0,5+——
1200

a8  Referende steel material’is material having a product R, x A5 of 10 000. For other materials calculate the minimum thickness using
the following formula:

14 §
§ = 49

%ﬂ?m XA

where

R isthe ultimate tensile strength, in newtons per square millimetre;

A is the elongation at fracture, in per cent.

5

10 © 1SO 2004 — Al rights reserved
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10.2 Common design requirements

10.2.1 General

The requirements of 10.2.2 to 10.2.7 are applicable to all vessels irrespective of the design validation option
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 for which the vessel is designed;

— | maximum tare weight of the inner vessel,

— | nominal length and/or diameter of the inner shell;
or, in the event of any change relative to:

— | the type of material or grade (e.g. stainless steel to aluminium or change of stainless steels grades);
— |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, partiqularly as far
as the support systems between the inner vessel and«the outer jacket or the inner vessel fitself or the
protective frame, if any, are concerned;

the |nitial design programme shall be repeated to takeaccount of these modifications.
In addition, if any changes affect 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 repegted to take
accpunt of these changes.

10.2.2 Design specification
To ¢nable the design to be prepared, the following information, which defines a vessel type, shall be available:
— | maximum permissible pressure;
— [fluids to be uséed:

— |liquid capacity;

— | volume of the inner vessel,

— method oT handling and securing,

— stacking arrangement.

A design document in the form of drawings with written text, if any, shall be prepared. It shall contain the
information given above plus, where applicable, the following:

— definition of which components are designed by calculation and which are validated by experiment;
— drawings with dimensions and thicknesses of load-bearing components;

— specification of all load-bearing materials including grade, class, temper, testing etc. as relevant;

© 1SO 2004 — All rights reserved 11
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etc. as
calcula
design

non-de

applicable material test certificates;

relevant;
tions to verify compliance with this part of ISO 21029;
test programme;

structive testing requirements;

location and details of welds and other joints, welding and other joining procedures, filler, joining materials

pressu
piping

details

10.2.3 Desjign loads

10.2.31 ¢

The transpq
chemical ef

10.2.3.2 |
10.2.3.2.1
a) Design

where

P—PS‘

is
su

Py

b) loads

dynam

load im
the out

c)

The followirn

e test requirements;
configuration including type, size and location of all valves and relief devices;

of lifting points and lifting procedure.

5eneral

rtable cryogenic vessel shall be able to safely withstand the mechanical and thermal loads and
fects encountered during pressure testing and normal operation:

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

pressure, p;

- pp + 1 bar

the pressure, in bars, exerted by the liquid contents when the vessel is filled to capacity
bject to dynamic loading;

mposed on the inner’vessel due to the mass of the inner vessel and its contents when subje
c loading;

posed by the piping due to the differential thermal movement of the inner vessel, the piping
br jacket;

g cases shall be considered:

the

and

ct to

and

filling a

d)
temper

12

cooldown (inner vessel warm — piping cold);

nd withdrawal (inner vessel cold — piping cold);

transhipment and storage (inner vessel cold — piping warm);

ature and during operation.

load imposed on the inner vessel at its support points when cooling from ambient to operating

© I1SO 2004 — Al rights reserved
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10.2.3.2.2 The design shall be evaluated for the following condition.
Pressure test: the following value shall be used for validation purposes:

pt = 1,3(pg + 1) bar 2)
where p, is the maximum permissible pressure, in bar.

The 1 bar is added to allow for the external vacuum. The primary membrane stress at test pressure shall not
exceed the value prescribed in the relevant regulation and in no case shall it exceed the yield stress of the
materialk

Forlcryogenic vessels with a capacity above 450 |, the minimum test pressure shall be 3 bar(This fequirement
doep not apply to heating or cooling systems and related service equipment.

10.2.3.3 Outer jacket

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

a) |an external pressure of 1 bar;

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 10.2.3.2.1 d);

e) |load imposed at the inner vessel support points in the outer jacket when the inner vessell cools from
ambient to operating temperature and during-operation;

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

10.2.3.4 Inner vessel supports

The inner vessel supports_shall be suitable for the load defined in 10.2.3.2.1 ¢) plus loads due tg differential
therqmal movements.

10.2.3.5 Outer jacket supports

Thel outer jacket(supports shall be suitable for the load defined in 10.2.3.3 f).

10.2.3.6 \Lifting points

Lifting points shall be suitable for litng 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).

10.2.3.7 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).

© 1SO 2004 — All rights reserved 13
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10.2.3.8 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 sh

capacit

all be equal to twice the total mass if any of the following conditions is met:

y less than 100 |;

total mass less than 150 kg;

the hei
any fra

10.2.3.9

Piping inclu
the loads s

a) pressu

vacuun
b) pressu
c) therma
d) dynam
e) setpre

f) loads g
10.2.4 Cor

Corrosion 4
required on

10.2.5 Insq

Inspection
ISO 21029
NOTE 1 [

NOTE2 1

ht of the centre of gravity of the transportable cryogenic vessel, when filled to capacity, inclu
ework elements, is more than twice the smaller horizontal dimension of its base.

ing valves, fittings and supports shall be designed for the following loads. With.the exception
all be considered to act in combination where relevant:

e test: not less than the permissible working pressure pg plus one bar-for piping that is inside
N jacket;

re during operation: not less than the set pressure of the system pressure relief device;
loads defined in 10.2.3.2.1 ¢);

c loads;

5sure of thermal relief devices where applicable;

enerated during pressure relief discharge:

rosion allowance

llowance is not required on surfaces in contact with the operating fluid. Corrosion allowance is
other surfaces if they are adequately protected against corrosion.

ection openings

bpenings are notyrequired in the inner vessel or the outer jacket, providing the requirement
P are followed:-

Due to thé.combination of materials of construction and operating fluids, internal corrosion cannot occur.

[he’inner vessel is inside the evacuated outer jacket and hence external corrosion of the inner vessel ca

ding

pf a)

the

not

nnot

occur.

NOTE 3

10.2.6 Pressure relief

10.2.6.1

General

Relief devices for inner vessels shall be in accordance with ISO 21013-1, -2 and -3.

Relief devices for outer jackets shall be in accordance with Annex C.

Systems sh

14

all be designed to meet the requirements given in 10.2.6.2.

The elimination of inspection openings also assists in maintaining the integrity of the vacuum in the interspace.
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10.2.6.2 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
satisfy the holding time requirement of ISO 21029-2;

b) heat leak with loss of vacuum;

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

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

An gxception is made for vessels of less than 450 | capacity where at least one pressare relief deyice shall be
proyided.

Shut-off valves or the equivalent may be installed upstream of pressure relief-devices, provided that additional
devlces and interlocks are fitted to ensure that the vessel has sufficient relief-capacity at all times.

The pressure relief system shall be sized so that the pressure drop during discharge does not cause the valve
to r¢seat instantly.

10.2.6.3 Outer jacket
A pressure relief device shall be fitted to the outer jacket.‘Phe device shall be set to open at a pregsure of not
more than 1,7 bar. The discharge area of the pressure relief device shall be not less than 0,171 mm?/l

capgcity of the inner vessel but not less than 6 mm n:diameter.

For|calculating the resistance of the inner vessél and the outer vessel to the pressure, the maximum actual set
valyes shall be considered.

10.2.6.4 Piping

Any| section of pipework containing cryogenic fluid that can be trapped shall be protected by a rejief valve or
othgr suitable relief device.

10.2.7 Valves

Valyes shall conformto ISO 21010.

10.2.8 Degree’ of filling

The degree of f|II|ng of Iarge transportable vacuum- -insulated vessels mtended for the carriage of flammable
gasl which the
vapour pressure equalled the openlng pressure of the safety valve the vqume of the liquid would reach 98 %
of the vessel’s net volume at that temperature. The degree of filling for helium may be 100 % of net volume.
Pre-trip inspection shall ensure that the above limits are not exceeded.

10.3 Design by calculation

10.3.1 General

When design validation is by calculation in accordance with 10.1.2 or 10.1.3 the dimensions of the inner
vessel and outer jacket shall be not less than that determined in accordance with this sub-clause.
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10.3.2 Inner vessel

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) thedes

ign has been validated by experiment or

b) astres

10.3.2.2 [
The interna
The minimd

The inner \
jacket press

10.3.2.3
The materiz
— for aus|
for alur

K shall be t
steels the §
the inspecti

Higher valu

the ord

the ing
deliver

the inc

5 analysis has been carried out, and assessed in accordance with Annex D.

Design pressure, p

Material property, K5,

the material manufacturer shall guarantee compliance with this higher value, in writing, when accef
er;
reased properties shall be verified by testing each rolled plate or coil of the material tg

design pressure p shall be as defined in 10.2.3.2.
m design pressure shall be 2,31 bar.

essel shall be designed for a minimum external pressure equal to*the set pressure of the g
ure relief device.

| property, K, to be used in the calculations shall be as.follows:
fenitic stainless steel, 1 % proof strength;

hinium and aluminium alloys, 0,2 % proof strength.

he minimum value at 20 °C as taken from the material standard. In the case of austenitic stain
pecified minimum value may be exceeded by up to 15 % provided this higher value is atteste

bn certificate.

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

pd;

eased;properties shall be attested in the inspection certificate;

the we

ing pracedures shall be suitably qualified

uter

ess
din

ting

be

For austenitic stainless steel a strength value obtained in work-hardened material may be used in the design

provided thi

16

s value and adequate ductility is maintained in the finished component.
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10.3.2.4 Safety factors S, Sp and S,

The safety factors to be used are as follows:

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

— cylindrical shells S, =1,4 § =2,6

| H 1 + fal 2.4 fal L ol o o ol o A —
opMIicricar Toyiurt L)p o, 1 L’k SCCT dypILAdulIT TTITUIUU 1T ATTTTCA L

— knuckle region S, =1,6

10.3.2.5 Weld joint factors, v
Forlinternal pressure (pressure on the concave surface) v = 0,85 or 1,0 (see Clause 12).

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

10.3.2.6 Corrosion allowances, ¢
c=0
NOTE No corrosion allowance is required for austenitic stainless steel, aluminium and aluminium alloys.

10.3.3 Outer jacket

10.3.3.1 General

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

Thel actual wall thickness shall béwnot less than as shown in Table 4 unless either
a) |the design has been validated by experiment or

b) |a stress analysis-has’been carried out and assessed in accordance with Annex D.

10.3.3.2 Design pressure, p

Thel interfal*design pressure, p, shall be equal to the set pressure of the outer jacket pressure relief device.

Thelexternal-design-pressute-shallbe-1-bar
g g

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

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

— for carbon steel K = yield strength.

NOTE Upper yield strength may be used.
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10.3.3.4 Safety factors S, Sp and S,

9-1:2004(E)

The safety factors to be used are as follows:

— internal pressure (pressure on the concave surface): S = 1,1

— external pressure (pressure on the convex surface):

— cylindrical shells S, = 1,1

— Sppet icat |cy;uu Sp =

— knpckle region

10.3.3.5

Resistance

in 10.3.2.4

10.3.3.6

Rlastic deformation

hnd 10.3.3.4.

Weld joint factor, v

For internal|pressure (pressure on the concave surface)

For externa] pressure (pressure on the convex surface)

10.3.3.7 Corrosion allowance, ¢

For austenific stainless steel

For aluminiym and aluminium alloys

For carbon kteel

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

c=0.
c=0.
c=1,0mm.

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 de

methods ard safety factors.

When designing the ifiner vessel support system the temperature and corresponding mechanical propertig
be used may be those of the component in question when the inner vessel is filled to capacity with cryog

fluid.

to plastic deformation is determined by using Annex D with the appropriate safety factor Sp def]

v=0,7.

v=1,0.

ned

sign

s to
enic

10.3.5 Protective guards

External fittings shall be protected by a guard designed for the loads specified in 10.2.3.8. The requirements
are satisfied if the fittings to be protected are either:

— within a guard which is permanently attached to the transportable cryogenic vessel or

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

inwards.

18
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10.3.6 Piping

Piping shall be designed for the loads defined in 10.2.3.9 using established piping design methods and safety
factors.

10.3.7 Calculation formulae

10.3.7.1 Cylindrical shells and spheres subject to internal pressure (pressure on the concave
surface)

10.3.7.1.T Field of application

Cylipdrical shells and spheres where D,/D; < 1,2
10.3.7.1.2 Openings
For|reinforcement of openings see 10.3.7.7.

10.3.7.1.3 Calculation
The| required minimum wall thickness, s, is

— |for cylindrical shells

Ifal’ te (3)
20 (SZ'OJ v+ p

— |for spherical shells

S =

I?al’ +e (4)
40 (S%()j v+ p

10.3.7.2 Cylindrical shells-subject to external pressure (pressure on the convex surface)

S =

10.3.7.2.1 Field of.application

Cylindrical shells-where D,/D; < 1,2

10.3.7.2.2-Openings

Inn occal ananinac—chall ba _ocaloplaotad 1n ocanrdoanan i 3
er—vesser OpCmmgS—oSranr— o CarcuatC U attoTrTarct W

+0-3—+Fusing—the—exernalpredsure as an

internal pressure.

10.3.7.2.3 Calculation

Annex E gives two alternative calculation methods. Both methods give comparable results and shall be
equally acceptable.
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10.3.7.2.4 Stiffening rings

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

)
Q 0
S

Figure 2 — Sectional material stiffeners

The stiffening rings welded to the shell shall satisfy the following conditions:

0,124 pp3

12—10E a /Das—c) (5)
0,15 pD

AZ—# Da(S—C) (6)

The moment of inertia &is relative to the neutral axis of the reinforcing elements cross-section parallel td the
shell axis (pee axis< + x in Figures 1 and 2). Narrow and high reinforcing elements of the kind showpn in
Figure 1 may undergo severe buckling. Where the height of the element is greater than eight times its width, a
more accurpte.€alculation shall be made.

Where stiffening rfings are joined 1o the shell by means of intermitient welds, the Tillet welds at each side must
cover at least one third of the shell circumference and the number of weld discontinuities must be at least 2x.
The number of buckling lobes, #, is obtained as indicated in E.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.
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10.3.7.4 Dished ends subject to internal or external pressure

See Figures 3, 4 and 5.

0,

Figure 3 — Dished ends

w
N 1
LT 7>
<
&
{
<
80)

Figure'4 — Unpierced dished end

L7 7>
<
<&
r =
/ <~
0,60,
o0,

Figure 5 — Dished end with nozzle

21
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10.3.7.4.1

Field of application

The following dish ends may be utilized:

2:1 torispherical ends where R = 0,8 D, and r = 0,154 D

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

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

ar

a)
b)
c)
NOTE |
d) 2:1ell
NOTE |

N the case of torispherical ends 0,002 < (s — c)/l_)a < 0,1.
ptical ends where R = 0,9 D, and » = 0,170 D;

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

e) other torispherical head shapes may be used provided suitable calculations are caffied out in accordg

with 10

10.3.7.4.2

The straigh

for 10

for 2:1
for 2:1

The straigh

.3.8.

Straight flange

flange length /4 (see Figures 4 and 5) shall be not less than:

o torispherical ends, 3,5;
torispherical ends, 3,0s;
elliptical ends, 3,0 s.

flange may be shorter provided that in the case of inner vessels the circumferential joint betw

the dished ¢nd and the cylinder is non-destructively tested as required for a weld joint factor of 1,0.

nce

een

10.3.7.4.3 |Internal pressure calculation (pressure on concave surface)
10.3.7.4.3.1 Crown and hemisphere thickness
The wall th|ckness of the crown-region of dished ends and of hemispherical ends shall be determined uging
10.3.7.1.3 fpr spherical shells-with D, = 2(R + s).
Openings within the crown area of 0,6 D, of torispherical ends and in hemispherical ends shall be reinfofced
in accordance with 40:3.7.7. When pad type reinforcement is used, the edge of the pad shall not ex{end
beyond thejarea 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 thicknéss
The required thickness of the knuckle region and hemispherical end junction shall be:

- DaKp b +e (7)

40 [Zoj v
S

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

22
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a) 10 % torispherical.dished ends

o
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N
%

1
[
H
(=4
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E:

0,001 0,005 0,01 0,05 0,1
(se= )/

b) 2:1 torispherical dished ends

Figure 6 — Design factors for torispherical dished ends
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When there are openings outside the area 0,6 D, the required thickness is found from Figures 6 a) and 6 b)
using the appropriate curve for the relevant value of d;/D,.

The lower curves of Figures 6 a) and 6 b) apply when there are no openings outside the area 0,6 D,.

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 g value of 1,1 shall be applied within the distance x=0,5JR(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:

p><Di

20 (KSszXV—O,Zp

s =

10.3.7.4.4 |External pressure calculations (pressure on the convex surface)

See E.1.2.
10.3.7.5 Cones subject to internal or external pressure

10.3.7.5.1 |Symbols and units
For the purposes of 10.3.7.5, the following symbols apply in addition to those given in Clause 4:
A arga of reinforcing ring, in square millimgires;

Da1 oufside diameter of connected cylinder (Figure 7), in millimetres;

Daz outside diameter at effectivé stiffening (Figure 8), in millimetres;
D, degign diameter (Figure-7), in millimetres;
s shell diameter. atinozzle (Figure 9), in millimetres;

I moment ofinertia about the axis parallel to the shell, in millimetres;

[ cope-ength between effective stiffenings (Figure 8), in millimetres;

required wall thickness outside the corner area, in millimetres;
s, required wall thickness within the corner area, in millimetres;
x; Characteristic lengths (i = 1,2,3) to define corner area (Figure 7 and 10.3.7.5.5), in millimetres;

¢ cone angle, in degrees.
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Figure 8 — Geometrical quantities in the case of loading by external pressure

—
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2, 80,
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Figure 9 — Geometry of a cone opening
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10.3.7.5.2 Field of application
Cones according to Figure 7 where 0,002 < (sg - C)/Da1 < 0,01 and 0,002 < (s, - C)/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.

If p 70°, design according to 10.3.7.7 using an equivalent cylinder diameter of

Di=DS+di sin ¢ (8)

cos ¢

If o= 70°, design according to 10.3.7.6.

10.3.7.5.4 Non destructive testing

All gorner joints shall be subject to the examination required for a weld joint factor of 1,0.

10.3.7.5.5 Corner area

Thel corner area is that part of the cone where the dominant'stresses are bending stresses in the [longitudinal
diregtion.

Thel corner area is defined in Figures 7 a) and 7 b) by x4, %o, x5 calculated from the following equations:

21 = [Da,lsi—c) 9)

72=07 M (10)
\} cosg

23=0,574 (11)

10.3.7.5.6 Internal pressure calculation (¢ < 70° pressure on concave surface)
a) |within corner-area:

Thel required wall thickness, s4, within the corner area as calculated from Figures 10 a) to 10 g) for the large
end| (eonvergent cones) and Figure 10 h) for the small end (divergent cones) of a cone using the following
variahles:

pS and —— shall be not less than the required wall thickness, s, outside the corner area as calculated

(0715 Kv Da1 g’
in formula (12). For a corner joint use the curve for r/Dal1 = 0. For intermediate cone angles, ¢, use linear

interpolation. For intermediate values of r/Dal1 the relevant interpolation equation stated in Figures 10 a) to

10 h) shall be used.

The wall thickness, s), in the corner area shall not be less than the required thickness, s,, outside the corner

g!
area as calculated in formula (12).
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Aqq = +0,8176136502
Ay = +1,0381861882
Azq = +0,0622158210
Agq = +0,0096929635
Aqp = +0,0597195135
Agy = — 0,2412593780 02
Azy = — 0,1880642590

Agp = - 0,0324536587

0,5
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pSI15KY
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== 0,000 1
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a) Convergent cones with an opening angle ¢ = 10°

pS

IR for convergent and divergent cones [see also parts b) to h)]
v

Figure 10 — Permissible value
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Aq1 = —0,1430803135
Ay = +0,1381824165
Az = — 0,1765906005
Agq = — 0,0065026025
Aqp = — 0,4462692977
Apy = — 0,8328006417
Azp = — 0,1486033657
Agp = — 0,0281519950

pS/15Kv
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0,1

ISO 21029-1:2004(E)
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b) Convergent cones with an opening angle ¢ = 20°

Figure 10 (continued)
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Aqq = + 0,3500365835
Apq = — 0,2440822374
Az = — 0,3246595673
Agq = —0,0190535072
Aqp = —0,6161287755
Apy = — 0,6258109205
Azp = — 0,5453370384
Agp = — 0,6335460883
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c)

Figure 10 (continued)

[e)=]

(51— C)/Da1

Convergent cones with an opening angle ¢ = 30°
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Aqq = + 0,8575902466
Apq = +0,5378481964
Az1 = —0,1986653298
Agq = — 0,0122237427 0.3 v
Aqp = — 0,8198247674
Agp = — 0,4515131511 0.2 %%,
Asp = — 0,3258437675 y 7
Agp =—0,1177022149 4
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d) Convergent cones with an opening angle ¢ = 40°

Figure 10 (continued)

© 1SO 2004 — All rights reserved 31


https://standardsiso.com/api/?name=15c732813253dd30cbd7e837b0782646

ISO 21029-1:2004(E)

Aqq = +0,2789917860
Apq = +0,8377077949
Az = — 0,1656688432
Agq=—0,0118934136
Aqp = — 0,0206287530
Agy = — 0,5637644804
Azy = — 0,5711450721
Agp = —0,0600216109
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e) Convergent cones with an opening angle ¢ = 50°

Figure 10 (continued)
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Aqq = + 0,8694396440
Apq = +0,3659163860
Azq = — 0,0648173574
Agq = —0,0057345617 03
Aqp = +0,0553080284
Agy = — 0,0511260440
Azp = +0,3015922949 ’ /
Agp = +0,0090201888
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f) Convergent cones with an opening angle ¢ = 60°

Figure 10 (continued)
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Aqq = — 0,3134406430
Apq = +0,0067874373
Azq = - 0,3697977429
Agq = — 0,0270859480
Aqp =+ 17,879816063
Agy =+ 11,917959356
Azy = +2,9083873997
Agp = + 0,1924692668

pS/15Kv

0,5
0,4

0,3

0,2

X =In [(s1 —c)/Da1]

4
Z=Y 3 4 - X<y

0,02

0,01

0,009
0,008
0,007
0,006

0,005
0,004

0,003

0,002

0,001
0,000 9
0,000 8

0,000.7
0,000,6

0,000'5
0,000 4

0,000 3

0,000 2

0,000 1

7,

N

~
N

N

DTN

NG

0,001

0,002
0,003
0,004
0,005

0,006
0,007
0,008
0,009
0,01
0,02

34

g) Convergent cones with an opening angle ¢ = 70°

Figure 10 (continued)
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Aqq =+ 1,2759613660
Apq =+ 1,0123657862
Az = - 0,0215354681
Agq = + 0,0003868570
Aqp = —0,0193696780
Agy = +0,0023390140
Azp = +0,0000046173
Agp = + 0,0000003025
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h)

Divergent cones with an opening angle ¢ from 10° to 70°

Figure 10 (continued)
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b) outside corner area:
The required wall thickness, Sgs outside the corner area is calculated from
NS S — (12)
20 K v—p cos ¢
S
where
— for the fargeemd; Dy = Do 2 Fr{t=TCos )+, ST o)
— for the small end, Dy 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 » > 0,011 aq the required wall thickness is
4 p
=5qF0,3(Dg,. - - 13
51 =5g ( a r)xgo zt¢ (13)
10—v
S
10.3.7.5.8 |External pressure calculation (pressure on the convex surface)
Stability agpinst elastic buckling and plastic deformation shall be, verified using 10.3.7.2 and an equivglent
cylinder.
For the example shown in Figure 8 the equivalent cylinder.diameter between the knuckle and the stiffener |s
D, +D
Da = _u (14)
2 cos ¢
and the eqyivalent cylinder length is
Dg|l—-D
/= _a__aZ (15)
2Bin @
Depending jon the relevant®baundary conditions the equivalent length between two effective stiffening sectjons
shall be relipbly estimated‘within the meaning of 10.3.7.2.
When ¢ > 10° the correr area of a large end can be considered as effective stiffening.
For small gnds the thickness in the corner area shall not be less than x 2,5 the required thickness of| the
conical shellwith-the-same-angle-p-ora-stiffenershall-be-fitted-with-the-following-properties:
5 4
[s 2Pat) (16)
960 Kj
Sk
2
D
4s PPa)” (17)
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where

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

Da11 is the diameter in accordance with Figure 7 b).

The shell over a width of 0,5 /Da1 x| can 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
10.9
preg
10.3
10.3

We

and

10.3

Ops
Figu

10.3

The

whd

The

ddition, the cone shall be verified using 10.3.7.5.6 above and the safety factors, S, ffom
.3.4 increased by 20 %. For thicknesses in the corner area, v shall be the value applicable

sure.
.7.6 Flat ends
.7.6.1 Field of application

ded or solid flat ends where:

(s—c) 24/0,0087p and (s—c) Sl
D E D 3

Poisson's ratio is approximately 0,3.

.7.6.2 Openings

nings are calculated in accordance with,10.3.7.6.3 but with the C factor multiplied by C,. C4
re 11.

.7.6.3 Calculation

required minimum wall thickness of a circular flat end is given by

0,1pS

S:CD1 + ¢

re C and D, are-taken from Figure 12.

required~minimum wall thickness of a rectangular or elliptical flat end is given by

where Cg is taken from Figure 13.

© I1SO 2004 — All rights reserved

10.3.2.4 or
for internal

is given in

(18)

(19)
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Y
1,2
A
\
/ I~
1,1 // B
/ | — T \
\
1 ™S \\
N
®d, ~
0,9 o I \\ \
A B <
08 J 72 /] \
’ \\
N
bl N N [}
’ &0, 0,
0,6
0 0,1 0,2 0,3 0,4 0¢5 0,6 0,7 0,8
X ratio &,/D, or d,/f
Y  openind factor Cp
Type A Type B
d = inside diameter of opening d = inside diameter of opening
D, = design diameter D; = design diameter
f = short side of elliptical end f = short side of elliptical end
6 i-1 6 i-1
Z/ii | 0 Zl<os8 ZAii | 0<% <08
—= D D = D D
Ca = i=1 CA i=1
A6 2 P 6 ()"
Zzi(—j | 0<[—j<0,8 ZA{—] | 0<{—J<0,8
i=1 f f i=1 f
A, = 04999034 20 A, =1,001 003 44
A, =-1;980 626 00 Ay = 0,944 284 68
A =9,018 554 00 Ay =4,312 102 00
Ay = 18,632 830 00 Ay = 8,389 435 00
Ag = 19,497 590 00 As = 9,206 283 84
Ag =7,612 568 00 Ag = 3,694 941 96
Figure 11 — Opening factor C, for flat ends and plates
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Type of flallt end design Conditions Design factor
(principle only) C
a) flanged flat end 1. knuckle radius:
" Dy 7 min
< 500 30
Va ] > 500 < 1 400 35
Vel
< > 1400 < 1600 40
0,30
>1600 < 1900 45
- =700 50
o0,
80, andr>13s
2. cylindrical part: h > 3,5 s
b) | forged or pressed flat end 1. knuckle radius:
) r ;% , however at least 8. mm
/ ﬁ 2. cylindrical part: h.=_s
= > 0,35
oD,
$Da
c) | flat plate welded into the shell from both sides plate thickness:
0 5 <38y
x 5> 35,
0,35
N 0,40
Sn
80,
&0,
Figure 12 — Design factors for unstayed circular flat ends and plates
(see averleaf also)

© I1SO 2004 — All rights reserved
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Type of flallt end design Conditions Design factor
(principle only) C
d) plate welded to the shell with welds at both sides of the latter plate thickness:
0 5 <35y
5> 354
% A Only killed steels may be utilised. When plate
material is employed, over an area of at least
3 s4in the weld zone there must be no evidence 040
of material discontinuities in the plate. 0,45
S
$D0,
éDa
e) flat plat¢ welded into the shell from one side only plate thickness:
" 5 <35y
% 1 5> 354
- 0,45
7,
Al 0,50
h—  —
51
o0,
®Da

Figure 12 (continued)
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Y
1,6
1,5 \\
\\\
1,4
1
13 \\2\ \
N N
1,2 \ \
’ \\ \
iy \\ \
AN
1 N\
0 0,2 04 0,6 0,8 1 X
Key
X = fatio fle
Y = fesign factor C¢
1 = fectangle
= ¢llipse
Rectangular plates Elliptical plates
f =short side of the rectangular plate f = short side of the rectangular plate
e = long side of the rectangular plate e = long side of the rectangular plate
4 -1 : 4 N .
{YAJLH |0,1<(Q<1,0l CEZXAi(i\ [0.43 <(Q<1‘0
NG K =t N/ N
Cg=41=
1,562 |0<[1J<O,1
e
A, =1,589 146 00 Ay =1,489 146 00
Ay =-0,239 34990 A, =-0,239 349 90
Ag =-0,335179 80 A =-0,335179 80
Ay =0,08521176 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 width of pad, ring or shell reinforcement, in millimetres;

h  thickness of pad reinforcement, in millimetres;

] ||g ment-(web) distance between two nozzles in-millimetres:
\ 7 7 Y

length of nozzle reinforcement, in millimetres;

m  protruding length, in millimetres;

sp required wall thickness at opening edge, in millimetres;

sg  wdll thickness of nozzle, in millimetres;

t infhis context: centre-to-centre distance between two nozzles, in millimetres;

vp compensation factor for the weakening effect of openings.

10.3.7.7.2 |Field of application

This applie$ round openings and the reinforcement of round_openings of unlimited diameter in cylindrical

spherical shells within the following limits:

0,002 (s—¢) <01

(s —c) . o d
< 0,002 is acceptable if —
Da Da

S

wla

These ruleq only apply to cones.ifithe wall thickness is determined by the circumferential stress.

NOTE 1 Additional external-forces and moments are not covered by this section and need to be considered separ

where necesfsary.

NOTE 2  These design rules permit plastic deformation of up to 1 % at highly stressed local areas during pres

testing. Openings musttherefore be carefully designed to avoid abrupt changes in geometry.

10.3.7.7.3 |Reinforcement methods

and

htely

sure

Openings may be reinforced by one or more of the following methods:
— 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;

— pad and nozzle reinforcement, see Figure 21.
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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.

< ¢di Y
] ¢0,’
8 —‘ |
N
=
ol { L/
S
Figure 14 — Increased thickness Figure 15 — Increased thicknéss of a cgnical shell
of a cylindrical shell
S —
— Q_ o
s = ”

|
]

i b
di/2 b d/2
Figure 16 — Set-on reinforcement ring Figure 17 — Set-in reinforcement(ring
b by
— —
9
- T
:).; U)w ¢d| <
<
S - \

Figure 18 — Pad reinforcement
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¢di od 4.
77 ~’ —~ Y e \m\
N 7 5 | 5
L ﬁi' ’%7 #
(
5s S s,
- &
2 2 =
Type a Type b Type c
Figure 19 — Nozzle reinforcement
SS
N
| DN
¢4, -~
1 s
~K
Figure 20— Necked out opening
s T
A4d, ¢4
SS 4
Y Tl T A\
_____ D
&
20>
S
S, = Sh
Type a Type b

Figure 21 — Pad
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10.3.7.7.4 Design of openings

The fillet weld on a reinforcing pad shall have a minimum throat thickness of half of the pad thickness.

The throat thickness of a fillet weld of each nozzle to shell weld shall be not less than the required thickness of

the

thinner part.

Where the strength of the reinforcing material is lower than the strength of the shell material an allowance in
accordance with 10.3.7.7.5 shall be made in the design calculations. If the strength of the reinforcing material
is higher than the strength of the shell material no allowance for the increased strength is permitted.

10.3.7.7.5 Calculation

Wh
rein

bre the material property, K, of the reinforcement is lower than that of the shell the cfass se

determining the factor v, .

Openings shall also be reinforced according to the following relationship:

whi

A 1)K
104, 2)° S

th is based on equilibrium between the pressurized area)“4,, and the load-bearing cro

area, A,. The wall thickness obtained from this relationship_shall be not less than the thick

unp

The

erced shell.

obtdined from Figures 22 to 25.

¢d;

A_
oD,

_____ . p.Agi&iﬁ _

ction of pad

forcement and the thickness of nozzle reinforcement shall be reduced by the rationof K values before

(20)

5s-sectional
hess of the

pressurized area, A4, and the load-bearing cross-sectional area, 4, , which equals A4,q + 451+ 4,5, are

Figure 22 — Calculation scheme for cylindrical shells

© I1SO 2004 — All rights reserved
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¢d;

o
Ag Ap

\

Figure 23 — Calculation scheme for spherical shells

Ss1-C
S-C
®d; l od,
A o1
A o2
q A o0 N
&

T
b
@
SA-
o0,
——

Figure 24 — Calculation scheme for adjacent nozzles in a sphere or
in a longitudinal direction of a cylinder
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TR SO TN
STRKL f. ..‘-.-,Q,v,v‘v: 2‘3’33232:1‘?}. £
SRS

KR ISRERIN
CRIHXRS
SN

Sy
R

The

formula (22) for shells and I as defined in formula (24)©r(25) for nozzles.

The

The

If th
sha

10.3

If th
the

Figure 25 — Calculation scheme for adjacent-niozzles in a sphere or
in a circumferential directionf a cylinder

maximum extent of the load-bearing cross-sectional*area shall be not more than b as

protrusion of a nozzle may be included as load-bearing cross-sectional area up to a maximum
I's=0,5l4
restrictions of 10.3.7.7.7 and 10.3(7.7.8 shall be observed.

e material property, K1, K, sete. of the reinforcing material is lower than that of the shell, the
| comply with:

S 20 S 20

.7.7.6 Ring-or pad reinforcement or increased shell thickness

i K2_»p doy< a4,
s 20 10

e actualwall thickness of the cylinder or sphere is less than the required thickness, S, , at t
bpening is adequately reinforced if the wall thickness, s, , is available round the opening over

defined in

length of

dimensions

(21)

he opening,
A width of:

with

b=(Di*s 4—c)s 4 —c)

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

(22)

The thickness of pad reinforcement in accordance with Figure 18 shall not be more than the actual wall
thickness to which the pad is attached.

Inte

For

rnal pad reinforcement is not allowed.

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

© I1SO 2004 — All rights reserved
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The width of the pad reinforcement may be reduced to b4 provided the pad thickness is increased to /4
according to:

and the limits given above are observed.
10.3.7.7.7 Reinforcement by increased nozzle thickness
The wall thickness ratio shall satisfy >S5~ <
SA—C

The wall th|ckness, s, , at the opening shall extend over a width, b, in accordance with formula(29) with a
minimum of 3sp .
The limits of reinforcement normal to the vessel wall are:

for cylinders and cones, /g=125,/(d{+s—c)(ss—¢) (24)

for spheres, I5=,/(dj+s—c)(sg—c) (25)
The distange, /5, may be reduced to /¢ provided that the thickness, sg)'is increased to sg4 according tg the
following:

ls1551 % sSs (26)
10.3.7.7.8 |Reinforcement by a combination of increased' shell and nozzle thicknesses
Shell and npzzle thicknesses may be increased in cembination for the reinforcement of openings (Figure|21).
For the calgulation of reinforcement 10.3.7.7.7 and’10.3.7.7.8 shall be applied together. The increase in shell
thickness mjay be achieved by an actual increase in shell thickness or the addition of a pad.
10.3.7.7.9 |Multiple openings

Multiple opg¢nings are regarded as single openings provided the distance, /, between two adjacent openi

(see Figure

5 24 and 25), complies with:

=2

If /is less
between o
requiremen

D+ sp—c)sp<0)

an as required by formula (34) a check shall be made to determine whether the cross seq

h
;l>enings isvable to withstand the load acting on it. Adequate reinforcement is available if

of formula (20) or (21), as appropriate, is met.

ngs,

(27)

tion
the

a4t ball

rnal

Nozzles joi

| ETY aliua IR T nanatcatiananald PWWH 1 W 1 AL ki noacc P=N P2 P it
TCU— U~ tTC—STICIT T e Oy ot poeTietraturT wWoTaS— with T O 1c vwvdall dHoRTTCS Sy carctratCt— o 1Tt

pressure only, may be designed with a weakening factor

VA Z(l—di)/t

If the nozzles are not attached by full penetration welds, d 5 shall be used in formula (28).

10.3.8 Calculations for operating loads

(28)

Unless the design has been validated by experiment, calculations in addition to those in 10.3.7 are required to
ensure that stresses due to operating loads are within acceptable limits. All load conditions expected during
service shall be considered (see 10.2.3).

48
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Acceptable calculation methods include:

In t

finite element;
finite difference;
boundary element;

established calculation method.

ese r\nlmllnfinne, static loads shall be substituted for static Ir_\lne r'!ynnmir loads. The static load

s used shall

be 4

Eac
con

The

Strg
acc
con

The
con

Ann

10.4 Design validation by experimental method

10.4

Wh
the

s follows:
in the horizontal plane, twice the total mass in any direction;
in the vertical plane, the total mass upwards and twice the total mass downwards;

h of these loads is considered to act in isolation and include the mass® of the compd
Sideration.

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

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

ss levels resulting from the loads induced: by the mass of the cryogenic liquid shall b
bptable stress levels which may be based on material properties at the operating temper
ponent being validated.

analysis shall take into account-gross structural discontinuities, but need not consider
Centrations.

ex F provides terminology and acceptable stress limits when an elastic stress analysis is perfo

.1 General

bn designuvalidation is by experiment, prototype units shall be manufactured and tested in accg
following.

nent under

rk elements,

limited to
ture of the

ocal stress

med.

rdance with

10.4

-2~ Procedure for experimental teSt programme

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

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

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

The actual thickness of critical load-bearing components shall be measured and recorded, together with their
mechanical properties.
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10.4.3 Tests for pressure integrity

10.4.3.1

Inner vessel

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

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

ry=1

3(ps +1) bar

After this te

5t all three vessels shall withstand a pressure test of 3(pg +1) bar.

The test pressure and the cycle test pressure shall be increased proportionally where the shéll or h

thickness i
specified.
10.4.3.2 R

No specific
the maximu

10.4.4 Tes

10.4.41 (
After havin
shall not sh

After havin
deformatior
cryogenic

quantities €

A single coj
acceptable

10442 |

The transpq

5 thicker than specified or if the actual material used has better mechanical-properties

iping and accessories

pressure test is required if the nominal design pressure of piping and accessories is greater
m allowable pressure, (pg+1) bar.

ks for structural integrity

eneral

J undergone tests in accordance with 10.4.4.2.and 10.4.4.3, the transportable cryogenic ve
bw any permanent deformation that will render.it'unsuitable for use.

g undergone tests in accordance with~10.4.4.4, 10.4.4.5 and 10.4.4.6, some damage
of the vessel, including loss of vacuum, is acceptable, but the integrity of the transport
essel and its safety systems shall*be maintained with no leakage of fluid, except for s
scaping from the safety devices protecting the inner vessel.

htainer may be used to demonstrate structural integrity but where damage or deformation wi
imits occurs on any test, an undamaged container may be utilized in subsequent tests.

ifting test

rtable cryogénic vessel shall be loaded to twice its gross mass.

ead
han

han

ssel

and
able
mall

thin

The transportable «cryogenic vessel shall be lifted and suspended for 5 min and then lowered to the grouind.
The test shall be repeated for each of the different lifting modes specified.
Where a tr. ||opuftab:c Ct yuycllib vessetrcambetifted-with D“IIUD Or1TOpPTeS; these-shalt-be-inclimed-at45>td the

vertical axis.

10.4.4.3 Stacking test

Where stacking is specified, the transportable cryogenic vessel, filled to capacity and equipped with its

framework,

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 equivalent to
x 1,8 the total maximum gross mass of the number of similar vessels specified.
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10.4.4.4 Vertical drop test

This 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 surface in accordance with ISO 11117, so that the vessel strikes the floor
on its base.

This test shall be carried out if any of the following conditions is met:

— capacity is less then 100 I;

— |total mass is less than 150 kg;

— |the height of the centre of gravity of the transportable cryogenic vessel, when filled 'te ‘capacity, including
any framework elements, exceeds twice the smaller horizontal dimension of its base.

10.4.4.5 Inverted drop test

Thig test shall be carried out under the conditions defined in 10.4.5.
Thel transportable cryogenic vessel shall be subjected to a vertical drop test so that it falls on to|a rigid, flat,
nontresilient, 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 centré’of gravity is vertically above the upper gdge.

Thig test shall be carried out if any of the following conditions is met:
— |capacity is less then 100 [;
— |total mass is less than 150 kg;

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

10.4.4.6 Horizontal impact test
Thig test first shall be carried out under the condition defined in 10.4.5.

Thel transportable-‘cryogenic vessel in its normal shipping position, shall be subjected to a horizgntal impact
test|according.to one of the following methods:

a) |inclined plane test in accordance with ISO 2244. In this test the transportable cryogenic vessel is placed
onvits base on a trolley rolling on a plane inclined by 10° to the horizontal

The horizontal velocity on impact shall be not less than 2,6 m/s. The impact shall occur on a rigid, flat,
non-resilient, smooth and vertical surface, in accordance with ISO 2244,

The transportable cryogenic vessel shall strike successively in two directions at right angles;
b) pendulum test as specified in ISO 2244. In this test the transportable cryogenic vessel is suspended in its
normal position. The horizontal velocity on impact shall be not less than 2,6 m/s. The impact vessel shall

strike a rigid, non-resilient smooth, flat and vertical surface. The transportable cryogenic vessel shall
strike it successively in two directions at right angles;

© 1SO 2004 — All rights reserved 51


https://standardsiso.com/api/?name=15c732813253dd30cbd7e837b0782646

ISO 21029-1:2004(E)

c) drop test. In this test the transportable cryogenic vessel shall be suspended in a right angle position
compared to its normal operating position and dropped vertically from a height of 0,35 m, successively on
to two sides, as in b) above.

NOTE

affect the result.

10.4.5 Test conditions

This method of testing may only be used when the position of the centre of gravity in the test position does not

be

pure

the
d in

ame

(29)

the

(30)

10.4.5.1 The transportable cryogenic vessel shall be filled with a test fluid that is inert with respect to
materials used, and which may be water or the cryogenic fluid specified on the nameplate. The test ma
carried out [with the inner vessel pressurized at any value up to 90 % of the maximum permissible pres
and with the outer jacket under vacuum.
When, duripg testing, the transportable cryogenic vessel is filled with a fluid of a density less than-that of
most denseg fluid specified on the nameplate of the vessel, a correction shall be appliedCas indicate
10.4.5.2 anfl 10.4.5.3.
10.4.5.2 Where a minimum drop height is specified, the height shall be increased t6 maintain the s
potential energy using the formula:
H = H} (—M 0 j
M
where
— Hg is the drop height specified, in metres;
— M is[the rated gross mass on the nameplate, in kilogrammes;
— M s the actual gross mass during test, in kilogrammes.
10.4.5.3 Where a minimum velocity is specified; the velocity on impact shall be increased to maintain
same kinetit energy, using the formula:
V=V, /—M 0
M
where IV is|the velocity on impact specified, in metres per second.
11 Fabrigation
1.1 GenTraI

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:

design

dimensions within specified tolerances;

contact with the cryogenic fluid.

52

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

necessary cleanliness of the inner vessel, associated piping and other equipment which could come in
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11.2 Cutting

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

11.3 Cold forming

11.3.1 Austenitic stainless steel

Heat treatment after cold forming is not required in any of the following cases:

a) |the test certificate for the base material shows an elongation at fracture, 45, of more than 3(l) % and the
cold forming deformation is not more than 15 % or it is demonstrable that the residual\elongation is not
less than 15 %;

b) [the cold forming deformation is more than 15 % and it is demonstrated that the’residual elongation is not
less than 15 %;

c) |for formed heads, the test certificate for the base material shows an elongation at fracture, 4s:

— not less than 40 % in the case of wall thicknesses not more than 15 mm at operating tgmperatures
down to — 196 °C;

— not less than 45 % in the case of wall thicknesses mgaretthan 15 mm at operating temperatures down
to - 196 °C;

— not less than 50 % at operating temperatures below — 196 °C.

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

11.3.2 Ferritic steel

Matgrial for the outer jacket, including cold formed ends with or without joggled joints, does not fequire post
forming heat treatment.

11.3.3 Aluminium or aluminium alloys

Cold formed ends madé-from aluminium or an aluminium alloy do not normally require post forming heat
treatment, unless there\s a risk of stress corrosion in service. Treatment shall be carried out in f[accordance
with the material standard.

11.4 Hot forming

11.4.1.”General

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

11.4.2 Austenitic stainless steel
Material shall be heated uniformly in an appropriate atmosphere without flame impingement, to a temperature

not exceeding the recommended hot forming temperature of the material. When forming is carried out after
the temperature of the material has fallen below 900 °C the requirements of 11.3.1 shall be complied with.
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11.4.3 Aluminium or aluminium alloys

Where elongation at fracture of the formed material is shown to be greater than 10 %, then post forming heat
treatment is not required.

11.5 Manufacturing tolerances

11.5.1 Plate alignment

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

seams shalfbe:

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

— for circhmferential welds, not more than 25 % of the thickness of the thinner plate.

Where a taper is provided between the surfaces, this shall have a slope of not more_than 18,4°. The taper
may include the width of the weld, the lower surface being built up with added weld metalif necessary. Where
material is femoved from a plate to provide a taper, the thickness of either plate shall not be reduced below

that require

The distang
seams shal

— for long
— for circ
In no case

These requ

4 for the design.

be :

itudinal seams, not less than 35 % of the thickness of the thinner plate;

rements are illustrated in Figure 26.

Limferential seams, not less than 25 % of the thickness of the thinner plate.

shall the surface of any plate lie between the centrelines of the two plates.

e between either surface of the thicker plate and the centrelifie of the thinner plate of tapg¢red
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b) Seams which dorequire a taper

4, ho = surface misalignments
= thickness of the thinner plate
= distance from the surface of the thicker plate to the centreline of the thinner plate
ongitudinal seams: k4 < 0,15¢ and Ay < 0515¢
Circumferential seams: 74 < 0,25¢ and+h, < 0,25¢
ongitudinal seams: 4, < 0,15¢@and e :%—h > 0,35¢

Circumferential seams: /4 ,<0,25¢ and e = %— h>0,25¢

Figure 26 — Plate alignment

.2 Thickness

véssel after manufacture and any variations in thickness shall be gradual.

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

11.5.3 Dished ends

hickness of

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

and

+0,625 o/
shall adhere to the tolerance -1,25 7°

11.5.4 Cylinders

11.5.4.1

diameter by more than + 1,5 %.

© I1SO 2004 — All rights reserved
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11.5.4.2

out of roundness =

shall not be

The out of roundness calculated from the expression

200 (Dmax - Dmin)
Dmax + Dmin

greater than the values shown in Table 5.

Table 5 — 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 deteqmining out of roundness, the elastic deformation due to the mass of the vessel shall be dedud

Individual b
and their d
shall be no

For cylinde
demonstrat
greater tha

Liges and dents shall be within the permitted tolerances. Such bulges and dents shall be sm
ppth, measured as a deviation from the normal curvature or from thecline of the cylindrical s
greater than 1 % of their length or width.

s subjected to external pressure and where the circumference.has a flattened portion, it sha
bd that the shell has sufficient strength to avoid plastic deformation where the depth of flattenin

deviation from the normal curvature or from the line of the cylindrical shell. Adequate strength may

determined

where ¢ is t

11.5.4.3
where othe

11.6 Weldg

11.6.1 Gen

This part g
welders an
procedure t

by calculation using a value of u determined as follows’

D
—4q

he depth of flattening, in millimetres.

Departure from a straight line shall be no greater than 0,5 % of the cylindrical length, ex
'wise required by the design.

ing
eral

f ISO 21029<requires that the welding method be appropriate and be carried out by qual
d/or operatars, that the materials be compatible and that there be verification by a wel
pst.

ted.
both
hell,

| be
gis

h 0,4 % of the outside diameter of the cylinder. The depth of flattening shall be measured as a

be

(32)

Cept

fied
ding

11.6.2 Quqlification

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.

Any
abo

11.6.4 Welded joints

11.6.4.1 Some specific weld details appropriate to vessels conforming to this"part of ISO 2103

in A

The

Oth
ISO

11.6.4.2 Where any part of a vessel(is' made in two or more courses, the longitudinal wel

adje

joint.

1.

Wh
be

sha
pers

12

attachments on the outer jackets may be removed by thermal cutting as well as by the method
ve.

manufacturer, in selecting an appropriate weld detail, shall considef:
the method of manufacture;

the service conditions;

the ability to carry out necessary non-destructive tésting.

br weld details may be used provided their suitability is proven by procedure approval in acco
15614-1, ISO 15614-2 or ISO 15613 as applicable.

cent courses shall be staggered by 4e with a minimum of 10 mm measured to the edge of the

f Non-welded joints

bre non-welded joints-are made between metallic materials and/or non-metallic materials, proct
bstablished in a_mahner similar to that used in establishing welding procedures, and these
| be followed for all such joints. Similarly, operators shall be qualified in such procedures and o
onnel shallithen carry out these procedures.

Inspection and testing

s described

9 are given

nnex G. These details show sound and currently accepted practice. It.is‘hot intended that these are
mardatory nor should they restrict the development of welding technology in‘any way.

rdance with

d seams of
longitudinal

edures shall
procedures
nly qualified

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.
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12.1.2 Inspection stages during manufacture of an inner vessel

The following inspection stages shall be conducted during the manufacture of an inner vessel:
— verification of material test certificates and correlation with materials;

— approval of weld procedure qualification records;

— approval of welders' qualification records;

— examination of material cut edges;

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

— visual ¢xamination of welds;

— verification of non-destructive testing;

— testing|production control test plates;

— verificgtion of cleaning of inside surface of vessel;

— examirfation of completed vessel including dimensional check;

— pressufe test and where necessary, record permanent set.

12.1.3 Additional inspection stages during manufacture of.a\transportable cryogenic vessel

The followihg inspection stages shall be conducted during the manufacture of a transportable cryog

vessel:

— ensurir|g integrity of vacuum,;

— leak tegting 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;

— examirfation'‘of-completed vessel including dimensional check.

enic

12.2 Pro

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.
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12.2.2 Testing

The

Te

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 1ISO 4136.

ing and acceptance shall be as required for welding pracedure qualifications in accordance wi

h EN 288-1.

An
thic
tem

Some damage and deformation of the guard is acceptable provided that the integfity of the tr

crya

12.

12.3
Non

X-rg
be ¢

Non
cryd

12.3

Vis\

weld deposits. If any doubt arisesiithis examination shall be supplemented by surface crack detect

Arc
smd

12.3

Exal
spe
sea
sea

mpact test in accordance with ISO 148-1 shall be carried out for austenitic stainless-stee
ness is greater than 5 mm and the toughness requirements shall follow the relevant st3
peratures below — 80 °C, see ISO 21028-1.

genic vessel and its safety systems is maintained.
8 Non-destructive testing

.1 General

-destructive testing personnel shall be qualified for the dutiesin accordance with ISO 9712.

arried out in accordance with EN 13068-3.

genic vessels.

.2 Extent of examination for surface/imperfections

al examination (if necessary aided by x 5 lens) shall be carried out in accordance with ISO 1

strike contact points and.areas from which temporary attachments have been removed shal
oth and subjected to surface crack detection.

.3 Extent of examination for volumetric imperfections

s, oncthe inner vessel shall be in accordance with Table 6 for manually produced seams an
ms-produced using automatic welding processes.

Cial case~is made to justify ultrasonic or other methods. The extent of radiographic examinz—%

| when the
ndards; for

ansportable

y examination shall be carried out in accordance withdSO 17636. Radioscopy may also be uséd and shall

-destructive testing for volumetric imperfectioris is not required on the outer jacket of transportable

7637 on all
on.

be ground

Mmination fythe inner vessel for volumetric imperfections shall be by radiographic examinatipn unless a

ion of main
Table 7 for

When two hemispherical ends are welded together without a straight flange, the weld shall be tested as a
longitudinal weld.
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Table 6 — Extent of radiographic examination for manually welded seams

. Radiographic examination
Weld joint factor
Longitudinal seams 2@ T junctions 2 Circumferential seams @
1,00 100 % © 100 % 25% ¢
0,85 2% 1 film per vessel 2%

@ When a butt weld occurs less than 50 mm from a nozzle cut out, additional radiographic film(s) shall be taken.

b The extent of radiographic examination required for vessels whose design has been validated by testing, shall be the same as that
required for vessels with a weld jaint factor 1.0

€ The leve| of radiographic examination may be reduced to 10 % of each vessel if 25 vessels have been successfully built(using the
same welding procedure, provided:

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

— the testing methods are the same;

— the results of non-destructive testing have not revealed any unacceptable systematic imperfections:

Table 7 — Extent of radiographic examination for seams produced using automatic welding processes

Radiographic examination
Weld jqint factor
T junctions and longitudinal seams 2 Circumferential seams 2@

The greater of one radiographic film per day}The greater of one radiographic film per week

ny or one radiographic film per 100 vessels:P{.*| or one radiographic film per 500 vessels ?

@  Where albutt weld occurs less than 50 mm from a nozzle cut out, additional radiographic film(s) shall be taken.

b A radiogfaphic 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 pafameters of the welding procedure or the use of@new welding procedure;

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

12.3.4 Acceptance levels

12.3.4.1 Acceptance levels-for surface imperfections

Table 8 shqws the acceptance criteria for surface imperfections.

12.3.4.2 Acceptance levels for internal volumetric imperfections

Table 9 shows—the—acceptarce —criteriafor intermat—votumetric—mperfections detected—by Tadiographic
examination.
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 technical specification shall include the description of the requirements for inspection and testing,
together with the criteria necessary to allow for the repair of any defects.
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Table 8 — Acceptance levels for surface imperfections

Imperfection

1ISO 6520-1:1998

Limit for acceptable imperfection

reference
Lack of penetration 402 Not permitted
Where the thickness is less than 3 mm no visible undercut is
permitted.
Undercut 5011 Where the thickness is not less than 3 mm, slight and intermittent
undercut is acceptable, provided that it is not sharp and is not
more than 0,5 mm.
Shrjnkage groove 5013 As undercut
Rogt concavity 515 As undercut
Where the thickness is less than 5 mm,, excessive| penetration
shall be not more than 2 mm.
Exdessive penetration 504
Where the thickness is not lless than 5 mm| excessive
penetration shall not be more than,3 mm.
Where the thickness is less-than 5 mm, excess weld metal shall
not be greater than 2 mi and the weld shall be smoqth.
Exdess weld material 502
Where the thickness is 5 mm or greater, the maxinum excess
weld metal shallhot exceed 3 mm and the weld shall{be smooth.
514
509
Reinforcement to be of continuous and regular [shape with
Irrepgular surface 511 -
complete filling of groove.
513
517
Ovgrlap 506 Not permitted
Lin¢ar misalignment 507 See 5.5.1
Arc|strike 610
Spatter 602
Tungsten spatter 6021 Grind smooth, acceptable subject to thickness measfirement and
Torh surface 603 surface crack detection test.
Grimding mark 604
Chipping mark 605

Surface cracks

Not permitted
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Table 9 — Acceptance levels for internal volumetric imperfections

1ISO 6520-1:1998

Imperfection Limit for acceptable imperfection
reference

Cracks and lack of sidewall fusion 4011 Not permitted

Incomplete root fusion 4013 Not permitted
Acceptable if full weld depth is at least equal to

Flat root concavity the wall thickness and the depth of the concavity
is less than 10 % of the wall thickness

203 Lintao 7Zmm lanath accantahlawhara o< 10 m
g b4 Lig

Inclusions (fncluding oxide in aluminium welds). 304

Strings of pores, worm holes parallel to the

surface and Strings of tungsten_ 2014 Up to 2/3 of thickness of weld where e >10 mm

2015

Inter.run fugion defects and root defects in 4012 As inclusions

multipass weld
Collectively the total'length shall not be grepter
than the thickness_in any length of x 6 [the

Multiple in-lipe inclusions thickness. The gap between inclusions shal| be
greater than twice the length of the lafger
inclusion,

. o .
Area of gengral porosity visible on a film @ch?ptable if less than 2 % of projected arep of
i i 1 0,

Individual pdres 2011 Ac;ceptable _|f dlamet.er is less than 25 % of|the
thickness with a maximum of 4 mm
Where the thickness is less than 10 mm, wprm
holes are not permitted.

Worm holes|perpendicular to the surface 2021 Where the thickness is not less than 10 mm,
isolated cases are acceptable provided the depth
is estimated to be not more than 30 % of|the
thickness.

Where the thickness is less than 12 mm,
tungsten inclusions are acceptable provided|the
length is not more than 3 mm.

Tungsten inglusions 3041
Where the thickness is not less than 12 1m,
tungsten inclusions are acceptable provided|the
length is not more than 25 % of the thickness

12.4 Rectffication

12.4.1 General

Although unacceptable volumetric or surface defects may be repaired by removing the defects and rewelding,
100 % of all repaired welds shall be examined visually and radiographically to the original acceptance

standards.
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12.4.2 Manually welded seams

1:2004(E)

When repairs 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 either side of the repair to ensure the defect was isolated
and not systematic. Where the defects are systematic and characterized by frequent occurrence of the same
defect, the extent of examination shall be increased to 100 % until the cause of the defects has been found

and

eliminated.

12.4.3 Seams produced using automatic welding processes

If 3

ny unacceptable defects are found by radiographic examination all main weld sea

s shall be

radi
pro

12

12.5

The

Wh
and

Inst
preg
preg

As
only
liqu
give

12.5
pres

12.5
sha

12.9

bgraphically examined at 100 %, on all vessels produced with the same welding machiné. g
edure from the start of the production period or from the last accepted non-destructive test:

b Pressure testing

.1 Every inner vessel shall undergo a pressure test.

test pressure shall not be less than 1,3 (pS +1) bar.

bre the test is carried out hydraulically the pressure shall be held farlong enough to allow all {
joints to be examined visually. The vessel shall not show any sign of general plastic deformatic

pad of a hydraulic test, a pneumatic test using a gas may be performed using the same V|
sure but the visual examination of the joints shall take place at a pressure not more than 80 ¢
sure.

bneumatic testing is potentially a much more dangerous operation than hydraulic testing, it sh

be carried out on vessels of such design and.€onstruction that it is not practical for them to 4
d, or on vessels for use in processes where the removal of such liquids is either impractica
s rise to other safety considerations.

.2 Vessels that have been repairéd'subsequent to the pressure test shall be re-subjected to t
sure test after completion of the repairs.

.3 In the case of austenitic_stainless steel vessels, where water is used, the chloride content
| be controlled to not more-than 0,005 % (50 ppm).

.4 Joints in the piping system shall be subjected to a leak test at a pressure not less than the
interspace piping ps + 1 bar;

external\piping  pg + bar.

nd welding

he surfaces
n.

alue of test

b of the test

all normally
e filled with
, lengthy or

he specified

of the water

following:

13

‘Marking and fabetling

The transportable cryogenic vessel shall bear the marking and labelling required by the applicable
road/rail/sea regulations. Examples of tank plates (of the complete tank and of the inner vessel) for fixed tanks
of road tankers (tank-vehicles), demountable tanks, tank-containers and tank swap bodies are given for
information in Annex F.
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Annex A
(normative)

Additional requirements for flammable fluids

A.1 In addition to the requirements of Clauses 1 to 6, transportable vacuum insulated vessels designed for
use with the gases listed in the third group of Table 1 shall comply with the following additional items.

A.2 Mearns shall be provided to allow all vent pipes, including pressure relief devices and purge valves, to
be connectg¢d, during operation, to a venting system that discharges the contents safely.

A.3 In siging pressure relief devices, the designer shall take account of the back pressures.developed by
flame arresjors and venting systems.

A.4 All mpterials used shall be compatible with the specific cryogenic flammable fluid‘under consideratiop.

A.5 All valves and equipment shall be suitable for use with the specific cryogenic flammable fluid u

consideratiq

A.6 The s
order to avq

A7 Allm
the means

A.8 In th
enrichment

A9 The
shut-off val

A.10 Each
two closing
emergency
isolation va

A.11 Vess

A.12 Beca
provision of

a) upwarg

btallic components of the vessel shall be electrically continuous. The vessel shall be provided
pf attachment to earthing devices so that the resistance’to earth is less than 10 Q.

a)
-

n.

election and use of materials and jointing procedures shall bedcarefully considered in the desid
id secondary failure in the event of external fire.

particular case of liquid hydrogen, the possibility of air condensing (with possible oxy
on uninsulated cold parts shall be considered. See also ISO 21010.

quid fill line secondary isolation valve shall be either a non-return valve or fail-closed auton
e.

line that opens to the atmosphere, other than safety valves and purge lines, shall be provided
devices. The first shall be“close to the vessel and capable of being readily accessible in
The second shall be & non-return valve or cap placed on the atmosphere side of the 1
ve.

bls shall be equipped with safety devices against overfilling (level limiters).

use of the riskof fire and explosion, consideration shall be given, in the design of the vessel, td

venting;

b) leak-tig

c)

ht piping and equipment (for valves see 15O 2107171);

non-flammable/non-oxidizing gas.
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arrangements allowing the vessel (initially) and the loading/filling pipework system to be purged with a
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Annex B

(informative)

Base materials

Table B.1 — Pressure vessels

ISO 21029-1:2004(E)

Specification No.

Material Grade

Material Number

Heat treatment condition

EN|10028-4 X8Ni9 1,566 2 HT 640,& H|I 680
EN|[10222-3 X8Ni9 1,566 2 —
DIN 17280 X8Ni9 1,566 2 —
DIN 17458 X2CrNi19-11 1,430 6 —
DIN 17457 — DIN 17458 X5CrNi 18-10 1,430 1 —
DIN 17457 — DIN 17458 X2CrNiN 18-10 1,431 1 —
DIN 17457 — DIN 17458 X6CrNiTi 18-10 1,454 1 —
DIN 17457 — DIN 17458 X6CrNiNb 18-10 1,455 0 —
DIN 17457 — DIN 17458 X5CrNiMo 17-12-2 1,440 1 —
DIN 17457 — DIN 17458 X2CrNiMo 17-13-2 1,440 4 —
DIN 17457 — DIN 17458 X6CrNiMoTi 17-12:2 1,457 1 —
DIN 17457 — DIN 17458 X2CrNiMoN 17413-3 1,442 9 —
DIN 17457 — DIN 17458 X2CrNiMo~18-14-3 1,443 5 —
DIN 17457 — DIN 17458 X2CrNiMo 17-13-3 1,443 6 —
DIN 17457 — DIN 17458 X2GrNiMoN 17-13-5 1,443 9 —
ASIME SA 353/SA 353M 9 % Nickel K8134 0 N+ N+[T
ASIME SA 553/SA 553M Type 1 (9 %) Nickel K8134 0 Q&T
ASIME SA 522/SA 522M Type 1 (9 %) Nickel K8134 0 N+N+TorfQ+T
EN|10028-7 X2CrNi18-9 1,4307 —
EN|10028-7 X2CrNi19-11 1,430 6 —
EN|10028-7 X2CrNIN18-10 1,431 1 —
EN|10028-% X5CrNiN19-9 1,4315 —
EN|[10028-7 X5CrNi18-10 1,430 1 —
EN"0028-7 X3Crivivtot7-12=-2 4401 —

EN 10028-7 X2CrNiMo17-12-2 1,440 4 —

EN 10028-7 X2CrNiMoN17-11-2 1,440 6 —

EN 10028-7 X2CrNiMoN17-13-3 1,442 9 —
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Table B.1 (continued)

Specification No.

Material Grade

Material Number

Heat treatment condition

EN 10222-5 X2CrNi18-9 1,430 7 —
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- XZ2CrNINTs-10 1,431 1 —
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 —
EN 10088-3 X2CrNiMo17-13-3 1,442 9 —
ASME SA 4[79/SA 479M 304L S304 03 —
ASME SA 4[79/SA 479M 304 S304 00 —
ASME SA 4[79/SA 479M 316L S§31603 —
ASME SA 4[79/SA 479M 316 S316 00 —
ASME SA 240 304, 304L, 316, 316L —
JIS G 3127 SLIN520 1,566 2 —
JIS G 43034305 SUS304 1,430 1 —
JIS G4303-4305 SUS304L 1,430 7 —
JIS G4303-4305 SUS316 1,440 1 —
JIS G4303-4305 SUSa16L 1,440 4 —
JIS G 431744320 SUS321 1,454 1 —
JIS G 431744320 SUS347 1,455 0 —
JIS G 431744320 SUS316 1,440 1 —
JIS G 431744320 SUS316L 1,440 4 —
JIS G 431744320 SUS317L 1,443 9 —
JIS G 431344315 SUS304 1,430 1 —
JIS G 431344315 SUS304L 1,430 7 —
JIS G 43134315 SUS304N1 1,440 6 —
JIS G4313-4345 SUS304EN SUS304EN

JIS G4317-4320 SUS316L 1,440 6 —
JIS G4315-4315 SUS316LN 1,442 9 —
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Table B.2 — Piping and pipe fittings

Specification No. Material grade Material number

ASTM A 182/A 182M F304L S30403
ASTM A 182/A 182M FP304 S30400
ASTM A 182/A 182M F316L S31603
ASTM A 182/A 182M F316 S31600
ASTM A 216/A 213M TP304L S30403
ASTM A 216/A 213M TP304 S30400
ASTM A 216/A 213M TP316L S31603
ASTM A 231/A 213A TP316 S31600
ASTM A 249/A 249M TP316 S31600
ASTM A 249/A 249M TP304L S304083
ASTM A 249/A 249M TP304 S30400
ASTM A 249/A 249M TP316L S$31603
ASTM A 249/A249M TP316 S31600
ASTM A 269 TP304L S30403
ASTM A 269 TP304 S30400
ASTM A 269 TP316L S31603
ASTM A 269 TP316 S31600
ASTM A 276 304L S30403
ASTM A 276 304 S30400
ASTM A 276 316L S31603
ASTM A 276 316 S31600
ASTM A 312/A 312M TP304L S30403
ASTM A 312/A 312M TP304 S30400
ASTM A 312/A 312M TP316L S31603
ASTM A 312/A 312M TP316 S31600
ASTM A 312/A 312M TP321 S32100
ASTM A 403/A 463M WP304L S30403
ASTM A 4Q3/A403M WP304 S30400
ASTM.A403/A 403M WP316L S31603
ASTMA 403/A 403M WP316 S31600
ASTM A 632 TP304L S30403
ASTM A 632 TP304 S30400
ASTM A 632 TP316L S31603
ASTFM-A-E632 TR346 S34600
ASTM A 733 TP304L S30403
ASTM A 733 TP304 S30400
ASTM A 733 TP316L S31603
NFA 49117 TUZ2CN18-10 —
NFA 49147 TUZ2CN18-10 —
NOTE Piping and pipe fittings to ASTM standards are seamless.
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Annex C
(normative)

Outer jacket relief devices

C.1 Scope

This annex
are require
accumulatig

C.2 Terms and definitions

For the pur

c.21
relief plate
plate or plu

C.2.2
bursting d
non-reclosi

NOTE |

C.3 Requirements

C.3.1 Ger
The device

Bursting dig

C.3.2 Desi

The pressu
operation ir

The set pr

d on outer jackets of vacuum-insulated cryogenic vessels in order to reduce any~accidg

pose of this annex, the following terms and definitions apply.

) retained by atmospheric pressure but which allows relief oflexcess internal pressure

b

covers the requirements for design, manufacture and testing of pressure protection devices

n of pressure.

plug

c device
pressure relief device ruptured by differential pressure

is the complete assembly of installed components including, where appropriate, the bursting disc holder,

eral
shall be either a relief plate/plug or a bursting disc.
c devices shall be as_specified in ISO 4126-2.

ign

'e protection device shall be capable of withstanding full vacuum and all demands of normal ve|
cluding-its own mass acceleration during transportation.

that
ntal

ssel

sstire—and the onen-—ralievina area—are—shnecified—in-102 6 3  Coaonsideration—shall ha _aive
SSHHE e peh—eHevihg—atea—at pecHea—H—td—=0-o~ RSieeaHoR—SHa—e—gly

h to

prevention of blocking of the device by insulation materials during operation.

The plate or plug of a relief plate/plug type device shall be designed and installed such that it cannot harm
personnel when ejected.

C.3.3 Mate

rials

The pressure protection devices shall be resistant to normal atmospheric corrosion. The materials of
construction shall be suitable for the range of ambient temperatures expected in service.
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C.3.4 Testing

Relief plate/plug type relieving devices shall not require testing other than a prototype test to verify the set
pressure.

Burst disc assemblies shall be tested in accordance with ISO 4126-2.

C.3.5 Inspection

Relief plate/plug type devices shall be subjected to an inspection programme that ensures compliance with

the roaanac or cnanifio ot oo
CTrawirTgS- O opeomocation:

Bursgting discs shall be inspected in accordance with ISO 4126-2.

C.3[6 Marking
Bursgting discs shall be marked in accordance with 1ISO 4126-2.

Other pressure protection devices shall be marked with the number of this part/'of ISO 21029, i.e. IFO 21029-1.
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Annex D
(normative)

Elastic stress analysis

D.1 General

When oper,
analysis is
dynamic loé

D4 and D
analysis. Th

The calcula

genera

primary

second

Stress intensities f,, fL fp and fgycan be determined from the principle stresses f4, f> and f3 in ¢

category us

The stress
D.5.

Peak stresy

Transportable cryogenic vessels within.the scope of this part of ISO 21029 are not considered to be in ¢

service.

Figure D.1

establishing
categories.
specific str
categories |

local pfimary membrane stress;

hting conditions are being considered, this annex provides rules to be followed if elastic\st
used to evaluate components of a transportable cryogenic vessel. Allowance for the)effect
ds is made by using equivalent static loads as defined in 10.3.8.

e criteria in D.5 apply only to local stresses in the vicinity of attachments, supparts, nozzles, et
ted stresses in the area under consideration are grouped into the following-stress categories:

primary membrane stress;

bending stress;

ary stress.

ing the maximum shear stress theory of failure, see D.2.1.

ntensities determined in this way shall_be less than the permissible values given in D.3 and D,

es need not be considered-as‘they are only relevant when evaluating designs for cyclic ser

and Table D.1 have~been included as guidance, where Clause D.4 is used for evaluatio
stress categories”for some typical cases and stress intensity limits for combinations of st
There will be instances when references to definitions of stresses will be necessary to class
bss condition” to a stress category. D.4.5 explains the reason for separating them into
general™and “secondary” in the case of thermal stresses.

ress
s of

5 give alternative criteria for demonstrating the acceptability of design on the|basis of elastic

-
.

ach

4 or

ice.
yclic

N in
Fess
fy a
two
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Table D.1 — Classification of stresses for some typical cases

thickness ratio.

Vessel Location Origin of stress Type of stress Classification
component
General membrane Jm
Internal pressure i X
Shell plate remote Gradlent through plate 1y
f di tinuiti thickness
Cylindrical or rom discontinuities yp—
spherical shell Axial thermal gradient - Jg
Bending
Junction with head or Membrane S
P Internal pressure .
Hange Benaing Jg
General membrane
average across full section;
External load or moment, or
. stress component
internal pressure .
. perpendicular to cross
Any section across . .
d section Jm
entire vessel - -
Bending across\full section;
Any shell or end External load or moment stress cqmponent
perpendiCular to cross
section
Near nozzle or other | External load or moment, or |Local membrane A
opening internal pressure Bending Iy
Anv location Temperature difference Membrane /.
y between shell and end Bending 9
Membrane Jm
Crown Internal pressure - .
Dished end or Bending Jo
corycal end Knuckle or junction to Membrane S
Internal pressure - ;
shell Bending Jg
. Membrane Jm
Centre region Interhal pressure - -
Bending Jo
Flal end -
. Membrane S
Junction to shell Internal pressure - .
Bending Jq
Membrane (average f
o . through cross section) m
Typical ligament in a Pressure Bending ( h h
uniform pattern ending (average throug
Perforated end or ’ width of ligament, but T
shell gradient through plate)
Isolated or atypical Membrane Jm
i t Pressure -
igamen Bending Jo
General membrane
C . Internal pressure or external | (average across full
ross sdgc ||on ¢ load or moment section); stress component f
perpendicuiar to perpendicular to section m
nozzle axis
Bending across nozzie
External load or moment )
section
Nozzle X
General membrane Jm
Internal pressure Local membrane A
Nozzle wall Bending fg
Membrane
Differential expansion - Jg
Bending
NOTE Consideration should also be given to the possibility of buckling and excessive deformation in vessels with large diameter-to-
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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) fn fL fy fq
Combinatiop
of stress
component$ I B - __I I
and
permissible 3gézellnner I I
limits of E‘m - ) 1
stress 09{: to uet |
intensities Jacke I
Ak FLify+f
or —— 2k
| Fa+fy+fy
|
f|_+ fb
or Fe— k
fm+ fb

NOTE 1 The stresses in category fy are those parts of the total'stress which are produced by thermal gradigents,
structural didcontinuities, etc., and do not include primary stresseswhich may also exist at the same point. It should be
noted, howeyer, that a detailed stress analysis frequently givesthg;combination of primary and secondary stresses dirgectly
and, when appropriate, this calculated value represents the total of fy, (or /) + f, + fg @nd not fy alone.

NOTE2  The symbols fn, /i, f, and fy do not represent single quantities but rather sets of six quantities representing the

six stress conponents.

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

D.2 Terminology

D.2.1 Str¢ss intensity

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

D.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;

Cc) nozzles.
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