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Foreword

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

The p d - 5 e 3 her—trratt
desc 1bed in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval criteria neded for the

different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documérnt may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or

on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any
constitute an endorsement.

For

frade name used in this document is information given for the-éonvenience of users gnd does not

in explanation of the voluntary nature of standards;, the meaning of ISO specifi¢ terms and

exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techinical Barriers to Trade (TBT) see wiww.iso.org/

iso/fpreword.html.

This|document was prepared by Technical Cominittee ISO/TC 85, Nuclear energy, Subcommittee SC 5,

Nuclear installations, processes and technologies..

This|second edition cancels and replacesthe first edition (ISO 10276:2010), which has been technically

reviged. The main changes comparedto-the previous edition are as follows:

The scope is extended to trunhion attachment components (trunnion systems are defihed as being
the trunnions and their attachment components);

The normative references have been updated (IAEA TS-R-1 replaced by IAEA SSR-6) and enlarged
o the IAEA SSG-26{Appendix V-1 - Package stowage and retention during transport);

Duality Assurange is replaced by Management Systems;

The load cases are to be defined by use of the minimum acceleration factors given in tabje IV-1 of the
AppendixIV of IAEA SSG-26;

The, calculation methods (analytical and finite element analysis) and the mlnlmunll associated
rdatailad.

riFoaria arn e e n o
T o ar OOt e pT \,\,Aopl_y TTTarIct

The bibliography has been updated and enlarged to the most recent recommendations, guidance
and standards as acceptable by most of the Competent Authorities;

The structure of the documenthasbeen slightly modified to enhance its legibility and understanding.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document has been produced to enable package owners, designers, users and regulatory
organizations to have at their disposal a comprehensive document covering all aspects of trunnion
systems. Experience has been drawn from the extensive knowledge of owners, designers, users
and competent authorities. This document contains the minimum requirements and makes
recommendations covering various aspects of trunnion systems.

Intermediate devices (sometimes referred to as transport frames, supports or cradles) can be used
between the packaging trunnions and the transport conveyance to support and secure the package

1 S o bhotvuazarx +1 Bergiie-ala rhing offo o ot oo bao oo dad bz +1 i 3aa. >
durlng tral’l POt t, TTOVWCVCT; tu\, CIICTE Yy aUSOTUTITS uxxuuto tuat Iray ot provIiaCtt oy tut.,.)\, lut\,l TIIC late

devices are hot taken into consideration in this document.
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Nuclear energy — Fuel technology — Trunnion systems for
packages used to transport radioactive material

1

Scope

This document covers trunnion systems used for tie-down, tilting and/or lifting of a package of

radi

Aspe

gactive materiat during transport Operatiorns:

cts included are the design, manufacture, maintenance, inspection and management system.

Regylations which can apply during handling operation in nuclear facilities are Inot addressed in
docujment.

This|document does not supersede any of the requirements of international-or national
concerning trunnions used for lifting and tie-down.

2
The

Normative references

following documents are referred to in the text in suchya“way that some or all of t

constitutes requirements of this document. For dated references, only the edition cited
unddted references, the latest edition of the referenced deciment (including any amendme

regulations,

heir content
applies. For
hts) applies.

IAEA SSR-6, International Atomic Energy Agency (IAEA) Safety Standard No. SSR-6, Regulagions for the

Safe

[AEA

[ransport of Radioactive Material

Regulations for the Safe Transport of Radioqctive Material

3

3.1

L

[erms, abbreviated terms, symbols and definitions

Terms and definitions

For the purposes of this dociment, the terms and definitions given in [AEA SSR-6 and the foll

ISO 4

3.1.1

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

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

SSG-26, International Atomic Energy Agency (IAEA) No. SSG-26, Advisory Material for the IAEA

bwing apply.

nd IEC maintain terminological databases for use in standardization at the following 4ddresses:

bendingstress
variable component of normal stress (3.1.10), which might not be linear across the thickness

3.1.2
bolts
fasteners including bolts, screws and studs

3.1.3
designer
organization responsible for the design of the package

© IS0 2019 - All rights reserved
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independent expert organization
organization administratively and managerially separate from the designers, manufacturers or owners
of the subject package, constituted of specialized experts, or an insurance organization used to verify,
oversee, witness or check

3.1.5

linearized stress
sum of the membrane stress (3.1.9) and of the linear component of the bending stress (3.1.1)

3.1.6

load case
specific con
value and d
application

3.1.7
maintenan
document d
periodicity

3.1.8
maximum s
greater of tg

3.19
membrane
component
the thickne{

3.1.10
normal str¢
component

3.1.11
owner
operator

figuration of transport or lifting associated to a total mass (transport or lifting), spéx
irection of acceleration, a given number of acting trunnions, and a given point/ar
bf the load on the trunnion

ce schedule
rawn up by the designer that gives, in appropriate detail, the (applicable frequg
f maintenance items and details of methods to be employed; applied’by the owner/ope

ervice load
tal mass (lifting) (3.1.19) and total mass (transport) (3.1.20), subjected to gravity (1 g)

stress
bf normal stress (3.1.10) that is uniformly distributed and equal to the average stress a
s of the section under consideration

PSS
bf stress normal to the plane of refefence

organization responsible for maintaining the condition of the packaging for transport

Note 1 to ent

3.1.12

peak stresg
maximum 9
thermal strq

"y: The condition of'packaging shall be in accordance with IAEA SSR-6.

tress that/occurs in a component by reason of geometry, local discontinuities or
bss, ineluding the effects, if any, of stress concentration

3.1.13

ified
pa of

ncy/
rator

[TOSS

local

periodic inspection
inspection of the trunnion system during the in-service life of the packaging at predetermined
periodicities defined in the maintenance schedules (3.1.7)

3.1.14

primary trunnion system
trunnion system provided as a primary means for lifting and/or tilting, tie-down and supporting of

the package
3.1.15

quality plan
document, or several documents, that together specify quality standards, practices, resources,
specifications, and the sequence of activities relevant for manufacture

© ISO 2019 - All rights reserved
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3.1.16
removable trunnion
trunnion, on a package secured by non-permanent methods, e.g. bolting

3.1.17
secondary trunnion system

trunnion system provided as an additional or alternative means for lifting and/or tilting, tie-down and

supporting of the package

3.1.18
tie-down

a3 £l 1 o 2l
securmgormepactKage-rotne-conveyance

3.1.19
total mass (lifting)

maximum mass of a package as supported by the trunnion systems duringAifting, fitt

ed with all

necepsary ancillaries and equipment, and including the radioactive material aiid water as appropriate

3.1.20
total mass (transport)

maximum mass of a package fitted with all ancillaries (shock absorbers$, neutron shields, covers, transport
framg as appropriate, etc.), as presented for transport and as supperted by the trunnion systems

3.1.21
tranfsport cycle
complete round-trip journey of a package between two comnplete loadings

3.1.22
trunnion

projdction, typically cylindrical in shape, attached on a packaging by various means and used for
liftinjg, tilting and/or tie-down (3.1.18) of the-package; parts permanently attached to the tirunnion are

cons|dered as being part of the trunnion
Note [l to entry: A trunnion is an examplé of an attachment point as defined in IAEA SSG-26, Append

3.1.23
trunnion attachment method

ixIV.

metHod of attaching the trunnion (e.g. welding, bolting, threaded attachment, interference fitting and

boltihg, or any combination/of these methods) to the packaging body

3.1.24
trunnion attachment components

attadhment coriponents, e.g. welding to the packaging body, bolts, removable shear lc}liscs, female

threqds or heusing in the packaging body, removable baseplates, etc., used to secure the tr
packpging-body

3.1.25
trunnion system
assembly of trunnion (3.1.22) and trunnion attachment components (3.1.24)

3.1.26
welded trunnion
trunnion directly secured to the packaging by welding

© IS0 2019 - All rights reserved
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3.2 Symbols

K. plane strain fracture toughness

R.(T) guaranteed yield strength or guaranteed 0,2 % proof strength at the operating temperature, T
R, (T) guaranteed minimum tensile strength at the operating temperature, T
T operating temperature

3.3 Abbreviations

FEA Finite Element Analysis

MT Maljgnetic particle test

NDE Nop-destructive examination

PT Liquid penetrant test

SCC Stress corrosion cracking

UT Ultrasonic test

VT Vigual inspection test

4 Regulatory requirements

4.1 Generfal

In this docu
and the wor
statements

in accordan

The word “c

4.2 Reley

The main 4
regulations
Regulations

This docum

ment, the word “shall” denotes a requirement; the word “should” denotes a recommendd
d “may” denotes permission, i.e{ neither a requirement nor a recommendation. Imper
hlso denote requirements. To conform to this document, all operations shall be perfo
ce with its requirements, butnot necessarily with its recommendations.

an” denotes possibility rather than permission.

ant regulations

pplicable décument is IAEA SSR-6. Other relevant national or international tran
should also be considered to ensure that any differences with the IAEA Tran
are takenrinto account.

ent 'does not relieve the relevant parties of the responsibility for compliance with

tion;
ative
‘med

sport
sport

any

requiremen

of the regulations annlicable within the nuclear nower plants (eg KTA 3905l
O rr r r \S O

ANSI N 14.641).

5 Design

5.1 General

Bl or

5.1.1 Trunnion systems as part of a package design shall be designed in accordance with IAEA SSR-6
with consideration of IAEA SSG-26, and in particular its Appendix IV.

© ISO 2019 - All rights reserved
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5.1.2 Trunnion attachment to a packaging may be carried out by welding, bolting, threaded attachment,
interference fitting and bolting, or any combination of these methods. This document applies to these
methods of trunnion attachment; see Figure 1 a), b) and c).

5
1 2 >
4 ’
j /4 £
< 3
3
a) |Welded trunnion b) Removable trunnion ¢) Removable trunnion
(bolted) (threaded)
Key
1 yeld 5 Dbady thread
2 unnion 6.~ Femovable baseplate
3 Iackaging body 7 ~ removable shear disc
4  gttachment bolt 8  body housing

Figure 1/— Examples of trunnions

5.1.3 Trunnions are fitted to thé\packaging to provide the following:
— ameans of tie-down of the package during transport; and/or

— 3 means of providing.lifting, or lifting and tilting, the package (with particular designg of package,
the trunnions aresed in tilting the package from horizontal to vertical position and vjce-versa).

5.1.4 The desigher shall consider how the package is supported during transport and lifting and/or
tilting with ré€spect to the trunnions. For these situations the load distribution for the trunnion system
shalllbe derived. The designer shall consider the number of trunnions on the package requifed to fulfil a
particular function (e.g. lifting, tilting, supporting) and the value, the direction of forces that pre imposed
on the'tfunnions and the way they are applied (point of application, width, angle of repartitign...). See 5.4
for more details.

The load transferred by the trunnion system to the packaging body needs to be considered but is not
part of this document.

5.1.5 The design of the trunnion system shall be capable of performing for a temperature range as
defined in the IAEA Transport Regulations. In particular, minimum and maximum operating temperatures
due to design heat load and worst case ambient conditions shall be considered. Differential thermal
expansion between the conveyance means and the packaging may add stresses to the trunnion system
unless specific design arrangements are made to avoid those effects.

5.1.6 The designer should ensure that the combination of environment, component materials, bolt
coatings, bolt strength, grade, and tensile stress do not render the trunnion system vulnerable to the

© IS0 2019 - All rights reserved 5
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effects of stress corrosion cracking (SCC). Where the effects of SCC are not avoided by design, the designer
shall specify a regime of inspection to detect the early effects of SCC and to allow for bolt replacement
before there is damage.

5.1.7 Any trunnion systems shall be so designed that, under normal and accident conditions of
transport, the forces in those trunnion systems shall not impair the ability of the package to meet the
requirements of the IAEA Transport Regulations.

5.1.8 Specific surface finish limits shall be specified by the designer. Smooth surfaces and gradual
changes of section aid decontamination and are also beneficial for fatigue properties. Liquid traps shall

b d d 1 - 1 o > 1 b dadnl - Vol I LA |
€ avolded. Rppiynrgscaralrt or usirg gasKets Call pTreVeITt tIc IIgress Ot g uIs:

5.1.9 As far as practicable, ease of decontamination shall be considered in the designf-trugnion
systems, pafticularly with regard to the bolted attachments.

5.2 Design methodology

Structural gnalysis of trunnion systems shall include a strength analysis and™a fatigue analygis. If
necessary, i$sues such as brittle fracture and structural stability should be ¢onsidered.

This analysils can generally be performed by the following methods:

— analytiqal methods,

— finite element analysis (FEA), or

— acombipnation thereof.

The applicability of the chosen method shall be checked‘and justified by the designer.

In the case ¢f trunnion systems with complex geometry and load situation, FEA is preferred as it leads
to more detjiled stress and strain results for ¢emplex structures.

Clarification} on method and criteria are given in 5.5.
5.3 Materials

5.3.1 Material selection

Materials uged for the trunnion systems shall be selected or treated to avoid corrosion, including SCC
effects, as appropriate,'during the life of the packaging. This includes, but is not limited to, the following
consideratigns:

decontgmination agents which might include demineralized water, oxalic acid, steam, nitric|acid,
caustic solution, NaOH-tartaric acid, lubricants, or other proprietary products),

— the enyirenment conditions in loading operation (borated water, moisture, protectioln or

— ambient conditions (maritime, rain, snow,...) during transport or storage period,
— bolt grease, sealant (used in the packaging design),

— galvanic interaction (materials shall be chosen to ensure that the electro-potential sensitivity
between components is minimal).

It is recommended that trunnions are made from corrosion-resistant steel. For the trunnions, the use of
stainless steel cladding of a carbon-alloy-steel substrate can be justified (example of a clad trunnion is
in Figure 2), provided the designer has carefully considered all aspects of inspection and maintenance
that are likely to be most challenging. For the trunnion attachment system, the use of adapted specific
coating, sealants or leaktight additional devices may be sufficient.

6 © IS0 2019 - All rights reserved
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For duplex-steel welded trunnions, care shall be taken to prevent risk of brittle intermetallic phases
that can reduce toughness and corrosion resistance.

Key
1 1
2 {

5.3.2
For t

In ca
and 1

.

Whe

prop
matg

Cons
mini

Fracf

ase material

tainless steel cladding

Figure 2 — Example of a cladrunnion

Mechanical properties
he selected materials the minimum mechani¢al strengths R,(T) and R,(T) shall be spq

se where ferritic steels are used for trunnions, to ensure that the material is sufficig
ough, it shall be capable of achieving thé following:

Lharpy impact test energy of 27 Jyminimum at the minimum temperature according
ransport Regulations (see 5.1.5),

Tensile test elongation to.failure of 14 % minimum at 20 °C.

Fe trunnions are not)wholly stainless steel, but are stainless-steel covered, the
erties used in calculations, for both the base and cladding materials, shall be those
rial.

ideration shall be given to the hardness of the trunnion and attachment component
mize any‘sutface incompatibility that can arise due to the material hardness of interfacg

ure toughness properties, such as Kj, of the materials shall be specified if needed

cified.

ently ductile

to the IAEA

mechanical
of the base

materials to
equipment.

to enable a

fract

ureymechanics analysis of the trunnion system.

The designer shall specify the requirement of intercrystalline corrosion tests where this is relevant.

5.4

Design loads

5.4.1 Assembly state

Where the trunnion attachment includes bolts, the bolt minimal ensured preload shall be appropriate
to avoid any loosening of the bolts and sliding of the trunnion under the bolt heads during operation,
including the effects of vibrations during transport. The bolt minimal ensured preload shall be
determined considering uncertainties (tightening techniques and friction coefficients).

Depending on the assembling method, the bolt preload can vary due to the friction values between
the bolts and their contact surfaces and also due to the uncertainties of tightening techniques. This

© ISO

2019 - All rights reserved
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assembly state is also applicable to the threaded trunnion type attachment. The bolt preload can also

be affected
conditions.

5.4.2 Tie

by differential thermal expansion due to temperature change between assembly and design
See References [7] to [10] for further details.

-down

Designers may consider using different numbers of trunnions on packages to suit different operational
or transport requirements. Where trunnions are used for tie-down, the total number of trunnions in
any one plane may be restrained unequally. Consideration should be given to alignment on both the
package and the tie-down equipment when four (or more) trunnions share a load. Local positioning

imperfectio

ns or variations in tolerances can lead to high variations in the loads acting on each

trunnion. Therefore, in the absence of justification, it shall be considered that the load is supportéd by

only two trynnions. Example of trunnion restraints is in Figure 3.

The designgr shall consider the different modes of transport the package is intended for-t'is pogsible

that the dir
orientation

pctional orientation of a package can differ between different modes of transport, e.g. the
of a package during sea transport may be at right angles to the orientation of the game

package dufring rail transport. The designers shall consider all reasonably-foreseeable padkage

orientation

Huring transport to determine the highest load case combination.

a a

B
__._jj._

yd 1\ AN yd AN
X
A
i \
1

Key
1  vertical festraint by four trunnions 4 trunnion
2 vertical gnd longitudinalréstraints by two trunnions 5 packaging support
3  packaging a  Restraint directions.

d b
5/

Figure 3 — Example of trunnion restraints

The designer shall identify all the possible allowed tie-down configurations and shall define for each

the load cas

e. Each load case shall be associated to:

— maximal load,

— load direction,

— bearing area of trunnion with transport means,

— number of acting trunnions.

The maximal load applied shall generally be the total mass (transport) multiplied by the “acceleration”

factor show

n in Table IV.1 and in associated paragraphs of IAEA SSG-26, Appendix IV. Other values may

be used subject to appropriate justification.

8
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5.4.3 Lifting and/or tilting

Depending upon the design for operation, the package may have the capability of being lifted and/or
tilted on the same trunnions. In some cases, packages might not be designed to be tilted. Whichever case
applies, the total mass (lifting) that applies at any time to the minimum justified number of trunnions
shall be taken into account.

In some cases, the designer may include packages fitted with secondary trunnion systems; see Figure 4.
The primary and secondary trunnion systems shall be designed to act independently of each other.

Where trunmons are used for 11ft1ng and/or tlltlng, the total number of trunnions in any one plane may
be res e S age and the lifting
and/r tlltlng equ1pment when four (or more) trunmons share a load Local p051t10r11ng imperfections
or vdriations in tolerance can lead to high variations in the loads acting on each trunnion. Therefore, in
the apsence of justification, when four (or more) trunnions share a load, the load shall bnly be supported
by the two diagonally opposite trunnions.

Key
1  primary trunnion
2 decondary trunnion

Figure 4 — Packaging with primary and secondary trunnions

The ¢lesigner shall identify all the possible allowed lifting or tilting configurations and shgll define for
each|the load case. Eachlead case shall be associated to:

— aximal load;
— ad direction,

— lbearing-area of trunnion with lifting or tilting means,

J— nmhnr nFQr‘hng frnnrnr\nc

The maximal load applying for a given load case shall be the corresponding lifting mass multiplied by a
snatch factor of 1,8 g by Reference to [3]. Other values may be used subject to appropriate justification
e.g. References [3], [4] or [11].

5.4.4 Load cycles for fatigue analysis

The designer shall take into account the fact that the in-service life can be reduced due to the effects
of fatigue caused by cyclic stresses during transport, lifting or a combination of both. Fatigue analysis
shall consider the whole lifetime of the trunnion system with load combinations from transport and
lifting and/or tilting operations.
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It is not possible to define universally valid load cycles for a transport on public routes therefore these
must be specified both on the basis of the requested modes of transport (road, rail, sea or air) and on
the basis of the length and number of anticipated transport cycles.

In addition to experimental determination of the transport load cycles, reference may also be made to
published measurements. The transfer to other packages or transport routes may necessitate the use of
correction factors before being considered in the fatigue strength analysis.

See [AEA SS

G-26, Appendix IV for further details.

5.5 Methods of analysis and design criteria

5.5.1 Gen

For all the
linearized s
from corres
or 5.5.3).

Specific con
as specified

An addition|
safety factg

eral

fomponents of the trunnion system, the maximal equivalent stress (local,éryif alloy
[ress) shall not exceed the predetermined limit value. This limit value is generally de
pondent R, (T) taking into account a safety factor depending on analysjsunethod (see

siderations shall be evaluated for bolted trunnions to ensure the safe assembly is just

in 5.4.1.

nl safety factor shall be included for welded joints/interfaces. To justify the value g
rs to be used, due consideration should be given to.the method of welding, NDE

management system.

Strength an
justified but

alysis due to the load transferred by the trunnion system to the packaging body shg
is not part of this document. In case of bolted tkunnions, the required length of engage

in the packaging body shall be ensured.

More string
for instance

Examples o
given in Ref

5.5.2 Strd

An analytic
References

This metho
Justification
distribution|

For fatigue

ent safety factors may be added according some specific applicable national requirem
in References [3] or [4].

[ approaches for strength analysis method and design criteria for trunnion system
prences [5] and [11].

ngth analysis using analytical methods

1l approach for strength analysis may be as presented in this section and can be basg
4], [11] and [12];

d can be uséd for simple cases such as full cylindrical continuous section of trun
shall b€ provided for this method as the load application is idealized and the s
averaged across the section.

nnalysis (see 5.5.5) complementary strength evaluations are required to take accou

yable
Fived
5.5.2

ified

f the
and

11 be
ment

ents,

b are

d on

nion.
tress

nt of

stress conc

TtTration.

The equivalent stress shall be evaluated as follows:

section.

The she

ar stress shall be taken as an average value over the cross section.

The tensile stress may be due to direct or bending loads.

the average value of stress over the cross section.

10

The bending stress varies linearly over the cross section.

The maximum shear and tensile stress of the trunnion is calculated for most severely stressed cross

The tensile stress due to the direct load shall be assumed to be uniformly distributed and equal to
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The tensile stresses due to direct and bending loads are additive.

For combined shear and tensile stress states the effective stress is determined by using the Tresca
criterion (max. shear stress theory) or Von Mises criterion (max distortion energy theory).

The following criteria shall be used for the lifting or tie-down situations or all the loading cases defined
in 5.4.2 (based on References [4], [11] and [12]):

For t

For v
linked

5.5.3

In th
be p1

FEA

streq

Ana

Each load case defined in 5.4 shall be considered.

For the trunnion the equivalent stress shall not exceed R.(T)/1,5 and R ,(T)/2.

hen materials that have yield strengths R (1] above 80 Y% of thelr ultimate strengg
sed, each case requires special consideration, and the foregoing safety factors are.jny
uch cases, the designer shall establish and justify criteria to assure adequateymate
oughness.

runnion attachment components:

the maximal equivalent stresses shall be less than R (T). Concerning stresses in th
using, other justified criteria may be used for the limiting surface pressure, see

)
Eeference [7] or [9].

he trunnion bolts:

the analysis and evaluation of bolts shall be performed:according to appropriate stand3
References [7] and [8], [9] and, [10] or [11].
the maximal equivalent stresses shall be less thanR,(T).

the maximal stressin the trunnion under thebolt head shall not exceed R, (T). Other just
may be used for the limiting surface pressure, see for instance Reference [7] or [9].

elded joints/interfaces: in addition efithe safety factor required in 5.5.1, an additional
d to the uncertainty of the methodwused shall be also included and justified.

Strength analysis using:FEA methods

e case of trunnion systems with complex geometry and asymmetric loading situation
referred. FEA leads-te-more detailed stress and strain results for complex structureg
is recommended-for strength analysis to calculate the spatial stress state at the m
sed points.

bproach using FEA methods for strength analysis is as follows:

FEach load case defined in 5.4 shall be considered.

h R, (T) are
ufficient. In
rial fracture

b shear disk
for instance

irds, such as

fied criteria

safety factor

FEA should
. The use of
pst severely

alent stress

The)stress evaluation for all components (incl. bolts) shall be based on the equivj

according to the Tresca criterion (max. shear stress theory) or von Mises criterion (max distortion

energy theory).

Where the linearization of the stresses is justified, then the linearized equivalent stress at the most

severely stressed point of the trunnion shall not exceed the value R,(T)/1,5.

The maximal equivalentlocal stress in the trunnion shall not exceed R,(T). Additional considerations
may be necessary to show the safety margins against plastic collapse of the trunnion’s cross section

relevant for the load-bearing capacity, see Reference [5] for instance.

For trunnion attachment components:

— the maximal stresses shall be less than R,(T). Concerning stresses in the shear disk housing, other
justified criteria may be used for the limiting surface pressure, see References [7] or [9] for instance.
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For the trunnion bolts:

recognized standard, for instance References [5], [Z] and [8], [9] and [10] or [11].

Referen

criteria

ce [5]. The maximal linearized equivalent stresses shall be less than R (7).

may be used for the limiting surface pressure, see Reference [7] or [9] for instance.

the analysis and evaluation of bolts shall be performed according to national or international

the local stresses of FEA shall be transformed into nominal ones, as recommended in guideline

the maximal stress in the trunnion under the bolt heads shall not exceed R,(T). Other justified

For welded joints/interfaces: In addition of the safety factor required in 5.5.1, an additional safety

factor linke

In case of @
where the p
of an isolate
include inte

to the uncertainty of the method used shall be also included and justified.

omplex interface between the trunnion system, the packaging body and the-equip
hysical phenomena shall be sufficiently detailed, a consideration of trunnion systém inj
d analysis of single structural components (trunnion, bolts, etc.) shall be,done to pro

ment
tead

perly

Factions between components. More detailed guidance for modelling trtinfiion systenp can

be found in References [5] and [6] for instance.

5.5.4 Brittle fracture evaluation

Some mateifials are more susceptible to brittle failure at low temperatures and/or under lifting and
routine trarsport conditions. In such cases, the designer shall apply atrappropriate approach to avoid
brittle fracture at the minimum service temperature. Guidance te)prevent brittle fracture is given in
[IAEA SSG-26¢, Appendix V.

For welded frunnions, specific requirement to ensure the absence of brittle fracture shall be taken into
account for the weld and the heat affected zone.

5.5.5 Fatigue analysis

Fatigue analysis shall consider peak stresses,-anid any weakening due to welds and features thaf can
induce stregs concentrations, and appropriate/fatigue curves for the material that is used.

The safety factor depends on the material properties, the calculation method and the applied load-cycle
behaviour. It may also vary depending-en the applicable national requirements and the consequenges of
failure.

For exampl¢, approaches forfatigue evaluation can be found in Reference [11] for general aspector in

Reference [}
5.6 Othel

5.6.1 The

| for lifting/tilting operations.

" requiréments and recommendations

designer should aim to achieve simplicity and repeatability in determining the require

for inspectid

n.testing and assembly.

Hllel’ltS

5.6.2 Due consideration should be given to the methods of periodic inspection, testing, and maintenance
that is employed during the in-service life of the trunnion systems. Insufficient thought given to design
with respect to these factors can cause difficulties in carrying out maintenance.

5.6.3 The design of the trunnion systems should, where possible, be integrated with the design of
interfacing lifting equipment or, otherwise, the trunnion systems and interfacing equipment proposed
should be assessed for mutual compatibility of geometry and material.

5.6.4 Operating aspects, such as safety, relationships to interface equipment (e.g. lifting equipment and
package supports), radiation shielding, and ease of decontamination should be taken into account.
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5.6.5 The designer should consider the inclusion of an in-service “wear allowance” in calculations to
facilitate the re-machining of the trunnions, in accordance with the design safety assessment.

5.6.6 Consideration should be given to the trunnion surface finish with regards to decontaminability,
tilting and fatigue analysis.

5.6.7 To facilitate comparison between manufacture and maintenance tests results, the designer
should specify testing methods during manufacture that can be repeated during in-service life. The
designer should ensure that there are no physical features on packaging that can inhibit repeatable tests.

5.6. The areas requiring regular inspection are surfaces subject to damage as well 3s bolts and
thredded holes. These areas should be easily accessible and designed to facilitate inspeetion. The life
of a [trunnion system can be increased if repair is possible to recover non-conforming trunnions, or
attadhments components. Consideration should be given to the inclusion of an @lewance within the
design criteria to enable the recovery of non-conforming items.

5.6.9 As-built dimensional records of each trunnion, which are part ofythe manufacturing record/
lifetime record, should-be retained as a basis for comparison during inspection.

5.6.10 The designer should ensure that the removable compofnents of the trunnion system can be
repldced as simply as possible and in accordance with 7.5.

5.6.11 To facilitate the evaluation of surface cracks and“damage, the designer should spegify that the
inspgction criteria incorporate a fracture mechanics-baséd approach.

5.6.12 Materials chosen for cleaning in operatiomwshall be compatible with the materials of the trunnion
systgm (including bolts, gaskets, sealants, etc.) ahd of the body of the packaging.

5.6.13 For bolted trunnions the designer;,should consider the bolt strength grade and any fequirement
for the trunnion attachment componeénts to withstand the effects of the operational envijonment, for
exanjple reactor-pond water.

5.6.14 In order to avoid SCC, bolts can be suitably coated, ingress of moisture in void spafes between
components can be prevented by suitable sealing solutions.

5.6.15 Trunnions arelikely to wear due to frequent use. Because welded trunnions canndt be “easily”
changed or repaired’during the life of the packaging, it is recommended to use removalple trunnion
systgms on packagings subjected to frequent transport cycles. In case of welded trunnions, cpnsideration
should be given to the availability of enabling tools and techniques for the required ingpection and

5.6.16—Where—weldinets—constder casibletrepair—solution—the—designer—shewtd—ensure that the
materials chosen for the design can be welded satisfactorily without unacceptable detrimental effect
upon the original material properties.

6 Manufacture

6.1 General

6.1.1 Manufacture of trunnion systems, assembly and attachment to the packaging, shall be carried
out by suitable qualified and experienced organizations, qualified to carry out specific aspects of
manufacture, materials testing, NDE, assembly and attachment.
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6.1.2 In the specification of the material by the purchaser, the purchaser shall refer to material
standards wherever possible, including any relevant additional information. When a requirement
is indicated as “shall be specified” in Clause 5, it means that this requirement shall be specified to the
supplier and shall be verified during manufacturing.

6.1.3 Manufacture shall be carried out in all cases to a predetermined quality plan. In practice, the
quality plans may detail the status of the referenced documents and have provisions for material
traceability and for controlling signatories responsible for the verification of quality. The quality plans
shall be agreed and approved by the manufacturer/designer/purchaser and/or independent expert
organization/competent authorities as appropriate, prior to manufacture commencing.

6.1.4 The|manufacturing methods and processes including special manufacturing processes, i.e.
forging, streps relieving, etc., shall be agreed between the designer, purchaser and the manufaéturer
6.1.5 Manlgfacture shall include assembly, inspection and testing. Examples foryextent of |final
inspection and extent of acceptance testing are described in Reference [3].

6.1.6 Suitpble NDE methods shall be used: examples are given in 6.3.2.

6.2 Assembly

Depending ¢n the design and sizes of the trunnion components, positioning or location fixtures may be
used to assipt assembly. Assembly shall be carried out and reportéd in accordance with the procedures
and standarnds as specified on the quality plans.

For bolted tfunnions, it can be necessary to specify a sequerice and range of torque application fgr the
bolts, leading up to the application of the final torque;cthe application of bolt pretension can al$o be
ensured by pther techniques.

For welded trunnions, all root and filler runs shall-be adequately specified. Where dissimilar matgrials
are being welded, the types of welding materials being used shall be suitable. Qualification of we|ding
procedures,|welders, and welding operators'is required before welding of the trunnions. Welders|shall
be qualified|to a recognized national or ifitetnational standard. It can be deemed necessary to carrjy out
NDE at varigus steps of the welding process.

6.3 Inspection during manufacture and assembly

6.3.1 Dimensional andvisual inspection

Dimensional inspectioii shall be carried out on the trunnion system. Each item shall be fully inspected
to ensure cqnformity with design drawings, including but not limited to the following:

— featuredimensions and tolerance

— surface finish

— thread gauging for both bolts and threaded holes

Dimensional and visual inspection shall be carried out and reported in accordance with the procedures
and standards as specified in the quality plans. Reporting shall compare dimensional inspection results
with the acceptance criteria stated on the approved design drawings.

6.3.2 Non-destructive examination

Non-destructive examination, NDE, shall be carried out during specified steps of the manufacture to
verify the material condition. NDE shall be carried out and reported in accordance with the procedures
and standards as specified in the quality plans. Reporting shall compare test results with the specified
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acceptance criteria. Other NDE methods may be used as an alternative to those recommended hereafter,

if considered more appropriate.

Itis advised that all material (except plate and pipe) should be scanned for internal indications using UT

methods before any significant fabrication is commenced.

If heat treatment is carried out during the manufacturing process, NDE shall be done after that.

If considered necessary by the purchaser, further NDE should be carried out on trunnions a
components after final machining.

In the case of trunnions attached by welding, the welds and the heat-affected zones sh

nd trunnion

ould be UT-

scanhed after completion of welding and any subsequent treatment steps involving heg
relieying, lead pouring, etc. Depending on the shape of the packaging body, the trunniona
variqus angles and types of transducers shall be used to assistin obtaining a three-dimensi
Test plocks shall be used to assist in calibrating. Ideally, one test block, manufactured fr
simillar to the trunnion and welded to the packaging, shall simulate the shape of the trunni
block shall also contain a series of holes to simulate various flaws. Other NDE.methods ma
an alternative to those recommended above if considered more appropriate.

In a
attad
carri
streq

hment components should be surface-crack-inspected by PTOor MT methods. Thi
ed out on completion of manufacture, i.e. after final machining of components, final y
s relieving, lead pouring, etc.

NDE|may need to be repeated during the in-service lifecef the packaging. For trunnions
boltd, trunnions and bolts should be inspected by NDE separately. The same NDE technique
manfifacture should be used during in-service life. The.Same procedures should be used to
comparison of the results. In this respect, adequaté&records of surface or internal indicatioj
referfence data, orientation of indications, trunnion serial number and trunnion attachmen
seriall numbers, as appropriate, should be retained for comparison purposes. In the case of |
adeéLate records of the observed results and equipment used should be retained for
purp

0Ses.

6.4 | Testing during manufacture and assembly

6.4.1 Scope of testing

Testing during manufacture and assembly shall include, but not be limited to the following

¢hemical analysis

— 1nechanijeal testing of material properties

q

tatic testing

t, i.e. stress
nd the weld,
bnal picture.
bm material
bn. This test

[y be used as

dition to scanning by UT methods, all trunnions, trunnion¢attachment welds and trunnion

s should be
welding run,

attached by
used during
acilitate the
1s, including
' component
I'T scanning,
comparison

6.4. Chemical analysis

Chemical analysis shall be performed before any fabrication work is carried out. The analysis shall
be carried out to determine whether or not the material contains the constituents specified by the
purchaser, and whether or not those constituents are within the tolerances specified. One analysis per
batch or cast of material shall be carried out. Analysis and reporting shall be carried out in accordance
with the procedure or standard as specified in the quality plans. Reporting shall compare the analytical
results with the acceptance criteria quoted.

6.4.3 Mechanical testing of material properties

Testing to verify the material properties shall be carried out during specified steps of the manufacture to
verify the finished condition of the material, where no further treatment, fabrication or manufacturing
steps can alter the material properties. Test samples are normally used to verify material properties.
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Test samples shall be representative of the materials being used and the tests shall be carried out per
batch or cast of material. Any test samples that the purchaser requests to be archived shall be suitably

identified.

The testing mode shall take account of the geometry and orientation of trunnions and trunnion
attachments on the packaging to ensure that representative data are obtained. Testing and reporting
shall be carried out in accordance with the procedure or standard as specified in the quality plans.
Reporting shall compare test results with the specified acceptance criteria. Consideration shall be

given to the number of tests to be carried out per test type to ensure a meaningful data set.

6.4.4 Static testing

Static testinfg of trunnion systems shall be carried out to verify the assembled condition. Testitig
be carried qut on the pairs of trunnions that are used together. Testing shall be carried out‘by li
using weights attached to a packaging, or by using a pair of hydraulic jacks connected togethér bet
a yoke and fa pair of trunnions positioned on a packaging to exert an equivalent load; see Figu
Testing, where possible, should simulate the mode in which the trunnions normally, 6perate.

Trunnion syjstems shall be tested with a minimum factor of 1,5 times the maximum service load ap,
for a period of at least 5 min. It should be recognized that longer durations.and higher load fa
may be dempanded according to local or national regulations, or the requirements of the comp
authorities. [The designer shall take adequate steps to address these reqtiirements.

Trunnions 3dnd weld attachments shall be surface-crack-inspected“using PT (stainless steel) o
(carbon stegl) or other suitable methods after static testing..Static testing shall be carried o
accordance with the procedures and standards specified in the;,quality plan.

With weldefl trunnions, the weld and the heat-affected zorie shall be inspected by NDE after s
testing as a pomparison against the NDE after welding:

~d
e

shall
ting,
veen
re 5.

plied
ctors
btent

r MT
ut in

tatic

I
|
|
|
|
|
|
|
|
|
|
|
Jiﬂ

Key

1 yoke 4 load

2 packaging 5 yokearms

3 trunnion 6  hydraulic jack

Figure 5 — Example of trunnion static testing using hydraulic jacks connected together
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With bolted trunnions, the pretension of the bolts shall be rechecked after static testing (by checking
the torques or other techniques). The designer should identify the most highly stressed bolt, either on
the appropriate drawing or in the testing specification. If identified, the most highly stressed bolt can
also be removed for dimensional analysis to ensure that the trunnion system has not been overstressed
during static testing according with Reference [3].

Reporting shall compare static test results with acceptance criteria specified in terms of residual

deformation, VT, PT or UT indications, and bolt torques, as appropriate.

7 Maintenance

7.1 | General
7.1.1 Maintenance shall be carried out by suitable qualified and experienced ‘persons,|qualified to
carry out the methods of the maintenance recommended by the designer, or.qualified to darry out the

maintenance required to meet the designer's recommendations.

7.1.2

testing, component replacement or repairs. The scope of the mainteniance shall be depen

Maintenance shall be comprised of one or more combinations.ef periodic inspec

'(cEn, periodic

nt upon its

frequency and the feature being maintained.

7.1.3 Maintenance shall be carried out in accordance with.a maintenance schedule; see 7.2.

7.1.4 Regular periodic inspection at predetermined.{requencies shall be carried out to as¢ertain if the
in-sefrvice limits have been approached or an unacceptable rate of wear or damage has taker place.

7.1.8 Periodic testing shall be defined to.enhsure that the system is in accordance yith the in-
service limits.

7.1.4 Repair of trunnion systems canbe considered necessary if loss of material due to wear, corrosion
or dgmage has resulted in the in-service limits being exceeded.

7.1.7 Maintenance shall comply with the predetermined quality plans. The quality plans, maintenance
meth

ori

7.1.8
NDE
ensu
seald

ods and routes shall be approved by the designer, owner/operator, maintenance organ‘{%ation, and/

ependent expert.organization/competent authorities, as appropriate, prior to any

d
comnllnencing. Repair-plans shall be required for each unique type of repair.

Particular care shall be taken when solvents/chemicals are used during the cleanii
of trunnions and components during maintenance. The solvents/chemicals shall bd
e thatthey are compatible with the trunnions and trunnion components, including b
nts, etc. and to prevent the onset of corrosion mechanisms.

aintenance

1g or during
checked to
blts, gaskets,

7.1.9 Particular care shall be taken to prevent water intrusion into the space between the trunnion
system and the body of the packaging, in due consideration of the sensitivity of the materials to corrosion
mechanisms e.g. high-tensile bolts susceptible to SCC.

Where trunnion systems are designed to include sealed areas, those areas shall be examined to ensure
the integrity of the sealed area. A functional test of the seals should be considered, if appropriate.

7.2 Maintenance schedule
The designer shall prepare a maintenance schedule, taking into account the requirements of 7.1 to 7.6.

The content and frequency of maintenance shall be agreed between the designer, owner/operator,
maintenance organization, and/or independent expert organization/competent authorities, as
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appropriate, and provided in the maintenance schedule document. Examples for extent of final
inspection and extent of acceptance testing are described in Reference [3].

7.3 Periodic inspection

7.3.1 General

The features for periodic inspection and the types of periodic inspection shall depend on the type of
trunnion system and the periodicity at which it is being carried out. The following features shall be
inspected in accordance with a maintenance schedule; see 7.2.

7.3.2 Rerjlovable trunnions

The following features for removable trunnions shall be inspected:

— accessiljle trunnion surfaces;

— attachment threads in the packaging body;

— attachment bolts (this applies only to attachment bolts that are not being diScarded);
— trunniop assembly (bolt torque, etc.);

— sealing preas;

— featurel|dimensions.

7.3.3 Welded trunnions

The following features for welded trunnions shall be inspected:
— accessiljle trunnion surfaces;

— weld areas;

— sealing preas;

— feature|dimensions.

7.3.4 Trupnion surfaces

The surfacep of the trunfitens shall be checked to ensure they are in a condition that is not detrimpntal
to any interface equipmyent in connection with which the trunnions are used, or to the design strepgth,
e.g. by having damageé-or corrosion that can lead to collapse or fatigue failure of the trunnion systgm.

Trunnion syrfaces shall be examined by VT and PT or other NDE methods. VT shall be complemgnted

by any mea nr‘ing fpr‘hnir}npc necessary to determine the hpighf, dppfh’ ]pngfh and width nfqny surface
damage present on the trunnions.

7.3.5 Attachment threads in packaging body

The attachment threads in the packaging body, used in conjunction with retaining bolts, shall be
checked to ensure they are capable of carrying out their design function of retaining the trunnion in
its position on the packaging body under all envisaged design stresses (shear, bending and tensile, as
appropriate).

Attachment threads in packaging bodies shall be examined visually and by using thread-plug gauges.

18 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=efd1ea6a769c284d5b8043421d4cf192

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms, abbreviated terms, symbols and definitions
	3.1 Terms and definitions
	3.2 Symbols
	3.3 Abbreviations
	4 Regulatory requirements
	4.1 General
	4.2 Relevant regulations
	5 Design
	5.1 General
	5.2 Design methodology
	5.3 Materials
	5.3.1 Material selection
	5.3.2 Mechanical properties
	5.4 Design loads
	5.4.1 Assembly state
	5.4.2 Tie-down
	5.4.3 Lifting and/or tilting
	5.4.4 Load cycles for fatigue analysis
	5.5 Methods of analysis and design criteria
	5.5.1 General
	5.5.2 Strength analysis using analytical methods
	5.5.3 Strength analysis using FEA methods
	5.5.4 Brittle fracture evaluation
	5.5.5 Fatigue analysis
	5.6 Other requirements and recommendations
	6 Manufacture
	6.1 General
	6.2 Assembly
	6.3 Inspection during manufacture and assembly
	6.3.1 Dimensional and visual inspection
	6.3.2 Non-destructive examination
	6.4 Testing during manufacture and assembly
	6.4.1 Scope of testing
	6.4.2 Chemical analysis
	6.4.3 Mechanical testing of material properties
	6.4.4 Static testing
	7 Maintenance
	7.1 General
	7.2 Maintenance schedule
	7.3 Periodic inspection
	7.3.1 General
	7.3.2 Removable trunnions
	7.3.3 Welded trunnions
	7.3.4 Trunnion surfaces
	7.3.5 Attachment threads in packaging body
	7.3.6 Attachment bolts
	7.3.7 Feature dimensions
	7.4 Periodic testing
	7.4.1 Types of testing
	7.4.2 Trunnion system
	7.4.3 Weld areas
	7.5 Component replacement
	7.6 Repairs
	7.6.1 General
	7.6.2 Features to be repaired and methods
	8 Quality management system
	Bibliography

