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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-govern
Internationg

Internationg
The main t
adopted by

Internationg

Attention is
rights. ISO

ISO 19904
for petroleu

ISO 19904
Floating offi

— Part 1:

Tension leg

ISO 19904
Internationg

ISO 19

ISO 19
structu

ISO 19
ISO 19

ISO 19
semi-s

mental, in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
hsk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for votingy “‘Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

1 was prepared by Technical Committee ISO/TC 67, MaterialS, equipment and offshore struct|
m, petrochemical and natural gas industries, Subcommittee SC 7, Offshore structures.

consists of the following parts, under the general title ‘Petroleum and natural gas industrie
bhore structures:

Monohulls, semi-submersibles and spars
platforms is to form the subject of a futurePart 2.

is one of a series of standards for offshore structures. The full series consists of the follo
| Standards.

000, Petroleum and natural gas industries — General requirements for offshore structures

001
res

(all parts), Petroleum and natural gas industries — Specific requirements for offs

002, Petroleum and natural gas industries — Fixed steel offshore structures 1)
003, Petfeléum and natural gas industries — Fixed concrete offshore structures 1)

004-~1, Petroleum and natural gas industries — Floating offshore structures — Part 1: Monohi

the

ards
an

tent

ures

ving

nore

ulls,

bimersibles and spars

platforms 2)

— Part 1: Jack-ups 2)

1)
2)

Vi

To be published.

Under preparation.

ISO 19904-2, Petroleum and natural gas industries — Floating offshore structures — Part 2: Tension leg

ISO 19905-1, Petroleum and natural gas industries — Site-specific assessment of mobile offshore units
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— ISO/TR 19905-2, Petroleum and natural gas industries — Site-specific assessment of mobile offshore
units — Part 2: Jack-ups commentary 3)

— IS0 19906, Petroleum and natural gas industries — Arctic offshore structures 3)

3)  Under preparation.
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Introduction

The series of International Standards applicable to types of offshore structure, 1ISO 19900 to ISO 19906,
constitutes a common basis covering those aspects that address design requirements and assessments of all
offshore structures used by the petroleum, petrochemical and natural gas industries worldwide. Through their
application the intention is to achieve reliability levels appropriate for manned and unmanned offshore

structures,

It is import
actions, str

fvhatever the type oOf structure and the nature or combination or materials used.

bnt to recognize that structural integrity is an overall concept comprising models for-descri
uctural analyses, design rules, safety elements, workmanship, quality control precedures

national requirements, all of which are mutually dependent. The modification of one aspect of desig

isolation c3
implications
offshore str

The series
latitude in
Sound engi

Internationg
coherent ar
of the clag

n disturb the balance of reliability inherent in the overall concept or structural system.
involved in modifications, therefore, need to be considered in relation to the oyerall reliability d
Lictural systems.

of International Standards applicable to types of offshore structuresis-intended to provide
he choice of structural configurations, materials and techniques~without hindering innova
neering judgement is therefore necessary in the use of these International Standards.

d consistent definition of methodologies to design, analyse-and assess floating offshore struct
s described in Clause 1. In particular, this part of 1SO 19904 addresses monohulls, s

submersiblgs and spars.

Some back
The clause

ground to, and guidance on, the use of this patt,of ISO 19904 is provided in informative Anne|
numbering in Annex A is the same as in the normative text to facilitate cross-referencing.

bing
and
n in
The
f all

vide
ion.

| Standard 1SO 19904 was developed in response to_.thé offshore industry’s demand for a

ires
BMmi-

X A.

viii
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INTERNATIONAL STANDARD 1ISO 19904-1:2006(E)
Petroleum and natural gas industries — Floating offshore
structures —

Part 1:

Maonohulls, semi-submersibles and spars

1 |Scope

Thig part of ISO 19904 provides requirements and guidance for the structural design and/or asgessment of
floafing offshore platforms used by the petroleum and natural gas industries to support the following functions:
— | production;

— | storage and/or offloading;

— |drilling and production;

— | production, storage and offloading;

— |drilling, production, storage and offloading.

NOTE 1 Floating offshore platforms are often referred’to using a variety of abbreviations, e.g. FPS, FSU, FPSO, etc.
(seq Clauses 3 and 4), in accordance with their intended mission.

NOTE 2  In this part of ISO 19904, the termi-“floating structure”, sometimes shortened to “structure”, is used as a
generic term to indicate the structural systems.of any member of the classes of platforms defined above.

NOTE 3 In some cases, floating platforms are designated as “early production platforms”. This term relajes merely to
an 3sset development strategy. Fofithe purposes of this International Standard, the term “production” ingludes “early
production”.

Its fequirements do not_apply to the structural systems of mobile offshore units (MOUs). Thegse include,
amgng others:

to as MODUSs), even when used for extended well test operations;

floating-structures used for offshore construction operations (e.g. crane barges or pipelay
temiporary or permanent offshore living quarters (floatels), or for transport of equipment or pr|
tfansportation barges, cargo barges), for which structures reference is made to relevant

floating structures intended primarily to perform drilling and/or well intervention operations (often referred

barges), for
bducts (e.g.
recognized

ctassification SUC'E[? leD) rdies.

Its requirements are applicable to all possible life-cycle stages of the structures defined above, such as

design, construction and installation of new structures, including requirements for inspection, integrity

management and future removal,

structural integrity management covering inspection and assessment of structures in-service, and

conversion of structures for different use (e.g. a tanker converted to a production platform)
different locations.

© 1SO 2006 — All rights reserved
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The following types of floating structure are explicitly considered within the context of this part of ISO 19904:

a) monohulls (ship-shaped structures and barges);

b) semi-submersibles;

C) spars.

In addition to the structural types listed above, this part of ISO 19904 covers other floating platforms intended
to perform the above functions, consisting of partially submerged buoyant hulls made up of any combination of
plated and space frame components and used in conjunction with the stationkeeping systems covered in

ISO 19901

. These other structures can have a great range of variability in geometry and structural-fg

and, therefpre, can be only partly covered by the requirements of this part of ISO 19904. In other ca
specific requirements stated in this part of ISO 19904 can be found not to apply to all or part ofrasstrug
under design.

In all the above cases, conformity with this part of ISO 19904 will require that the designyis’ based upo
underpinning principles and achieves a level of safety equivalent, or superior, to the levelimplicit in it.

NOTE 4
substantial
associated a
Standards ¢
Consequentl
1ISO 19904.

This part g
however, cq

2 Norm

The followi
references,
document (

ISO 13702,
production

ISO 19900:

ISO 199014
Part 1: Met:

ISO 19901+
Part 7: Stat

he speed of evolution of offshore technology often far exceeds the pace at which the industry achi
greement on innovation in structural concepts, structural shapes or forms;”structural components
halysis and design practices, which are continuously refined and enhanced:, On the other hand, Internat
an only capture explicit industry consensus, which requires maturation” and acceptance of new id
y, advanced structural concepts can, in some cases, only be partly €oyered by the provisions of this pa

f ISO 19904 is applicable to steel floating structures:The principles documented herein
nsidered to be generally applicable to structures fabricated in materials other than steel.

ative references

hg referenced documents are indispensable for the application of this document. For d
only the edition cited applies. For~undated references, the latest edition of the referer
ncluding any amendments) applies:

Petroleum and natural gas(industries — Control and mitigation of fires and explosions on offs
nstallations — Requirements and guidelines

P002, Petroleum andhatural gas industries — General requirements for offshore structures

1, Petroleum~and natural gas industries — Specific requirements for offshore structure
bcean design-and operating considerations

7:2005,\Petroleum and natural gas industries — Specific requirements for offshore structure
onkeeping systems for floating offshore structures and mobile offshore units

rms
5€es,
ture

h its

Bves
and
onal
eas.
rt of

are,

hted
ced

nore

ISO 19902:—4), Petroleum and natural gas industries — Fixed steel offshore structures

4)

To be published.
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1

abnormal

condition that exceeds conventionally specified design conditions and which is used to mitigate against very
remote events

3.3

action
extgrnal load applied to the structure (direct action) or an imposed deformation ar'acceleration (indfrect action)

EXAMPLE An imposed deformation can be caused by fabrication tolerances,-settlement, temperatufe change or
moigture variation.

NOTE An earthquake typically generates imposed accelerations.
[1ISQ 19900:2002]

3.4
action combination
des|gn values of different actions considered simultaneously in design checks of the structure for a specific
limif state

3.5
action effect
effefct of actions on structural components

EXAMPLE Internal forces, moménts; stresses, strains, rigid body motions or elastic deformations.
[1ISQ 19900:2002]

3.6
air gap
clegrance betweendthe highest water surface that occurs during the extreme environmental conditipns and the
lowgst exposed part not designed to withstand wave impingement

[1S® 19900:2002]

3.7
basjicvariable
one of a specified set of variables representing physical quantities which characterize actions, environmental
influences, geometrical quantities, or material properties, including soil properties

[1SO 19900:2002]

3.8

characteristic value

value of a basic variable, an action or a strength model having a prescribed probablilty of not being violated by
unfavorable values

NOTE 1 In the case of actions and related properties, the characteristic value normally relates to a reference period.

NOTE 2  Adapted from ISO 19900:2002, definition 2.7.

© 1SO 2006 — Al rights reserved 3
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3.9

design criteria

quantitative
[1ISO 19900

3.10

formulations that describe the conditions to be fulfilled for each limit state

:2002]

design format
mathematical description for checks to verify non-exceedance of a limit state

NOTE

In this part of ISO 19904, both partial factor and working stress design (WSD) formats are permitted.

3.1
design ser
assumed p
anticipated
NOTE A
3.12
design situ
set of phys
limit states

NOTE A

3.13

design valtie

value of a
verification

NOTE 1 F
variable or
variable it is

NOTE2 H
equal to unit

NOTE 3 i
so that, in th

are applied if design checks.

NOTE4 |

NOTES A

3.14
dynamic ag

vice life
priod for which a structure or a structural component is to be used for its intendedrpurpose
maintenance, but without substantial repair being necessary

dapted from ISO 19900:2002, definition 2.12.

ation
cal conditions during a certain reference period for which the design demonstrates that rele
bre not exceeded

dapted from ISO 19900:2002, definition 2.13.

pasic variable, action or strength model derived. from a representative value for use in a de
pbrocedure

or a ULS design check in accordance with 'the’ partial factor design format, a design value for a strg
odel is found by dividing the representative\value of strength by a partial resistance factor, while for an a
ound by multiplying the representative value of the action effect by a partial action factor.

or an FLS, SLS or ALS design check-in accordance with the partial factor design format, all partial factor.
so that, in these cases, a design.value is equal to the representative value.

or any design check in accordance with the working stress design format, all partial factors are equal to
bse cases, a design value.is equal to the representative value. Appropriate global safety or utilization fa

h the case of aclions and related properties, the value can relate to a reference period.

dapted fromy SO 19900:2002, definition 2.14.

ction

with

vant

5ign

ngth
Ction

b are

Linity
ctors

action that

specific consideration

[ISO 19901-

3.15

7:2005]

dynamic positioning

DP

nduces acceleration of a structure or a structural component of a magnitude sufficient to require

stationkeeping technique consisting primarily of a system of on-board thrusters, which generate appropriate

thrust vecto

rs to counter the mean and slowly varying induced actions

© 1SO 2006 — All rights reserved
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3.16
exposure level

classification system used to define the requirements for a structure based on consideration of life-safety and

of environmental and economic consequences of failure
[ISO 19900:2002]
3.17

failure
insufficient strength or inadequate serviceability of a structure or structural component, or, in

a structural

check, a condition in which a structure or component thereof does not fulfil its limit state requirement

3.1

fit-for-purpose, adjective

fitness-for-purpose, noun

megting the intent of a standard although not meeting specific provisions of that standard in local
that|failure in these areas cannot cause unacceptable risk to life-safety or the environment

NOTE Adapted from ISO 19900:2002, definition 2.16.

31

floating structure

structure where the full weight is supported by buoyancy
[1ISQ 19900:2002]

NOTE The full weight includes lightship weight, mooring system pre-tension, riser pre-tension and opera

3.2
fregboard

areas, such

ing weight.

distance measured vertically downwards between the top of the hull and the mean water surfacg at a given

dradight

3.21
green water
oveftopping of deck by water causing slamming and pressure actions to structures on deck

3.22
limit state
statg beyond which the. sttucture no longer fulfils the relevant design criteria

structure capable of engaging in drilling and well intervention operations for exploration or ex

bloitation of

subsea pefroleum resources

[ISO 19901-7:2005]

3.24

mobile offshore unit

MOuU

structure intended to be relocated to perform a particular function

[1SO 19900:2002]

© 1SO 2006 — All rights reserved
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3.25

monohull

floating structure consisting of a single, continuous, buoyant hull, and having a geometry similar to that of
ocean-going ships, barges, etc.

3.26

nominal value

value of a basic variable, action or strength model determined on a non-statistical basis, typically from
acquired experience or physical conditions

EXAMPLE Value published in a recognized code or standard.

NOTE Adapted from ISO 19900:2002, definition 2.22.

3.27

owner
representat|ve of the company or companies which own a development, who can be the operator on behdIf of
co-licenseep

[ISO 19901}7:2005]

3.28

platform
complete gssembly including structure, topsides and, where applicable) foundations and stationkeeping
system

NOTE Adapted from ISO 19900:2002, definition 2.23.

3.29
recognized classification society
RCS
member of| the international association of classification societies (IACS), with recognized and releyant
competencé and experience in floating structures, and with established rules and procedures| for
classification/certification of installations used,injpetroleum or natural gas activities, located at a specific|site
for an exterjded period of time

NOTE Adapted from ISO 19901-7:2005;\definition 3.23.
3.30
reliability

ability of a gtructure or structural’component to fulfil the specified requirements

[ISO 1990012002]

3.31
representativelvalue
value of a basig variable, action or strength model, for verification of a limit state

NOTE 1 The representative value can equal a characteristic value, a nominal value, or other rationally determined
value.

NOTE 2  For actions, this can relate to upper or lower characteristic values, dependent on which causes the more
onerous condition. In combinations, it can involve multiplying the chosen value by a factor greater or less than unity.

NOTE 3 Adapted from ISO 19900:2002, definition 2.26.

6 © 1SO 2006 — Al rights reserved
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3.32

resistance

capacity of a structure, component or cross-section of a component to withstand action effects without
exceeding a limit state

NOTE Adapted from ISO 19900:2002, definition 2.27.
3.33

return period
average period between occurrences of an event or of a particular value being exceeded

NOTE The offshore industry commonly uses a return period measured in years for environmental evenis. The return
peripd in years is equal to the reciprocal of the annual probability of exceedance of the event.

[1ISQ 19901-1:2005]

3.34
riser
piping connecting the process facilities or drilling equipment on the floating structure with the subgea facilities
or pipelines, or with a reservoir

NOTE 1 Possible functions include drilling and well intervention, productien, injection, subsea systemg control and
exp@rt of produced fluids.

NOTE 2  Adapted from ISO 19900:2002, definition 2.29.

3.34
robustness
ability of a structure to withstand events that have a reasonable likelihood of occurring, without the structure
being damaged to an extent disproportionate to the-cause

NOTE Possible causes can be events like fire {éxplosions or impacts.

3.3
semi-submersible
floating structure normally consisting of a deck structure with a number of widely spaced, large crpss-section,
supporting columns connected te;submerged pontoons

NOTE Pontoon/column geometry is usually chosen to minimize global motions in a broad range of wave|frequencies.

3.317
slalnming
impllsive action‘with high pressure peaks that occurs during impact between a portion of the sfructure and
water

NOTE Slamming can, for example, be due to emergence and re-entry of a lower section of the hull intd the water or
can pe-due 'to wave impact on a structural component.

3.38
sloshing
impact action on the boundaries of a partially filled tank due to internal fluid motion

3.39

spar platform

spar

deep draught caisson vessel

DDCV

deep-draught, small water-plane area floating structure

[ISO 19901-7:2005]
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3.40

special areas

areas identified by the designer as being of critical importance to the structural integrity and safety of the
structure

3.41

stability

hydrostatic stability

ability of a floating structure to generate restoring moment after deviation from the equilibrium floating position

3.42
static actign
action that ¢annot cause significant acceleration of the structure or structural components

3.43
stationkeeping system
system cappble of limiting the excursions of a floating structure within prescribed limits

[ISO 19901}7:2005]

3.44
structure
organized gombination of connected components designed to withstand actiens and provide adequate rigidlity

[ISO 1990012002]
3.45
structural ¢gomponent

physically distinguishable part of a structure

[1SO 199002002

3.46
structural Iystem
combination of structural components acting-in"such a manner that the components function together

NOTE Adapted from ISO 19900:2002} définition 2.32.

3.47
topsides
structures Ind equipment placed on a supporting structure (fixed or floating) to provide some or all pf a
platform’s flinctions

NOTE For a monohull, the deck is not part of the topsides.

[ISO 1990012002]

3.48

variable action

Q

action for which the variation in magnitude with time cannot be neglected compared with the mean value, or
for which the point of application varies with time

3.49
verification
examination made to confirm that an activity, product or service is in accordance with specified requirements

[ISO 19901-7:2005]
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3.50

watertight

capable of preventing the penetration of water into or through the structure with a water pressure head
corresponding to that for which the surrounding structure is designed

3.51
weathertight
capable of preventing the penetration of water into the structure during temporary exposure to water

NOTE A watertight closing appliance is also considered weathertight.

4 [Symbols and abbreviated terms

4.1 Symbols
A accidental action
A area, or area per unit length, in square metres (m2), or metres (m)

vibration amplitude, in metres

B moulded breadth, in metres (m)

b width, in millimetres (mm)

C coefficient (non-dimensional unless otherwisexspecified)
D fatigue damage ratio throughout life cycle'of platform or duration of particular operational phase
d component diameter, in metres

E  environmental action

E  material (Young's) modulus, in newtons per square metre (N/m?2)
F  action per unit length,in newtons per metre (N/m)

F4 design value-of action effect

/' frequenty;-in hertz (Hz)

/ distribution factor (non-dimensional)

G-, ‘permanent action

stability parameter for VIV

L length between perpendiculars
M bending moment or representative bending strength, in newton metres (Nm)
m  constant related to the slope of an S-N curve

effective mass per unit length (kg/m)

N total number of cycles

© 1SO 2006 — Al rights reserved 9
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P pressure, in newtons per square metre (N/m?2)
O variable action

O shear action, in newtons (N)

R repetitive action

R strength, in newtons per square metre (N/m?2)

r  strength. in newtons per square metre (N/m?2)

S stress, in newtons per square metre (N/m?2)

T time or duration, in years

Tr refurn period, in years

t  thigkness, in millimetres (mm)

¥V volume, or volume per unit length, in cubic metres (m3), or square metres (m2)
v velocity, in metres per second (m/s)

y  partial action or resistance factor

6 logarithmic decrement of damping

& fraction of critical damping

n  allpwable utilization factor
x  cufvature, 1/m

p  depsity, in kilograms per cubic meétre (kg/m?3)

4.2 Abbreviated terms
ACFM| alternating current.field measurement
ACPD | alternating‘current potential drop
ALS accidental limit state

AP aft'‘perpendicular

CALM catenary anchor leg mooring
COW  crude oil washing

CP cathodic protection

CVi close-up visual inspection
DDCV deep draught caisson vessel

DP dynamic positioning

10 © 1SO 2006 — Al rights reserved
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EC eddy current

FE finite element

FLS fatigue limit state

FMD  flooded member detection
FPS floating production system

FPSO floating production, storage and offloading structure

FSU floating storage unit

GVI general visual inspection

HAZID hazard identification

IMO international maritime organization
MOM  marine operations manual

MOU  mobile offshore unit

MODU mobile offshore drilling unit

MPI magnetic particle inspection
NDT non-destructive test

RAO response amplitude operator
RCS recognized classification sogiety
ROV remotely operated vehicle

SCIP  structural criticatinspection point
SCF stress concentration factor

SIM structlral’integrity management
SLS serviceability limit state

TLP tension leg platform

™ thickness measurements
UCW ultrasonic creeping wave
ULS ultimate limit state

VIM vortex-induced motions
VIV vortex-induced vibrations

VLCC very large crude carrier

© 1SO 2006 — Al rights reserved 11


https://standardsiso.com/api/?name=c5a8ef341cdc00d63044429de43c40d8

ISO 19904-1:2006(E)

VOC

Wi

WSD

volatile organic compound
weld inspection

working stress design

5 Overall considerations

5.1 Functional requirements

Floating off
equipment

a) produc
b) storagg
c) drilling
d) produc
e) drilling
A floating o
— monoh
— semi-s
— spars,

— tension

This part o
used for thq

5.2 Safe

Key guidin
environmen
enforced th

— compe
enviror

5hore structures are used within the petroleum and natural gas industries to support facilities
necessary to fulfil their intended mission, which typically is one of the following:

ion;

and/or offloading;
and production;

ion, storage and offloading;

production, storage and offloading.

fshore platform can take various structural forms, including
Llls (ship-shaped structures or barges),
ibmersibles,
and

leg platforms (TLPs).

f ISO 19904 presents specificirequirements for monohulls, semi-submersibles and spars W
applications listed above:

ly requirements

) principles of{ the activities of the petroleum and natural gas industries are safety of
t and property= Within the framework of this International Standard, these principles shal
rough

ent_design or assessment of platforms, to ensure the floating structure’s ability to withs
mental and other external actions that are likely to occur during the design service life of

structu

e or anv extension thereaof.
J T

and

hen

life,
be

and
the

— definition of safe operating procedures so that risks of injuries to personnel are identified and minimized,

— identification and assessment of possible accidental events, as summarized in ISO 19900, and mitigation

of their

consequences,

— performance of a hazard assessment to ensure that possible malfunctions do not pose a danger to life or
to the structure’s integrity, and

— compliance with all relevant regulations, see 5.4.

The implications of the above items shall be incorporated in the floating structure’s design philosophy and in

the develop

12

ment of the operational philosophy.
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Some of the items in the above list are usually performed as part of a formal risk assessment, which is an
appropriate general procedure for identifying hazards, quantifying the associated risks and determining
approaches for the mitigation of their consequences.

With regard to methods used to protect against fires and explosions, the selection of a suitable approach
depends upon the function of the platform. Procedures shall conform to ISO 13702 and to any applicable
national or regional requirements.
5.3 Planning requirements

5.3.1__General

Plallming shall be undertaken in the initial stages of the design process in order to obtain_a safe structural
soldtion for performing the desired function.

5.3.2 Design basis

At the outset of the design process, a document (design basis) shall be created to-sUmmarize
— | definition of design practices and applicable standards, regulations, codes;

— | applicable limit states, design situations and design criteria (see 1S©,;19900),

— |fabrication, transportation and installation philosophy,

— |inspection and maintenance philosophy,

— |service and operational philosophy, and

— | platform removal philosophy.

5.3.8 Design practices

Codes, standards, RCS rules, and regulations (collectively referred to as “standards” hereafter) gpplicable to
the |[design and construction of the floating structure shall be clearly identified at the commencement of the
project.
Mixing of standards should, in;general, be avoided. When more than one standard is utilized in the design
progess, differences in the,standards shall be identified and a decision made concerning the |appropriate
measures to be undertaken. Such a decision shall be based upon sound engineering practice pnd include

congultation with the responsible regulatory organization, as applicable.

The| standards uséd in the design of structures shall be consistent and compatible with those ufjlized in the
fabrjication and\in-service monitoring of the structure.

For|innevative structural forms, or applications of unproven structural concepts where limited ¢r no direct

expgrience exists, appropriate analyses shall be performed to demonstrate that the safety level of the design
iS ne lawvarthan tha cafab laval tmanlicit 1n thic ~art AF 1M 10004 whan annlicd ta teaditianal ote ity ral forms or

OV e Tt ar T o oarety IO VeT T PeTIe Tt o pPart O oo oo wiicT T appPmettotattror o ot oot

concepts.

5.3.4 Inspection and maintenance philosophy

At the planning stage, a philosophy for inspection and maintenance shall be developed and documented, to
ensure full consistency with the design basis of the floating structure and its components. The requirements
for fatigue strength, corrosion control, material toughness, and inspection planning shall be consistent with the
design service life of the floating structure established as part of the planning activities.

A critical assessment shall be made of the ability to actually achieve the intended inspection and maintenance
objectives. Relevant provisions related to inspection and maintenance requirements are given in Clause 18.
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General requirements for inspection of structures are given in ISO 19900. For detailed considerations

concerning

in-service condition monitoring, see Clause 18 of this part of ISO 19904.

5.4 Rules and regulations

5.41

General

The intent of this part of ISO 19904 is to state explicitly general principles and basic requirements. The
designer is then directed, through appropriate references, to make use of existing design practices and

standards.

All aspects
installation,
performed

suitably do
judgement,
with the safi

Where the floating structure is to be “flagged”, the relevant flag state authority requiréments also apply.

5.4.2 Use

For a speci
identify the
specificatio
precedence

5.5 Geng¢ral requirements

5.51 Gen
A floating ¢
conjunction
stationkeep

fulfil its
service

a)
b)

meet s

The platforn

adequg

of the entire life cycle of a floating structure, including planning, design, fabrication, transporta
operation and removal phases, which are not covered by this part of ISO 19904 shal
n accordance with RCS rules or equivalent (i.e. applicable national/international standards
umented methods based on well-founded engineering principles applied with sound engineg
such as first principle design methods). The resulting structure’s safety level shall be consis
bty level implicit in the requirements given in this part of ISO 19904 and in 1ISQ.49900.

for project application
fic project application, the owner, in conjunction with the natiohal regulator where one exists, §
complete list of standards, which are regulatory documents, ‘€ontractual agreements and comg

ns whose requirements shall be met, clarifying areas of possible overlap and specifying the lev
in the enforcement of such requirements.

eral
latform’s functional requirements are‘generally specified by the owner, and shall be satisfie
with the principles stated in 5.2.(As a consequence, the structure of a floating platform (an
ng system) shall be designed to allow the platform to

intended mission (productioen, drilling and production, etc.) for a specified length of time (de
life), and

h shall also,lbe designed to provide

te comfort levels for personnel onboard,

ion,

be
, or
ring
tent

hall
any
Bl of

d in
d its

s5ign

becified minimumereguirements for serviceability and operability, such as keeping platform motjons
within prescribed limits] for a specified fraction of time.

proper

access

'y H dle o L ial H &
ancuonimTy U uic IUpsiuT o TUYUIPITITTIL,

to subsea facilities, where applicable, and

clearances with respect to other subsea or surface facilities, where applicable,

while, at the same time

14

maintaining floating stability,

maintaining structural integrity,
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maintaining integrity and serviceability of drilling, production, export or other types of risers, and

ensuring platform survival in extreme and accidental events.

Compliance of the floating structure design with these requirements shall be established using the analysis
methodologies and design criteria given in Clauses 8 to 15. Action effects such as motions, accelerations,
forces and stresses shall be evaluated for all defined design situations, and shall be compared with the
system and component strengths to ensure the existence of reserve against loss of stability, structural failure

or other undesirable occurrences.

5.5.

The)

mai
qua

The)

des

A fl
eve
and
stru

Car

livin|
ignifiorare normally present. Cofferdams shall be adequately vented and wide enough to allow re

2 Structural design philosophy
Ll 4

structural system, components and details of a floating platform shall be designed,¢oh
ified personnel utilizing sound engineering judgement.

general requirements and conditions stated in 1SO 19900 shall be fulfilled!-Additionally, th
gn principles apply:

structural systems shall have ductile resistance unless the specified purpose or structu
requires otherwise;

structures shall be designed so as to minimize stress concentfations and provide simple stress

structures shall be designed such that fabrication, including surface treatment, can be acco
accordance with accepted techniques and practices;

heavy, concentrated actions on the structure shall be located such that proper framing to sy
actions can be planned;

effects of fabrication and offshore construgtion tolerances shall be taken into account;
adequate allowance shall be made for corrosion when selecting materials, and corrosig
minimized by judicious design of structural details, selection of structural profiles and the use
materials, coatings and cathodic protection systems;

whenever practical, structures shall be designed to enable load redistribution.

pating structure shaltZbe designed with due consideration to minimizing the adverse effects o
hts. Such events.include fire/blast, collisions, compartmental flooding, mooring line failure, drop

fluid impacts/such as green water or slamming. In this regard, particular consideration should
ctural design;-and to the layout and arrangement of facilities and equipment.

g quarters, below-deck general cargo spaces, boiler rooms and machinery spaces where

s
htained so that they are suited to their intended use. Such systems shall be designed.and cort

ructed and
structed by

e following

ral material

5 paths;

mplished in

pport these

bn shall be
of suitable

f accidental
ped objects,
be given to

jo tanks and cargo systems shall be arranged so as to be separated by oil-tight cofferdams ffom galleys,

sources of

hdy access.

Ball

ast tanks or void spaces may be considered as cofferdams.

The floating structure shall be designed to maintain global integrity during an accidental event. Furthermore,
the structure shall be designed so that if structural damage does occur, the damaged structure (possibly with
temporary repairs, as applicable) is able to resist action combinations appropriate to these design situations
without suffering extensive failure, free drifting, capsizing or sinking, and without causing extensive harm to
the environment.

Emergency and other essential equipment (ballast pumps, generators, mooring winches, etc.), shall be
designed to continue to operate at all possible platform attitudes resulting from an accident. Low-pressure
piping and bulkhead penetrations can provide conduits for downflooding (and siphoning) and shall be
examined for integrity under the maximum hydrostatic pressure consistent with damaged conditions.
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5.5.3 Des

ign criteria

Criteria to be met by the structural design are usually directly related to specific design situations. Factors to
be considered when identifying design criteria shall include

— platform mission,

— regulatory requirements,

— RCS requirements (as applicable),

— design
— duratio|
— operati
— platforr
— conseq
— accura
— probab
— platforr

Structures
e.g. diesel,
safe isolatiqg

5.5.4 Sern

A marine ¢

service life,

n of temporary phases,

ng environment,

h response,

uence of failure,

Cy in the prediction of actions and responses,

lity of occurrence of actions, and

h abandonment and/or removal.

bhall be designed to minimize inspection requirements in tanks that contain hazardous matern

methanol, or tanks that contain potable water. ank piping shall be arranged so as to allow for
n of tanks prior to inspection.

yice and operational considerations

perations manual (MOM), or_equivalent, shall be prepared for use by personnel onboard

floating str
information
compartme

Different h
hydrostatic
and control

Documenta
requiremen

55.5 Hy

cture. The MOM should bevas concise as reasonably practicable and shall contain perti
for safe operation, including.all relevant limiting design criteria relating to global structural stren
tation and stability.

Il configurations -can’ be sensitive to variations in total weight, weight/buoyancy distribu
tability or any .cembination thereof. The designer shall ensure that weight monitoring, distriby
procedures afe-clearly identified in the MOM.

ion noting/any areas built with special steel should be onboard to identify any special wel
s when.carrying out emergency repairs.

ials,
the

the
hent
gth,

ion,
tion

ding

The floating behaviour of the platform shall be consistent with the requirements for stability in intact and
damaged configurations, for both temporary and in-service conditions, see Clause 15.

When recognized standards are used to verify stability adequacy, consideration shall also be given to the
consequences of the accidental events identified as being relevant for the structure, see 7.4.

5.5.6 Compartmentation

To mitigate the consequences of possible damage, the floating structure’s hull shall be subdivided into
compartments so as to facilitate meeting stability requirements and reduce risks of environmental pollution
and loss of the platform, see Clause 15.

16
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5.5.7 Weight control

The hydrostatic stability and the dynamic response of a floating platform are very sensitive to the magnitude
and distribution of the mass. These parameters, and the location of the centre of gravity, shall be monitored
during the entire life cycle of the platform using an appropriate weight control and management process.

In particular, during the design and fabrication process:

the weight of the structure shall be evaluated using a rational weight-estimating procedure;

the centre of gravity of the structure. or part of the structure. shall be evaluated using a rationa

| procedure.

Reg
proq
fabn

The)
tem

The
(seq

The)
and

NOT
5.5.

The)

ular weight and centre of gravity reports shall be produced at various stages of the design.andg
ess, with appropriate contingency factors to allow for uncertainties connected with outstanding
cated or installed.

weight database shall be updated to an as-built status, to provide accurate information for all
porary phases, including launch, transportation, upending and lifts.

mass distribution of a floating platform as-built shall be verified to_an -appropriate degree
15.2 in connection with requirements to inclining tests).

MOM shall contain appropriate provisions for handover of the.design database to the opers
for the continuing in-service weight control process.

E Further guidance on this topic can be found in ISO 19904*5.
B Global response

floating structure hull shall be designed so, that, in conjunction with the effects of the sta

fabrication
items to be

pre-service

bf accuracy

tions team,

tionkeeping

sysfem and the riser system, the predicted excursion and motion response stays within appropriate limits, set

inc

5.5.

The)
thru
con

bnjunction with the requirements for
serviceability of all types of risers,
comfort levels for personnelonboard,
serviceability of the drilling, production, or other types of equipment, as applicable, and
maintaining minifmum clearances with other surface facilities or subsea infrastructure.
D Stationkeeping
stationkeeping system, which in general consists of a combination of mooring lines, a

stefs, shall be designed to restrain the platform maximum excursion to the envelope def
siderations identified in 5.5.8. See Clause 17.

nchors and
ned by the

5.5.

10 Materials

Suitable materials shall be specified. In addition to strength, due care shall be paid to ductility, toughness,
weldability and corrosion resistance requirements.

Adequate ductility in the design of a structure shall be facilitated by

meeting requisite material toughness requirements,

avoiding failure initiation due to a combination of high stress concentrations and undetected weld defects

in structural components and details,
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designing structural details and connections so as to allow a certain amount of plastic deformation,
(avoiding “hard spots”),

arranging the scantlings of structures and their components so as to avoid sudden changes in structural
strength or stiffness.

5.6 Independent verification

Independent verification that the floating structure’s design and construction is in compliance with the
provisions of th|s part of ISO 19904 shall be carrled out as a comblnatlon of mdependent calculatlons
document rewvi | be

Verification

e venflcatlon of structural systems and components S|gn|f|cant to safety

activities shall be sufficiently detailed and extensive to clearly demonstrate that the.design

construction are adequate. Appropriate documentation shall be maintained of the scope and,extent of|

verification,

The above

5.7 Anal

Most of th
ISO 19904
consist of g

the procedures employed, and the relevant reports.

requirements may be satisfied in part, or in full, by classing by an RCS.

tical tools

a)
-

are commonly performed with the assistance of computer-aided engineering tools. Many of th
ommercially available, widely used software suites which, When used by experienced and

trained opgrators, can be considered de facto industry standards. For these software systems,

responsibili
delegated t

In other ca
techniques
developer {
test data or

In either ca
shown to p
data, field

5.8 In-s¢

Comprehen
emergency

y to perform adequate validation and verification,,and maintain evidence thereof, may
D, and satisfied by, the original author or distributor.

5es, particularly in technological areas in rapid evolution, innovative analytical approaches
are more typically embedded in original, ~proprietary software solutions. In such cases,
hall validate the adequacy of the resultsxby, for instance, comparison with closed-form soluti
field measurements.

5e, the designer shall document that'the tools used in the design and analysis activities have b

ovide results considered acceptable in terms of consistency and accuracy when compared to
easurements, or to the resglts of other similar tools.

rvice inspection and’ maintenance

sive structural inspection and maintenance programmes shall be developed for the structure
and other essential marine equipment (see Clause 18) in order to monitor the integrity of]

floating strlicture throughout its service life. Such programmes shall take into account the frequenc

inspection 3

nd the_number of tanks open at any one time.

In-service i
repairs, ang
procedures.

spectlon procedures shall be deveIoped and undertaken to conflrm that mod|f|cat|ons alterat|

and
the

analytical procedures and calculations described, specified/and referenced in this panft of

ese
vell-
the
be

and
the
bNns,

een
test

and
the
y of

bNns,

5.9 Assessment of existing floating structures

and

Various circumstances can lead to a requirement for an existing structure to be reassessed (e.g. when
considering relocation, a change of mission, major modifications, changes in industry practice, or substantial
repairs following an accidental event, etc.). In such cases, the existing structure shall be assessed for
compliance with the provisions of this part of ISO 19904. Where aspects of the design are identified as
non-compliant with the requirements of this part of ISO 19904, the provisions of ISO 19900 may be used to
demonstrate adequacy on a fitness-for-purpose basis.
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When a structure is relocated for use at a new site, the structure shall be assessed in accordance with the
requirements of Clause 14, for the mission and conditions (including exposure level) that are applicable at the

new site.

6 Basic design requirements

6.1 General

In accordance with 1SO 19900, structural design shall be performed with reference to a specifieq set of limit
statpes. For each limit state, design situations shall be determined and an appropriate calculation [model shall
be ¢stablished.

Desdign and analysis of a floating structure requires the identification of a finite number of design gituations. A
sufflcient number of design situations shall be considered to ensure that critical»action combingtions for all
maih load-bearing structural components are evaluated. Each phase of “construction, trapsportation,
installation, operation, and removal shall be complemented by appropriate environmental | conditions.
Significant effects occurring in one design phase that affect another phase shall be fully considered in the
des|gn process. Such effects could be, for example, built-in deflections erfatigue damage.

Clajise 6 outlines the overall requirements for

a) |defining exposure levels (see 6.2),

b) lincorporating limit states (see 6.3),

c) |determining design situations (see 6.4).

The| reliability of floating structures, i.e. théir-ability to satisfy appropriate structural limit states, is highly
dependent upon the reliability of emergency and essential marine equipment. Risk assessments shall be
conflucted to demonstrate that such equipment realizes reliability levels compatible with that demanded for
the ptructure and its components.

6.2| Exposure levels

6.2/ General

Flogting platforms «ary in size, complexity, mission, performance requirements, manning levels, [criticality to
the [asset development strategy, possible hazards, etc. In order to define appropriate design sithations and
des|gn criteriafor a particular floating platform, the concept of exposure levels is presented here.

A flpating\platform in a particular location is characterized by a specific exposure level. Associated with each
exppsure level are appropriate design situations and design criteria for the platform’s intended function and
deslgrservieetife:

Exposure levels are determined taking into consideration combinations of life-safety categories and
consequence categories for a given platform. Life-safety is a direct function of the platform’s expected
manning levels during design environmental events. Consequences are mainly related to the potential risk to
life of personnel brought in to respond to any incident, the potential risk of environmental damage and the
potential risk of economic losses.
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6.2.2 Life-safety categories

6.2.2.1

For floating

General

platforms, three life-safety categories are defined:

S1 manned-nonevacuated;

S2 manned-evacuated;

S3 unmanned

Selection of life-safety category involves a degree of judgement. The platform’s owner shall determine
applicable gategory prior to the design of a new structure or the assessment of an existing structure;,and §
obtain the ggreement of the regulator where applicable.

6.2.2.2

The manngd—nonevacuated category refers to a platform that is continuously((or nearly continuot
occupied Ky personnel accommodated and living thereon, and whose evacuation prior to the de
environmerftal event is either not intended or impractical. The platform shall be\categorized as S1 manr]

nonevacua
design sery

g

\

6.2.2.3
The manne
environmen
conditions §
a) a reliak

enviror

b) evacug

proced

sufficie
platforn

c)

q

L

6.2.2.4

The unman
modification

1 (manned—-nonevacuated)

d unless the particular requirements for S2 or S3 (see below) apply throughout the platfo
ce life.

2 (manned-evacuated)

H—evacuated category refers to a platform that is nermally manned except during a forecast de
tal event. A platform may be categorized as.manned—evacuated only if all of the follo

pply:

mental event are not likely to inhibit an evacuation;

tion in anticipation of a design environmental event is intended, and is part of the opera
Lires;

nt time and resources Jexist to safely evacuate all personnel from the platform and all g
ns likely to require evacuation for the same event.

3 (unmanned)

hed category refers to a platform that is only manned for occasional inspection, maintenance
visits;»A platform may be categorized as unmanned only if all of the following conditions apply

the
hall

sly)
sign
ed-
'm’s

sign
ving

le forecast of a design environmental event is technically and operationally feasible (e.g. tropical
cyclong), and the weather conditions between any such forecast and the occurrence of the de

5ign

ting

ther

and

a) visits t

D the platform are undertaken only for specific planned inspection, maintenance or madifica

tion

operations on the platform itself; and,

b)

to occur; and,

c)

NOTE

20

the evacuation criteria of 6.2.2.3, a) to c), are also met.

A platform in this category is often described as “not normally manned”.

visits are not expected to last more than 24 hours during seasons when severe weather can be expected
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6.2.3 Consequence categories

6.2.3.1

For

General
floating platforms, three consequence categories are defined:
C1 high-consequence category;

C2 medium-consequence category;

C3 low=conseauence cateaory
hat| J J

1:2006(E)

The

Selection of consequence category involves a degree of juddement. The applicable catego

main criteria governing the choice of the appropriate category are the following:

life-safety of personnel on, or near to, the platform — covering personnel brought in to r
accidental or abnormal event, but not those who are part of the platform’s normak¢complement]

damage to the environment;

anticipated losses to the owner, to other operators, to industry and/orto other third parties, 3
society in general.

pact to any

s well as to

ry shall be

detgermined by the platform’s owner prior to the design of a new structure or the assessment of| an existing

structure and shall be agreed to by the regulator where applicable.

6.2.3.2 C1 (high-consequence category)

The| high-consequence category refers to platform$ with high production rates or large processing capacity

andfor those platforms that have the potential for well flow of either oil or sour gas in the event of

strugture/riser failure. In addition, it includes platforms where the shut-in of the oil or sour gas production is not

planned, or not practical, prior to the occurrence of the design environmental event (such as areas with high

seigmic activity). Platforms that suppert.tfunk oil transport lines and/or storage facilities for intermittent oil

shigment are also considered to be in the high-consequence category.

A platform shall be categorized 'as C1, high-consequence, unless the particular requirements fqr C2 or C3

apply throughout the platform’s)design service life.

6.2.3.3 C2 (medium-consequence category)

Thel medium-conSequence category refers to platforms where production can be shut-in during| the design

envlronmental.event. A platform may be categorized as C2, medium-consequence, only if all of the following

conflitions apply:

a) |all"wells that can flow on their own in the event of structure/riser failure shall contain fully-functional
subsurface safety valves, manufactured and tested in accordance with applicable specifications;

b) oil storage is limited to process inventory, bunker fuel, and “surge” tanks for pipeline transfer;

c) pipelines are limited in their ability to release hydrocarbons, either by virtue of inventory and pressure
regime or by check valves or by seabed safety valves.

6.2.3.4 C3 (low-consequence category)

The low-consequence category refers to minimal platforms where production can be shut-in during the design
environmental event. These platforms can support production departing from the platform and low volume
in-field pipelines.

© 1SO 2006 — All rights reserved
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A platform may be categorized as C3, low-consequence, only if all of the following conditions apply:

a) all wells that can flow on their own in the event of structure/riser failure contain fully-functional, sub-
surface safety valves, manufactured and tested in accordance with applicable specifications;
b) oil storage is limited to process inventory and bunker fuel;
c) pipelines are limited in their ability to release hydrocarbons, either by virtue of inventory and pressure
regime or by check valves or by seabed safety valves.
6.2.4 Determination of exposure level
The three lffe-safety categories and the three consequences categories can, in principle, be combined |into
nine exposyre levels. However, the level to be used for the platform’s categorization is the more|restrigtive
level for either life-safety or consequence.
This results|in three exposure levels, according to Table 1.
Table 1 — Determination of exposure level
Exposure level (L1 to L3)
Life-safety category Consequence‘category
C1 C2 C3
(high-consequence) (medium-consequence) (low-consequence)

S1 (manngd-nonevacuated) L1 L1 L1
S2 (manng¢d—evacuated) L1 L2 L2
S3 (unmamned) L1 L2 L3
Thus, for gxample, a platform categorized as\S§1 and C2 has an exposure level of L1, while a strugture
categorized as S3 and C2 has an exposure level of L2.
The platform’s owner shall determine the applicable exposure level prior to the design of a new platform of the
assessment of an existing one, and shall obtain the agreement of the regulator where applicable. A platfofm’s
categorizatipn may be revised ovenits design service life as a result of changes in factors affecting life-sgfety
or consequence category. Oncé-the exposure level is determined, appropriate design situations and depign
criteria for the structure’s intehded service can be identified.
This part of ISO 19904 provides partial safety factors exclusively for structures with exposure levels efjual
to L1.
6.3 Limit states
6.3.1 General

The design checking for a system and its components shall be performed with reference to a specified set of
limit states beyond which the structure or the system no longer satisfies the design requirements given in
Clauses 7 to 14. In addition, for each limit state, watertightness and hydrostatic stability shall be ensured in
accordance with Clause 15.

For each limit state, design criteria shall be established, appropriate design situations shall be defined,
calculation models shall be established, and adequate procedures shall be followed to verify compliance with
design requirements. These requirements cover all phases of the structure’s life cycle, including construction,
transportation, installation, operation and removal.
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6.3.2 Limit states for floating structures

The

following limit state categories shall be used in the structural design of a floating platform:

-1:2006(E)

ultimate limit states (ULS), which generally involve checking the floating structure’s strength to resist

extreme actions and action effects;

serviceability limit states (SLS), which generally address the structure’s performance during its normal
intended use, and involve checking the floating structure’s strength to resist operational actions and

action effects;

6.4

6.4.

Des
floa

In p|
and

app
Crit
tos
not

The)
acc

6.4.

The
app

For
moq

be affected-to a different extent by the same design situations. Consequently, a range of desig

sha

fatigue limit states (FLS), which cover the structure’s strength to resist cumulative effects
actions;

accidental limit states (ALS), which investigate the structure’s ability to resist accidental an

events, and the structure’s resistance to the effects of specified environmental actions after g
occurred as a consequence of an accidental or abnormal event.

Design situations

1 General

ign situations include the service and operational requirements resulting from the intended
ing structure in conjunction with the environmental conditions-affecting the floating structure’s k

prticular, an environmental design situation consists ofsthe set of actions induced by waves, wi

if applicable, earthquakes or floating ice, on the ‘floating structure and on the mooring
ropriate, and is characterized by a given return petiod.

mulate the design situation. In such cases;“design situations and design criteria form one who
be separated from one another. They arejointly specified in Clauses 8 to 18.

definition of specific design situations for the floating structure shall be the responsibility of t
brdance with the requirements_of a regulatory authority where one exists.

P Design situations for-ULS

design actions to-be’used in the various ULS are specified in Clause 7. The design streng
ication of the ULS-are specified in Clauses 9, 11, 12 and 13.

ULS conditions, representative metocean actions shall be established with the intention of reg|
t onerous'metocean action effects with the return period of 100 years. Different structural comy

| bé'used to ensure that the most onerous conditions for all types of structural components are

of repeated

d abnormal
amage has

use of the
ehaviour.

nd, current,
system, as

bria to be met by the design can be directly related to the specific formulation or modelling technique used

le and shall

he owner in

ths and the

ulting in the
bonents can
n situations
identified.

6.4.3 Design situations for SLS

The identification of SLS design situations for floating offshore structures shall be based on a number of
considerations, including the following:

unacceptable deformations can affect the efficient use of structural or non-structural components or the

functioning of equipment relying on them;

local damage (including corrosion, cracking, wear, deterioration of flex joints) can reduce the
the structure or affect the efficiency of structural or non-structural components;
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— excessive motions, accelerations, vibrations or noise can cause discomfort to personnel and interfere with
their capability to discharge their duties;

— motions, accelerations or vibrations can exceed the range of effective functionality of topsides equipment
(e.g. roll and pitch angles can seriously affect the performance of separators, or the serviceability of
drilling equipment).

The assessment criteria associated with SLS shall typically be based on motions, deflections or vibration limits
during normal use.

The SLS criteria shall be defined by the owner of a structure, established practice, designers, or suppliers of
motion-sensitive equipment, the primary aim being efficient and economical in-service performance without
discomfort fo onboard personnel or excessive routine maintenance.

The acceptgble limits necessarily depend on the type, mission and configuration of the structure "furthermore,
in defining guch limits, other disciplines such as equipment and machinery designers shall alsg e consulted.

6.4.4 Desjgn situations for FLS

FLS are ad¢iressed in Clause 10, covering methods, actions and resistances.

6.4.5 Desjign situations for ALS
ressed in Clauses 9, 11, 12 and 13, in respect of actions_and modifications to both partial agtion

partial resistance factors. The main goal of the ALS verification is to ensure that the flogting

structure is [designed to achieve the following:

a) withstand specified accidental and abnormal events suffering, at worst, limited damage that shall[ not
affect ifs overall structural integrity, stability and watertightness;

b) maintaln adequate structural integrity (residuak'strength), stability and watertightness in the evert of
damage from an accidental or abnormal event, for a sufficient period of time and under specified
envirorimental conditions to enable some or.all of the following activities, as applicable:

— evpcuation of personnel from the'structure;

— coptrol over movement or motion of the structure;

— temporary repairs;

— firg fighting;

— coptrol of outflow of cargo or stored material liable to cause environmental damage or pollution.
Different types”of ‘accidental or abnormal events can require different methodologies or different levels of the
same methtdology to assess adequacy of the structural resistance during and following such events.

ALS design situations may include consideration of a reduced extreme environmental condition. This condition

should be established with the intention of resulting in the most onerous action effects for a return period of

one year. Recognized structural practices accounting for local structural damage may be utilized in design for
the ALS.

6.4.6 Temporary phases

During temporary phases, structural strength is generally limited as a result of partial levels of completion of
the structure and/or application of action combinations that differ from those applicable to normal operation.
The effects of design situations applicable to temporary phases shall be addressed during design to avoid
exceedance of either ULS or SLS, and to assess contributions to FLS.
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Detailed planning of erection sequences and construction methods is essential to ensure all critical conditions
are identified.

Transportation and installation assessments should comply with the requirements of a qualified marine

surveyor accustomed to advising on transportation of these types of structures (e.g. an insurance marine
warranty surveyor) or equivalent, see 9.12.

7 Actions and action effects

7.1 Generat

Cla;r]se 7 addresses actions likely to be experienced by a floating structure during its life cy¢le angl applicable
methodologies for their evaluation.

7.2| Permanent actions (G)

Permanent actions (see A.7.2 for examples) are those likely to act throughout.a given design situgtion and for
whi¢h variations in magnitude with time, during the life of the structure,

a) |are smallin relation to the mean value, or

b) [attain some limiting value.

The| representative value of a permanent action shall be taken as the mean value based on the dInsity of the
matgrial, the volume of the structure or component based ®@n its nominal dimensions, calculated reactions, and
calqulated effects of deflections and deformations, as appropriate.

In gases where the permanent action can have anr’ upper or lower value, the representative value shall be
taken as the value that produces the most unfavourable effects in the structure under consideration.

A pfocedure for monitoring the weight and"position of the centre of gravity of the floating platform shall be
incgrporated into the design process. The mass distribution of a floating platform as-built shall be vrified to an
appfopriate degree of accuracy (see*15.2 in connection with requirements to inclining tests). Moniforing of the
weight and centre of gravity shallbe*performed during the entire life cycle of the floating platform.

NOTE For further guidancej.see 1ISO 19901-5.

7.3| Variable actions(Q)

Var{able actions ‘generally vary in magnitude, position and direction during the life of the structyre, and are
usuplly related\{o operations and normal use of the platform. These actions are likely to act throughout a given
des|gn situation, but do not include environmental actions (see A.7.3 for examples).

The| representative value of a variable action shall be taken as the maximum (or minimum) value that
produéses-the-most-unfavourable—effests—nthe-structure—under—consideration—Fhe—value-shal-be!determined

either in the same manner as for permanent actions, i.e. mean or calculated, or as a specified value from a
recognized source (e.g. RCS or national regulations).

Design local deck actions shall be documented on a /oad plan. This plan shall clearly show the design uniform
and concentrated actions for all deck areas for each relevant mode of operation.

Design limits pertaining to tank capacities shall be documented on a capacity plan. As a minimum, the

capacity plan shall clearly show tank layout, intended use of tanks, capacities, and the maximum design
relative density of tank fluid.
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7.4 Accidental actions (4)

7.41 General

Accidental actions relate to accidental events, abnormal operations or technical failure (see A.7.4.1 for
examples).

The representative value of an accidental action shall correspond to a value with an annual probability of
exceedance equal to 104

Values Of secidantalaction ith an oAl ooty Af Avonadonon lnce than 4104 ooy,
dpCraCT o aCtoroS vt ot rar oo prooaonity O CACCCtonCC1CSottrar o oy

ha dicraaar dad
154

TroTrTcgaracoT

A hazard idgntification (HAZID) shall be carried out at the outset of the design of a floating structuretorideptify
potential aqcidental events and the associated consequences. The extent of the HAZID and the assessment
methods shall be determined taking into account the type of structure and the existing operational~experiepce.
HAZIDs should be conducted with appropriate expertise available. When selecting (patticipants their
experience |with failure investigation in relation to these types of structures should be considered.

NOTE In certain geographic areas, abnormal environmental events are considered a hazard.
The structyral configuration and equipment arrangements shall be such that damage resulting from an
accidental action shall not lead to an escalation of undesirable events (e.g: as’could occur if the flare tqwer

were to be placed in the collision zone) or impair safety-critical functions.

Accidental gvents may be assumed to occur independently of extretie environmental design situations, |see
Table 2.

For temporary phases, accidental actions may normally be omitted from further checks, provided a HAZID |and

risk assessment have been conducted to ensure all actions;likely to occur during temporary design conditjons
have been (dentified and their potential consequences assessed.

7.4.2 Collision

Collision-ingluced actions shall be consideredin the design of all structural components that can be affegted
by sideways$, bow or stern collision with anether vessel. The vertical extent of the collision zone shall be bgsed
on the depth and draught of the colliding‘vessel, and on the relative horizontal and vertical motions between

the vessel gnd the floating structure. The magnitude of the collision-induced action shall account for added
mass effects. Particular attention shall be given to collisions that can occur during offloading operations.

Structural gomponents located“in areas where marine vessels operate in close proximity to the flogting
structure sHall be capable.of absorbing the energy resulting from casual contact due to routine operations.

Emergency|and essential marine equipment shall be placed away from possible collision zones.

7.4.3 Dropped objects

Accidental impact actions caused by dropped, swinging or sliding objects from cranes or other lifting devices
shall be considered. Critical areas for dropped objects shall be determined on the basis of the planned
movement of crane loads over the platform.

7.4.4 Fire and blast

As far as practicable, semi-enclosed locations where gas pockets can occur should be avoided in the design
of a floating platform. Where this is not possible, for example in moonpool locations, the potential for gas
accumulation shall be assessed and appropriate measures shall be taken to reduce the risk of explosion to an
acceptable level.
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Blast resistance requirements shall be addressed concurrently with fire resistance requirements, taking into
account probability of occurrence, blast safety evaluation, layout and area of importance, venting system,
access to escape, etc. The resistance to fire after blast shall also be addressed.

The fire/blast scenario shall be defined: for example, fire followed by blast followed by fire; or blast followed by
fire. It should be demonstrated that blast wall fire insulation remains effective for the duration of the fire/blast
scenario. The overall structural design shall prevent any escalation of the accidental event, including
escalation events that could affect emergency and essential marine equipment and/or escape routes.

Structural support of blast walls and the transmission of the blast action into the main structural elements shall
be taken into account. The effectiveness of connections and the possible outcome from the blast, such as

flyir

debrisshatt-beevatuated:

7.5| Environmental actions (E)
7.5/1 General
Envfronmental actions shall be derived from environmental information appropriaté to the specific locations

whdg
The)
be 1

The
mof
the

ade

Glo

from other software packages used to develop thevactions, e.g. hydrodynamic software used

waV

Acti
theq

7.5.
The
regi
and

a)

re the floating structure is to be fabricated, transported, installed and operated (see IS
stochastic nature of environmental actions shall be adequately accounted'for. Environmental
epeated, sustained, or both repeated and sustained.

representative value of an environmental action is the maximdm or minimum value (which

e unfavourable) corresponding to a prescribed probability of exeeedance. Joint probability of og
various environmental actions may be taken into account if such information is available
uately documented.

bal environmental actions are normally generated by appropriate structural analysis software
e-induced pressures.

bns arising from earthquakes are not normally of concern for the design of floating structures. 4
e actions are not dealt with in this partof ISO 19904.

P Environmental site-specific data

phenomena and environmental characteristics listed in this subclause shall, where approp
bn, be taken into accounttin the design. These characteristics shall be described by physical
where available, statistics (see also ISO 19901-1).

Wind
Wind is usually characterized by the mean value of its velocity over a given time interval

elevationnabove the mean water level. If the frequency content is of importance it shall bg
account. The variation with elevation (wind profile) and the spatial coherence should be consid

b)

D 19901-1).
actions can

ever is the
currence of
and can be

or mapped
o generate

\ccordingly,

riate to the
parameters

at a given
b taken into
ered.

Waves

c)

Site-specific information shall be established to consider sea-state characteristics (wave hei

ght, period,

duration, directions and spectra) and the long-term statistics of these characteristics, including wind- and

swell-generated waves.

Water depth and sea level variations

The water depth shall be determined together with the magnitude of the low and high tides, and positive

and negative storm surges. The possibility of ground subsidence should be considered when
the water depth.
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d) Curre

nts

Phenomena such as tidal, wind-driven, global circulation, loop and eddy currents shall be considered.
Currents shall be described by their velocity variation (in magnitude and direction) with water depth
(current profile) and persistence. The occurrence of fluid motion caused by internal waves should be
considered.

e) Marin

e growth

Marine growth thickness, roughness, density and variation with depth shall be defined. This information is
usually provided by direct measurements and operational experience in the specific area of interest.

f) lce ancl! snhow

The a

defined, together with the appropriate parameters for the other environmental phenomena’(wind, wa
and cufrent) to be considered in conjunction with ice and snow accumulation. In addition, the possibili
ice bujld-up through freezing of sea spray, rain or fog shall be considered. Seaice and ice
occurrgnces shall be considered when applicable.

g) Temp

h) Local

Sea water properties such as oxygen content, salinity and density shall be provided.
i) Geote¢hnical data

Site inyestigations shall be performed to define physicalland engineering properties of the soil strata
to identify potential hazards (earthquakes, mudslides, etc.).

7.5.3 Wind actions

7.5.3.1

Actions on

Wind-inducgd actions shall be determined by means of wind tunnel tests and/or suitable analytical meth
Validated cpmputational fluid dymramic methods may be used where appropriate.

The total wind velocity can*he described as the sum of the mean wind component and a gust component.

7.5.3.2

Mean wind| actions on a floating structure may be estimated by calculating the mean wind actions o:r/ all

1ratures
The maximum, average and minimum air and sea temperatures at the sitecshall be determined.

dcumulation of ice and snow on horizontal and vertical surfaces (thickness and density)-sha

$ea water characteristics

General

h structure caused by wind shall be considered for both global analysis and local design.

Mean wind action

| be
ves
y of
berg

and

bds.

exposed cgmponents of the structure and summing the contributions from each component. Mean
actions on individual components may be calculated using an expression of the form given by Equation (1):

ind

1 2
Py =5 paCsvz

where
P, is
Py IS
28

the mean wind pressure;

the mass density of air;

(1)
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Cs is the shape coefficient, which shall be determined from appropriate sources (e.g. RCS rules or
ISO 19902:—, Clause 9);

v, is the mean wind velocity at height z above the mean water level.

If Cy is obtained from wind tunnel measurements, all the parameters in Equation (1) shall be used in a manner
consistent with the derivation of the wind tunnel results.

The wind velocity is usually given at a reference height of 10 m above the mean water level. To obtain the
mean wmd veI00|ty at at a d|fferent eIevat|on z, this value should be adjusted accordlng to the formulation
proy cally 3 s for
a small standard component 1 min for stability calculations and 1 h for mean wind actions in conJJnct|on with
a frgquency or time domain gust analysis.

Solidification effects shall be taken into account in cases where components are located close tggether in a
plane normal to the wind direction.

Shiglding effects may be taken into account if it can be adequately documented that the inclugion of such
effefts is justified.

When calculating wind actions, care shall be taken to decompose theglobal structure into components of
suff|ciently small size, so that the local wind velocity can be considered constant over the component without
sigrfificant error.

For|monohull structures, additional information is given in A,7:5.3.

7.5.3.3 Dynamic wind actions

Wi

nd-induced dynamic actions fall into three categgeries:

a) |long-period variations in the wind intensity, which tend to engulf the whole platform and which can give
rise to slow rigid body motions of the platform about its mean position;

b) |medium-period fluctuations affecting large structural components or sub-assemblies, sugh as flare
towers;

c) |shorter-period variations‘associated with the shedding of vortices and aerodynamic instabilities.

Whenever appropriate ‘data are available, aerodynamic admittance and spatial and temporal corre]ation of the
gusfs may be accounted for.

A dynamic analysis considering the time variation of wind actions and their effects shall be perfoimed for the
entife platform/as well as for wind-exposed equipment and objects sensitive to varying wind gctions, e.g.
towers, flare.booms.

Thel fluctuating gust component can be calculated in either the time domain or the frequency domain using an
appropriate wind gust spectrum (see ISO 19901-1).

7.5.3.4 Wind-induced instability

Consideration shall be given to local aerodynamic instability. Examples of such instabilities (see ISO 19901-1)
are atmospheric turbulence, gusts and squalls. Additionally, instabilities can arise due to interaction between
the air flow and structural components, e.g. vortex-induced vibration of slender components (see 7.5.6) and
galloping effects.
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7.5.4 Current actions

Current actions on large-volume bodies like floating structures shall be determined by model tests, relevant
empirical analytical tools, and/or appropriate sources. In determining the shape coefficients, appendages
(bilge keels, strakes, etc.) shall be taken into account. Actions induced by steady currents on monohull and
semi-submersible structures may be determined by global coefficients, in analogy to mean wind actions,
7.5.3.2. In general, current actions on monohull structures are much larger in shallow water (with small under-
keel clearance) than in deep water.

Current actions on slender components may be determined using Equation (3), see 7.5.5.3. Drag coefficients
shall be determined from appropriate sources. In the absence of data indicating otherwise, the drag

coefficients|provided in ISO 19902:—, Clause 9, for unshielded circular cylinders are recommended, i.e. 0,65
for smooth gurfaces and 1,05 for rough surfaces.

The effects|of medium-term and long-term variations of current velocity on moored floating structures shall be
considered

For monohdll structures, additional information is given in A.7.5.4.

7.5.5 Waye actions

7.5.51 General

Actions caysed by waves acting on a structure shall be considered for‘both global analysis and local design.
Wave actigns shall be determined by appropriate methods, takingwinto account all relevant paramefers,
including water depth, marine growth, type of structure, size, shape,‘and response characteristics.

The simults
effect of stil

neous effect of hydrostatic pressure, hydrodynamic local pressures, and the integrated (gld
-water and wave actions shall be computed.

bal)

Adequate gonsideration shall be given to the relationship between the wave’s dominant periods and|the

structure’s patural period of motion or vibration. Fer.example, for two different design situations, each haying

the same cpmposite return period, it is possible:that the situation characterized by lower wave heights but a

longer or shorter associated period induces moré severe action effects on some components.

Local hydradynamic instability shall be investigated (see 7.5.6).

7.5.5.2  Actions on large-volume‘bodies

The total pressure acting on.sdbmerged structural components includes both static and dynamic contributipns.

The dynam|c pressure at-a‘point on the immersed surface of a structure is expressed as the superpositign of

the pressurg associatedswith the following:

— incident and scattered waves;

— flow influced by the six degrees-of-freedom radiation potential due to the motion of the structure in still-
water; and

mean position.

the time-varying hydrostatic pressure due to heave, roll and pitch displacements of the structure from its

For structural components with dimensions of the same order of the wave length (where, typically, the ratio
between the wave length and the diameter or other characteristic dimension is < 5), the flow disturbance
introduced by the large volume body cannot be neglected in the calculation of water particle kinematics. In this
case, the current/wave/body interaction shall be considered when deriving resultant actions.

The transfer functions for linear wave actions can be determined by diffraction and radiation theory.
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For simple geometrical shapes, analytical solutions may be used. For structural forms where the actions
cannot adequately be described by state-of-the-art methods, model tests shall be undertaken.

Hydrodynamic interactions between large-volume components shall be accounted for.

7.5.5.3 Actions on slender components

The computation of the action on a cylindrical component caused by waves, or a combination of waves and
currents, depends on the ratio of the wavelength to the component diameter. If this ratio is large (> 5), the

member does not significantly modify the incident wave. The action can then be computed as the sum of a
drag component and an inertia component, as follows:

F=Fy+F 2)
whgre
F is the local action vector per unit length acting normal to the component axis;

F, is the vector for the drag action per unit length acting normal to the component axis in {he plane of
the component axis and v

1 . .
F4 = Epw Cd(v—x)|v—x|A (3)
F; s the vector for the inertia action per unit length acting normal to the component axis in the plane of
the component axis and ov/ot
ov ..
Fi= pyCnV 5—(Cm 1) py Vi 4)
where

Cq4 s the hydrodynamic drag.coefficient;
is the hydrodynamic inertia coefficient;
pw is the mass.density of water;

A is the/projected effective dimension of the cross-sectional area normal to the cylinger axis per
unitlength based on an effective diameter that includes marine growth;

V. _\is'the effective displaced volume of the cylinder per unit length;

v is the component of the local water particle velocity vector (due to waves and current) normal to

the axis of the r\nmpnnnnf;

ov . . . .
— is the component of local water particle acceleration vector normal to the component axis;

ot

x is the velocity of the cylinder normal to the axis of the component;
X is the acceleration of the cylinder normal to the axis of the component;

| | denotes the absolute value.
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As presented here, Equation (2), in combination with Equation (3) and Equation (4), commonly (albeit
incorrectly) referred to as Morison's equation, does not include hydrodynamic lift actions, slam actions and
axial Froude-Krylov actions. If the above expressions are used for columns and pontoons (e.g. for
semi-submersible hulls) appropriate additional terms shall be added to account for axial Froude-Krylov actions
and added mass. The final analysis shall be performed using a diffraction analysis, in which case the drag
effects shall be added.

The combined effect of simultaneous drag and inertia actions is obtained by vectorial addition.

The drag coefficient (C4) depends on many parameters: Reynolds number, Keulegan-Carpenter number and

roughness,

amongst others.
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7.5.5.4

Structural ¢

nistic, global wave action calculations, the drag coefficient for circular cylinders is not to be
ues provided in ISO 19902:—, Clause 9, i.e. 0,65 for smooth surfaces and 1,05 for rough‘surfa
pugh surface value shall be used for members with marine growth. The value of Cy can be affe
urrence of VIV (see 7.5.6). For fatigue assessment, higher values of Cy tan apply,

—, A.9.

imptions on the absence of marine growth shall be supported by appropriate requirements in
sure that the components in question are kept free of marine growth during-the structure’s life.

h effects shall be taken into account in cases where components @re located close together
bl to the wave direction.

ffects may be taken into account if it can be adequately~documented that the inclusion of §
stified.

coefficient (C,,,) for circular cylinders shall be taket\to be no less than 2,0 for actions where
bonent action is considerably higher than the dragicomponent action. For other shapes, the in
an be accurately determined from appropriate.€alculations and model tests.

bctions on structures composed of large-volume components and slender components may
y a combination of wave diffraction. and radiation theory and Morison’s equation. The effect

le velocities and accelerations dueto.the large volumes shall be considered when using Moris
adjacent slender components.

lamming on slender components

pmponents in the wave-zone can be affected by slamming, an impulsive action whose effect §

be considered in design. Dynamic effects, particularly amplification, shall be included where appropriate.

For cylindri

al members{the’slamming actions may be calculated from Equation (5):
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is the slamming action per unit length in the direction of the relative velocity vector;
is the mass density of water;
is the slamming coefficient;

is the component diameter;

is the relative water particle velocity normal to the component axis.
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The slamming coefficient Cq can be determined using theoretical and/or experimental methods. For smooth
circular cylinders the value of Cy should be assumed to be no less than 3,0 when performing a quasi-static
analysis, and no less than 6,0 when quantifying dynamic behaviour.

7.5.5.5 Higher order non-linear wave actions

Some hydrodynamic phenomena, generally represented by higher-order, non-linear numerical models, give
rise to actions at frequencies close to resonant frequencies of the floating structure and its stationkeeping
system. These actions shall be assessed and their effects investigated, as they can be important for the
design of floating structures. The nature of these phenomena is addressed in A.7.5.5.5.

Examples of the effects due to higher order hydrodynamics are
— | mean drift (mean second order action).

— | slow drift (time varying action).

Waye drift and wave drift damping are affected by the wave/current interaction, which shall also be| considered.
7.5.6.6 Wave enhancement effects
In tihe vicinity of large bodies, the free surface elevation can be enhanced by motions, diffractiop, radiation,

wave/current interaction effects, and other non-linear wave gffects. These shall be accounted for, as
appfopriate, in the wave action calculation and used to estimate deck clearance and freeboard, se¢ 8.10.

7.5.5.7 Shallow water effects

If the floating structure is located in a shallow water area (i.e. water depth less than half the wavelgngth), wave
amplitude enhancements and/or wave refraction¢aused by the effect of the sea bottom shall b¢ taken into
accpunt in estimating wave actions.

7.5.5.8 Slamming and green water.actions

Waye slamming against the shell structure of the hull due to local wave action, water entry slgmming and
green water action caused by high-relative motions of structure and wave surface are local wave ag¢tion effects
and|are discussed in more detailin 9.8.

7.5.6 Vortex-induced(ribrations and motions

A flpid flow (wind.‘on current) past a slender component can cause unsteady flow patterns dde to vortex
sheflding. At certain critical flow velocities the vortex-shedding frequency coincides with, or is a nmultiple of, a
natdral frequency of the component, resulting in harmonic or sub-harmonic excitations nofmal to the
longitudinal-axis of the component. This phenomenon is generally referred to as vortex-inducefl vibrations
(VI\)).

Th V;blat;ul 1S5 Ldll bC ;II':;IIU (;II thc p:dIIU Uf t: 1< ﬂUVV VC:Ub;t_y) Ul tlalleUIbU (;II d }J:dIIU M1 pcnd CU|aI" tO the
flow velocity and the component axis). Transverse vibrations are usually of more concern for most structural
components. The effects of VIV include

— increased drag actions on individual components,

— fatigue damage of individual components.

Furthermore, for flow velocities in certain ranges, the vibrations can affect the platform (e.g. spar and

potentially semi-submersible) as a whole and result in transverse rigid body motions, i.e. vortex-induced
motions (VIM).
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The potential for VIV/VIM shall be assessed. The focus of a VIV analysis is generally to evaluate if the fatigue
resistance of the component or system is adequate. Accordingly, the simplified (and conservative) VIV
analysis described in A.7.5.6 should suffice if the resulting fatigue damage is acceptable. If the simplified
analysis indicates insufficient fatigue resistance, a more sophisticated and less conservative method may be

applied.

The method should be chosen according to the specific case to be investigated. Recognized semi-empirical
methods may be applied if the problem characteristics are well within the validity range. Otherwise, if the
problem is of high complexity (e.g. riser bundles, varying diameters or surface waves), more refined
assessment methods are required.

7.5.7 Marnne growth

Marine growth shall be defined by its thickness, roughness, density and variation with depth. Additionally
marine growth thickness to be used in the design is influenced by operational strategy (e.g. regular’clear
use of antitfouling coating) as well as structural behaviour (e.g. less marine growth is normally foung
slender strdctures with significant dynamic displacements).

The preserijce of marine growth causes an effective increase of the component diménsions, a conseq

direct incr
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values of th
with the ma

The design
anti-fouling
accordingly|
platform. T

7.5.8 Sno

Ice accretio
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included in

7.5.9 Dire

Where encounter with sed.ice or impact with icebergs can occur, collision actions shall be determined thrg

appropriate

se in structure weight, in hydrodynamic drag and in added mass, and alters the roughrn
ics of the surface. In structural design, therefore, the mass, buoyancy ‘diameter and effective
all be adjusted to account for the specified water depth variation of marine growth. In addition
e hydrodynamic coefficients (drag, Cy, and inertia, C,,,) should-reflect the roughness associ
rine growth.

basis and the MOM can include a specific provision for periodic marine growth cleanin
systems during the platform life, in which case the’design assumptions shall be adju
Any such reliance shall be documented and the cleaning programme defined over the life of
e consequences of not maintaining this programmeé.should be determined and reported.

w and ice accretion

n on structural components from sea spray, snow, rain, and air humidity can cause increassg
nal area (with consequent increase (in° mass and added mass) and surface roughness. Th
be considered when determining wind and hydrodynamic actions.

structures, the effects of snow)and ice accretion shall be considered, as such accretion can a
atic stability. Appropriate ifstructions concerning the need for removal of ice accretion shal
he MOM.

ct ice action

theoretical mmodels, model laboratory tests or full-scale measurements.

When dete

mining the magnitude and direction of actions, the following factors shall be considered:
geome1ry and nature of the ice;

—
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mechanical properties of the ice;

velocity and direction of the ice;

geometry and size of the ice/structure contact area;

ice failure mode as a function of the structure geometry;

inertia effects for both ice and structure.

Reference should be made to ISO 19906("58] for structures in ice conditions.
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Floating structures shall be designed for the most onerous temperature differences to which they can be
exposed. This applies, but is not limited to

Th

storage tanks,
structural components exposed to radiation from the flare, and

structural components that are in contact with risers or process equipment.
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an annual probability of exceedance of 10-2.

11 Tidal effects

floating structures constrained by stiff mooring systems, tidal effects can significantly affeq
ions in the mooring components. Therefore, the choice of tide conditions for a static equilibriu
brtant. Higher mean water levels tend to increase maximum mooring linerensions, hydrost
current actions on the hull, while tending to decrease deck clearances.

effects of tides may be taken into account by performing a static balance at the various app
Is to provide a starting point for further analysis, or by making allowances for the appropriate
ulating extreme responses.

12 Geotechnical hazards

ring lines and risers, and should be considered (see‘also ISO 19901-7).
Other actions

1 Stationkeeping actions

pating structure can be kept on(station by various methods, depending on site-specific
rational goals. These methods include different types of stationkeeping systems such as i
merged turret systems, external turret, catenary anchor leg mooring (CALM), CALM buoy 4

cific actions on the hull_structure. These actions shall be considered in the platform’s struc
ISO 19901-7).

P Sloshing actions

hing is the\dynamic magnification of internal pressures acting on the boundaries of partially,
to internal fluid motion. Sloshing occurs if the natural periods of the fluid in a tank and of thg
Structure are similar (see 9.8.4). In some cases, the fitting of swash bulkheads or other baffle
ecessary to minimize sloshing effects.

t the mean
analysis is
tic actions,

opriate tide
tide level in

technical hazards such as earthquakes, mudslides and, other geotechnical phenomena can affect anchors,

criteria and
nternal and
nd hawser,

ad mooring, and dynamic ‘positioning (DP), see Clause 17. Each type of stationkeeping syst¢m imposes

ural design

filled tanks
motions of
Hevices can

Sloshing-induced actions shall be considered in the structural design.

7.7

Repetitive actions

Repetitive actions, which can lead to significant fatigue damage, shall be evaluated. As a minimum, the
following sources of cyclic action effects should be considered:

waves, including actions caused by slamming and variable buoyancy;
wind, especially in conjunction with vortex-induced vibrations;

motion-induced accelerations;

© 1SO 2006 — All rights reserved

35


https://standardsiso.com/api/?name=c5a8ef341cdc00d63044429de43c40d8

ISO 19904-1:2006(E)

sloshin

mecha

currents, especially in conjunction with vortex-induced vibrations;

g

nical vibrations, such as those caused by operation of machinery;

fluctuating actions imposed by the stationkeeping system.

7.8 Action combinations

The structu
environmen

low cycle/high stress range variable action fluctuations, such as loading and discharging of cargo/ballast;

re’s resistance shall be investigated for a range of potential combinations of permanent, varig
tal and accidental actions, see Clause 9.

Values of g¢nvironmental actions to be used in design should always be established with ithe intentio

resulting in
can be diffe

the most probable maximum (or minimum) response for the limit state under censideration. T
rent design events that give the most onerous response for different elements’in-the structure.

8 Global analysis

8.1

The combir

General

ation of risers, stationkeeping system and the floating structure is a complex integrated dyna

system responding to environmental actions (wind, waves, current, etc.). Therefore, the global analysis of

floating str
substantiall
overview off
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as well as t
forces, min
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The repres
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Validation @
8.2 Stati

8.2.1 Gen

The objecti
platform wi

icture cannot be separated from the analysis of\the stationkeeping system, and over
y with this activity, which is covered in detail in ISO 19901-7. Accordingly, Clause 8 provideg
the general processes, issues and requirements;to be fulfilled.

structures, the typical action effects contrélling the structure’s overall geometry and configura
he design of the stationkeeping system.include structure offset, structure motions, global struc
mum and maximum mooring line and.riser tensions, deck clearance (air gap, freeboard) and ¢
s and accelerations.

bntative values of these agtion effects are usually obtained from the results of global dyng
d/or model tests.

f numerical results by-sensitivity studies with respect to key parameters should be performed.
Ic and mean-response analyses

eral

ve- Of static and mean response analyses is to determine the static equilibrium position

ble,

n of
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h-nho wind wave or current present and Qllhcpqupn’rly the mean pnqitinn due to std
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environmental actions on the platform. The mean position is then used as a basis for frequency domain

analyses, o
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r as the initial condition for time domain analyses.
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8.2.2 Static equilibrium in still-water condition

The determination of the static equilibrium, or weight balance, in the “still-water” condition is fundamental to
sizing of the floating structure, and is the starting point for further analysis. A static equilibrium analysis shall
be performed for each design situation.

Determination of the static equilibrium for each design situation shall include the following:

the total platform weight;

the total structure displacement (the total structure buoyancy) for each draught to be analysed;

The
equ
app
stor
ball

NOT
tob

8.2.
The)
effe
and

The)
in8

Med

8.3

8.3.

any riser and mooring tensions acting on the structure;

any applicable crane hook loads.

pment permanently mounted on the platform. In addition, the platform weightyshall include
ropriate to the design situation being analysed. These variable actions shalljinclude the weight
nge in various loading conditions (if applicable), temporary equipment,/contents, consumab
bst, marine growth, ice, and any other appropriate temporary weights.

E Different design situations can involve significant variations in temporary or removable weights a
P included in the static equilibrium analysis.

3 Mean response analysis

cts (as applicable), mean orientation of the platform*(particularly for monohulls), and orientation
riser system.

2.2, as well as, as a minimum, the follewing:

the mean actions due to wind;

the mean actions due to wave drift and current on the structure;
current actions on risers and moorings.

n response calculations shall be repeated for a variety of design situations.
Global dynamic behaviour

1 General

Wh

e ~for the analvsis discussed in 8 2 the resnonse of the svustem (floatina structure risers an
7 J 7 Ll J \ ~J 7

structural weight shall include the weight of all structural components, permanentiappurtenances, and all

all weights
of crude oll
le supplies,

nd in actions

mean response is characterized by the position .of'd¢he platform’s centre of gravity, including setdown

of mooring

estimate of the mean response shall include the same components as the still-water conditiop discussed

0 moorings)

can be approximated by a static or quasi-static analysis, dynamic analyses shall be performed when some
natural period of the system or part thereof falls within the range of periods of steady-state actions, or when
the structure is exposed to transient actions.

Dyn

amic effects can be important, for example in connection with
wave frequency actions,
low-frequency effects of wind and wave actions,

wave slamming, sloshing in tanks, and other transient wave actions,
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explosi

mechanical impacts due to ships, icebergs or dropped objects, and

on actions.

Dynamic effects resulting from rigid body motions shall be adequately accounted for in the design process.

The effects

of thrusters in terms of restoring forces and possible damping should be included.

Free surface effects in tanks shall be included, where relevant.

8.3.2 Analysismedels

The enviror]
a simple so

A common
The systeni
because it
response, s

More sophi
freedom to

dynamic bghaviour and are suitable for deep water applications or whefymooring lines/riser masses a
significant gortion of the total system mass. This approach is usually referréd to as “coupled analysis”, seq
8.3.3 Mass

The total mass used in the analyses shall include

a) the maps of structural material,

b) the maps of equipment,

c) the maps associated with variable actions*(including ballast and crude oil storage, if applicable), and
d) added mass effects associated withthe submerged portion of the hull.

For uncoupled analyses, the mass of'the moorings and risers may be accounted for in an approximate fas
For coupleq analyses, moorings and risers shall be modelled with a sufficient number of degrees of freed

and the totg

the stru

the mo

ution, a number of assumptions and linearizations are usually made.

simplifying assumption is to model the structure as a rigid body, excluding risers”and moori
then has six degrees of freedom. This approach is usually referred to as ~“tncoupled analy

hssumes no interaction between mooring and riser dynamic responses andthe structure dyna

ee 8.6.

sticated and complex models can be developed by including a suitable number of degree
simulate risers and moorings. Such models allow joint consideration-of structure, mooring and

I mass shall include
ctural riser mass,

Dring.line mass,

mental actions on the platform are generally a function of both time and platform position;“Fo dllow

ngs.
sis”
mic

5 of
iser
re a
8.7.

hion.

om,

the mass of any enclosed fluids and internal lines, and

added mass.

8.3.4 Damping

Damping is important in limiting structure resonant responses, and can have significant contributions from
wave radiation and drag on the hull, bilge keels, moorings and risers. Roll damping effects should be carefully
evaluated and included at the correct probability level in the hydrodynamic analysis. For spars, riser friction

damping ca

38

n also have an effect on the structure’s response.
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5 Stiffness

The total stiffness shall contain contributions from

a)
b)
c)
8.3.
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8.4
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the structure’s hydrostatic characteristics,
geometric terms due to moorings/risers in combination with structure offset, and

elastic terms introduced by the mooring and riser systems.

Action classification

-1:2006(E)

time-varying actions on a floating platform are often categorized by their period ranges-rel
ral periods of the platform/moorings/risers system, as follows:

nearly steady actions that can be considered static because they vary with perieds*much long
platform natural periods;

slowly varying actions, with periods near the surge, sway and yaw natural periods (thesg
typically have periods in the range of less than one minute to severabminutes), and with rg
natural periods for spars falling within a similar range;

actions at wave periods.

Frequency domain analysis

juency domain analysis, in this context, refers to)the solution of the equations of motion ¢
cture by harmonic analysis or by Laplace and. Fourier transforms. The result of a freque
ysis is a description of the variables of interest/(platform motions, platform accelerations, mog

in terms of amplitudes and phases as functions of frequency. The method is naturally s
ysis of systems subjected to random excitations because it provides a clear and direct
veen the input spectrum (in this case, the environmental actions) and the system response sp

sysfem response spectrum can then be'used to estimate the short-term statistics of the variable of

8.5
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Time domain analysis

time domain analysis method consists of a numerical solution of the rigid body equations of m
orm, subject to external actions due to environmental phenomena (waves, current, wing
orm stationkeeping -system and other possible actions. Since a direct numerical integre
ptions of motion~is/performed, any non-linearities can be directly included, such as, for exa
ced actions{)finite motion, finite wave amplitude effects, and non-linear characteris
onkeeping_System. The capability of dealing with higher modelling complexity comes at the
based computing time.

bn_the'input to the analysis is represented by a deterministic, periodic wave, the analysis sha

out

ative to the

er than any

responses
Il and pitch
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hcy domain
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lited to the
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betrum. The
interest.
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tion of the
mple, drag-
ics of the
expense of

| be carried

for_a long enough simulation time to achieve a steady-state response.

When the input is represented by a wave spectrum, which is then converted into a time history of the water
surface elevation, the analysis shall be performed long enough to achieve stationary response statistics.
Several such analyses shall be performed, with different water surface elevation time histories obtained from
the same input spectrum, and the response characteristics shall be combined to achieve a meaningful set of
response statistics. Similarly, several different wind speed time histories should be investigated when the
time-varying wind-induced action effects are significant.
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8.6 Uncoupled analysis

Uncoupled analysis is generally used to compute the system (structure, moorings and risers) response using
a two-step approach.

In the first step, the structure’s rigid body response to static, low-frequency and wave-frequency environmental
actions is computed. The risers and mooring system are represented by their static restoring force
characteristics and a constant low-frequency viscous damping. Assessment of the low-frequency damping is
important for the low-frequency floating structure motion analysis. Contributions from current direct action on
mooring lines and risers may be represented by a constant external action on the structure.

In the seconpd step, the moorings and risers are analysed, considering wave- and current-induced action$ on
the slenderl members, and imposing the structure’s wave-frequency (or wave-frequency and low-fréguency)
motion resgonse as forced dynamic excitation.

8.7 Coupled analysis

In a couplefl analysis, all interactions between floating structure motions and slender structure response|can
be accountgd for by creating a model of the total system, including hydrodynamic-action modules for pboth
large-body [and slender components, including all mooring lines and risers. ThiS-approach yields dynamic
equilibrium [between the actions on the structure and the slender structure response at every time insant.
Consequently, there is no need for assessment of the low-frequency damping.from the slender structurd, as
this contribdtion is accounted for by the slender structure dynamics.

8.8 Resagnant excitation and response
Non-linear |mechanisms can generate actions and action effects that interact with particular natural
frequencieq of the total system normally not excited by wave frequency actions. As these resonant actions are
often present in conjunction with low damping levels, care-shall be taken to accurately model these eff¢cts.

The amplityde of the response at resonance is very sensitive to the damping estimates. The use of mpdel
tests should be considered in complex situations for validating analytical computations.

8.9 Platform offset

Generally, {o ensure riser integrity and serviceability in ULS and SLS design situations, the global platform
motions shall be limited within appropriate-motion envelopes.

The platform offsets shall be computed’in accordance with ISO 19901-7.
8.10 Air gap

When assegsing air gapthe’following effects shall be considered:

— wave gfest elevation, including wave asymmetry;

— wave/sfructure interaction effects (wave enhancement, run-up, etc.);

— global rigid body motions (including dynamic effects);
— effects of interacting systems (e.g. mooring and riser systems);
— maximum/minimum operating draughts.

Structures, parts of structures, equipment and supports that are not designed for the effects of direct wave
action (wave impact, slamming, etc.) shall be located at an elevation that provides an air gap > 1,5 m in ULS
design situations and > 0,0 m in ALS design situations.

For ULS design situations, a smaller value of air gap may be used if all the non-linear effects specified in this
subclause are accounted for.
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For ALS design situations, a risk assessment should be performed to assess the consequences of wave
impact on secondary structure and equipment.

For monohulls, freeboard requirements are addressed in 11.2.4.

8.11 Platform motions and accelerations

The platform motions and accelerations shall be checked against the restrictions imposed by the serviceability
of the topsides facilities and equipment. Large motions and accelerations can affect, among others,

a) efficiency of process equipment,

b) |operability of cranes or rotating equipment,

c) |comfort levels, cognition, postural stability for the personnel on board,
d) |habitability of facilities,

e) |operability of heliports,

f) |power generation capabilities, and

g) [functionality of safety-critical equipment.

The platform motions and accelerations shall be checked against therestrictions imposed by the serviceability
limifations of various types of topsides equipment. For instancey the efficiency of process equipment can be
affected by large inclinations and accelerations. Operability;of cranes or rotating equipment gan also be
conjpromised. Comfort levels for the personnel on board can-also be affected.

8.12 Model tests

Estimates of the structural response to be used-for design can be obtained by model tests. Modgl tests can
alsq be used either to calibrate analytical *predictions or to determine responses not directly or reliably
calqulable. The objectives of such model tests shall be clearly defined (see A.8.12) and, because fduring tests
extrpordinary or unexpected behavieur~Tan occur, consideration should be given to the provision of
conjinuous monitoring equipment to record such behaviour.

When comparing the results of\model tests with analytical predictions, the following potential| sources of
disdrepancies should be considered.

a) |Scale effects, such@sthose affecting Reynolds number, fluid interface and turbulence.

b) |Viscous effects (Reynolds number-dependent fluid drag and lift components) in both modgl tests and
analytical predictions.

NOTE _“ln’computer simulations, these coefficients can be varied in order to study their effects.

c) |Wave reflections from side walls induced by radiated and reflected incident waves.

d) Timitafions on the accuracy of modelling physical properiies, parameters and dimensions.

e) Limitations on the accuracy of the test results resulting from finite record lengths, finite sample rates, and
numerical accuracy of the data analysis procedures.

f)  Assumptions made in the development of the numerical model.
NOTE  An example is the assumption of linearity of the responses with respect to wave height, which is almost
always made in the frequency domain analysis. This can cause significant discrepancies between the numerical and

test results for very steep waves or in situations where viscous forces play an important role.

In some cases, the instrumentation itself can affect the responses. The effect of instrumentation on the model
should be minimized whenever possible.
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For moored floating structures, a static load deflection curve in calm water shall be measured and checked
against computations to verify the accuracy of the modelling of physical properties and instrumentation.

When the objective of the test is to assess impact loads and associated action effects, the measurements
should be recorded at an appropriate sampling rate.

8.13 Design situations for structural analysis

8.13.1 General

purposes can be obtained by a short-term response analysis, a long-term response analysis or a design wave
analysis, ag described below. The most general approach is a long-term analysis.

A search prpcedure shall be developed to derive reliable extreme design situations.

8.13.2 Shdrt-term response analysis

Select a sujtable set of extreme design situations, as identified in 6.4, expected\taproduce the most seyere
action effe¢ts. The combination of extreme wave, maximum storm current-and maximum tide does| not
necessarily|produce the maximum action effects. Similarly, a design situation can provide extreme valuesg for
some action effects and not for others.

Accordingly,, care shall be taken to ensure that the selected short-term sea states yield the most probgable
maximum gction effects that correspond to the target return period.

8.13.3 Long-term response analysis

A full long-term probabilistic analysis involves calculating responses to the entire suite of possible
environmerftal conditions. Statistical analysis of these(fesponses is then performed to predict extreme values
for each aclion effect.

8.13.4 Desjign wave analysis

The methods described in 8.13.2 and 8713.3, based on a stochastic approach, can provide extreme values for
the variablgs of interest, but without(regard to phase relationships. To predict a detailed stress distributign in
the structufe, however, the structure analysed shall be in equilibrium under a combination of static |and
dynamic acfions.

One way td retain the phase information is to use a design wave (quasi-static or time-domain) approach, in
which the gxtreme values computed from the methods above are used to identify one or more design wave.

accounted for.

9 Struc

9.1 General

Clause 9 provides general requirements and guidance for the structural strength analysis and design of
floating structures constructed in steel, while Clause 10 provides the corresponding general requirements and
guidance for their fatigue analysis and design. The general requirements and conditions specified in
Clauses 5 and 6 shall be fulfilled. General requirements and guidance concerning actions and global
behaviour are given in Clauses 7 and 8, respectively. More specific requirements for monohulls, semi-
submersibles and spars are given in Clauses 11, 12 and 13, respectively.

Structural design shall proceed on the basis of either the partial factor design format, see 9.7.3, or the working
stress design (WSD) format, see 9.7.4. Background on the similarities of these two formats is given in A.9.7.1.
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9.2 Representative values of actions

9.2.1 General

Representative values of actions shall be used in both the partial factor and the WSD formats. Unless specific
exceptions apply, as documented within this part of ISO 19904, the representative actions specified in 9.2.2
and 9.2.3 shall apply to operating and temporary phases, respectively.

For combinations of simultaneous global and local actions, representative values may be determined based
upon consideration of their joint probability of occurrence.

Whéerevartabte and—environmentalr—actions —occur SIMuaneocusly, the Tepresentative valugs may be
detg¢rmined based on their joint probability distribution.

For|floating structures that are designed so that they can be relocated, environmental-conditigns shall be
estgblished for each location envisaged and the response shall be checked for the most onefous design
situation.

9.2.2 Representative values of actions for operating phases

For| operating phases and for each relevant limit state, representative’)values of permanent, variable,
env|ronmental and accidental actions shall be as specified in Table 2.

For|ALS, two conditions shall be assessed. These are denoted inFable 2 as pre-ALS and post-AlLS. The two
accldental limit state conditions represent the structure at the(time of the ALS event and in the damaged
congition respectively.

Table 2 — Representative valués of actions for operating phases

Representative value

. Limit state — Operating phases
Action category

ULS-a ULS-b ALS SLS
pre-ALS post-ALS
Permanent (G) Mean or Mean or Mean or Mean or Mean or
calculated yalue calculated value calculated value calculated value calculated value
Var|able (Q) Mean or Mean or Mean or Mean or Mean or
calculated value calculated value calculated value calculated value calculated value
Environmental (E) | Tg="100 years Tg = 100 years Not applicable Ty =1 year Spegified value
Acddental (4) Not applicable Not applicable Tr =10 000 years Not applicable Not ppplicable

NOTE 1 ULS-aand ULS-b are defined in 9.7.
NOTE 2 Thewalues specified for environmental actions (£) only apply to metocean parameters.
NOTE 3, See 7.2 and 7.3 for definitions of mean and calculated values of permanent actions (G) and variable actions (Q), respectively.

NOTE4~ Additional damage tolerance requirements apply to semi-submersibles — see 12.2.3.

9.2.3 Representative values of actions for temporary phases

For temporary phases and each relevant limit state, representative values of permanent, variable and
environmental actions shall be as specified in Table 3. Where specified values are adopted, they should be
selected dependent upon the measures taken such that the required safety level is obtained. Such specified
values should consider the actual location, season of the year, weather forecast and consequences of failure.

The formal application of the ALS may normally be ignored for temporary phases, but consideration should be
given to the possibility of accidental events and their mitigation.
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Table 3 — Representative values of actions for temporary phases

Representative value
Action category Limit state — Temporary phases
ULS-a ULS-b SLS
Permanent (G) Mean or calculated value Mean or calculated value Mean or calculated value
Variable (Q) Mean or calculated value Mean or calculated value Mean or calculated value
Environmental (E) Specified value Specified value Specified value

NOTE 1  ULS-a and ULS-b are defined in 9.7.

NOTE 2 THhe values specified for environmental actions (E) only apply to metocean parameters.

The requirg¢d safety level for any temporary phase should be specified by the ownerbased on|the
requirements of any relevant national regulations, or be consistent with those specified foreperating phasegs in
Table 2. For temporary phases where progressive collapse does not involve risk of life Nnjury to personngd|, or
environmerjtal consequences, environmental actions with a shorter return period than that specified in Tahle 3
may be utilized.

9.2.4 Actions at interfaces

Structural gnalysis shall include consideration of actions occurring at interfaces of all relevant systems [and
component$. Such actions can result, for example, from:

— topsidgs systems (including drilling and production),

— topsidgs components (including helidecks and accommodation blocks),
— mooring systems, and

— riser systems.

Individual aftions at interfaces shall be combined in a logical manner.

9.3 Design scantlings
The definitipn of design scantlings for a floating structure is as follows.
a) When gssessing globat-hull girder properties:

— fon strength design, design scantlings shall be defined as the as-built scantlings, or those intended for
such purposes, with 50 % of corrosion additions/allowances deducted;

— forfatiguedesign, desigm scanttings shat-be defimedas the as-buittscanttings, or those nternded for
such purposes, with 25 % of corrosion additions/allowances deducted.

b) When assessing local properties (e.g. plates, stiffeners, girders):

— for strength design, design scantlings shall be defined as the as-built scantlings, or those intended for
such purposes, with the full corrosion additions/allowances deducted;

— for fatigue design, design scantlings shall be defined as the as-built scantlings, or those intended for
such purposes, with 50 % of corrosion additions/allowances deducted.
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The actual corrosion experienced can be dependent on the effectiveness of the applied corrosion protection
system (see 9.10), but the corrosion additions/allowances shall, as a minimum, be in compliance with the
requirements of an RCS or equivalent.

9.4 Modelling

9.4.1 General

Linear elastic structural models should normally be used to determine response for ULS design checks. Non-
linear structural models may be used for ULS checks, assessment of ALS events and ALS checks. See

9.5.
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Ass

umptions upon which the model is based shall be well-documented.

9.4.2 Global models

Global models should generally include the entire floating structure, for which a restraint system is normally
required.

Global models can comprise equivalent beams, space frame models or combined shell element/beam
element models, as appropriate. Models should accurately represent the global stiffness of the floating

stru

The

cture and the relative stiffness of the major structural components.

actions on floating structure global models shall be in equilibrium.
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9.4.3 Local models

Actions applied to local models shall be derived from consideration of global model responses and local
actions resisted by the structure. Where local structural response is controlled by local actions alone, the
application of global analysis actions may be omitted.

Global action effects on local models shall be accounted for by

appllc
or
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r of design situations to be evaluated by local models can be less than the_full-set of situat
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the response of structural components critical to the integrity of a floating structure. Volume (s
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large stress gradients, the effect of the gradient shall be considered in the buckling evalua
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pressure or

9.4.5 Mogd

such strésses shall be accounted for, as appropriate.

el verification

ons

hen
blid)
are

The

hich
and

for
ion.
ot of

Model verification shall be performed throughout the structure’s life cycle. Such verification falls into two

categories:

a) quantitative checks;

b) qualitative checks based on engineering judgement and experience.

Quantitative checks should verify that the model is consistent with the actual structure, including
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Displacements, restoring forces and action sums should be used to verify modelling of the system. Reactions
at constrained boundaries should be used to confirm accurate application of actions and to verify system
balance. When hydrodynamic actions are mapped onto the structure, global balancing of pressure, inertia and
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En local models are used to evaluate structural response for design situations identified fromcgl
e summations at local model boundaries in the global model should be used to verify.acc
sfer. Model strategy shall be reviewed in the qualitative check based on experience in structurs
lysis results shall be demonstrated to be consistent with expectations of sound \engineering
previous experience. Results that deviate from expectations should be investigated to und
repancy.

final (as-built) drawings for a structural component shall be reviewed to-ensure they accuratel
ctural model geometry. The effects of deviations from the analysis model shall be evaluated.

Structural analysis

1 General principles
bn effects shall be determined by recognized methods that take adequate account of the tg
Ciples associated with this process are the folloWing.

The floating structure shall be analysed for all governing design situations using
computational methods.

Analysis models and techniques shall be selected that adequately represent the simultaneous
local actions and provide the.action effects needed for the assessment of the different limit sta
shall satisfactorily account for the local and system effects of time dependency, damping and i

Non-linear and-dynamic effects associated with actions and structural response shall be ag
where relevant:

If model‘uncertainties are particularly high, conservative models shall be selected. Normal ung
the analysis model are expected to be taken care of by the partial action and resistance factg
factors.
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Where geometric deviations/imperfections have a significant effect on safety, conservative geometric
parameters shall be used. Initial deformations assumed in design should be consistent with tolerances

used in construction, see 9.11.

The relevance of changes to a design as a result of alterations in design parameters and assumptions
throughout the life cycle of the structure, including the design phase (for example, in respect to weight
and centre of gravity estimates from weight control, changes in structural scantlings, positioning of

openings, etc.) shall be assessed, as necessary.
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9.5.2 Linear analysis

A linear elastic procedure shall normally be considered as appropriate when conducting an analysis for a ULS
evaluation.

For ALS, simplified linear methods may be used. However, because the range of applicability of linear
methods to ALS assessment is normally limited, their use in such cases should be justified.

Consideration shall be given in the structural evaluation to amplification of bending response resulting from
axial forces caused by, for example, rigid body motions or elastic deformations.

Non-linear analysis may be applied to determine the ultimate capacity of structural componénts, substrugture
or the complete structure.

A non-linegr analysis should include appropriate models for all significant non-linear effects, including
elastoplastic behaviour, large deflections and criteria for rupture. Geometrical imperfections and resigual
stresses shpuld be modelled when they have a significant effect on the structurakresponse, such as for plating
subjected tp compression or tension and all compressed components susceptible to buckling. The methods
and computer software adopted to execute non-linear analysis should ©¢ verified by comparison with |test
results, obgerved full-scale structural behaviour, known analytical ‘solutions, or other well-documented
computer spftware solutions.

non-linear analytical models, the effects of action history shall be addressed. It shall be
iting a non-linear finite element analysis, appropriate consideration shall be exercised in chooging
t types and meshes, and applying boundary conditions and restraints.
Where nonilinear analysis is used to verify a_design and the determined failure modes involve plastic hjnge
i , the structure shall be shown to‘have sufficient ductility to develop such failure mechanismg, so

that no largg plastic deformations or failures occur as a result of repeated yielding.

For structufal components subjectedtaCyclic or repetitive actions, such actions shall be demonstrated n¢t to
lead to low-cycle fatigue failure, cyclic incremental collapse or other failure modes, e.g. shakedown.

9.5.3.2 ULS analysis

If a linear Elastic global-analysis is used to determine action effects for ULS checks, an examinatioh of
shakedown|may be.6mitted.

When non-linear analysis is used to check design, significant departures from the requirements of traditipnal
design appfoaches shall be carefully and clearly justified.

9.5.3.3 ALS analysis

Both non-linear analysis and simplified methods may be used to assess the response of structures or their
components following an accidental or abnormal event.

Non-linear analysis may be deployed to determine the response of structures or their components to
accidental actions in a manner similar to that applicable to intact structures. Such analysis and methods may
also be used to assess the damaged condition. In such cases, their applicability should be demonstrated
when the effects of the accidental actions have not first been assessed using the same analysis and the
results thereof retained as the starting point of the analysis of the damaged condition.
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The use of simplified non-linear analysis methods to determine the effects of accidental actions can normally
be justified on the basis of the large uncertainties associated with such actions. Such methods should be
based on plastic hinge or yield-line mechanisms that account as necessary for in-plane behaviour. They
should recognize the possibility of premature rupture.

9.6 Structural strength

9.6.1 Representative strength values

Structural design checks shall proceed using representative values of structural strength.

The| representative value of strength shall equate to a characteristic value, nominal value or othgr rationally
determined value. A characteristic value shall be determined on the basis of reliable data_and|appropriate
stat|stical techniques using recognized methods of testing.

If tHe representative strength reflects great uncertainty or cannot be determined with_reasonable accuracy,
tests shall be carried out to provide results from which a representative value can be'rationally deriyed.

When evaluating the resistance of structural cross-sections, the following items’should be among those taken
into|consideration:

— | the strength of the net section at cut-outs and openings;
— | shear lag effects;

— | buckling strength including shear buckling;

— | effect of buckling on cross-sectional stiffness.

For|[ULS, SLS and ALS conditions, the characteristicistrength value shall normally be the 5th percéntile of test
resylts.

9.6. Yield strength
Thel measured value of yield strength front a tensile test shall be taken to coincide with the smalles} of
— | minimum upper yield stress,

— |yield strength at 0,2 % offset, and

— 183,3 % of the mininyum tensile strength
Thel representativetvalue of yield strength may be taken as the nominal value from the requiremgnts of RCS
rulep or equivalent, or the nominal value taken from the standard to which the material is specified.| The results
of tgnsile tests'shall be used to confirm that the material is consistent with the requirements of its [standard or

spefification~Tensile tests shall be conducted in accordance with the standard referenced in fhe material
spetification.

Shear yield strengtn srould normidally De takert as (17 vo ) Ulmes e yield strengtri.

9.6.3 Buckling strength
Buckling strength shall be based upon an RCS or equivalent code formulation.

When a state of stress cannot be defined by a single reference stress, the code formulation shall include
appropriate interaction formulae.

The design format utilized for structural members in compression shall take account of the consideration that
local or overall elastic buckling can occur before the component reaches its design strength.
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9.7 Design checks

9.71 Gen

eral

Design checks shall be undertaken using either the partial factor design format, 9.7.3, or the WSD format,
9.7.4. In both cases, it shall be satisfactorily demonstrated that the design action effects (resulting from
factored actions in the case of the partial factor format) do not exceed the design resistance criteria (including
the appropriate resistance or utilization factors) for the limit state under consideration. Structural design may
also be undertaken using reliability-based methods, 9.7.5. Both the partial factor and the WSD formats are
based upon the assumption that design values for responses and resistances are calculated separately. In

cases whery

non-linear nnnlycie is used and responses and resistances are calculated Qimnlfnnpmlely,

are

should be
obtained.

When cons

aken to ensure that equivalent levels of safety to those implicit in this part of ISO 19904

idering different modes of operation for a floating structure, all realistic variations in ad

combinatiops shall be determined to ensure the maximum (or minimum, if more onerous)*action effe

whether alo
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ne or in combination, are identified.

ISO 19904 provides partial safety factors exclusively for structures with-exposure levels equ

deflection limits

. A.9.7.2 provides guidance for deflection limits for both* main load carrying components
ad carrying components.

ial factor design format

seneral

es governing application of the partial factor design format to structural design are establishg

b actions do not exceed the_design value of the resistance variable or model being addresseq

the limit state under consideration. “Fhe partial action factors required for design checks are presente

9.7.3.2, and

9.7.3.2 H

In Table 4,
state and fg

Where a lin

the partial resistance‘and/or material factors in 9.7.3.3.

artial action factors

the partiahaction factors (j;) applicable to the partial factor design format are listed for each
r each‘combination of action categories to be considered in a design check.

car-analysis is adopted for a ULS assessment as described in 9.5.2, three options are availablg

are

tion
cts,

| to

ucting the SLS checks described in 9.7.3 and 9.7.4, the resulting deflections shall be checked for

and

d in

cking shall be achieved bysdéemonstrating that design values of action effects resulting from

| for
d in

imit

b for

application

T the partlial action 1actors that snould normally proauce the sdirie outcome.

a) application of the partial action factors given in Table 4 to the actions prior to analysis following which the
action effects are combined;

b)

are combined and then analysed to produce the relevant action effects;

Table 4.

50

application of the partial action factors given in Table 4 to the actions following which the factored actions

analysis of each unfactored action resulting in action effects that are combined using the factors given in
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Partial action factor
%
Limit state Action category
Permanent Variable Environmental Repetitive Accidental
(G) Q) (E) (R) (4)
ULS-a 1,3 1,3 0,7 — —
ULS-b 1,0 1,0 1,3 — —

SLS 1,0 1,0 1,0 1,0 —
Pre-ALS 1,0 1,0 — — 1,0
Post-ALS 1,0 1,0 1,0 — —

In the ULS-a condition, an action factor of 1,0 shall be used for the permanent action, the variable action, or both, wherg this gives a
mote unfavourable combined action effect than 1,3.

Thg action factor for permanent actions in ULS-a may be reduced from 1,3 to 1,2 if the action and action effects are determined with
gredt accuracy (for example, external hydrostatic fluid pressures acting on a rigid body).
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9.7.

The

ULS, two combinations of actions shall be considered: one)to reflect gravitational actior
Hitions; the other to reflect environmental action-dominated conditions. In Table 4, these two c
denoted ULS-a and ULS-b, respectively.

ALS, two conditions shall be assessed. These are denoted in Table 4 as pre-ALS and post-A
dental limit state conditions represent the structure at the time of the ALS event, and in th
dition, respectively.

partial action factors stated in Table 4«for the pre-ALS condition apply to values of accid

-dominated
bmbinations

LS. The two
e damaged

ental event

nitudes that equate to a return periéd of the accidental event of 10 000 years (i.e. probability of

bedance = 1074). If the return period:eXceeds 10 000 years, in some circumstances (such as
ree of robustness exists in the event of the accidental event occurring), it can be appropriate
accidental event with a feasible.environmental event such that the return period of the combin
nt probability basis is 10 000-years.

3.3 Partial resistance and material factors

partial resistance7and material factors shall take appropriate account of the uncertainties ass

to ensure a
to combine
ed event on

bciated with

modelling resistances, the geometry of a structure and material properties. The design value of cdgmponent or
strugture strength, Ry, shall be determined from Equation (6).
R
Ry= R (6)
Vr
where
Ry is the representative value of component or structure strength;
% Is the partial resistance factor.
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For components with strength formulations in which the partial resistance factor applies to material strength

only, the design value of material strength, r4, shall be determined from Equation (7)
N
ra=—" (7)
7m
where
re is the representative value of material strength;
Jm s fhe partial material factor.
For ULS cpnditions in relation to steel structures, neither the partial resistance factor, j, nor“the pa3rtial
material fagtor, y,, shall normally be taken as being less than 1,15. Where the resistance cohcerns bqlted
connectiong and fillet and partial penetration welds, this minimum factor should be incfeased to 1,30.
Standards pdopted for establishing structural strength (see 9.6) could require increasedypartial resistgnce
factors. In quch cases, these increased factors shall be used instead of the minimum factars of 1,15 and 1,30,
as approprigte.
For SLS and ALS conditions, the partial resistance and/or material factors shall be 1;0.
9.7.4 Working stress design format
9.741  General
The WSD fprmat is an approach whereby a design value of combined action effects is directly compared with
the corresppnding design value of strength. In this design format, the design values of both action effects|and

strengths c

In the desid
strength is

greater than unity, or the design strength multiplied’by a fraction less than unity.

bincide with their representative values.

n check, the acceptability of a comparisen_between design values of the action effects and of
conditional upon the action effect being-less than the design strength reduced by a safety fa

—

he
ctor

| for

9.7.4.2 Action combination factors
In Table 5, the action combination factors applicable to the WSD format are listed for each limit state ang
each combination of action categaries to be considered in a design check.
Table 5 — Action combination factors
Action combination factor
Limit state Action category
Rermanent—Yariable-Environmental-Repetitive-Aeeidental
(G) (®) (E) (R) (4)
ULS-a 1,0 1,0 — — —
ULS-b 1,0 1,0 1,0 — —
SLS 1,0 1,0 1,0 1,0 —
Pre-ALS 1,0 1,0 — — 1,0
Post-ALS 1,0 1,0 1,0 — —
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Design values of actions shall be combined in the most unfavourable manner, providing that the combination
is physically feasible and permitted according to the design specification.

For ULS, two action combinations shall be considered: one to reflect the structure located in a calm sea with
responses associated with static actions only; the other to reflect the structure subjected to extreme
environmental actions combined with relevant static actions. In Table 5, these combinations are denoted
ULS-a and ULS-b, respectively.

For ALS, two conditions shall be assessed. These are denoted in Table 5 as pre-ALS and post-ALS. These
ALS conditions represent the structure at the time of the accidental event, and in the damaged condition

following the accidental event, respectively.

The
that
the

exis
with
bas

9.7.

In the design check, the acceptability of a comparison between desjgn-values of the action effect

stre

#.3

action factors stated in Table 5 for the pre-ALS condition apply to values of accidental evéent
equate to a return period of the accidental event of 10 000 years (i.e. probability of exceedand
return period exceeds 10 000 years, in some circumstances (such as to ensure a degree of
ts in the event of the accidental event occurring), it can be appropriate to combihe the acciq
a feasible environmental event such that the return period of the combined event on a join
s is 10 000 years.

Acceptable safety factors and allowable utilization factors

hgth is conditional upon the action effect (Fy) being less than the'design strength (R,) reduced

magnitudes
e =10%). If
robustness
ental event
[ probability

5 and of the
by a safety

factpr greater than unity (Cgg), or the design strength (R4) multipfied’by a fraction less than unity (7). Thus, the
des|gn check may be expressed by Equation (8):
R
Fy<—2% (8)
Csr
or, alternatively, multiplied by an allowable utilization factor less than unity:
Fq < nRy
In this manner, the safety margin is expressed by a single safety factor (1/77 = Cgg) applied to the gesign value
of sfrength (R) for each design check.
Safety factors (Cgg) or allowable utilization factors (7) stated in RCS rules or equivalent shall be yised for the
ULS condition.

For

both the SLS and ALS, the safety factor or allowable utilization factor shall be taken as unity.

hieved for a
bscribed by

The following principles shall be applied when performing a structural reliability analysis.

robability of

a) Structural reliability analysis shall not replace good engineering judgement.

b) When more than one failure state (limit state function) governs the reliability of a structural component, or
when more than one component constitutes the structure being analysed, the corresponding system
reliability should be evaluated, in addition to the component reliabilities.

c) When relevant, consideration shall be given to time-dependent degradation of the resistance of the

structure.
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d)

well-established cases that are known to have adequate safety.

Target

f)

reliabilities shall be commensurate with the consequence of failure.

variables.

9.8 Special design issues

9.8.1

The special
with varioug
be respons

Some of thg
representat
use risk ass

9.8.2 Slamming

In the case
flare, bow s

or equivalgnt procedures. The designer shall ensure that these procedures

understand
draught an
excitation (
and shear fi

For slammi
apply.

Slamming @
9.8.3 Gre
Green watg
ensure that]

magnitude
forward sp¢g

9.8.4 Slos

Sloshing ar

Generat

To the extent possible, minimum target reliabilities should be established based upon calibration against

The conduct of reliability analyses shall include sensitivity considerations with respect to important

design topics covered in this subclause primarily address local strength issues. They can'be g
ly as ULS, SLS and ALS. The designer, in conjunction with the regulator (where one_exists), s
ble for allocating each of these topics to the appropriate limit state category.

bse topics relate to events with an annual probability of exceedance of the order'of 104, for w|
ve values for design variables are not easy to determine. In such cases, it can be advantageol
essment as a means of both assessing the event and mitigating the consequences of the even

of monohulls, slamming effects shall be taken into account imthe design of the bow (including
de and forward bottom), turret and stern. Slam effects canbe determined in accordance with R
reflect state-of-th
ng of the slamming phenomenon and the magnitude of;its effects for a particular floating struc
I environment, including the lack of forward speed.” Slam impulses can also produce dyng
whipping) and vibration (springing) of the hull that generally amplify the global bending mom
Drces.

n slender components in the splash zone is discussed in 7.5.5.4.

bn water
r effects can be determined in accordance with RCS or equivalent procedures. The designer 5
these procedures reflect state-of-the-art understanding of the green water phenomenon and

of its effects forya” particular floating structure, draught and environment, including the lac
ed, see 11.24-

shing

alysis shall be performed for affected tanks of floating structures as necessary, see 7.6.2. S

Ture,

ealt
hall

hich
sto
t.

bow
RCS
-art

mic
ents

hg on the hulls of semi-submersibles and-spars, some of the same principles as for monohulls

hall
the
k of

uch

analysis an

d—desigm may beperformedimaccordance withr RES—orequivatent requirerents—amd—si

normally include non-linear effects.

9.8.5 Wave impact on elevated deck

ould

Direct wave impact on an elevated deck should be avoided by appropriate design of the air gap, see 8.10.
Localized wave impact may be permitted, provided that such effects have been properly accounted for in the
design, both locally and globally.
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9.8.6 Local structure and components

The following local structure and components and their integration with the main hull structure require
particular attention with respect to local strength, fatigue and/or wear requirements and shall be checked to
ensure satisfactory performance.

a) Structure supporting mooring system components such as fairleads, winches, etc. This structure shall
withstand, as a minimum, the action effects corresponding to a mooring line loaded to its minimum
breaking strength.

b) Scantlings immediately surrounding large openings, especially turret openings, moonpools, etc. At such
openings, continuity of primary longitudinal structural components shall be mainfaingd] as far as
practicable, and reductions in hull section modulus shall be minimized and compensated for.

c) |Deck support structure for process and other equipment, including the connections to/the hull frame to
allow for hull deflections.

d) |Riser termination and supporting structure.

e) |Scantlings associated with structural discontinuities and major changes of‘cross-section.
f) | Structure supporting attachments to yoke-moored monohulls and external turrets.

g) |Breakwaters.

h) [Thickness of internal structure in locations susceptible to excessive corrosion.

i) |Proportions of built-up components shall comply with gstablished standards for buckling strength.
i) |Watertight tank quadrants.

k) |[Details of the ends and intersections of components and associated brackets.
I) |Shape and location of air, drainage and lightening holes.

m) | Shape and reinforcement of slots(@nd cut-outs for internals.

n) |Elimination or closing of weld.scallops associated with butt welds.

0) |Toes of “softening” bracket used to reduce the effects of abrupt changes of section gr structural
discontinuities.

p) |Boat landing, mdering and fendering systems. The combined fender/structural system should|be capable
of absorbing the energy of boat impact actions without overstressing the hull structure.

q) |Forecastle.

r) |Process and utility water intakes and outlets.

Opdrating requirements_as well as installation, maintenance and inspection needs shall determine the
number and location of access platforms, walkways and stairways.

9.9 Material

9.9.1 General

Material specifications shall be prepared for all structural materials intended for use in the construction of a
floating structure. Such materials shall be suitable for their intended purpose and have adequate properties in
all relevant design situations.
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9.9.2 Material selection

When selecting a material, the following shall be taken into account:

a) consequences of failure;

b) degree

of redundancy;

c) presence of stress concentrations;

d) accuracy of analytical stress predictability;

€) suscep
f) electro

g) minimy

tibility to fatigue actions;
vtic (galvanic) corrosion generally and between different materials;

m water and/or air temperature.

When detefmining criteria appropriate to material grade selection, adequate consideration shall be given t

relevant ph
criteria, oth
to the seled
marine ope

When asse
considered

— chemia

— strengt]

— ductility;

— toughn
— thickne
— weldab
— tempen
— fireres

— corrosi

ases in the life cycle of the floating structure. In this connection, thére“can be conditions
pr than those from the in-service operational phase, that govern the design requirements in res
tion of material. Such criteria can, for example, be design temperature and/or stress levels du
rations.

ssing the properties relevant to such materials, the following at least shall be among th

al composition;

h (first yield and ultimate);

bss (resistance to unstable fracture);
ss-dependence;

ility;

ature-dependent properties;

stance;

bn resistance;

— mecha

D all
and
bect
ring

ose

hical resistance;

— chemical resistance.

Steel properties shall comply either with the requirements of an RCS or equivalent, or with the design class
(DC) approach presented in ISO 19902.

9.9.3 Through-thickness tension

Transmission of tensile action effects through the thickness of a plate should be avoided as far as practicable,
particularly in primary structural components. In cases where such actions cannot be avoided, the
specification for the material shall include guaranteed through-thickness properties.
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9.9.4 Aluminium substructures

Aluminium alloys may be used in the construction of structural components of floating structures. Such alloys
shall be suitable for application in marine environments.

In addition to the general requirements on material selection given in 9.9.2, the following aspects shall be
given particular attention in consideration of the appropriate grade of material in the design of aluminium
structural arrangements:

— the influence of heat treatment in respect to the evaluation of representative structural strengths;

— | possible reductions in material strength at, or adjacent to, welded connections;
— | S-N data appropriate to aluminium structural details;

— | heat-resistant properties.

9.10 Corrosion protection of steel

The] structural arrangement shall be adequately protected against corrosionThe method of protection shall be
suitable for its intended position and purpose.

Extg¢rnal surfaces located in the region that is most severely exposed to wave action should be protected
agajnst corrosion by systems that are able to withstand the ‘€nvironment in this zone. If there is limited
possibility to adjust the draught of the floating structure to_earry out external inspection, maintgnance and
repair, a corrosion allowance should normally be included as‘a part of this system.

The| system for corrosion protection of surfaces that are Submerged under seawater (external surfgces, ballast
tani{s, etc.) should normally include a CP systemqwith the possible addition of a suitable protective coating
sysiem.

Excgssive levels of CP should be avoided-to minimize the possibility of disbondment of coatings and the
possibility of hydrogen absorption, leading:to hydrogen-assisted cracking or weld heat-affected zorles.

The| corrosion protection philosophy’ (e.g. full corrosion protection throughout the lifetime of fthe floating
strugture, corrosion thickness/allowance, or a combination of both) shall be fully consistent with the
assumptions and criteria utilized in the assessment of minimum scantlings.

For|monitoring of corrosion protection systems, see 18.5.2.6.

The| corrosion protéction systems utilized for monohull and semi-submersible structures should, as|{a minimum,
comply with therequirements of an RCS or equivalent.

9.11 Fabrication and construction

9.114=General

General structural steel fabrication should be undertaken in accordance with the rules of an RCS or equivalent.
Fabrication of tubular structures should be undertaken in accordance with ISO 19902:—, Clause 20.

The standard utilized as the basis for fabrication, particularly with regard to local and global tolerances, shall
be consistent with the requirements of the standard utilized for the design of the structure.

In-built deformations resulting from standard shipyard fabrication sequences are normally not included in the
design evaluation. However, when large structural components are fabricated separately and assembled, the
significance of the validity of neglecting these in-built stresses should be evaluated.

Structural welding shall be undertaken by properly qualified personnel utilizing approved weld consumables.
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9.11.2 Inspection and testing during fabrication and construction

Quality control, inspection and testing shall be performed to ensure compliance with the fabrication
specifications. Relevant consideration shall be given to the importance of structural connections when
determining the extent of the quality control, inspection and testing to be performed.

Inspection procedures shall ensure that fabrication, including any repairs, is undertaken in compliance with
drawings, specifications and procedures.

Inspection undertaken during fabrication shall, as a minimum, include inspection of the following:

— qualifigation and acceptance of fabrication procedures;
— qualifigation and acceptance of relevant personnel;

— materigl quality;

— dimendional control (including alignment);

— preparatory work (e.g. assembly and fit-up);

— welding;
— anon-gestructive test (NDT);
— repairs
— corrosipn protection systems.
9.12 Marihe operations

All marine ¢perations shall, as far as practicable,(be based upon well-proven principles, techniques, syst
and equipnient, and shall be undertaken by gualified, competent personnel possessing relevant experienc

W~
3
(7]

Analysis of the structure in the fleating condition, or during launching, upending and in other
transportatipn/transit modes, shall .be jperformed in accordance with this part of ISO 19904, and/or
ISO 19902:}—, Clauses 12 and 22, as-dpplicable. Reference should also be made to ISO 19901-6[155].

9.13 Topsides/hull interface

In general, the design of\the topsides structural arrangements shall follow the same principles as for the|hull
structure deésign. ThenJimit states described in 6.3 shall be utilized considering site-specific environmgntal
conditions.

Topsides slfuctural design shall include, but not be limited to, consideration of the following:

— relative deflections in all three translation directions (e.g. hull deflections acting on topsides structure and
supports);

— built-in deflections from fabrication tolerances at hull/topsides interface;

— the full operational loading range of the item being considered (e.g. fulllempty combinations of
tanks/pressure vessels);

— inertia components (e.g. caused by global rigid body motion);

— maximum angles of inclination (for both the intact and damaged conditions);
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— solid water action effects (green water and wave slam);

— wind action effects;

— sloshing effects (partially filled tanks);

— local temperature effects (e.g. heat emissions from flaring);

— accidental action effects (e.g. helicopter crash scenarios, fire and blast, dropped, sliding and swinging
objects);

— |local dynamic effects (e.g. due to rigid body motions, machinery system-induced vibratiorls or vortex
shedding);

— | second-order bending effects (P-4 effects).

Forllocal, static structural design, the representative value of the wind velocity should be based ypon a wind
gusf velocity with an averaging period not exceeding 3 s.

10 | Fatigue analysis and design

10.1 General

Clagise 10 provides general requirements and guidance<for the FLS assessment of floating structures
congtructed in steel. Special FLS issues specifically concerned with monohulls, semi-submersibleg and spars
are |dealt with in Clauses 11, 12 and 13, respectively. Fatigue of mooring systems and thejir points of
attachment to floating structures are covered in 1ISO19901-7. Fatigue requirements in relation tp structures
conyerted and/or reused are addressed in Clause 4.

Fatigue analysis and design can be performed-using four main methods, normally described as
a) |deterministic,

b) |semi-probabilistic,

c) |[(linearized) spectral analysis, and

d) |(non-linear) time domain analysis.

Of the four methods, the spectral method is the most relevant for floating structures. It represents the best
conjpromise between rigour, accuracy and computational resources. However, where non-lineariti¢s dominate,
it isJusually_necessary to resort to time domain methods for some of the critical cases and determine fatigue

damage assessments from statistical consideration of a number of realisations of these simulatigns. In such

cases; judicious application of time domain methods can allow the development of linear empirical| results that
canlbe-incorporated into a spectral method

Fatigue analysis shall proceed as a series of spectral fatigue analyses, linearized as necessary to cover a
range of floating structure draughts, operating scenarios and (possibly non-linearly determined) mean offsets.
Any resonant, rigid body responses shall be appropriately accounted for in the structure’s motion analysis.
Certain parts of the structure subject to, for example, slamming, sloshing and equipment vibrations, can
require special consideration of dynamic and/or non-linear effects (possibly involving time domain analysis).
Global model tests can also help in this respect.

Fatigue testing of full- or large-scale models may be used in lieu of an analytical fatigue assessment, provided
it is fully documented as being suitable for such purposes.
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Fatigue analysis and design procedures found in RCS requirements or equivalent may be used in place of the
approach outlined here. Such alternative approaches should also be able to account for fatigue damage that
arises from prior service and during transportation/transit and single- and/or multi-field fixed site deployment of
a floating structure, as appropriate.

Where fatigue is assessed for prior service and an inspection history is available, previous assessments
should be updated based on the findings of the inspections and consideration of whether defects have arisen,
see 14.4.

10.2 Fatigue damage design safety factors

Minimum fg din

Table 6. Th

tigue damage design safety factors that should be applied to the design service life are defing
e factors are based upon a consideration of the following:

the cor

sequence of failure;

accessjbility for inspection and repair;

the abi

ity to predict fatigue damage.

Table 6 — Fatigue damage design safety factors

Fatigue damage design safety factor

Consequence of failure Degree of accessibility for inspection and repair
Not accessible Underwater access Dry access
Substantial 10,0 5,0 2,0
Non-substantial 50 2,0 1,0

In Table 6,
and repair i
design safe
be given to
inspection 2

When asse

economic ¢ffects, particularly”when a common type of detail subjected to similar action effects is |

extensively

Reductions

Hry access refers to fatigue sensitive)locations where the possibility for close-up detailed insped
h a dry and clean condition exists. If either of these conditions is not fulfilled, the fatigue dam
ty factor shall be that approgriate for underwater access or not accessible. Consideration sh
weather and the anticipated effects on operations in determining the accessibility of areas
nd repair.

ssing the consequence of failure, consideration should be given to both structural effects

throughout the-structure (e.g. downtime, cost of repair).

strategy is &

in the factors presented in Table 6 may be used, provided an appropriate in-service inspegti

tion
age
buld
for

and
sed

Where adjustment in draught provides satisfactory accessibility for inspection and repair, a fatigue damage
design safety factor appropriate to dry inspection may be used.

Whether the partial factor design format or WSD format is adopted, all action factors and material and/or
resistance factors are equal to 1,0.
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For each critical detail or location, four main steps shall be performed as part of a spectral fatigue analysis:

identification of a range of operating conditions to which the structure can be exposed throughout its
planned service life (e.g. tank filling, cargo oil, ballast), and a corresponding representative set of
modelling configurations (i.e. idealized structural models) which, when subjected to a set of linearized
spectral analyses, provides an acceptable representation of the repetitive actions applied to the structure;

evaluation of the repetitive action effects by determination of distributions of stress ranges for each

modelling configuration;

Ad
and
othe
seri
anti

a)

b)

d)

e)

)]

h)

determination of fatigue resistance;
calculation of damage accumulation and fatigue life.

btailed evaluation of repetitive action effects normally involves a number of steps.\FThese are
r essential aspects of the floating structure design process. Since design.is’ generally perfi

Cipated conclusions of other design tasks.
Select environmental data.

Identify representative operating conditions that contribute~to,/or strongly influence, the ass
repetitive action effects (draughts, tank filling and ballast/cargo distribution arrangements,
attendant vessel or mooring/off-loading arrangement;«etc.) throughout the floating structy
service life.

Use structural modelling of the floating structure {o create representative modelling configurati

Identify discrete fatigue design sea states (i-e." discretization of the wave scatter diagram plus
wind and current).

Assess wind, current and slow drif{\te’ determine floating structure offsets and headings. Fa
hull structure, particularly the side=shell structure, can be sensitive to heading and should be 3
necessary.

Determine motion response’/amplitude operators (RAOs) for each of the combinations ider
These analyses determine frequency-dependent transfer functions of sectional forces a
moments, or stresses:

Associate each~fatigue design sea state with one modelling configuration to define one fat
situation.

Apply sectional action effects to determine fatigue stress ranges in hull details. This involves

isted below

described further in 10.4 to 10.11. Some of these steps are normally performed in connection with some

brmed as a

bs of parallel tasks, some of these steps can be based on suitablysconservative approXimations to

essment of
with/without
re’s design

pNS.

associated

tigue of the
ssessed as

tified in e).
nd bending

gue design

developing

detailed models of a structure from which nominal stress transfer functions can be deduced a
stréss concentration factors (SCFs) can be determined. Simplifications used to transfer glob

nd for which
| actions to

detailed structural models shall be adequate and shall not neglect important fatigue loading meéchanisms.

~ ~

k)
1)
m)

n)

For each detail, determine SCFs for each component of stress, i.e. axial, in-plane and out-of-p
Determine stress range probability distributions.

Calculate fatigue damage using appropriate S-N curves for each fatigue design situation.
Multiply the calculated fatigue damage by the probability of occurrence of step g).

Sum all weighted fatigue damage from step |) over all the fatigue design situations of step g).

Determine in-place fatigue life as the inverse of the cumulative fatigue damage ratio.
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10.4 Envi

ronmental data

Wave data shall be provided in the form of a site-specific wave scatter diagram supplemented by the long-
term distributions of wave direction and, possibly, wave spreading around a mean direction. Wind and current
data shall be provided on a joint distribution basis, where available, to assess structure heading, in particular
for monohulls. For conceptual design, where site-specific data are not available, other sources of data may be

used.

10.5 Structural modelling

Several lev

ale Af ctriintiiral madallina chauld naronallvy ha narfarmmad 2 N octriintiiral madallina oan ha ko
Pro—O—Stroattorarogemg—Sto Oy O HeO: D-StratorarrHotemg—oat =2

to investiga
investigatio
relatively la

The interna
stresses. V|
cases whe
effects assq
S-N curve.
Shear and f

plate structiires, in-plane bending is precluded, but coupled torsional or tripping-effects can be important.

When strug
another, the

Such mode
are found i

For new-bu

10.6 Hydnostatic analyses

Hydrostatic

A4 Lo~

e global response and to determine internal forces in the main structural components. Where's
Ns are necessary, structural representation may be based on relatively crude models,
rge elements used to model hydrodynamic actions.

| forces from less detailed models are transferred to more detailed models to detérmine non
ery refined modelling is necessary to derive geometric stresses or, more generally, SCFs, i
e RCS rules do not provide standardized solutions. The SCFs shall include all stress-rai
ciated with the geometry, except the local (microscopic) weld notch effect;\which is included in
Different SCFs can apply under axial forces, and in-plane and out-6f<plane bending mome
orsional effects may generally be neglected for slender space frame'structures. For angle-stiffe

validity and consistency of the models and the data transfer shall be checked and documente

ling shall be performed using a suitable FE analysis-package. General requirements for mode|
9.4.1 with specific requirements for global and local-models given in 9.4.2 and 9.4.3, respectiv,

Id structures, design scantlings are as defined‘in 9.3.

analysis shall be conducted for a sufficient number of still-water conditions (including the effe

egdired

uch
with

inal
h all
5ing
the
nts.
ned

tural modelling at various levels of detail is used, and data are transferred from one modg¢l to

.

ling
ely.

ct of

cargo and ballast tank filling) to ensure adequate information is available on hydrostatic stiffness for inplit to

dynamic ar
wave press

alyses. Hydrostatic analyses,‘shall also be conducted on different draughts, for assessmer
Lire effects on intermittently submerged panels below and above mean water line.

t of

The time-varying stresses arising from changes in operating scenarios (changes in draught due to cargo

ballast, tank

10.7 Resy

To the RAC

filling, etc.) should)be considered.

yjonse amplitude operators and combinations of actions

s determined in 10.3 shall be added RAOs corresponding to the following:

total h

dradynamic pressure arising from direct wave pressure (quasi-static component) plus dynaz

mic

components arising from diffracted and radiated waves and hull motion responses (these effects vary the

draugh

t and wave direction);

hull orientation);

sloshin

dynamic (inertial) components of internal tank pressures induced by floating structure response;

g pressures;

reactions.

62

intermittent wetting of the hull structure near the mean water line (for each draught, wave direction and

quasi-static and inertial components (in three directions) of the structure and topsides/equipment support
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RAOs shall be expressed either in the form of real and imaginary parts or as amplitudes and phases to
facilitate the handling of phase differences between wave action and response. Motion reference points shall
be specified and sufficient information shall be provided to uniquely determine the relative phasing between
any dynamic response and the incoming, undisturbed wave.

10.8 Stresses and SCFs

The most important factors influencing fatigue damage are the stress range at a location, the number of
applied cycles of a particular stress range magnitude and the fatigue resistance of the material.

Stri

sses mavbe bhased on either the aeometric (or hot-spnot) stress annroach described below . or.
PA ~ \ Ll 7 rr 7

Iternatively,

ont
(or

Non
ana

he classification (or “nominal stress”) approach given in A.10.8. Whichever method is employe
stress range) axis on the S-N curve shall correspond to the approach selected.
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D Stress range counting and distribution

cution of the analyses of the structuralimodels developed as discussed in 10.5 for each RA
bination of actions discussed in 10.%;"results in a stress transfer function for each critical
tion. Applying the wave spectra representing each fatigue design sea state, the stress spec
[t-term condition can be determined for each critical detail and/or location.

bre the short-term respofise”’is narrow-banded the stress range may be assumed to follow
ibution. This assumption is commonly used, even when responses are not narrow-banded, as
s to conservative results. More general methods may be used to assess the distribution of st
number of cycles,-examples of which are given in A.10.9.

inflow counting process can be used to deal with the combination of low-frequency and wav
5S cycles(

10 “Fatigue resistance
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Fatigue resistance shall be established using recognized, calibrated methods based on fatigue tests (e.g. S-N
curves), cumulative damage ratio (Miner’'s Rule), see 10.11, fracture mechanics, or a combination of these.
Application of these methods shall account for the effect of coatings, the presence of CP, and large plate
thicknesses, as appropriate.

Suitable S-N curves (in air, in seawater with or without adequate CP, in oil tanks, etc.) may be obtained from
RCS rules or equivalent, along with guidance on how these curves have been derived and should be applied.

10.11 Damage accumulation

For each loading condition, the specification of long-term metocean conditions (e.g. wave scatter diagram)
together with the corresponding assessment of damage accumulation for each sea state or long-term
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distribution of sea states, determines the total damage associated with the portion of any single year for which
this fatigue design situation is applicable. Total damage in one year for all such scenarios is then summed.
Damage arising from other sources such as transportation/transit, previous service, etc. shall also be
determined as necessary and included in the damage summation.

The total damage is the cumulative damage in-place plus the cumulative damage arising from other phases in
the life cycle, i.e.

DTotaI :(ZDin-place phases + ZDother phases) X CSF <10 (9)
where
D1otal is the total accumulated damage ratio throughout the life cycle of the platform;

is the accumulated, unfactored damage ratio during the in-place operatipnal
phases;

Z:Din-pl hce phases
2Dothef phases is the accumulated, unfactored damage ratio during operational phases, exclufling
in-place phases;

Csp is the appropriate safety factor from Table 6.

The safety|factor in Table 6 relevant to the in-place condition should<normally apply to all phases in|the
structure’s |ife cycle. However, a different safety factor may be used‘for the other phases, particularly prior
phases, than the factor employed for the in-place phase(s), see also“14.4.4.

10.12 Fracture mechanics methods

Fracture mgchanics methods may be employed to quantify fatigue lives of structural details, as descr|bed
in A.10.12.

10.13 Fafigue-sensitive components and connections

The following components and connections are known to be particularly sensitive to fatigue actions and ghall
be checked|to ensure satisfactory fatigue’ performance:

— foundations of equipment.subjected to high cyclic actions, such as mooring winches, chain stoppers|and
foundations for rotating process equipment;

— compofpents and/or.structural details used to interface the mooring system with the main hull structurej
— main hpll shell:bottom, decks;

— main hplHongitudinal and bracket connections to transverse frames and bulkheads;

— openings in main hull;
— transverse frames; and

— flare tower.
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11 Monohulls

11.1 General

Clause 11 deals with the design of monohull (conventional ship-shaped and barge-type) floating structures.
The requirements of Clause 11 supplement, for monohulls, the general requirements and guidance provided
in Clauses 9 and 10.

Structural design shall, as a minimum, comply with RCS rules or equivalent, written specifically for monohull
offshore structures. National regulations can also apply, see 5.4. The additional requirements in Clause 11

] ] L. Hiafiadl
Sha 'dioU VG odliolicu.

RC$ rules do not normally include specific structural design requirements for the construction gnd removal
phages of an offshore floating structure. The general principles covering the design requirements for these
phages are presented in Clause 9.

For|conversion and reuse of existing monohulls, see Clause 14.

Monohulls may be either permanently moored on-site, or have disconnectable mooring and riser systems, see
17.2.4. Turret interface issues are addressed in 17.3.

Examples of special areas (as defined in 3.39) for monohulls are given in A.11.1.
11.2 General design criteria

11.2.1 Collision protection

Consideration shall be given to the need for suitableicollision protection dependent on an assessment of the
collision risk at a particular geographic location and applicable national regulations.

Monohulls that store oil shall comply with IMO'MEPC Circ. 406[129] requirements related to protectfon from the
effefts of collision, see A.11.2.1.

11.2.2 Deckhouse requirements

Living quarters, lifeboats and(other means of evacuation shall be located in non-hazardous areas and shall be
protected and separated from areas containing production facilities, oil storage, riser terminations and from
the [flare tower. Referenee can be made to RCS rules or equivalent for definitions of hazardoys and non-
hazprdous areas.

Posjtioning and._arrangement of deckhouse structures shall comply with IMO and RCS requ|rements or
equjvalent. National regulations can also apply.

Min|mum ‘scantlings of deckhouses shall comply with the requirements of the RCS or equivalent,| accounting
for Ipcation on the hull, as well as green water and wave impact.

Consideration shall be given to blast wall requirements and passive/active fire protection, depending on the
distance between the deckhouse and hazardous equipment as well as the conventional cargo pump room,
and on the outcome of an explosion analysis.

11.2.3 Sloshing

Operational requirements can lead to individual cargo and/or ballast tanks being partially full most of the time
and, therefore, possibly subject to sloshing effects. Such effects shall be considered in the design of cargo,
ballast and other tanks, see 9.8.4.
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11.2.4 Green water

Green water usually occurs during severe storm conditions, particularly for wave lengths similar to that of the
length of the floating structure, and can occur anywhere along the entire length of the structure. Unless the
structure has been designed with adequate freeboard, the main deck and deck-mounted equipment and
structures (e.g. deckhouse) shall be designed for green water actions and effects. The occurrence of green
water can be assessed from model tests or from diffraction calculations. This subject is in a state of rapid
evolution and reference should be made to A.7.5.5.8 for guidance on current procedures and background
documents.

Green water effects can be mitigated by appropriate bow shape design, including bow flare, and layout of

deck-mounfed equipment and structures. Deck-mounted breakwaters and other protective structures ma

used to red
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11.3.3 ULS§-a and ULS-b longitudinal strength checks

11.3.3.1 General

Longitudingl strength checks shall be conducted for combinations of maximum still-water and wave-indyced
bending mements and shear forces. Both sagging and hogging bending moment and shear forces shall be
checked at|a sufficient ntimber of sections along the length of the monohull in order to fully describe| the
bending mgment and-shear force distributions. The bending moments and shear forces shall be determingd in
accordanceg with Glause 9. A full range of design situations should be verified, including those arising from
inspectionsfrepairs-of cargo tanks, see A.5.5.1 h).

The still-water—bendirg—roments—and-shearferces—and—wave-irduced-bending—moments—and-shearfefces

shall include the effects of bottom slamming, where applicable. Wave bow slams and green water effects are
usually treated as local actions, although wave bow slam can induce overall action effects as described
in 9.8.2.

The longitudinal strength checks may be conducted using either the partial factor design format or the WSD
format as described in 11.3.3.2 and 11.3.3.3, respectively.
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11.3.3.2 Partial factor design format

The

longitudinal bending-strength check shall be conducted using Equation (10):

7’f,sMs+7’f,wa<Mu/7/r

-1:2006(E)

(10)

where
My is the maximum representative still-water bending moment;
M, TS themaximur representative wave berding mmornent;
M, is the representative ultimate bending strength of the hull girder;

Equ
mor

Wh
fully

a)

b)

The

7ts Is the still-water action effect factor, to be taken from Table 4 as the factor correspor
permanent, G, and variable, O, action categories for the limit state comhination, ULS-a
under consideration;

7w is the environmental action effect factor, to be taken from Table 4:-as‘the factor correspo
" environmental, E, action category for the limit state combination, ULS-a and UL
consideration, and which, for the ULS-b combination and where the still-water bendi
represents between 20 % and 50 % of the total moment, may be reduced from 1,30 to 1,1

is the partial resistance factor, to be taken as a minimum as 1,15, although a higher va
adopted if required by the RCS requirements or.equivalent standard used in the ass
longitudinal bending strength.

"

ation (10) assumes M, and M,, occur at the.'same cross-section. Should this not be ths
hents at two or more cross-sections shall be éxamined to determine the most onerous combing

en calculating M, the following effects gn'the ultimate bending strength of the cross-section sh
into account:

influence of co-existing stresses (such as shear and transverse stresses as well as those
pressure effects) on the strength of the components comprising the hull cross-section;

influence of buckling on eemponent stiffness and strength, as also influenced by co-existing
by the presence of typical initial geometric distortions and welding/rolling residual stresses in
and stiffeners.

shear strength.check shall be conducted using Equation (11):

o
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(11)

wh
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e

Os is the maximum representative still-water shear force;
Ow s the maximum representative wave shear force;
0, is the representative ultimate shear strength of the hull girder;

where %, %, and y are as defined for Equation (10).

Equation (11) assumes that Qg and Q,, occur at the same cross-section. Should this not be the case, the
shear forces at two or more cross-sections shall be examined to determine the most onerous combination.
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When calculating Q,,, the effects of co-existing stresses (such as longitudinal and transverse stresses as well
as those arising from pressure effects) on the ultimate shear strength of the cross-section shall be taken fully
into account.

11.3.3.3 Working stress design format

The longitudinal bending strength check shall be conducted using either Equation (12) or Equation (13):

M
Mg+M, <—% (12)
CsF
Mg+M,<n-M, 13)
where

CgF is fhe value required by RCS rules or equivalent but not less than 1,34;

n is the value required by RCS rules or equivalent but not greater than 0,75;

and where M, M,, and M,, are as defined for Equation (10) and qualified accordingto-11.3.3.2.

If M, (or M|/Cgr or nM,,) is defined in terms of a limiting stress value, the cross-sectional properties usgd in
the calculafjon of the moment of inertia and section modulus shall account-for both the co-existing stress|and
the buckling effects noted in respect of M, according to 11.3.3.2.

The shear gtrength check shall be conducted using either Equation{44) or Equation (15):

o
Os + 0 < Cer 14)

Os+0) <1-0y 15)

where Qg, @, and Q, are as defined for Equatien:(11) and qualified according to 11.3.3.2, and Cgf and 74 are
as defined for Equations (12) and (13).

11.3.4 Lochl strength and details
In addition fo the provisions of 9.8:6, special consideration shall be given to the following.

a) The stfength of the floating”structure shall be evaluated in the transit condition. For a turret-mo¢red
floatind structure or adfleating structure with a moonpool well, the plating of the well should be suitably
stiffendd to prevent/~damage in transit. Particular attention shall be given to designing strugture
surrounding struetural discontinuities.

b) For yoke-moered and turret-moored floating structures, FE analyses of attachments to the hull shall be
undertaken\to ensure satisfactory stress distribution of concentrated mooring reactions into the |hull
structute.

c) The effects of green water on local hull structure, including the design of a breakwater structure used to
deflect water away from equipment on the deck, shall be considered.

d) Proportions and thicknesses of structural components for reducing fatigue damage due to engine,
propeller or wave-induced cyclic stresses shall be taken into account, particularly for higher strength steel
components.

The procedures outlined in RCS rules or equivalent for structural details, including the effects of dynamic
loading on the structure, shall be followed for the evaluation of local strength.
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11.3.5 Topsides structural support
The effect of deformations of the hull shall be carefully considered in the design of the topsides structure.

Structural strength shall be evaluated considering all relevant design situations and action combinations.
Scantlings shall be determined on the basis of criteria that combine, in a rational manner, the effects of global
and local responses for each structural component, see 9.13.

The location of the process facility deck and structural arrangements shall comply with RCS and relevant
national authority requirements. Particular attention shall be given to hazardous zones or divisions and
provision of adequate access, see 11.2.2.

11.3.6 Load monitoring

Monitoring of operational (and relevant temporary) phases shall be undertaken. For such purposes, a loading
computer for monitoring still-water bending moments and shear forces shall be installed on [the floating
strufcture.

12 |Semi-submersibles

12.1 General

Clajise 12 deals with the design of semi-submersible floating structures, including those with
— |ring (continuous) pontoons,

— |twin pontoons, and

— | multi-footing arrangements.

The| requirements of Clause 12 supplement, for semi-submersibles, the general requirements and guidance
proyided in Clauses 9 and 10.

Strdctural design shall, as a minimum, comply with RCS rules or equivalent, written spgcifically for
senji-submersible offshore structures. National regulations can also apply, see 5.4. Thg additional
requliirements in Clause 12 shall also be satisfied.

RC$ rules do not normally include specific structural design requirements for the construction gnd removal
phages of an offshore floating structure. The general principles covering the design requirements for these
phapes are presented in-Clause 9.

For|conversion and\reuse of existing semi-submersibles, see Clause 14.

Examples of special areas (as defined in 3.39) for semi-submersibles are given in A.12.1.

12.2 General design criteria

12.2.1 General

When the upper (deck) structure is required to be buoyant for a particular operating or temporary phase, or in
order to meet stability requirements, consideration shall be given to the structural effects of the resulting
actions. The effects resulting from variations in mass distributions during operating phases shall also be
accounted for in the structural design.

Variations in stresses due to fulllempty action combinations of pontoon tanks, including storage tanks if
relevant, shall be explicitly accounted for when considering logical combinations of global and local responses
in the design. In ring pontoons, the global effects of variations in pontoon tank loadings provide a significant
contribution to the controlling stress components in the upper and lower flanges of the pontoon structural
girder. If it is intended to dry-dock the semi-submersible, the bottom structure shall be strengthened to
withstand such actions.
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12.2.2 Limitations

Where limiting design criteria apply when changing from one phase to another phase (e.g. from a transit
phase to an operating phase), these shall be clearly established and documented.

12.2.3 Damage tolerance

For braces critical to the integrity of the structure and exposed to accidental damage, the strength of end
connections shall be greater than the strength of the brace.

Braces locg
crack detection possible.

arly

When configuring the upper (deck) structure, consideration shall be given to addressing the consequencgs of
the loss of @ primary structural component as the result of an accidental event (e.g. collision, fire or explosipn).

The overall|integrity of the semi-submersible shall be assessed for the loss, in turn, of individual braces, if any.
This situatipn shall be considered as an ALS and all relevant factors set to unity —+ see 9.7.3.2, 9.7]3.3,
9.7.4.2 and|9.7.4.3.

12.3 Struc¢tural strength

12.3.1 Critjcal connections

Particular aftention shall be given to structural continuity, fatigue resistance and detailing in locations of stfess
concentratipns, in relation to, for example:

— critical structural connections (including brace and column connections);
— openings (including moonpools).
12.3.2 Stryctural detailing

In design, garticular attention shall be given to structural detailing and requirements for reinforcement in afeas
that can be|[subjected to high local forces;such as:

— lower deck structure subject torwave impact (including column run-up effects);
— mooring arrangements;

— areas pgrone to accidental damage.

13 Sparel

13.1 General

Clause 13 deals with the design of spar floating structures. The requirements of Clause 13 supplement, for
spars, the general requirements and guidance provided in Clauses 9 and 10.

Structural design shall, as a minimum, comply with RCS rules or equivalent written specifically for spars.
National regulations can also apply, see 5.4. The additional requirements of Clause 13 shall also be satisfied.

RCS rules do not normally include specific structural design requirements for the construction and removal

phases of an offshore floating structure. The general principles covering the design requirements for these
phases are presented in Clause 9.
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reuse of existing spars, see Clause 14.

mples of special areas (as defined in 3.39) for spars are given in A.13.1.

13.2 General design requirements

13.2.1 Model testing

Model testing or validated software should be used to evaluate, as a minimum, the following:

-1:2006(E)
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upending;

in-place ULS conditions.

upending analyses should be confirmed through correlation with relevant tank model tests. T
ding” upending condition should be analysed to assess design global moments.and maximum
sure heads for the initial flooding stage. This is normally undertaken utilizing “quasi-statid
edures. Time-domain dynamic analyses should be undertaken to simulate the response dur
Hing stage. Shear force and bending moments due to hydrostatic and\hydrodynamic actior
ng the upending operation shall be evaluated.

el testing, if performed, shall be in accordance with 8.12.

.2 Static equilibrium position

bn determining the static equilibrium position, account@hall be taken of significant variations in
ity of the seawater over the height of the hull.

punt shall be taken of set-down effects, where relevant.

.3 Global action effects

'ent action effects can dominate the 'design of certain structural components. Accordingly, t
year return period design situations to address in accordance with 6.4.2 shall include situatig
ent is the dominating metocean:component.

uation of global responseshall include consideration of the following:
added mass andddrag action effects from strake systems;

inertia action‘effects resulting from motion of the spar;

second=order bending effects (P-4 effects) including non-linear amplification of deflections
body'rotation and second-order bending;

he pre-“free
hydrostatic
” analytical
ng the free
S occurring

the specific

he range of
ns in which

due to rigid

dirfraction erfects resulting rrom large volume underwater elements.

13.2.4 Local action effects

Lateral and angular motions of a spar generate wave motions within the moonpool/centre-well, if any, and in
ballast/liquid tanks. Such local actions resulting from these motions shall be considered with respect to both
ULS and FLS.

Actions resulting from resonance effects of the water column in the moonpool/centre-well locations shall be
considered.

Wave run-up effects shall be evaluated, where relevant.
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External appurtenances (including strakes) shall be evaluated at ULS and FLS accounting for local drag and
inertia action effects.

13.3 Structural strength

13.3.1 Critical interfaces

Particular consideration shall be given to ULS and FLS of critical interfaces, such as:

— hull/topsides interfaces including second-order (P-4) bending effects, see 9.13;

— structufal brace (truss) connections;

— riser/hyll interfaces;

— fairlead/bending shoe design, see 9.8.6 and ISO 19901-7;

— interfages at abrupt changes in stiffness (e.g. skirt/tank and truss/tank transitions).

Riser/keel interface design shall consider riser entry angles, bending and axial stresses, and wear. Detd
FE analysess of riser/hull interfaces shall be undertaken when evaluating both 'static and fatigue streng
A wear analysis of the riser/keel interface shall be performed, as appropriaté:

Consideratipn should be given to designing critical interfaces at\relatively deep draughts, being
accessible pr inaccessible, for relatively low limit state utilizations.

13.3.2 Fatigue

The fatigue|analysis of riser/keel guide frames shall account for interaction between the risers and the g

frame inclugling the effect of “sticking” of the risers against the guide frame, where relevant.

13.3.3 Stru

In general,
intersection
the splash 3

14 Conv

ctural details
hull longitudinal stiffeners (these running the length of the hull) should be continuous at

with horizontal structural components (e.g. decks, frames, ring stiffeners, etc). As a minimun
one such penetrations should have double-sided “soft” brackets.

brsion and reuse

14.1 Gen

Existing vegsels ay be converted for use as floating structures. Examples of the type of vessels likely t
converted dre

ral

iled
ths.

€SS

Lide

the

h, in

b be

a) semi-submersibles, such as drilling semi-submersibles, construction and accommodation vessels, and
multi-service vessels, and

b) monoh

Floating pla

ulls, such as drill ships, tankers and barges.

tforms may also be modified and reused in other locations.

Clause 14 addresses the conversion, modification and reuse of an existing vessel. Areas addressed include

72

minimum design, construction and maintenance standards,

pre-conversion structural survey,
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effects of prior service,
corrosion protection and material suitability, and

inspection and maintenance.

-1:2006(E)

The considerations and requirements stated in Clause 14 shall be considered as being additional to those of
Clauses 9 to 13.

Major aspects associated with conversion/reuse include the structure’s original design and basis of design (i.e.

des

qn criteria, methodology, standards, etc.). age, condition, maintenance and operational histor

, as well as
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Hesign, inspection and maintenance requirements for the converted structure.

relative importance of these aspects are influenced by the structure’s intended servige, strer
redundancy requirements, and regulatory/certification requirements.

P Minimum design, construction and maintenance standards

rred to as “classed”) under the rules of an RCS and certified by regulatory agencies. Existin
gned, constructed and maintained using other rules may be used for‘conversion, provided that
fully documented and can be established as equivalent to the rules of an RCS.

converted structure shall be designed in accordance with' Clauses 9 to 13, including
rences to current RCS rules or equivalent. In those cases\where current RCS rules are incor
rules under which the existing structure was originally classed and compliance with current rul
ractical, then a reassessment may be performed to_confirm that the converted structure’s desig
nt of the current rules and regulations.

br deviations between the requirements in effect at the time of the design and construction of
cture and current requirements shall be.identified, and the acceptability for the deviation s
uated on a fit-for-purpose basis.

B Pre-conversion structural.survey
existing structure shall be subjected to a comprehensive structural survey prior to, or during,

ue-related problems _(i.e. ‘cracking), scantling dimensions and the level of corrosion wastage.
Its shall be used asZthe basis for the site-specific structural assessment of the converted st
| also provide the“baseline” condition for future in-service inspections.

pre-conversion structural survey shall cover, to the extent practical, all structural components
sidered part of the main (or primary) structure and their intersections. As a minimum, the existi
Lld be.subjected to a detailed “close visual” inspection in accordance with the renewal (or “spe

req
Cla

Tﬂ

irements of an RCS or equivalent, supplemented by the requirements of the appropriate p

gth, fatigue

(collectively
j structures
these rules

appropriate
sistent with
s would be
N meets the

the existing
hall be fully

conversion.

“pre-conversion” survey.shall establish the actual condition of the structure, including the ¢xistence of

The survey
ructure and

and details
ng structure
cial”) survey
rovisions in

seN8. The survey shall also include a significant level of non-destructive testing (magn

btic particle

inspection, eddy current testing, ultrasonic testing, alternating current field measurement, etc.) in order to
identify fatigue-related problems and to determine the actual scantlings. Structural components and details
having previous service problems (e.g. fatigue-related cracking, corrosion wastage) shall be inspected in
detail (using non-destructive testing) to establish the adequacy of the prior repairs or modifications.

14.4 Effects of prior service

14.4.1 General

An existing structure will have accumulated some fatigue damage due to prior service as well as steel
wastage due to corrosion (or wear), and could have experienced structural damage. Criteria for steel renewal
due to corrosion shall be established and agreed with the owner based on minimum scantling requirements
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and future anticipated corrosion rates. All damaged and/or corroded main (or primary) structure not meeting
the agreed criteria shall be repaired or replaced during conversion. Other significant, structural damage (e.g.
dented components) shall also be repaired. Guidance for determining the extent of fatigue-related damage
associated with monohulls and semi-submersibles is provided in 14.4.2 and 14.4.3, respectively.

The recommended approach to account for the effect of prior service in the site-specific fatigue analysis can
depend on the age of the structure, the extent to which the structure’s previous operational history is known,
the type of structural repairs and modifications made to structural components and details, and the results of
the pre-conversion structural survey discussed in 14.3. The minimum allowable design fatigue life, accounting

for the structure’s prior service, is stated in 14.4.4.
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rse and longitudinal bulkheads and frames. The critical areas associated with these struc
5 are typically located where these components intersect. Additionally, existing struc
5 connecting with, or adjacent to, new structural components (such as the turret-structure, dri
nd external turret/mooring connections) shall also considered to be critical areas.

bl effects of prior service associated with monohulls relate to materiallwastage due to corrog
hage of existing monohulls tends to remain localized, and generally«does not affect the structy
less fatigue-related problems have not been identified and repairéd. The latter could occur if
hohull had traded extensively in severe environments or if a~design deficiency has resulte
repetitive details (e.g. side-shell connections or bottom longitddinal to bulkhead connections).

trength and fatigue, inspection, maintenance and repairyare particularly important for mong
converted to floating platforms. Additionally, the@converted structure can undergo m
s, such as incorporating an internal turret or a drilling moonpool. Therefore, site-specific stre
analyses on the converted structure shall be egnducted. These analyses shall also accoun
on in scantling dimensions identified in the\“pre-conversion” structural survey, if the affe
has not been repaired or replaced.

in the specific density of the oil (assumed in the original tanker design) and produced oil storg

s to carry after conversion. Consequently, when determining the weight of stored crude oil,
specific gravity of the produced\oil shall be taken into account.
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The accumulated fatigue damage shall be assessed via fracture mechanics/crack growth studies and/or
detailed fatigue analyses of prior service, and the results of the structure’s inspection histories.

Details with the highest fatigue utilizations should be inspected for fatigue cracks before service.
Remaining fatigue damage shall be determined in accordance with Equation (9) using the fatigue damage

design factors specified in Table 6. In some cases, as specified in A.14.4.4, the fatigue damage design factor
associated with prior service may be reduced from that specified in Table 6.
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14.5 Corrosion protection and material suitability

14.5.1 Corrosion protection

1:2006(E)

Wastage due to corrosion is a major consideration for all types of steel structures operating in the marine
environment and requires special consideration for conversion. The level of corrosion wastage is dependent
on the environment (i.e. sea water, fuel oil, cargo oil, tank inerting system, etc.) that the steel has been (and in

futu

re can be) exposed to, the type of CP system used and its associated maintenance.

The existing structure’s corrosion protection system can require replacement or upgrading for conversion. The
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ng conversion and throughout the operating life.

.2 Material suitability

steel grades used in an existing structure shall generally be considered aceeptable if the ve
ever, conversion can result in the existing steel not meeting grade requirements in specific loc
h highly-stressed and/or fatigue-prone areas (or structural details), or.for low-temperature apq
e locations, such material shall be replaced if found not to meet specific requirements

hness, ductility, through-thickness properties, and weldability. “Consideration should b
Hucting basic materials tests on a few representative samples)taken from the existing hull

5 Inspection and maintenance

hprehensive structural inspection and monitoring programmes shall be developed for thg
ing structure, see 5.8 and Clause 18, taking.into account inspection and maintenance limit

Hydrostatic stability and compartmentation

| General

quacy of stability of a(fleating platform shall be checked for all relevant in-service and tempor
assessment of stabjlity shall include consideration of both intact and damaged condit
gnized standards-are utilized in the assessment of damage stability, it should be ensured th
he design situations and criteria adopted in the standard is compatible with the accidental
Fessed.

intact and damage stability, floating platforms shall satisfy all applicable IMO provisions, see A

theystability checks, consideration shall be given to relevant detrimental effects, including tho
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cture was designed and constructed in accordance with RCS rules or equivalent, as stafed in 14.2.
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environmental actions, such as wind, wave (including green water effects), snow and ice accretion, and

current,

applicable damage scenarios (including owner-specified requirements),
rigid body motions,

free-surface effects in cargo and ballast tanks, and

boundary interactions, such as mooring and riser systems.
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The effects and consequences of accidental damage to the hull shall be considered. Manned control rooms
shall be positioned to be above the waterline as determined for all damage conditions.

The effect of the extent of damage from penetration or flooding of one or more compartments shall be
assessed in terms of stability, strength and impact on the environment, as outlined in IMO codes and RCS
rules, see A.15.1. The location of the down-flooding points is critical in stability assessment. If site-specific
ULS wind speeds exceed IMO requirements (see A.15.1), stability should be determined based on the site-
specific data.

15.2 Inclining test

r to
be

test shall be conducted when construction is as near to completion as practical in ofde
Hetermine the floating platform’s mass and position of the centre of gravity. The test-shal
h accordance with an approved procedure.

An inclining
accurately
conducted i

| be
ded
bNs,

Changes in mass conditions after the inclining test shall be carefully accounted for. Consideration shal
given to the conduct of a deadweight survey on a regular interval to ensure consistency between reco
and actuall mass conditions. Where a significant discrepancy is found between\ the two conditi
consideratign shall be given to carrying out a further inclining test.

buld
An

In the case|of conversion of a vessel (e.g. a MODU or a tanker) into a floating flatform, consideration sh

be given to
inclining tes

15.3 Comfpartmentation

The hull of
stability req
the platforni

15.4 Watg

t shall be conducted after major conversion, as in the case of a-new-built structure.

uirements and to minimize consequence of damage, pollution risks, and possible risks of los

conducting an inclining test prior to conversion as a means of assessing the initial condition

a floating structure shall be subdivided into a number of compartments to meet strength

in the event of damage.

rtight and weathertight appliances

and
s of

ts for watertight and weathertight~integrity shall be in accordance with IMO requiremants,

Requireme
see A.15.4.
um, watertight closing appliances shall be installed for those external openings up to the water
ponding to

[ves

of openings in watertight structural components shall be kept to a minimum. Where penetratjons
ry for access, piping, venting, cables, etc., arrangements shall be made to ensure that|the
watertight iptegrity of the structure is maintained through the appropriate design for the pressure and gther
action effects likely to occur in service and following damage (including wave impact effects). Closing
appliances and their controls, indicators, actuators, power sources, etc., shall be arranged so that they remain

capable of functioning effectively even in the damaged condition.

Openings above the waterplane in the damaged condition can be exposed to wave action and/or changes in
the waterplane due to the dynamic response of the unit. Such openings should be weathertight.

Arrangements shall be provided to ensure that progressive flooding does not occur where individual lines,
ducts or piping systems serve more than one watertight compartment or are within the extent of damage
resulting from a relevant accidental event.
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15.5 Special requirements for monohulls

For a monohull structure, in addition to the general compartmentation requirements given above, additional
subdivisions can be required in the design of the hull to account for ballast water needed to control hull
stresses (in all design phases) and for the storage of process-related liquids.

Additional requirements can arise from IMO regulations where oil is stored in the hull and in respect of the
load line.

Requirements for weathertightness and watertightness of decks, deckhouses, doors, vents, etc., are generally
provided by applicable flag state and national administration requlations. In the absence of mandatory
reqlirements, the applicable IMO standards shall be used to provide design requirements.

16 |Mechanical systems

16.1 General

Clayise 16 addresses those mechanical systems that normally have a strong interface with the structural
des|gn of a floating structure and/or directly affect its use in offshore petreleum production opergtions. This
cladse should be regarded as complementary to already existing design rules and standards published by
RC$ and national authorities, which have well-developed design gdidance for mechanical systems for ships
and|semi-submersibles, and to some extent for spars and other unigue hull forms.

Meghanical systems of a floating structure can be broken dewn into the following main components:

a) |hull systems, including bilge, ballast, cargo handling,~inert gas, crude oil washing, and tank sgunding and
venting;

b) |topsides production and utility systems;

¢) |import and export systems, including gargo oil and material transfer;
d) |fire protection systems.

The| vast majority of mechanical systems required for topsides production operations and their support (e.g.
utilifies and accommodation\ services) are not addressed here. However, hull deformations diie to cargo
loading and discharge and environmental actions can be an important consideration in designing structural
support and piping flexibility for topsides systems, see 11.3.5. Furthermore, differences in tygical marine

starjdards used for design of hull systems, and offshore standards used for design of topsides production and
utilify systems, shauld be recognized and addressed in the design of system interfaces.

16.2 Hull systems

16.2.1 _General

In addition to the specific requirements for hull systems, the following general considerations relevant to
watertight integrity apply.

a) Every inlet or discharge port submerged at maximum operating draught should be fitted with a valve that
is remotely controlled from a manned control room. Such valves should fail closed unless overriding
safety considerations require them to remain open. Systems that require their inlet/discharge valves to fail
closed should not share a common inlet/outlet with systems that require their valves to “fail to set’, i.e.
remain in their operating position on loss of control power.

b) The status of valves, i.e. closed or open, designed to fail closed or to fail to set shall not be affected by
the loss or restoration of control power.
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c)

The status of a valve should be indicated at each position from which it can be controlled.

d) Valve status indicators should be independent of the valve control system.

16.2.2 Bilg

16.2.2.1

e system

General

The function of bilge systems is two-fold:

a) to se

e as a drainage and discharge system for any fluids that have accumulated in the
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safety

b)

In its servic
In its servig
may be disq

Where drai
special carg

16.2.2.2 A

With the eX
machinery s

These com
delivering 1
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tments and/or bilges other than tanks specially designed to contain liquid;

e as an emergency discharge system in case of accidental flooding, for the purpose @f-secU
bf the structure and/or safety of personnel.

b as a drainage system, discharge of bilges overboard shall meet IMO requirements, see A.16
e as an emergency discharge system, when the safety of the structure or life-is at stake, bi
harged directly overboard.

hage systems associated with hydrocarbon production interface with thesstructure’s bilge systq
shall be taken to prevent migration of hydrocarbons to non-hazardeus hull compartments.

A\rrangement

ception of ballast, cargo and consumable tanks, all watertight compartments, passageways
paces shall be serviced by a bilge or a suitable drainage‘system.

partments shall be drained by at least two bilge ‘pumps, with the backup pump(s) capabl
00 % of the design bilging capacity with any single pump out of service.

mpartment containing equipment essentialyfor the operation and safety of the floating strug
bable of being pumped-out when the floating structure is in the “worst case” inclined (dama
e. at its maximum incline or list angle)‘as determined during the damaged stability analyses.

Spaces ab
pumping s

If the bilge

Provisions
non-hazard

16.2.2.3 \

ve deck which can normally be drained by means of a drainage system do not require a f
tem.

hull

ring

2.2.
ges

ms,

and
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xed

iping is tied into a topsides’/treatment facility, back flow into the bilge system shall be prevente

shall be made to maibtain the drains from hazardous areas completely separate from drains
bus areas.

falves

Trom

hall

All distribut
be in positi

on baxes and manually operated valves in connection with the bilge pumping arrangement
ns/which are accessible under normal circumstances. Where such valves are located in nor

ally

unmanned ppaces below the assigned load line and are not provided with high bilge water level alarms, they

shall be operable from outside the space.

Bilge alarms shall be provided for all unmanned spaces with valves below the load line unless they do not
affect the normal stability and/or damage stability.

All valves in machinery spaces controlling the bilge suction from the various compartments shall be of the

“stop check

” type and, where fitted at the open ends of pipes, shall be of the non-return type.

Valves in the bilge suction pipe connected to cargo or cargo stripping pumps shall be of the “stop check” type.
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16.2.2.4 Pumps

Bilge pumps shall be of the self- or automatic-priming type, and shall either be capable of continuous
operation in the absence of liquid flow or shall be automatically switched on and off by a monitoring device at
the bilge suction point. Bilge pumping capacity shall be adequate to remove the maximum liquid input from
non-failure operations (e.g. service water wash-down, fire water from deluge or hose reels).

For machinery spaces containing equipment essential to safety, independently powered pumps shall be
considered, with one of these supplied from an emergency source of power.

Each bilge pump shall be capable of giving a velocity of water through the bilge main of not less than 2 m/s.
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16.2

bn more than two pumps are connected to the bilge system, their aggregate capacity shall
ctive.

.2.5 Piping

cross-sectional area of the main bilge line shall not be less than the combined-areas of the

internal diameter of branch suctions, 4 (in millimetres), from each compartment shall not be le
Ilated by the following formula, to the nearest 5 mm (but not less than 50 mm):

d=215xJ4+25

re 4 is the wetted surface area of the compartment;' excluding stiffening componentg
partment is half-filled with water, expressed in square, mefres.

.2.6 Chain lockers
in lockers, if provided onboard, shall be capable of being drained by a permanently instal

hage system or by portable pumps. Mearnsshall be provided for removal of mud and debris frg
rainage system.
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ng conveying liquids passes, shall be drained by a permanently installed bilge or drainage
natively, by portable-pumps or temporary hoses. The use of temporary arrangements should ¢
ded.

prtable pumps/are used, two shall be provided, and both pumps and arrangements for pump

.2.8 \Bilge suction from hazardous areas
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Ha

Hazardous spaces typically requiring a bilge pumping system should include

the cargo pump room,
cofferdams adjacent to cargo tanks, and

other watertight compartments in areas considered hazardous either due to their locatio
equipment and systems housed within.
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Adequate provisions shall be made for removal of fluid accumulation in the bilges of hazardous spaces. This
shall be accomplished by means of a separate bilge pump, or eductor, or bilge suction from a cargo pump or
cargo stripping pump. The pump and associated piping shall not be located in spaces containing machinery or
in spaces where other sources of ignition are normally present (e.g. electrical/lighting equipment, machinery
capable of sparking, fans, etc.).

Fixed or portable pumps with drivers and controls provided for hazardous spaces shall be suitable for
operation consistent with the nature of the fluids to be transferred.

16.2.2.9 Special considerations for semi-submersibles

| be
hote

indication of flooding shall be provided at the central ballast control station.

At least on¢ of the general service bilge pumps and all pump room bilge suction valves shall bé capable of
both remote and local operation.

Propulsion fooms or pump rooms in lower hulls which normally are unattended shall\be provided with|two
independent high-level detection systems.

16.2.2.10 §pecial considerations for spars
A fixed bilg¢ system is normally not installed for hull void spaces. To eliminate any liquid accumulations in|hull
void compgrtments, void spaces shall be accessible to portable pumgpgs. At least two portable bilge pumps
shall be provided along with equipment to allow deployment in any~hull void compartment not fitted with a

fixed bilge pystem. These void compartments may also be drained-by use of temporary hoses connegting
valved bilgg outlets from the void space to a valved inlet on the hilge suction header that feeds the permanent

16.2.3 Ballast system

16.2.3.1 General
The ballastsystem serves numerous functions, including

— adjustment of trim, draught and centre\of gravity of the floating structure to maintain optimum stability[and
operating capabilities, and to improve response to environmental conditions,

— taking-pn and discharging of ballast to adjust for the loading and discharge of cargo oll,
— dewatdring of ballast tank-compartments to facilitate inspection or maintenance, and

— damagg control and~change of centre of gravity.

16.2.3.2 Arrangement

ConsideratipnZshall be given to the ballast system’s piping and control system arrangements during the depign
phase with regard to interconnection and proximity to cargo systems and tanks. The piping, as well as ballast
piping passing through cargo tanks or connected to ballast tanks adjacent to cargo tanks, shall not pass
through spaces where sources of ignition are normally present.

Ballast tanks that are not adjacent to cargo tanks, but which are connected, via the ballast system, to tanks
that are adjacent to cargo tanks, shall be treated as the same level of hazard as tanks adjacent to cargo tanks.
Thus, the ballast piping and pumps shall not be located in a machinery space in which a source of ignition is
normally present, unless alternative measures satisfying RCS requirements or equivalent are provided.
Reference should be made to the RCS rules or equivalent for guidance on ballast pump location.

The ballast systems on all types of floating structures shall be capable of pumping from, and draining, all
ballast tanks when the floating structure is on an even keel or listing within the range of inclined damaged
conditions.
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16.2.3.3 Valves

All ballast tank isolating valves shall be arranged so they remain closed, except during ballasting operations. If
remotely operated valves are installed, a means of manual control shall also be provided, and the design of
the control system shall consider the effects of loss of control power and ensure that uncontrolled transfer or
loading of ballast water does not occur.

Provision shall be made for a readily accessible means of isolation of the sea chest and intake system, or any
discharge below the waterline level.

Where remote operation is provided by power-actuated valves for seawater inlets and discharges for
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ration of propulsion and power generating machinery, power supply failure of the control systg
It in opening of closed valves.

em shall not

alves and operating controls should be clearly marked to indicate the function theyiserve. Mg¢ans should

rovided, both locally and remotely, to determine whether a valve is open or closed!

.3.4 Piping

Pipgs shall be arranged inboard of the zone of assumed damage penetration, unless special c
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been taken with regard to damage stability.

hg systems carrying non-hazardous fluids should generally bessé€parated from piping systems
Ardous fluids. Cross-connection of the piping systems is permitted where means for avoidi
amination of the non-hazardous fluid system by the hazardeus medium are provided.

.3.5 Special considerations for semi-submersibles

bhasis shall be given to redundancy and reliability of the ballast system, its control and
uments and its equipment during all modes of ‘operation. A single-point failure on any piece of|
poding of any single watertight compartment, shall not disable the damage control capability of

sysiem.

The)
alsd
not

Eac

ballast system shall be arranged.to prevent the inadvertent transfer of ballast water. The s
be designed so that the transfer of ballast water from one tank to any other tank through a sir
possible, except when such-atransfer does not adversely affect the stability of the semi-subme

h ballast tank shall be/capable of being pumped out by at least two power-driven pumps, arrar

nsideration

that contain
hg possible

monitoring
equipment,
f the ballast

ystem shall
gle valve is
rsible.

ged so that

tanks can be drained_atyall normal operating and transit conditions. The ballast pumps shal be of the
selfipriming type or bé-provided with a separate priming system.

The| system shall be capable of raising the semi-submersible within three hours, or as specffied by the
regulilator wheretone exists, starting from a level trim condition at deepest normal operating dralght, to the
severe stormdraught.

The| ballast system design shall prevent uncontrolled flow of fluids from one compartment into another,
wh fgred to remain

closed except when ballasting.

Remote-controlled valves shall fail closed, and shall be provided with open and closed position indication at
the ballast control station. Position indication power supply shall be independent of control power supply,
unless a 24 V d.c. system is used for both.

The ballast system shall be arranged so that even with any one pump inoperable, it is capable of restoring the
semi-submersible to a level trim condition and draught, when subject to the design damage situations.
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16.2.3.6 Special considerations for spars

The ballast system on a spar is typically made up of a series of deep well or submersible pumps for
deballasting (one installed in each ballast tank) and arranged to discharge directly overboard or to a common
ring main and then overboard. Ballast water is pumped into the tanks via another pump that is arranged such
that it can supply ballast water to all ballast tanks. Isolation valves are provided in the ballast supply line to
each tank.

System arrangements other than these may also be acceptable, provided they comply with all applicable
standards.

The ballast[system shall be arranged so that even with any one pump inoperable, it is capable of restorind the
spar to a leyel trim condition and draught, when subject to the design damage situations.

16.2.4 Tank sounding and venting system

All integral hull tanks shall be provided with sounding tubes or other suitable manual meansof determinind the
presence and amount of liquid in the tanks. The size of sounding pipes shall not be-less than 38 m:r in
internal diameter. Sounding pipes shall be led as straight as possible from the lowest part of the tank t¢ an
accessible |ocation. If sounding pipes terminate below the topmost watertight decki-for oil tanks they shall be
fitted with a| quick-acting self-closing valve, with a test cock underneath. Sounding*pipes from other tanks|can
terminate with a valve or screwed cap. A striking plate should be mounted,in‘the tank to prevent damage to
the plating by repeated striking of the sounding rod.

All tanks, cpfferdams, void spaces, tunnels and compartments not fitted with other ventilation arrangemgnts

The arrangéments of the tank structure and vent pipe shall be.such as to permit the free passage of air|and
gasses from all parts of the tanks to the vent pipes. The vent pipes shall be arranged to provide adeqpate
drainage. I{ overflows are used in conjunction with theank vents, consideration should be given to their
design to prohibit fluids from flowing from one watertight subdivision to another in the event of damage. In
general, vent pipes should terminate on the open deck by way of return bends. All vent outlets should be fltted
with a permanently attached means of closure. This means of closure should be an automatic inflow-retargling
device, such as a vent check valve, dependent,on the position of the vent relative to the final waterline after
damage. The applicable international or national regulations and/or applicable RCS rules should be consylted
relative to vent closure requirements.

The selectipn of tank vents and overflow locations shall consider damage stability effects and the location of
the final calculated immersion line.in the assumed damaged floating position. Tank vents and overflows ghall
be located $0 that they cannot'eause progressive flooding unless such flooding has been taken into accoupt in
the damagg¢ stability assessmment. In case of tank overfill with no alternate overflow locations, the presgure
head corregponding to the-maximum height of the vent pipes shall not exceed the maximum allowable sfatic
pressure of|the tank.

Pump caparity and pressure head shall be considered when calculating the sizes of vent pipes. In general, for
all tanks thpat-can'be filled by pump pressure, the cross- sect|onal area of the tank vents should be at Ipast
125 % of the effective area of the fillin this
criterion should be applied to the sizing of the overflow and a reduced vent size may be considered.

Recommended minimum sizes for vent pipes are
— 50 mm internal diameter for water ballast tanks and fresh water tanks, and

— 60 mm internal diameter for oil tanks.

NOTE The above recommendations are general, and the use of high capacity and/or high head pumps can require
larger sized vent pipes.
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The vent outlets from fuel oil tanks and cofferdams shall be fitted with corrosion-resistant flame screens
having a clear area through the mesh not less than that required for the vent pipe. These outlets should be
located in a position that minimizes the possibility of ignition of gases escaping from the pipe.

16.2.5 Cargo handling system

16.2.5.1 General

If oil storage is provided in tanks within the hull, a cargo handling system should be provided to serve the
following functions, as appropriate:

— |receipt and storage of stabilized crude oil from the production facilities;

— | de-watering of “off-spec.” stabilized crude oil in dedicated reception tanks;

— | de-oiling of produced water and/or slops;

— |internal transfer between cargo tanks;

— |transfer of “off-spec.” stabilized crude oil to the production facilities;

— |transfer of an isolated stabilized crude oil parcel via the offloading system to an export vessel;
— | simultaneous loading and offloading;

— |allowing of regular tank washing operations;

— |allowing of on-site tank inspection, maintenanceand repair.

16.2.5.2 Arrangement

The| cargo system shall allow sufficient.iselation of tanks (e.g. “double block and bleed capability”) to allow
entry by personnel.

Thel submerged tank valves shall\be remotely operable from deck boxes on the upper deck or flom a cargo
control room. The use of fail-safe’valves should be considered.

Cargo tanks may be _fitted with heating coils to prevent wax formation and to maintain efficient flow
characteristics for pumping.

The| vent outlets_ftom cargo tanks where the flashpoint of the cargo oil is above 60 °C and vent putlets from
adjgcent cofferdams shall be fitted with corrosion-resistant flame screens having a clear area through the
megh not less'than that required for the vent pipe. These outlets should be located in a position that minimizes
the possibility of ignition of gases escaping from the pipe.

The-vet ﬁ.illy of Cargo tanks—wirerethe Cargo otttas—= ﬂaahpuillt betow-66-2C—shoutd—e abbunl}.“ShEd by a
closed venting system designed to ensure that the tanks cannot be subjected to excessive pressure or
vacuum. On floating structures where an inert gas system is installed, means shall be provided to ensure
adequate tank venting when a tank is isolated from the inert gas system.

16.2.5.3 Pumps
In selecting pumps to be used in the cargo system, care should be taken to ensure that the cargo transfer

pumps are designed with consideration of in-service requirements (e.g. motions and frequency of offloading
operations) and to minimize the risk of sparking.
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16.2.6 Inert gas system

16.2.6.1 General

If oil storage is provided in tanks within the hull, an inert gas system should be provided to serve the following
functions, as appropriate:

— control

of constant design pressure in the cargo tank during all loading/unloading conditions;

— prevention of the ingress of oxygen into the tank area;

—  purging
— control
— enablin

— automa

The inert gas generating system shall be capable of producing dry inert gas with\oOxygen content of less

5 % by volu
16.2.6.2 K
The piping

— transpq
lines to

— preven

arrangeément or other suitable means of isolation;

— conned
normal

— conned
of rapid

— transpq
— conneq
In addition

storage/pro
apply concq

of tanks of hydrocarbon vapours below the explosion limit range;
of maximum allowable oxygen content in the cargo tank area;
g of gas-freeing of isolated tanks for personnel access;

tic control of produced gas in the event of upset or failure of product stabilisation.

me.
iping system
bystem shall be designed to serve the following functions:

rt of inert gas flow from the inert gas generating System via a central inert gas main and bra
each individual cargo tank;

ion of back flow from the inert gas main, to the inert gas generating system by a deck
tion to a pressure/vacuum breakér to maintain the required design pressure in the tanks du
operation;

tion to the high and low pressure/vacuum breaker valves in a central stack to prevent the buil
overpressure;

rt of purge gas from\the gas free blower via a main line and branch lines to a selected tank;
tion to a ventilation stack with flame arrestor to release excess purge gas.
to integral tanks, consideration should be given to the possible need to supply gag

cess vessels on the deck of the floating structure (particularly FPSOs). National regulations
rning these requirements.

han

nch

seal

ring

ding

5 to
can

Consideration should be given in the inert gas and ballast systems design to allow for the inerting of a ballast
tank in the case of cargo leakage (via a crack or other means) into an adjacent ballast tank (or one that has
cargo piping running through it).

As a means of reducing volatile organic compound (VOC) emissions on FPSOs, hydrocarbon gas blanketing
may be considered in lieu of inert gas for controlling tank pressure and oxygen ingress and maintaining a non-
explosive atmosphere in cargo tanks during normal operation.
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16.2.7 Crude oil washing system

Crude oil washing (COW) systems should follow IMO requirements, see A.16.2.7.

Ani

nert gas system shall be employed if a COW system is utilized.

16.3 Import and export systems

16.3.1 General

Ing
exp
soli
sys

16.3

Risgrs are fluid conduits between subsea equipment and the floating structure. The riser sy

inte

Ris¢r system integrity includes not only fluid and pressure containment, but’structural and global
welll

Ris¢rs usually perform one or more of the following specific functions:

Risg¢rs on floating structures ;cover the full range of production, injection, drilling, completion, wi

exp
mul

Des
refe)

16.3

rts produced fluids into a fixed or mobile transportation medium such as a pipeline or tanker.
and liquid materials, parts and supplies can be transported to/from the structure. Risers, carg
ems, boat landings and material handling devices are normally provided to perform these’funct

.2 General functions of risers

face between a static structure on the ocean floor and dynamic floating'structure at the oceal

conveyance of fluids between the wells and the floating_structure (i.e. production, injection g
fluids);

import, export or circulation of fluids between-.the floating structure and remote equipment]
systems;

guidance of drilling or workover tools and‘tubulars to and into the wells;
support of auxiliary lines and umbilicals;

other specialized functions, stich as well bore annulus access for monitoring of fluids injection.

iple risers of potentially different types in relatively close proximity.

rences to.standards and guidelines for riser system design.

.3 Riser interfaces

ctures, and
In addition,
o offloading
ions.

stem is the
n’'s surface.
stability, as

r circulated

or pipeline

prkover and

brting operations. Risers for floating structures have additional requirements associated with operating

ign of the riser-system itself is outside the scope of this part of ISO 19904. See A.16.3.2 ffor a list of

Ris

TS forimporting-produced fiuids andror exportingto pipetimesare usuatty conmectedtosome point on the

hull structure or turret (typical of monohulls), or to the deck (typical of semi-submersibles and spars). Risers
impose actions on the hull structure and can require local structures with receptacles for moment-reducing
and/or tensioning devices. Local structures should be designed for the maximum static and dynamic actions

and

action combinations as specified by the riser system designer, see 9.8.6.
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16.3.4 Cargo offloading system

16.3.4.1 General

Floating structure cargo offloading systems comprise one, or a combination, of the following:

riser and pipeline export system, and/or

tanker transfer export system.

If no storage+ viced; ;
In the case |of storage (e.g. monohulls
individual pumps are provided within each tank, see 16.2.5. Consideration should be given to pump
metering logations and provision of an adequate structural foundation to support such equipment.

Riser and gipeline export systems can be a pipeline either to a remote facility or to a nearhy.oeffloading p
In the lattef case, hydrocarbons are offloaded under low pressure from the floating structtre to an ex
tanker throfigh a separate mooring and offloading system (normally a single point mooring) connected to
floating structure via risers and subsea pipelines. The offloading system shall be located at a suitable azin
and at a dufficient distance away from the floating structure to allow for safé~approach, departure
weathervaning of the export tanker when moored. A risk assessment shall be éonducted to consider suit

mitigation
Two types ¢
a) alongs
b)

tanden

16.3.4.2 A

An alongside transfer system consists of mooring-equipment to secure the tanker alongside, fenderin

prevent cor
Considerati

easures to avoid collision between the export tanker and floating strdcture.
f tanker transfer systems may be used:
de transfer;

transfer.

\Mlongside transfer

tact between the two hulls and a fluid’ transfer system using hoses or mechanical loading a
bn shall be given to location of this’equipment and associated local actions imposed on the

em.

ely,
and

Dint.
port

the
huth
and
Able

g to
ms.
hull.

be

Limiting conditions for safe operation shall‘he ‘specified in the MOM.

16.3.4.3 Tandem transfer

Tandem transfer consists of ‘@~mooring hawser arrangement and a floating or suspended hose sysfem.
Mooring hgwsers should beof suitable material and construction for the intended service and shoulg
manufacturgd and tested’in‘accordance with appropriate standards (see A.16.3.4.3).

The maxim

MOM. An

mooring foice and set of metocean conditions likely to cause such a force shall be clearly specified in

with a readgut.and warning of a high hawser force.

m peak-mooring force anticipated in service shall be used to size the hawser. The maximum g

ppropriate means of monitoring the hawser force should be provided in the control room, a

eak
the
ong

A suitable hawser termination and supporting structure shall be provided. The strength of the hawser

termination

and its supporting structure shall be greater than the breaking strength of the hawser.

Provision shall be made for supporting the hose termination and any associated hose storage equipment such
as a hose reel or horizontal storage tray.

16.3.5 Material handling

Material handling systems include provisions for supply vessels to moor against the floating structure’s hull
and/or DP adjacent to the structure, as well as lifting and transfer systems to transfer material to and from the
structure and onboard the structure.
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Due consideration shall be given to provision of mooring points and fendering arrangements for safe and
efficient loading and unloading of material from supply vessels.

In arranging critical equipment, the risks posed by dropped objects shall be considered.

Material handling on a floating structure is inherently more dangerous than on land or on a fixed platform, due
to the structure’s accelerations/movements. This additional risk shall be considered when planning transport
routes and designing lifting and transport equipment. Accelerations/movements of the platform shall be taken
into consideration in all transportation of objects and in the design of transport equipment. Operational
restrictions should also be considered depending on the type of platform, its motion characteristics, handling
means involved and actual weather conditions.

Material handling “below deck” is complicated by transport routes through bulkheads and decks which are
parts of the floating structure's watertight compartmentation. This shall be borne in mind when-trangport routes
are peing designed.

16.3.6 Lifting appliances
Lifting appliances can be split into two main groups:

a) |offshore cranes used for material handling between the floating structure’and another vessel, as well as
internally on the floating structure;

b) |other lifting appliances used solely for lifts internally on the floating structure.
The] following considerations apply:

— |lifting appliances should be designed to RCS rules,or other recognized standards for offshore lifting
appliances, see A.16.3.6;

— |area layout shall be designed to allow the use ©f relevant handling equipment/facilities;

— | all transport equipment shall have adequate brakes or other facilities to stop inadvertent motiop;

— |transport routes should lead to a lay=down area or at least to a point where pick-up by a dgck crane is
possible;

— |lay-down areas shall have adequate fenders to stop swinging loads causing damage.
For [further information on Jifting, reference should be made to ISO 19902:—, Clauses 8 and 22.

16.4 Fire protection systems

16.4.1 General

Fire| protection”measures on a floating structure consist of structural fire protection, firewater systems, fixed
fireqextinguishing systems and alarms.

Fire Inrnh:mfinn rnnlllirpmnn’re are ||Q||a|ly Qr\pr‘ifind in_national standards. Reference should alsa be made to

ISO 13702 and RCS rules.

16.4.2 Structural fire protection systems

Systems for structural fire protection are either active (e.g. water spray), or passive (e.g. insulation or
intumescent coatings). In selecting a system, the following points shall be considered:

— active systems can increase water system capacity requirements and require provisions for drainage for
firewater runoff;

— passive systems provide protection but need not represent a minimum weight solution;
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require

testing

16.4.3 Fire

ments for access to structural components under passive coating system for inspection;

requirements for active systems.

water systems

All floating structures shall have a firewater system that supplies hose stations throughout the structure. The
system shall have sufficient redundancy so that a fire in any space or open area would not render the system

inoperative.

A minimum of two pumps, each capable of supplylng 100 % flrewater deS|gn capaC|ty, with separate sources
q

of power s
failure can

Other fire p

foam s

a proce

active §

Oould De Provid
pe isolated and the remainder of the system remains operational.

rotection systems that can be supplied from the fire main include but are not limited to
ystems, typically installed to protect produced hydrocarbon storage areas and helicopter decks
ss deluge system, and

structural fire protection (water spray) systems.

When sizing the firewater system, all high-consequence fire risk scenarios shall_be considered and the sys

shall be siz,
single fire ri

bd to be capable of supplying all systems that would be required{to operate simultaneously in
5k scenario.

16.4.4 Fixqd fire-extinguishing systems

Fixed fire-¢
control stat
systems ar
detection sy

RCS rules
systems for

Fixed fire-e
provided to
equipment,
areas or sp

tinguishing systems are usually installed in machinery spaces, electrical equipment rooms
ions. These systems include gaseous systems; sprinkler systems, water mist systems, fi
d dry chemical systems, and can be manually actuated or automatically actuated by a
stem.

and applicable national/international ;standards should be consulted for fixed fire-extinguis
protection of the marine component'of a floating structure.

ktinguishing systems for the industrial component of a floating structure (process facilities) sha
address hazards associated with the process facilities in enclosed spaces containing proq
process-related machinéry, hydrocarbon storage areas, electrical equipment rooms and 0
bces constituting a fire'hazard.

16.4.5 Alafms

Flag and n3
of specific nj

17 Statid

tional adminisirations often have specific requirements for general alarm systems. In the abss
equirements'in RCS or equivalent rules, IMO requirements should be complied with, see A.16.4

nkeeping systems

the

tem
any

and
bam
fire

hing

| be
ess
ther

nce
1.5,

17.1 General

A floating structure shall be provided with suitable means of keeping its position at the specific site of intended
operation. These means typically consist of a stationkeeping system connecting the floating structure
physically to the seabed, or a DP system whereby the floating structure is kept in position by means of
thrusters, or a combination of both.

The design of stationkeeping systems shall be in accordance with ISO 19901-7.

The type of stationkeeping equipment involved depends upon the type of floating structure and the chosen
system solution.
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17.2 Mooring equipment

17.2.1 Winches

Monohulls, semi-submersibles and spars use mooring winches of the same type. Alternatives for mooring
winching equipment are covered in ISO 19901-7. One winch per mooring line should be used if the mooring
system is to be continuously adjustable. An alternative is to have a group of mooring lines served by one
common winch; this alternative should only be used if continuous adjustability is not required. The winch
pulling power should be specified when designing the mooring system, based on the worst allowable
installation and/or adjustment weather conditions.

Mogring systems with fairleads should be capable of moving the chain/wire system sufficiently to-make critical
insgection of the moorings at the fairleads. Sufficient capability in terms of chain lockers or alternative means
to secure the chain should be provided for this possibility.

The| chain-bearing surfaces (e.g. winch chain wheel or chain jack latches) should be.formed to syit the chain
to be used.

17.2.2 Fairleads and chain stoppers

Chdin stoppers on each mooring line shall lock the mooring line to the.mooring attachment point once the
required installation tension is reached.

Varfous types of fairleads or bending shoes should be considéred and employed for routing of the mooring
lineg from the winches to the point where they leave the floating structure. Intermediate fairleads should be
direction-fixed and the last fairlead before the line leaves the structure should be rotatable in at least one
plane.

The| chain-bearing surfaces (e.g. guide roller in wheel-type fairleads or chain-stopper latches] should be
formed to suit the chain to be used.

Chgin stoppers and fairleads and their supporting structures should be designed for a force equijalent to the
minfmum breaking strength of the mooring-ine, see also ISO 19901-7.

17.2.3 Monitoring and control equipment

Monitoring of mooring line tension or line angle should be performed to detect line failure, for gxample, by
insttumentation, remotely operated vehicle (ROV) inspection or underwater cameras.

Lochl winch and chaif2stopper control shall be specified, and can involve remote control and monitoring of
win¢h, chain stopperand line parameters.

17.2.4 Disconnectable mooring

The moorlng system may be designed for dlsconnectlon of moorlng lines and rlsers to I|m|t gxposure to
.g. severe
metocean or ice condltlons) In this case, the ab|I|ty to forecast the I|m|t|ng conditions, the frequency of such
conditions and the time required for the disconnection should be considered at the design stage when setting
the disconnect criteria.

Clear criteria for disconnect shall be established and stated in the MOM. Consideration shall be given to
providing means and/or specifying procedures for verifying operability of the quick disconnect system
throughout its operating life. If the structure is neither self-powered nor classed as an ocean-going vessel,
seaworthiness (stability and motion response) of the structure in design situations that exceed the disconnect
criteria shall be checked and procedures for manoeuvring shall be established.
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17.3 Turret

17.3.1 Gen

eral

A turret mooring system allows a monohull structure to rotate or weathervane around a geostationary turret
that is physically moored to the seabed with a multi-line spread mooring system. A suitable bearing system
shall be provided at the interface between the floating structure and the turret. A means for locking the turret

to the hull a

nd controlling the relative rotation should be considered, if relevant.

17.3.2 Turret structure

The turret §
which they

Fatigue dar
Wave slam

Suitable ac

during its désign service life.

17.3.3 Bearing system

17.3.3.1 (

The functio
conditions ¢
type, the sy
and ambie

seawater in
the grease

17.3.3.2 H
The forces
moorin
buoyar
inertia
weight

global

tructures supporting the mooring lines shall be designed for the maximum combined action
Can be subjected during service, including combinations in which one mooring line is misSing.

hage due to repetitive actions shall be assessed.
ming effects shall be considered, where appropriate.

cess arrangements shall be provided to allow inspection and maintenance of the turret strug

beneral
h of the bearing system is to transfer the forces béetween the turret and the hull. The wor
f the bearing system depend on the type of system, but unless the turret is of the disconnect
stem shall be designed for actions resulting fromithe ULS design situation, exposure to salt w

gress by a suitable sealing arrangement and suitable lubrication arrangements. Contaminatio
vith dust should be expected.

orces on the bearing system

bn a turret bearing system include, but are not limited to, the following action effects:
g line and riser actions;

cy of the turret (varying with draught);

Df the turretidue to vessel accelerations;

of the furret (inclination due to roll and pitch to be considered);

Heformation of the structure;

s to

ture

King
able
ater

nt temperatures. If roller bearings are usedjy‘the bearing shall be adequately protected from

n of

effects

effects

90

friction-

induced bearing and swivel torques;

hog/sag vessel deflections resulting in moonpool ovalization;

due to entrapped water and added mass;

induced by assembly tolerances and fabrication tolerances.
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The bearing should be designed for the maximum combination of such actions as expected in service.

Local support structure shall be designed for maximum action effects and allowable deflections as specified
by the bearing manufacturer.

Fatigue damage to bearings and local support structure due to repetitive actions shall be assessed.

Bea

rings shall be designed according to an internationally recognized standard, see A.17.3.3.

17.3.3.3 Alternative bearing designs

A n{imber of different bearing types are used. The most common are

a)
b)
c)
Alo
(thig
On

lower bearing systems with the lower bearing typically transmitting horizontal forces only.

Wh
des

17.3

The
bea
for

spe
sec
sho

downtime.

17.3

roller bearings based on rollers in sealed grease-filled units,
roller systems based on rails and large-diameter steel “bogie” wheels, and

sliding bearings based on low-friction pads on spring supports sliding againstza’ machined st3
surface.

wer bearing system based on a rubber fender is installed as a back-up-system for extreme mo
bearing is normally not in contact).

some turret systems, all the force is transmitted by one bearing-and on others there may be

bre self-lubricating sliding bearings are used, expectéd\wear rates and maximum total we
gn service life shall be assessed using appropriate test/data.

.3.4 Inspection, maintenance and repair

bearing system is vital for the safety and functionality of a turret-moored floating structure; th
ring function shall be maintained during the whole operational life of the structure. Where poss

Cified. In harsh environmental conditions, the bearing system should be designed with red

ire the function of the turret (force transfer and structure rotation) in any weather conditions.
Lld be designed to facilitate inspection, maintenance and repair activities at location, with a

.4 Turning and locking systems

So

strupture. For naturally weathervaning structures with roller bearing systems, the system may
Gerjerally, systems based on sliding bearings have a turret-turning system to avoid twisting the m|
and|risers as\the structure rotates to minimize the weather exposure. The system can be based
cylindersand grippers, a rack and pinion system, etc.

The| system performance is characterized by a turning force and a rotating velocity. The necessg

e turrets have, a turning system for controlling the rotational position of the turret relative to

inless steel

pring forces

upper and

ar over the

erefore, the
ble, access

nspection and maintenance shall becbuilt into the systems; alternatively, a monitoring systém shall be

undancy to
The system
minimum of

the floating
be omitted.
ooring lines
n hydraulic

ary force is

determined as the maximum calculated turning resistance plus a safety factor. The necessity for a redundant
system should be evaluated.

The necessary turning velocity depends on the maximum required rotational speed of the structure. This is a
function of the expected heading change rate of the environmental actions. Normally, a full rotation (360°) in
one hour should be sufficient, but this shall be determined for each structure based on a site-specific analysis.
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18 In-service inspection, monitoring and maintenance

18.1 General

Clause 18 defines the requirements for structural integrity management of floating structures.

The extent of structure covered by these requirements includes

heir

d/or
it is

buld
hull

a) the main structure, which can conveniently be divided into three zones — atmospheric, splash and
submerged — bearing in mind that draught changes can occur for many floating structures,

b) all stryctural_attachments such as turrets, helidecks, flares, cranes and process decks, and
interfages with the main structure,

¢) structural interfaces between main structure and riser system,

d) non-structural attachments, i.e. any structural component that interfaces with the main\structure an
structufal attachments whose deterioration can be detrimental to the integrity of the structure to which
attachgd, including appurtenances and their connections (e.g. anodes or hydrophones), and

e) CP systems.

Other majof components of a floating platform (mooring systems, lifting equipment, riser systems, etc.) sh

also be subject to a similar regime of structural integrity management as{that proposed here for the

structure.

18.2 Structural integrity management system philosophies

18.2.1 General

Structural in

The design
the identifig
whether in
operations.
responsibili

The owner
a floating st

— planne
periodi

aSSess

tegrity shall be managed through a structurakintegrity management (SIM) system.

br has an important role in the initial specification and development of the SIM system, inclu
ation of how the structure is expecied to respond and any limitations inherent in the des
the form of loading limitations ‘er environmental restrictions that apply to weather-sens
Effective implementation of aySIM system throughout the lifetime of the structure shall be
y of the owner.

shall ensure that suitable arrangements are in place for monitoring and maintaining the integri
ructure throughout its-life cycle. Such arrangements include

H maintenance.and inspection of the structure,

C assessment taking account of conditions in relation to original design expectations,

ment of*damage or suspected damage, and

arrange

ding
ign,
itive
the

y of

Periodic assessments should reflect current good practice and incorporate advances in knowledge and
changes in risk level, as appropriate. The frequency, scope and methods of inspection should be sufficient to
provide assurance, in conjunction with associated assessments, that the integrity of the structure is being

maintained.

The purpose of the SIM system is to provide a formal process for ensuring the integrity of the structure

throughout

its intended design service life on a fit-for-purpose basis.

Implementation of a SIM system can benefit significantly from the effective design for access for inspection,
maintenance and repair both internally and externally.
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Approaches to dealing with structural integrity management vary depending upon field life, type of floating
structure and sophistication of local infrastructure. In turn, these factors can influence the philosophical
approach to the specification of a SIM system which can vary from one involving emphasis on the use of
monitoring equipment to one with a preference for the extensive use of inspections. Irrespective of the
philosophy, the resulting SIM system shall aim to maintain the integrity of the structure throughout its design
service life.

Stages in the development of a SIM system are

a) database development and data acquisition,

b) Eeveldaton-and

c) |planning.

In addition, while developing the SIM system, the designer should take into account the owner’s intentions for

its

d) [implementation.

Natfonal and regional regulations can require a SIM system to be documented in a form [suitable for

verification or for review by a regulator.

Thel activities within each stage are not necessarily mutually exclusive and overlap of activities ietween the

varipus stages occurs.

18.2.2 Database development and data acquisition

Thel database shall consist of appropriate information relating to the life cycle of the floating structure. Typical

examples are the following:

a) |appropriate details of ownership, delegated~authority, chains of command both onshore and onboard,
operational procedures, emergency procedures, standby vessel arrangements, and other|information
consistent with IMO requirements;

b) |details of the location (latitude, longitude, water depth), metocean details (wind, wave, cprrent, tide,
temperature, etc.), interpolated/extrapolated metocean parameters for design;

c) |design information, including the design basis and premise, the standards to which it was dgsigned and
other details (calculations”and drawings, corrosion allowances, etc.); ideally, much of this should be in
electronic format; areas, elements, components and other aspects of the design that were of concern to
the designers or-needed special attention during design should be well documenteq for ready
appreciation and)€asy access by those developing and implementing the SIM system;

d) |results of<any risk assessment, FE analysis, etc., in which integrity- and safety-critical elements have
been identified;

e) |fabrication records including drawings, material certificates (including cross-referencing to logation of the
material within the structure), construction tolerances and compliance records, weld inspection records
(ultra-sonic, x-ray, etc.), anomalies, defects, rectifications, repairs, baseline survey;

f)  for structures converted from other service, conversion records including structure surveys, structural

inspection data, thickness measurements, condition of coatings and CP systems, weld inspection data,

retrieval of design and fabrication information, service history, quality assurance (QA) record
datasheets, etc.

s, materials

Particular attention shall be paid to special areas (see 3.39), such as turrets, helideck supports, fatigue
sensitive zones, and areas where stress raisers or “hard termination” points exist. To ensure effective transfer
of knowledge relating to special areas, the designers and construction supervisors shall prepare a structural
critical inspection points (SCIP) report to be provided to the owner. Interfaces between major structural
components and assemblies usually fall into the category of SCIPs (e.g. erection butt welds, topsides
supports).
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The database shall be stored in a readily retrievable format. A copy of the database should be kept onboard
the installation, in addition to a master copy kept ashore by the owner.

18.2.3 Evaluation

Evaluation shall be floating-structure-specific and site-specific and be based on a fit-for-purpose philosophy.
This shall centre on the intended design service life of the structure but shall, as a minimum, be reviewed by
the owner annually and following changes in ownership, statutory regulations and location, and following
accidents, repairs, modifications and reviews of inspection data. The review shall ensure that data gathered
since the previous review, e.g. by general visual inspection, have been reported, assessed and incorporated

in a comprehensible form

Evaluation
and other fi
has arisen
of consider
enable proh

Where a “s
part of the ¢

Evaluation
as appropri
to any appr

In the case
new topsid

hall involve risk assessment, detailed analysis (including FE and cumulative damage analys
rms of assessment as necessary — either of the overall structure or parts thereof whére-dam
br occurred, or of special areas as appropriate. Risk-based inspection approaches can‘usuall
pble benefit in the evaluation process and in the scheduling of inspections. Sueh approag
abilities and risks to be explicitly evaluated and related back to target values.

hfety case” regime is in effect through applicable national regulations, such safety cases can f
valuation.

shall consider continuing compliance with national regulations and standards or RCS requirem
pte. If any of these regulations change during the structure’s life-gycle, consideration shall be g
bpriate corrective action.

of a major conversion, typically involving a change of*functionality or replacement or additio
s modules, or even a complete mission change of thé’whole structure, the design of the strug

can be subiject to the national regulations in effect at the time of.the conversion.
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0 ensure that the objectives of the fif~for-purpose assessment are realized. Failure mechanis
n rates and the consequences of ‘failure shall be considered, in order to determine the meth
nd scope of inspections, and pessible repair and change-out procedures.

ugh survey” can often assist’in the pre-planning stage. This helps identify departures from thg
gs (the drawings shall be updated accordingly), locations for attachment points, etc.

nt to identify and éxamine all damage situations for each floating structure system and subsyst

ed aspects todbe considered in the planning stage are discussed in 18.3.
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Implementgtion refers to the detailed execution of the processes, procedures and techniques identified du
planning and should normally include programmes concerned with inspections, mainienance and monitoring,
as well as identifying the need to effect repairs and/or change-outs.

Some detai

led issues to be considered in the implementation stage are discussed in 18.4.

Data gathered during this stage, as well as information issued during the planning stage, should be
incorporated into an update of the database, which itself should be undertaken at least once per year, unless
justification is presented to extend this period.

The properties of crude oil can have an important influence on the structural performance of a floating
production system, particularly if modest-to-large quantities of crude oil are stored onboard. Since the
properties of crude evolve as the field is depleted, the effects of these changes should be monitored and
assessed throughout the life of the field.
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18.3 Planning considerations

18.3.1 General

Structures and structural connections, the failure of which would incur serious consequences in respect of
safety, environmental or economic loss, shall be subject to particular attention in the planning of inspection,
monitoring and maintenance.

The inspection plan shall incorporate any applicable requirements in national regulations and those of the
RCS, as relevant. Appropriate prOV|S|ons for underwater mspectlon shall be mcorporated |nto the inspection

and T-Wa S,-35-NECOeSSS on protection
systems should be |dent|f|ed

The| inspection programme shall specify and describe all inspection activities to be undertaker] during the
des|gn service life of the structure.

Parficular attention shall be given to special areas, any known fabrication anomalies and defec}s, areas of
suspected damage or deterioration, and repaired areas. The inspection schedule shall take into account
locdtions highlighted by service experience and the design assessment. The scope of structuralinspections
shal|l include inspection of welds and parent material in critical areas.

18.3.2 Inspection categories

18.3.2.1 General

Inspections usually seek to identify symptoms and tell-tale” signs that are evident on the surfafe and that

origjnate from defects. In most cases, signs of damage are obvious before the integrity of the |structure is
imppired; however, it should not be assumed that this.is always the case.

Thefre are two categories of inspections:

a) |scheduled inspections;

b) Junscheduled inspections.

18.3.2.2 Scheduled inspections

Schieduled inspections are undertaken as a direct consequence of developing and implementing the SIM
sysfem.

A bpseline inspection shall be carried out and recorded before the structure leaves the fabrication yard or
befgre the structure is put into service. This shall establish the as-built condition of the structure.|In practice,
mugh of thefinspection can be performed when the structure is in its final stages of building, cgnversion or
outfjtting.nspection conducted on-site can be limited to quantifying the effects of installation.

Schieduled inspections shall be performed on a regular basis to monitor the condition of the structure and are

g P y p asically aim
to record departures of the structure from its condition at the time of the basellne survey. They can also record
data that strictly form part of the baseline survey but which were missed or not collected at the time.
Furthermore, they can record information relating to structural deterioration, accidents or significant
occurrences of design situations that were not previously recorded, e.g. marine growth, coating deterioration,
CP polarization and obvious damage.

Following the execution of modifications and/or repairs, they, together with any directly or indirectly affected
elements or components of the structure, shall be inspected in order to record the details of such
modifications and/or repairs and the effects on the structure. Such inspections shall record details and
information consistent with the requirements of the baseline inspection.
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18.3.2.3 Unscheduled inspections

Unscheduled inspections occur as a result of an unexpected event (e.g. an accident), exposure to a n
design-level event (e.g. a hurricane) or a change in ownership or platform location.

ear-

All accidents shall be assessed to identify appropriate inspection requirements. The extent of structure
inspected shall be consistent with the severity of the accident. This shall, as a minimum, include the structure
local to the contact or impact position as well as those more remote sections of the entire structure liable to be
directly or indirectly affected. This requires recognition of the consequences of the local and overall dynamic
response of structures to transient actions. Analysis can be necessary to identify the location and extent of

such consequences.

In special cjrcumstances, emergency repairs are necessary shortly after an accident has occurred and'be
any inspectjon has been conducted. In these cases, the emergency repairs can mask some consequence
or induce further damage. Such consequences shall, if relevant, be documented, in additio
those arising from the accident itself.

Damage cdn arise as a result of a floating structure experiencing actions at, or near,-the level of th
considered [in the design, such as the passage of large waves and/or wind gusts. In the.case of such evq
an inspectign shall be conducted to identify the location and extent of any possible damage and/or other {
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ownership is likely to precipitate a revised approach to the way‘in which a SIM system datal

philosophy for inspection, maintenance and repair, takingyinto consideration the requiremenf
y authority and those for the purposes of independent thitd party verification, as appropriate.

the location of a structure can lead to the conduct of a revised baseline inspection or part the

hse, the database shall be updated to reflect, primarily, changes to the details of the location,
ata, and the metocean parameters for design.~This then usually leads to a rerun of the evalug
SIM system to account for the effects of .thie transit from the previous site. Both of these can r¢
s to the conclusions of the planning phaseof the SIM system.

bmentation issues

18.4.1 Personnel qualifications

All evaluati
appropriate

familia
knowle|

profess

bns and the development and maintenance of the inspection strategy shall be performed by
y qualified team of‘personnel who are

with relevantinfermation about the specific structures under consideration,
dgeable.about corrosion and erosion processes and prevention,

ionally competent in structural engineering, and

fore
s of
n to

ose
nts,
orm
y of

ase

, planned and implemented. The new owner shall verify the éxisting condition and establish an

s of

eof.

the
tion
bsult

an

experi

nced i offshore nspection toots andtechniques.

These personnel should also be involved in any other phases of the structural integrity management cycle for

the floating

structure, for example, in subsequent risk assessments, where practical.

Only suitably qualified personnel, such as supervisors, inspectors, divers, ROV operators and data recorders,
shall be assigned to perform inspections.

These persons shall be

a) qualified to relevant standards, and

b) trained
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, qualified and experienced in inspection and safe working procedures.
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18.4.2 Equipment certification
Any equipment or measuring instruments used as part of a structural inspection and monitoring system shall

be provided with current, valid calibration certificates, or a ready means of confirming that they remain within
acceptable calibration standards.

18.4.3 Inspection programmes

The following types of inspections can be used when planning and implementing inspection programmes,
some of which could be performed underwater.

GVI general visual inspection

CVi close-up visual inspection

™ thickness measurements

Wi weld inspection

FMD flooded member detection

CP cathodic protection system inspection
Each of the inspection types is described in A.18.4.3 together/ with some of the techniques and types of
equjpment that can be employed to perform them. The list\ef techniques and types of equipment is not
exhpustive and the owner may exploit other alternatives. The'reliability, accuracy, precision and folerance of
the pystem, including the operating personnel, shall be established.
When developing the requirements for an inspection’ programme, an inspection at a general Igvel may be
spefified (e.g. GVI compared with CVI, CVI compared with TM or WI). Should evidence be discoyered in the
coufse of a general inspection that a more detailed type of inspection is needed, then the more detailed type
of imspection shall be performed. For example, if coating breakdown is detected during a GVI, [then a CVI
andfor TM inspection should be performéd immediately, to quantify whether the breakdown has jallowed the
onsgt of corrosion and, if so, to what extent.

If an anomaly is discovered during:an inspection,

— |its extent and seriouspess shall be quantified by a more detailed type of inspection, or

— |its possible progfessive spreading or intensifying shall be assessed by analysis within the §IM system
fit-for-purposeframework.

18.4.4 Preparations for inspections

18.4.41\ ‘Access

Precautions shall be taken to ensure safety during inspections. Tanks and spaces shall be made safe for entry
and work. Any equipment that is needed to effect an emergency recovery shall be readily available and
checked to ensure it is in full working order before any tank is entered.

All tanks and spaces subject to internal inspections shall be thoroughly ventilated to ensure they are gas-free
prior to personnel entry. During inspections, they shall be monitored for pockets or emissions of hazardous
gases. Casings, ceilings or linings, and loose insulation where fitted, are to be removed as necessary for
examination of plating and framing. Staging, rope attachment points (for abseiling) or other safe forms of
support are to be provided to enable access to all parts of tanks and spaces subject to CVI, TM and WI.

Some floating platforms can adopt a particular draught or trim to make specific areas of their hull or critical
structural details accessible for inspection, maintenance and repair.
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Inspection of areas that are predominantly above water or in the splash zone can be undertaken during quiet
sea conditions by providing moveable staging from which an inspector can apply the appropriate type of
inspection or measurement.

Some areas of the hull, specific structural details and appurtenances and associated coatings remain
submerged or in the splash zone throughout the design service life and can only be inspected, maintained or
repaired by a ROV or diver, or by building a temporary cofferdam around them.

For safety reasons, the use of a ROV should be preferred to a diver intervention.

Operational planning and preparation should be carried out to ensure that all activities associated with the
intended ingpection, maintenance or repair can be performed within weather windows or restricted time-glots

consistent with other platform systems.

18.4.4.2 leaning

In preparation for inspections, all spaces shall be cleaned, including the removal from surfaces of all
accumulated loose corrosion scale, water, dirt, oil residues, etc. The spaces and‘“surfaces should be

sufficiently glean to reveal corrosion, deformation, fractures, damage, or other structural deterioration, and for
the extent df these to be correctly measured and recorded. Cement and other bonded-surface treatments ghall
be checked|for adherence and removed if not sound or where the condition of the ‘plating beneath is in doybt.
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5 of all inspections:shall be entered into the database, see 18.2.2. Should any deterioratio
detected, an evaluation shall be performed to quantify the effect on the floating structure’s inte
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Maintenance programmes shall be developed by the owner based on the expected life of the mechanical
system or component under consideration. The supplier/manufacturer can be of considerable help in
preparing an appropriate maintenance programme. In preparing maintenance programmes, however, account
shall be taken of conditions under which the floating structure is operating that can lead to premature
breakdown of the system or equipment, and contingency plans shall be developed accordingly.

18.4.7 Monitoring programmes

Monitoring programmes can be used to help check the condition of a floating structure over a period of time
and in the carrying out of day-to-day operations. They can be fully continuous, as in the use of tension
measuring devices for mooring lines, or discrete, as in most of the techniques discussed in A.18.4.3.
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Techniques have been, and are constantly being, developed that can monitor various forms of damage and
deterioration, and which alert the owner when advanced to a stage where action is required to prevent further
progress. The results of such techniques should be assessed on a regular basis in conjunction with the
database, in order to assist in the identification of significant deterioration.

18.5 Minimum requirements

18.5.1 General

For cases where a formal risk-based approach has not been pursued to determine locations and intervals of
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.2 Minimum inspection requirements for main\structure
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Table 7 — Inspection requirements for main components (including CP systems)

GVI cvi ™ Wi
Component Location I E I E I E I E
years % years % years % years %
Exterior structure @ | Atmospheric 1 100 — — — — — —
Splash zone above 1 100 . . . . . .
water line
Splash zone below
vvatcl :;IIU all\_.lI 2,5 100 = = = = =
submerged
Special areas — — 2,5 100 — — 2,5b 50°
Interior strugture @ | Ballast tanks © 1 20 5 — 154 — - -1
Slop tanks 2,5 50 — — 5 — — —
Oil storage cargo 25 50 25 50¢ 5 N Al
tanks ’ ’
Storage tanks
exterior (fuel oil, 5 100 . . C . . H
potable water,
lubrication oil)
Storage tanks
interior (fuel oil, 15 100 . ) . . . H
potable water,
lubrication oil)
Void spaces 5 100 — — 5f — — —
Machinery spaces 1 100 — — 1f — — —
Special areas — = 1 100 — — 2,5P 50P
CP system External — — 25 — 2,59 — — -
Internal = — 5 — — — — —1
Any Showing
substantial 1h 100
corrosion
I inspectign interval (in years)
E  extent (percentage) of inspection
NOTE The extent applies to the total number of components, e.g. tanks.
@ Including girders,stiffeners, plating, attachments, appurtenances, openings, penetrations, vents and pipes.
b The prodedures according to 18.2.3 may be used to demonstrate longer intervals, and/or lesser extents are acceptable subjeft to
the requiremgnt’of 18.5.2.5.

C  Ballast tanks are assumed to have a suitable hard coating, see A.18.5.2.1

4 More frequent intervals can be required where the coating breakdown is found.

€ One transverse section and adjacent frames (different ones at successive inspections) plus one transverse bulkhead together with
adjacent transverse section and frame (opposite tank ends at successive inspections).

f At discretion of owner.

9 Measure cathodic potential readings and check for fouling/damage.

h More frequently if recommended by the owner.
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In general, scheduled inspections should be performed within three months of the due date unless a written
justification is submitted and accepted by all interested parties. Alternatively, a continuous inspection
programme may be acceptable.

The intervals and extent of weld inspections required for special areas shall be critically evaluated and
established such that the probability that a critical structural defect can develop within the interval between
inspections is consistent with that to realize a reliability level equivalent to that implicit in this part of ISO 19904.

18.5.2.2 General visual inspection (GVI)
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Any

repairs or replacements to the CP system shall be recorded in the database.
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18.5.3 Minimum inspection requirements for structural and non-structural attachments

Table 8 specifies minimum requirements for the type of inspection and the frequency with which they are to be
performed for the various structural and non-structural attachments.

Structural attachments not listed in Table 8 should be matched to the attachment in the table whose
conditions of exposure, loading and maintenance most closely resemble those of the attachment in question.

Table 8 — Inspection requirements for structural and non-structural attachments

Frequency of inspection
Attachment Component Location years
GVI | CVI | TM | WI
Foundation — 1 — 5
Cranes
Pedestal @ — — — =
Foundation — 1 = 5
Flare/vent
Structure 1 — — 5
Deckhouse Foundation 1 ~ — —
Foundation — 1 — 5
Helideck
Structure 1 — — —
Foundation — 1 — 1
Turret
Structure — 1 5 5
Foundation — 1 — 5
Hose-reel connection
Structure — 1 — —
Foundation — 1 — 5
Structural Riser support
Structure — 2,5 — —
Foundation — 1 — —
Process deck support
Structure — 2,5 — —
Chain stoppers/table Structure — 2,5 — —
Foundation — 1 — 5
Hawser reel
Structure — 2,5 — —
Foundation — 1 — 5
Drilling derrick support
Structure — 1 — —
Foundation — 1 — 5
Tandem mooring
olrucudre — | — —
Foundation — 1 — 5
Breakwater
Structure 1 — — —
External — 2,5 2,5 —
Non-structural
Internal — 5 — —
8 SeeA.18.5.3.
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18.5.4 Inspection results and actions

The effects of deterioration shall be assessed on a case by case basis. Such evaluation shall be performed in
accordance with the provisions of 18.2.3.

18.5.5 Tank testing and watertightness

Tanks for product storage shall be tested with a head of liquid to the top of access hatches, for cargo tanks, or
the top of air pipes, for ballast tanks. As a minimum, such tests shall be performed at five year intervals, or
more frequently if the need is established by the SIM system.

Testing may be waived by agreement of owner, RCS and/or regulatory authority if coatings remai
no significant thickness reductions are found during inspection, unless structural modificationto t

bee

h performed. With such agreement, lack of leakage during operational filling of adjacent ta

takgn to demonstrate watertight integrity.

Cor
It is

Cadtion is required, owing to the risk of damage arising during these tests.

For
bulK
be t

ested for watertightness, non-destructive tested or thickness gauged.

n intact and
he tank has
ks may be

sideration should be given to the loaded condition of adjacent tanks when the fest head is to be imposed.
important to establish that the corresponding conditions were considered and checked by the designer.

other floating structures that do not store large quantities of product, the watertight integrity of tanks,
heads, hull and other compartments shall be verified by visual inspection. Areas of severe cofrosion shall
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NOTE 1

Annex A
(informative)

Additional information and guidance

The clauses in this annex provide additional information and guidance on clauses in the body of this part of

ISO 19904. The same numbering system and heading titles have been used for ease in identifying the subclause in the

body of this partof 1ISQ 19904 to which it relates

NOTE 2 |
be followed i

NOTE 3

possibilities
of action is g
deprecated q

NOTE4 |
permissible |

NOTES |

capability, whether material, physical or causal.

A.1 Scoy

Figures A.1
ISO 19904.

RCS rules
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annex. Refgrences [4], [20], [23], [46], [57], [68], [69], [75], [76], [77], [84] and [160] form a good basis fof

overall plan
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h this part of ISO 19904, the verbal forms “shall” and “shall not” are used to indicate requirements.stric
n order to conform to the document and from which no deviation is permitted.

h this part of ISO 19904, the verbal forms “should” and “should not” are used to indicate that among se
ne is recommended as particularly suitable, without mentioning or excluding others, or-that a certain co
referred but not necessarily required, or that (in the negative form) a certain possibility\or course of acti
ut not prohibited.

h this part of ISO 19904, the verbal forms “may” and “need not” are used\fo’/indicate a course of a
vithin the limits of the document.

h this part of ISO 19904, the verbal forms “can” and “cannot” arel used for statements of possibility

pe

and equivalent national documents aretfrequently referenced throughout this part of 1ISO 19
0 specific RCS or equivalent documents, along with more general documents, are included in

hing, design and operation of floating offshore structures.

lention of these particular references does not constitute an endorsement of all the methods
tions contained therein. [tis therefore advisable to verify with RCS the latest versions of applicable rules.
ted could be completely-or partly superseded by newer or other rules.

bns of this International Standard do not apply to the structural systems of mobile offshore |
luding floating, Structures intended primarily to perform drilling and/or well intervention operati
overed by the IMO MODU Codel'27] and RCS rules, for example, References [19], [57], [122]

, A.2 and A.3 show typical examples of the.types of floating structures covered by this paf

ly to

eral
urse
DN is

Ction

and

—

of

b04.
this
the

and
The

nits
bNS.
and

For details

pfistructural design related to the use of concrete, see ISO 19903[156],

For floating structures intended to operate in arctic environments, this part of ISO 19904 should be
supplemented by ISO 19906('58] or other suitable standards.
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Figure A.1 — Monohull floating structure
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Figure A.3 — Spar floating structure

A.2 Normative references

No guidancg is offered.

A.3 Terms and definitions

No guidancg is offered.

A.4 Symbols and abbreviated terms

No guidance is offered.
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A.5 Overall considerations

A.5.1 Functional requirements

In general, the functional requirements for floating offshore structures are identical to those for other offshore
structures. Tension leg platform (TLP) requirements are to be included in ISO 19904-2[157]1 or reference can
be made to APl RP 2TI[25],

Floating structures are generally used as an alternative to fixed structures for applications where the water
depth would make bottom-founded structures impractical or uneconomical, or when ease of removal and

red

ployment of the structure are economically attractive
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No

A.5

ting structures used mainly for drilling operations, or for construction, transportation, etct, \ar
Fequirements of the IMO MODU Codel'27] and/or RCS rulesl!9l: [571, [122], [161],

L2 Safety requirements

eneral, floating structures should be designed so that the arrangemeni~and separation
ces — particularly living quarters — relative to oil storage tanks, are in accorg
SOLAS regulations!128]. However, the placement of machinery spacés)above oil storage ta
bpted, on condition that an equivalent level of separation and protection'is provided.

b rules or equivalent define areas or compartments of monohulls-as “hazardous areas” accor
imity to equipment, pipes or tanks containing certain flammablé liquids and depending on wh
e fluids are at temperatures approaching or exceeding their flashpoints. An example of this
brence [59], while [72] describes safety principles and arfangements.

Jance on the conduct of formal risk assessments is to be found in References [15], [70], [114] 4
pil tankers, the main hazardous area extends“over the cargo tank area up to a height of bet
3,0 m above the main deck. Hazardous, areas also exist around tank vent outlets and any

hected with the loading or discharge _of cargo. On monohull platforms the process eq
bmmodated on a deck structure constfucted at a height of at least 3,0 m above the cargo/uppe

.3 Planning requirements

tions of the design calculations, but are also dependent on the quality control exercised in G
supervision on-site.and the manner in which the structure is used and maintained.

14 Rules and-regulations

juidance.is/offered.

L5~ General requirements

b subject to

of various
ance with
hks may be

ling to their
ether or not
is given by

nd [170].

ween 2,4 m
other areas
uipment is
deck.

noted in ISO 19900, strucdtural integrity and serviceability throughout the design service life arg¢ not simply

onstruction,

A.5.

5.1 General

The design of a floating structure has many points of similarity with that of a seagoing ship. Accordingly, many
concepts and rules can be extrapolated from those used in the shipping and marine industries. On the other
hand, some notable differences exist and should be adequately accounted for, including the following.

a) Site-specific environment
For floating structures, strength standards set by RCSs are based on criteria relating to a world-wide
trading pattern.
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Dynamic actions characteristics

The actions on the hull of a floating structure are substantially different from those associated with

seagoing trading ships, see Reference [16].
Effect of mooring system

Static and dynamic mooring and riser forces can be substantial, and their effects on the hull gi
longitudinal bending moments and shear forces should be accounted for in the design calculations.

Long-term service at a fixed location

rder

Seagoing ships generally spend a proportion of their time in sheltered water conditions. Permansg

ntly

moored structures normally remain on station all the time and disconnectable structures only‘moveg off

station|in certain conditions and generally remain in the local area. In addition, the expectation-of the
life can be in excess of 20 years.

Seas approaching from a predominant direction

For seagoing ships, in severe weather steps are generally taken to minimize the effects of s
conditipns, such as altering course or alternative routing. Moored permanent\structures generally ca
take syich evasive actions, and even those with weathervaning capability can experience a gre
proportion of waves approaching from bow sector directions.

Zero ship speed

Although moored structures generally have zero forward (speed, the use of zero forward spee
calculations where forward speed is a parameter is not<necessarily conservative when estimating
effect gf such calculations on a moored structure.

Range|of operating loading conditions

Seagoing tankers have a fairly limited range”of operational conditions and are typically “fully’-loade
ballast¢d. Many types of moored platforms, in consideration of their oil storage capability, shoulg
checked for a large number of design-situations. These can include a full range, from ballast thrg
intermediate conditions to fully loaded, returning to ballast via offloading.

Tank inspection requirements

Seagoing ships are generally taken to dry dock for periodic survey and repair. Permanently mo
structufes are usually inspected on station. Thus a full range of design situations should be veri

coverirlg each tankK)(or combinations of tanks) empty in turn, in combination with site-spe
envirorjmental actions.

Change in return period from normal RCS requirements

field

uch
hnot
ater

H in
the

d or
be
ugh

bred
fied,
cific

Typical RES rules for ships are based on providing adequate safety margins against events with a 20
year return period. This part of ISO 19904 provides instead that the design should be based on a typical

return period of 100 years.

A.5.5.2 Structural design philosophy

Satisfactory protection against accidental damage may be obtained by a combination of the following
measures:

a)

b)

108

reduction of the probability of damage to an acceptable level;

reduction of the consequences of damage to an acceptable level.
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The use of ductile materials leads to a structure that does not collapse suddenly, because ductility allows a
structure to redistribute internal forces and thus absorb more energy prior to failure. Measures for obtaining
structural ductility include

— making the strength of connections greater than the strength of the members,

— providing redundancy in the structure, so that alternate load redistribution paths can be developed,

— avoiding dependence on energy absorption in slender struts and slender unstiffened and stiffened plates
and shells with limited degrees of post-buckling reserve strength,

— |avoiding pronounced weak sections and abrupt changes in strength or stiffness, and

— |using materials that are ductile in the operating temperature range.

A.515.3 Design criteria
No guidance is offered.
A.5|5.4 Service and operational considerations

IS0 19900 provides the main service and operational requirements#to be considered in the establishment of
the design basis for floating structures. These include

— |service requirements,

— |manning,

— |risers,

— |equipment and material layouts;
— |drilling rig access,

— | personnel and material transfer,
— | motions and vibrations;

— | any special requitements,

— |location and_ érientation, and

— |remaoval:

A.5/5.5) Hydrostatic stability

No guidance is offered.

A.5.5.6 Compartmentation

No guidance is offered.

A.5.5.7 Weight control

Details on the implementation of mass distribution verification are given in ISO 19901-5[154],
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A558 G

lobal response

No guidance is offered.

A.5.5.9 Stationkeeping

Reference should be made to ISO 19901-7 for further information on stationkeeping systems.
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A.5.6 Indépendent verification

General req

A.5.7 Andg

When the ¢
analytical nj
detailed an
applies to
should be
pressure a

linear supefposition of the individual action effects.

It is norma
following re

Single
assess
require

EXAMP
degree

Single
combir

EXAMP
of interr

Variatic

EXAMP
section,|

PRI 1 £ TEEI VWY } £ 1 - (Za1
P TTidieTidlis Lall DE TOUTTU T TNU O TUITS, TUI SAAITIPIC, TNCICTCTIUE [7O].

uirements in respect of quality control are stated in ISO 19900.

lytical tools

lobal analytical model does not take account (or full account) of local(action effects, or the gl
odel does not contain sufficient detail to analyse a certain response %o the required accuracy, |

ull tank arrangements in structures with a relatively deep dratight, where detailed FE ana

erformed in order to evaluate responses from all relevant{combinations of internal and extg
ttions. Combined responses from various action combinations are then normally developed

ly not practical to consider all relevant actions (both global and local) in a single model, for
psons, among others.

model solutions do not normally contain-sufficient structural detailing, e.g. for ULS struc

d.
LE Internal structure not madelled in sufficient detail to establish internal structural response td
bf accuracy required, or insufficiént.element type, shape or fineness (e.g. mesh size).

model solutions do net ‘normally account for the full range of internal and external pres
ations.

LE Internal §gank’pressure up to the maximum design pressure, maximum external pressures, full e
al and external pre&ssure combinations.

ns in tank.actions across the section of the structure.

LE Where the structural section is subdivided into a number of watertight compartments acros|

bbal
pcal

blytical models should be established to evaluate local structural response. Such a case nornally

l

ysis
rnal
by

the

ural

ment, response down to the level of thé stress in plate fields between stiffeners is normally

the

pure

tent

5 its

Design

EXAMPLE

Single

EXAMPLE

Single

EXAMPLE
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situations that need not be covered by global analysis.

Damage, inclined conditions.

model solutions do not normally account for the full range of “global” tank loading conditions.
Tank loading distributions along the length of the floating structure, asymmetric tank actions.
model solutions need not fully account for all action effects.

Viscous effects (drag actions) on slender members, riser interface actions and thruster actions.
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Generally, single model solutions containing sufficient detail to include consideration of all relevant actions
and design situations result in extremely large models with a very large number of load cases. Therefore, it is
often more practical and efficient to analyse different action effects utilizing a number of appropriate models
and superimposing the responses from one model with the responses from another in order to assess the
total utilization of the structure.

In order to satisfy equations of equilibrium for floating systems it is not normally practical to apply action
factors. In such cases, it is instead generally appropriate to factor the response rather than the action.
However, when applying this approach to non-linear systems, considerable care should be exercised.
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8 In-service inspection and maintenance

A.18.4.3 for further information on inspection programmes.

9 Assessment of existing floating structures

juidance is offered.

10 Reuse of existing floating structures

juidance is offered.

Basic design requirements

1 General

general principles on which requirements forithe structural design of offshore platforms arg
Lmented in 1ISO 19900.

12 Exposure levels

safety categories and conseguence categories are classifications of offshore structures g
rent considerations. In practice, they represent intermediate steps to arrive at exposure |g
bine the two classifications.into a single scale. This provides a framework for design and ass
ctures with different levels of exposure (L1, L2 and L3), which, in principle, could be de
rent partial safety factors.

he industry has~yet to develop and agree on different sets of factors, the current edition of
19904 deals{only with L1 structures. The requirements for L2 and L3 floating structures will
soon as industry-wide consensus is achieved. Alternatively, individual countries may intrody
ional Annexes.

based are

ccording to
vels, which
essment of
signed with

this part of
be included
ce them in

defmltlons of exposure Ievels glven |n th|s part of ISO 19904 are in accordance with the ot

er, related
al values for

the many parameters involved is not practical. Consequently, this part of ISO 19904 prowdes some guidance,
to be supplemented by a degree of subjective judgment, best left to the owner in conjunction with the regulator.

A.6.

Exa

3 Limit states

mples of limit states are documented in ISO 19900.
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A.6.4 Design situations

A.6.4.1 General

Design situations should be determined in accordance with ISO 19900 and with the provisions of ISO 19901-1.
Aspects to be considered in determining design situations include the following:

— service requirements for the intended function of the floating structure;

— expect ech-service tife-for-each-function:
— method and duration of construction activities;
— expected method of removal of the structure and, where applicable, any intended relocatian;

— hazardp (accidental and abnormal events) to which the structure can be exposed during’its design senvice
life;

— potentigl consequences of partial or complete structural failure;

— nature |[and severity of environmental conditions (meteorological, oc€anographic and active geological
procesges) to be expected during its construction and design service,life.

A.6.4.2 Deesign situations for ULS

When actiohs act simultaneously, representative values may be determined based upon consideration of the
joint probability of the events. Design values of representative environmental actions should alwayq be
established|with the intention to result in the most probable-largest (or smallest) action effect for the limit dtate
under cons|deration. Different design situations can_give rise to the most onerous action effects for diffgrent
components in the structure.

A.6.4.3 Design situations for SLS

No guidanckg is offered.

A.6.4.4 Deesign situations for FLS

No guidancg is offered.

A.6.4.5 Design situations for ALS

Monohulls based on.eonverted tankers, which can have void or water ballast tanks in the side, concentrated
around midghipsiean experience relatively large hull girder bending moments in the case where two adjagent
tanks are ¢lamaged. Such bending moments can exceed the minimum RCS requirements for the intact
structure b ignifi i iti ! ility (see
Clause 15), the residual strength of the hull girder should be verified in the damaged condition.

A.6.4.6 Temporary phases

For temporary phase conditions, the reduction of the return period applicable for establishing the
environmental actions may normally be taken as follows.

a) For operations with a duration no greater than 3 days, design environmental conditions should be
established such that the temporary operation is not initiated unless reliable weather forecasts provide
adequate assurance that the limiting environmental design conditions will not be exceeded.

b) For operations with a duration greater than 3 days but where it is possible to abort the temporary phase
operation within a period not exceeding 24 h, design environmental conditions should be established
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such that the temporary operation is not initiated unless reliable weather forecasts provide adequate

assurance that the limiting environmental design criteria will not be exceeded. In such
operation should be discontinued if the weather forecasts indicate environmental conditions i
those established as design conditions.

cases, the
n excess of

For operations with a duration greater than 3 days, but where the operation does not involve risk of life,
injury to personnel, or significant environmental consequences, a minimum of a one year return period
should be used as the environmental design condition. This condition may take account of seasonal

effects but should normally not be taken as being less than a two month seasonal span.

The structure, supported during construction by keel and bottom blocks on the dock floor, is generally

laun

A.7

A7
ISO
con
cycl

A7

Per

Cor

ipns on blocks and the structure are difficult to predict. Accordingly, analyses are generallyi

uation of the stability of the structure, which can be critical due to the light displacement.

iflance on marine operations is given in ISO 19901-61155],

Actions and action effects

.1 General
19900 contains general principles governing the definitions, of actions, action effects

binations that can influence the safety of a floating structure_or its parts throughout the st
e.

L2 Permanent actions (G)

manent actions generally include, but are not limiteéd to

self weight of structures,

weight of topsides permanent fixtures ‘and functional equipment,
weight of permanent ballast and equipment,

deformations imposed during-construction,

deformations due to differential support settlement during fabrication,
actions resulting from’distortions due to welding,

actions resulfing’from external hydrostatic pressure, and

pre-tensien in mooring lines, if of a permanent nature.

troland monitoring of the mass and centre of gravity of offshore structures is di

ISO

arding the
ited to the

and action
ucture’s life

scussed in

19901-501541,

A7

Vari

.3 Variable actions (Q)

able actions generally include, but are not limited to

actions due to personnel occupancy and associated logistics (helicopter landings, etc.),
actions due to performance of the structure’s operations (crane hook and drilling hook actions,
actions associated with drilling operations,

self weight of temporary structures and equipment,
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— actions associated with stored materials, equipment, gas, fluids and fluid pressure,
— actions associated with installation operations,

— actions from fendering and mooring,

— actions from variable cargo, ballast and equipment,

— deformations due to global bending of the hull,

— all moving actions such as for movable drilling derricks, and

— deformptions due to changes in temperature (including sea and air temperatures).

In the absehce of specific requirements, the local design action intensities stated in Table A.1 (adapted from
NORSOK Ytandard N-003[167]) may be used in the structural design of the deck of a floating platform. Lpcal
action effedts resulting from these action intensities should be combined with the corresponding global agtion
effects for the structural components in question.
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Table A.1 — Minimum local design action intensities for decks

Local design 2@ Factor to be applied to distributed
action for:
Area Distributed action Point action
Primary design ® | Global design ©
kN/m? kN

Storage area q 1,5¢ 1,0 1,0
Laydown area q 1,5¢ f f
Lifeboat platform 90 90 10 d
Arep between equipment 5,0 5,0 f d
Walkway, staircase and platform 4,0 4,0 f d
Wa kwgy and stalrway for 3.0 3.0 f d
inspection and repair only
Rog¢ f accessible for inspection and 1.0 2.0 0 d
repfir only

q is|to be evaluated for each case as follows:

— | storage areas for cement or wet or dry mud should be 13 kN/m2 or pgH, whichever is the larger,

where

p  is the mass density (in kg/m3),

g s the acceleration due to gravity (m/s2), and

H is the storage height (m);
— | laydown areas are not normally designed for less than:15 kN/mZ2.
fis pqual to either 1,0 or (0,5 + 3/A°'5), whichever is_the smaller, where 4 is the action area, expressed in square metres.

Wheel actions are to be added to distributed actions where relevant (wheel actions can normally be considerged acting on
an grea of 300 mm x 300 mm).

Point actions are to be applied on an area-100 mm x 100 mm, and at the most severe position, but not added to wheel
actipns or distributed actions.

For|actions on floors in accommedation and office sections, see 1SO 2103[137],

Handrails should be designed-for 1,5 kN/m, acting horizontally.

@ | Design of deck plates-and-stiffeners.

b | Design of deck beams and beam columns.

¢ |Design of ,.deek” main structure (and substructure). Global action cases should be established based upon [‘worst case’,
representative\variable action combinations, complying with the limiting global criteria to the structure. For buoyant stryctures, these
critgria are._established by requirements to the floating position in still water, and intact and damage stability reqirements, as
docpmented in the MOM, considering variable actions on the deck and in tanks.

d | May be ignored.
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A.7.4 Accidental actions (A4)

A.7.4.1 General

Accidental actions typically result from, for example:

— collision/impact with or from a vessel, helicopter or other objects;

— droppe

d objects;

— fire and blast;

— change
— leaks;
— uninten
— uninten
— failure
— loss of

— loss of

A742 C

The energyj
kinetic ene
impacting v
account wh

For the No
are listed in

of intended pressure difference;

ded change in ballast distribution;
ded flooding of a hull compartment;
bf mooring lines(s);

DP system causing loss of heading;

propulsion or tug during transit to site leading to exposure to/beam sea.

ollision

absorbed by the floating structure during a collisionimpact is less than or equal to the total im
gy, depending on the relative stiffness of the.impacted parts of the floating structure and
essel and also on the mode of collision and-veéssel operation. These factors may be taken
en considering the energy absorbed by the floating structure.

th Sea and the Gulf of Mexico, typicalistandby vessel sizes and corresponding impact veloc
Table A.2.

Table A.2 — Typjcal'standby vessel sizes and impact velocities

Location Typical vessel mass Typical impact speed
tonnes m/s
Northern North, Sea 5000 2,0
Southern.North Sea 2500 2,0
Gulf'of\Mexico 1000 0,5

pact
the
into

ties

Typical add

{ 7o 4 44 L 1 demirnl T 4 4 1 L e T
U TT1asSS CUCTITIICICTIS aifc 1,9 1Ol DITUAUSIUC CUISIONS AallU 1, T TO DOW/SIETTT CUNSIUNS.

Reference should be made to IMO MARPOLI'30] and RCS stability rules or equivalent for typical collision

zZones.

A743 D

ropped object

No guidance is offered.
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A.7.4.4 Fire and blast

When assessing blast overpressure actions and duration, consideration should be given to all relevant
parameters, including the following:

— the stoichiometric composition of the explosive mixture;
— the position and volume of equipment, piping, etc., in the area;

— the venting arrangements, configuration of confining bulkheads, etc.;

— | position of ignition within the area under consideration;
— |dimensions of the area where the blast is expected to occur, etc.

Thel range of overpressures encountered in respect of hydrocarbon explosionscin*offshore ¢il and gas
strugtures is normally about 0,5 bar although overpressures can occasionally reach-values as high as 5 bar to
6 bard).

A.7\5 Environmental actions (F)

A.7/5.1 General

Environmental actions include, but are not limited to, actions caused by
— |wind,

— |waves,

— |currents,

— |marine growth, snow and accumulated ice acting in conjunction with other environmental gctions, and
their effects on variable actions,

— |ice sheets or floes,

— |temperatures (including,effects on material properties), and
— |earthquakes.

If gpecial circumstances require consideration of seismic actions, reference should bg made to

ISO[19901-2*%2], An in-depth presentation of actions on general structural types ig given in
EN (1991 Eurocode 1[101]. Environmental conditions and actions are also covered by Reference [93].

A.715:2) Environmental site-specific data

Environmental statistics and characteristics are described in ISO 19901-1.

Global circulation currents are driven by large-scale global effects. Loop currents are associated with major
ocean current circulation patterns, e.g. Gulf of Mexico loop current. Eddy currents are circulatory features
shed from loop or other major circulation currents. Eddy currents can persist for several months or more.
Internal waves are propagating waves that can occur at the interface between layers of fluids having different
densities.

5) 1 bar=0,1 MPa = 105 Pa; 1 MPa = 1 N/mm?
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A.7.5.3 Wind actions

For monohulls that are similar in profile to very large crude carriers (VLCCs), wind coefficients may be taken
from Reference [174],

Consideration should also be given to wind-sensitive topsides structures, such as flare towers, see also
ISO 19901-3[153],

A754 C

For monohy

urrent actions
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Wave actio

For application to floating structures, first and higher order perturbation theories are-generally used to desd

the wave ki
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Additional g
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This part ¢
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The inertia
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galloping effects on non-circular slender elements.

P
urrent Loads on VLCCsl174l.
[ave actions

General
s can normally be determined using either a deterministic or a stochastic-description of the w4
hematics and resulting wave actions.
f local hydrodynamic instabilities are

5hedding on slender components;

Actions on large-volume bodies

b is offered.

Actions on slender components

uidance on the choice of the_appropriate values for the drag and inertia coefficients is provide
RCS rules and similar guidélines.

f ISO 19904 is not_sufficiently detailed to host a discussion on the selection of approp
nic coefficients for floating (and fixed) structures in practical design. The coefficients specifie
Ve text are considered minimum acceptable values to ensure an adequate level of safety.

pn the wave-theory used, an equivalent force coefficient may be employed.

strdctures. For floating structures, a higher drag coefficient can be unconservative becaus

increases the-damping level and thus decreases the dynamic response.

n of

ves.
ribe
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coefficient for floating structures (and for dynamically-sensitive structures) is different than thaft for

be it

Accordingly, valid reasons exist to use different coefficients for the analysis of a static fixed structure and the

analysis of a floating

(or a dynamically-sensitive) structure. This is further described in

NORSOK Standard N-003[167].

A.7.5.54

Slamming on slender components

the

Time duration and lengthwise extent of slamming actions need consideration. These are short duration events
localized near the waterline and depend, among other things, on the rate of immersion of the component. The
formula in the normative clause is for instantaneous immersion of the entire component.

See Refere
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nces [67] and [177] for more information.
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A.7.5.5.5 Higher order non-linear wave actions

When a linear, regular, first order wave is interacting with itself and a floating structure, actions of different
nature arise. In addition to first order linear exciting wave actions, mean non-linear second order forces (drift
forces) and non-linear forces varying in time with twice the first order wave frequency act on the structure.
Effects due to analytical formulations higher than second order are usually neglected.

Irregular, random waves are modelled as the sum of a large number of elementary waves of given
frequencies and amplitudes (a wave spectrum). Superimposing the contributions of the elementary waves, the
resulting second order exciting actions contain three components. These are the mean actions (drift), actions
varying in time with a frequency equal to the frequency difference (slow drift), and actions varying in time with
a fregquency equal to the frequency sum (high-frequency actions).
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Slanming can result/in high pressure on local structures and can cause damage in areas remg

imp

It is
sevi

slow drift actions can be important for the design of stationkeeping systems for floating,struct
hore loading systems. If current is present, the effect of the current on the mean drift;actions a
bns should be taken into account. These effects can alter the mean and varying actions and
pciated slow drift damping.

large-volume structures with a small water-plane area, the slow drift actions”can result in Ig

sum frequency actions can have an important effect on the total wave action effects on cert
ing structures. This phenomenon is often referred to as “springing” and is primarily associated

higher order action effects should be determined by a consistent higher order theory with due
el tests.

5.5.6 Wave enhancement effects

juidance is offered.

5.5.7 Shallow water effects

juidance is offered.

5.5.8 Slamming and green.water actions

rational experience with trading and other ships has shown that slamming can result in structu
cularly on the ship’s bottom forward.

longitudinal extent of.slamming depends on hull form and hull scantlings.

hct area, suchas masts, crane posts, helideck supports, deckhouses, piping and equipment.

recommended that measurements be taken during the model testing programme to determing
prity(and extent of wave impact actions on the hull, so as to devise a suitable strategy for struct

ires and for
nd slow drift
give rise to

rge vertical
Bin types of

with TLPs.

reference to

ral damage,

te from the

frequency,
ural design.
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t—Hirst-order (wave

frequency) hull motions and slamming responses are both highest in waves of length approximately equal to
the ship length. Slamming on both a flared bow and a flat forefoot can result in large moments. The flat
forefoot is particularly susceptible to slamming at small draughts.

Recommended current state-of-the-art publications are References [51], [52], [53], [67], [111], [112], [177],
[179] and [180].
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A.7.5.6 Vortex-induced vibrations and motions
A.7.5.6.1 Simplified assessment of vortex-induced vibrations and fatigue

A simplified assessment of VIV-induced fatigue of a slender component may be performed using models
linking the response amplitude to hydrodynamic parameters such as reduced velocity, Keulegan-Carpenter
number and current to wave flow ratio.

The following procedure may be applied.

a) Assume undisturbed current velocities by neglecting the influence of the waves.

b) Assumg a representative velocity profile.
c) Identify the planes of vibration for the relevant mode shapes of the component.

d) Deternfine the natural frequencies and mode shapes for the component’s bendingin’the cross-flow
directign based on analytical models or by FE analysis.

e) Definela band of local vortex shedding frequencies f; along and arounes the component uping
Equation (A.4) — typically Sr = 0,14 to 0,25.

f)  For eaph modal frequency, identify the portions of the component that fall*within the limits of the Ipcal
shedding frequency.

g) Identify the most likely mode shapes to be excited by VIV and seléct the one with the highest curvdture
(typically, this is the mode with the highest frequency among the “probable modes”), however, care ngeds
to be tgken to ensure that fatigue damage associated with other'mode shapes is accounted for.

h) Assumg a vibration amplitude of the component for the anticipated mode equal to

JE13xd @1

is the vibration amplitude;

d | is the member outside diameter.

i) Compuie the corresponding stress range:

N CSCF Exd (A2)
where
S is'the stress range;

Cdcg \ is the stress concentration factor (if applicable);

E is the material (Young’s) modulus;
K is the curvature;
d is the member outside diameter.

i)  Estimate the fatigue damage by application of the relevant S-N curve as

D=Cyfy Ty S"IC (A.3)
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where
C, s the average number of seconds per annum = 3,15576 x 107 s.
D is the fatigue damage ratio;
Jfn s the frequency of the relevant mode, expressed in hertz;
T, is the design life of the member, expressed in years;

and where m and C are constants defining the S-N curve.

1:2006(E)
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parameters:should accordingly be performed. Comparison with results obtained from full-scal
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Then perform a weighted summation of computed damage over the long-term current~dis
velocities and direction.

5.6.2 Multi-modal response analysis based on empirical models

hnificant VIV-induced fatigue damage is likely, more thorough calculations should be conductg
| of refinement typically involves methods for multi-modal response analysis*based on empiri
irical values of the hydrodynamic coefficients. One way of achieving this is by appli
eralization of the procedure given in A.7.5.6.1. There are also two other main approaches fo
fesponse, see A.7.5.6.3 and A.7.5.6.4.

5.6.3 Modal response in the frequency domain

approach can incorporate general current profiles. Typically, a FE formulation is adopted. A
tion for the loading process at two points along the component, as a function of their relative

duced. The parameters used in the model for the ¢alculation of action and action effects gene
bration with model field data.

5.6.4 Response in the time domain

this approach a substantial database\of cross-section tests is required giving hydrodynamic
uencies and phase angles for various combinations of incident velocity and cross-section vi

structed.

5.6.5 Methods baséed on solution of the Navier-Stokes equations

analysis based _omsolution of the full Navier-Stokes equations consists of a set of 2D fluid-flg
sufficiently many’ cross-sections along the component, including modelling of the dynami
ditions. Thedirect solution of the complete flow equation is currently restricted to low Reynol
turbulencein the near wake). Validation of the numerical results by sensitivity studies with res

Briments is also essential for calibration and fine-tuning of the numerical algorithms.
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5.6.6 Methods for reduction of VIV

Particular emphasis should be given to those cases where the vortex shedding frequency is a multiple of one
or more resonant frequencies.

The

vortex shedding frequency may be calculated from

v
=S
Js ’"d

© 1SO 2006 — All rights reserved

(A.4)

121


https://standardsiso.com/api/?name=c5a8ef341cdc00d63044429de43c40d8

ISO 19904-1:2006(E)

where
Js
Sr

v

d

is the vortex shedding frequency;

is the Strouhal number;
is the flow velocity normal to the slender member axis;

is the member diameter.

Vortex shedding is_related to the drnc coefficient of the member considered High drnc coefficients usl |a||y

accompany| strong, regular vortex shedding or vice versa. Thus, the Strouhal number is a function(ef| the
Reynolds number for smooth, rounded members.
Moreover, for rounded, hydrodynamically smooth members, the vortex-shedding phenomenon ‘is stropgly
dependent pn the Reynolds number (Re) for the flow, as follows:
102< Re < 0,60 x 108 periodic shedding
0,60 x[10%< Re <3 x10° wideband random shedding
3 x 106 < Re<6x 10 narrowband random shedding
Re > 6|x 10 quasi-periodic shedding
For rough members, the vortex shedding should be considered strongly periodic in the entire Reynplds
number range.
For determination of the velocity ranges whereyvortex-shedding-induced oscillations can occuf, a
non-dimengional reduced velocity, v,, is used:
v, =—— A.5
r= g (A-5)
where f, is[the natural frequency of the pipe.
Another paftameter controlling-the’motions is the non-dimensional stability parameter for VIV, K, defined as
2mgo
Ky =177 .6)
pwd
where
Py 18 the mass density of seawater;
mg is the effective mass per unit length;
o is the generalized logarithmic decrement of damping defined by either
5=, + & (A.7)
or
6=2n¢ (A.8)
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&, s the logarithmic decrement of hydrodynamic damping;

& is the fraction of critical damping.

is the logarithmic decrement of structural damping;
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As a guideline, VIV in current and waves can occur when the parameter ranges in Table A.3 are fulfilled.

Table A-3— ViV occurrence regions
Cross-flow excitations In-line excitationfs
Member located in
v, Ks v Ks
Wir|d 4,7<v,<8,0 Ky <25 1,7<v, 28,2 —
Current 3,5<v,<16,0 — 1,0 <% <45 <18
Wales (dominant) and current 3,0<v,<16,0 — 1h0<v <45 <18

If th
ass

a)
b)
c)
d)

All f
and

If th
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laboratory tests.

effects:

introduction‘of vortex suppression devices.

multi-modal response analysis (A.7.5.6.2 to A.7.5:6.4);

e screening shows that VIV is likely to occur, the actions and-effects arising from this phenomg
bssed using one of the following approaches, in order of inecreasing complexity:

simplified assessment of vortex-induced vibrations and fatigue (A.7.5.6.1);

computational fluid dynamics solving the Navier-Stokes equations (A.7.5.6.5);

our methods may be used for slender components (risers, umbilicals, tubular members, etc.)
d) apply to large-volume structures.

e calculated VIV-response/suggests potential problems, there are two main approaches for ri

modification of the.component properties, i.e. tension, diameter, structural damping;

eral different methods exist for reducing the amplitude of VIV. It is usually possible to avoid t
s-flow' region when the highest reduced velocity is below 3,0, i.e. below the resonant region
ve-the resonant area is much more complicated. There is always a higher natural mode with

non can be

but only ¢)

educing the

he resonant
To be well

A frequency

that corresponds to the vortex shedding frequency.

A second possibility is to add vortex suppression devices to the cylinders. These can be divided into the
following three categories, according to the way they influence the vortex shedding:

©I1s

surface protrusions (wires, helical strakes, etc.) triggering separation;

perforated shrouds, axial slats, etc. (breaking the flow into many small vortices);

near wake stabilisers, preventing the building of the vortex street.
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A.7.5.7 Marine growth

Marine growth is a common designation for surface growth on offshore structures, caused by plants, animals
and bacteria. The marine growth characteristics are governed by the biological and oceanographic conditions
at the actual site.

The specific gravity of marine growth is in the range of 1,0 to 1,4, depending on the type of organism.

A.7.5.8 Snow and ice accretion

No guidancgis offered

A.7.5.9 rect ice action

No guidanckg is offered.

A.7.5.10 Temperature effects
No guidanckg is offered.

A.7.5.11 Tjdal effects

No guidanck is offered.

A.7.5.12 Geotechnical hazards

No guidancg is offered.
A.7.6 Other actions

A.7.6.1 Stationkeeping actions

Action effedts caused by the stationkeeping system are presented in ISO 19901-7.

A.7.6.2 Sjoshing actions

Major factofs involved in sloshing-are
— tank dimensions,

— filling lgvel of tank;

— metacgntri¢ height,

— natural periods of structure motions and of cargo and/or ballast mofions, usually in roll and pitch modes,
and

— floating structure draught.

A.7.7 Repetitive actions

No guidance is offered.
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A.7.8 Action combinations

When actions act simultaneously, representative values may be determined based upon consideration of the
joint probability of the events. In the absence of site-specific joint probabilities, combinations of environmental
action events that can be considered for the ULS condition are listed in Table A.4. For many types of floating
structure, it is not always obvious as to which environmental design situations control the design. Identifying
the most onerous maximum (or minimum) responses is a process often referred to as “response-based
criteria”.

Table A.4 — Recommended annual probability of exceedance of selected
action effects for combinations in the ULS condition

Action effect resulting from
Combination
wind waves current ice/snow earthquake sea level
1 102 102 101 — P 102
2 101 107" 1072 — — 1072
3 101 107" 101 1072 — mean
4 — — — — 102 mean

A.8

A.8

Flod
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acti
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Flod
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Global analysis

1 General

ting structures are dynamically excited by wind, waves and current. Wave and current actiong
floating structure are covered by large-body hydrodynamic theory. In addition to ordinary wav
bns, these structures are also subject to slow=drift excitation from waves and wind. Some stru
. spars) are also sensitive to vortex-induced’motions due to current and waves.

ting structures are kept on location~by stationkeeping systems, which generally consist o
etimes combined with thrusters,. or‘dynamic positioning systems. The restoring force charact

on the hull
e frequency
ctural forms

f moorings,
eristics of a

mogring system are given by the.number of mooring lines, line layout pattern, pretension level, apd restoring
force characteristics of each (line. Traditional catenary mooring lines are composed of wire[ and chain
segments (often in combination with clump weights and buoys) to achieve the required restoring and line
chafacteristics. Taut mooring lines are often used for deep water applications.

Degdending on the structure’s functions, risers of various types and sizes connect the structure to the seabed,
to pjpelines, or to-ather field components. Riser tensions and pretensions act on the structure.

Moqgring lineS and risers are slender marine structures and have similar static and dynamic behaviour. It is
therefore passible to apply the same methodology for global analysis of mooring lines and risers.

A morg)detailed description of the procedures to be used for the global analysis is to be found in ISO 19901-7.
A.8.2 Static and mean response analyses

A.8.2.1 General

The most significant environmental actions for floating structures are normally those induced by wave actions.
The characteristics of waves can either be described by deterministic design wave methods or by stochastic
methods using wave spectra. Deterministic methods are used when sea states are represented by regular
waves defined by wave height and wave period. Stochastic methods are used if the irregular nature of the sea
is a significant design parameter. The sea states are then represented by wave spectra, which are
characterized by significant wave height and peak spectral period or mean zero-crossing period.
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Stochastic methods for response analysis of large body structures are in principle recognized as the best
methods for simulating the irregular nature of wave actions. Computer tools for such analyses are available
and global response is normally evaluated by stochastic methods.

Stochastic results are not well-suited for structural design, as simultaneity of the internal force/moment and
stress distribution is lost. A regular wave analysis allows for evaluation of force/moment and stress distribution
diagrams, while retaining phase information.

The preferred method for determining global responses is to undertake a long-term response analysis,
calculated based on the site-specific wave scatter diagram. The short-term response for design purposes can
then be calculated with a long-term probability of exceedance during a specified time. An alternative to using

the full scat
action effed
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fer diagram is to develop a 100 year contour line on the scatter diagram and to calculate the-gl
ts for a range of short-term sea states on this contour line in order to find the maximum (vatu
b used the uncertainty associated with the wave period should be accounted for.

noted that the structural response of a floating structure is sensitive to wave peried (length),

ull girder responses for monohull structures often occur in sea states with waves.of a length e
h of the floating structure.

fatic equilibrium in still-water condition

b is offered.

ean response analysis
se of the floating structure to mean environmental actions may be used for frequency dor

as the initial condition for time domain analysis.Additionally, the mean structure respons
quired for dynamic analyses of risers and moorings.

pbal dynamic behaviour
sponse may be computed in the frequency or time domain.

bsponse to steady state actions may be determined in the frequency domain.

amplification.

jjuency domain-analysis

ignificant limitation of frequency domain techniques is that all non-linearities in the equation|
ignored or replaced by linear approximations. Typical non-linearities are introduced by visd
rag-induced actions, time-varying geometry, horizontal restoring forces and variable water suri
N most-cases, these non-linearities can be satisfactorily linearized. This can be accomplishe
h term about some operating point, or through another suitable technique (equivalent en
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In cases where both time and frequency domain techniques can be considered, the frequency domain often
has the advantage of fewer and simpler computations. In the case of large floating structures, where wave
scattering and radiation is important, the inviscid hydrodynamic properties are most conveniently calculated in
the frequency domain.

A.8.5 Time domain analysis

Time domain solution methods are often used for final, detailed design stages and for checks on frequency
domain solutions. Furthermore, time domain methods are usually used for extreme condition analysis, but are
not normally used for fatigue analysis.
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A.8.6 Uncoupled analysis

The second step is the time-consuming part of the uncoupled analysis, and is normally carried out for critically
loaded mooring lines and risers, one by one.

A.8.7 Coupled analysis

The main drawback to the coupled approach is that the computational effort needed is significantly higher than
for the uncoupled analysis.

A.8.8 Resonant excitation and response

Examples of resonant responses generally not directly excited by linear wave actions are

— |the roll resonance of a barge/ship or of a spar with a low transverse metacentric height (GM),
— |the heave resonance of spars or semi-submersibles,

— |the surge, sway and yaw resonance of a moored floating platform,

— |internal centre-well resonance, and

— | ballast or cargo tank sloshing modes.

Thig list is not intended to be exhaustive.

Among mechanisms known to create resonant excitations,*a-.general class exists called Mathieu fnstabilities.

These occur in situations where the system stiffness vari€s with time. Mathieu instabilities are kngwn to occur
as g consequence of variable hydrostatic stiffness of a‘semi-submersible or spar.

A.8.9 Platform offset

No guidance is offered.

A.8.10 Air gap

No guidance is offered.

A.8.11 Platform motions and accelerations

No guidance is offered.

A.8.12 Model tests

The| numerical’predictions and model experiment results are complementary. Through careful interpretation,
each of thgse results can be used to partially circumvent limitations of the other. One of the greatgst values of
model-tests is that the results are obtained W|thout requmng any a priori assumptlons about the nature of the
respe S - odel-test facilities
and scale effects normaIIy reqwre substant|al mterpretatlon of the results to translate them into full-scale ones.

The primary objectives of model tests fall into three broad categories:
a) to determine the response of a particular structural configuration;
b) to validate methods for analytical or numerical prediction of system responses;

c) to confirm that no extraordinary or unexpected behaviour of the tested configuration occurs.

Further information can be found in Reference [115].
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A.8.13 Design situations for structural analysis

Full-scale measurements from similar structures may be used to support design assumptions and improve
design estimates. In-service measurements may be used to confirm or improve design assumptions, and can
provide a basis for revising earlier estimates of payload/operating limits and design service life.

A.9 Structural considerations

A.9.1 General

No guidanc
A.9.2 Rep

A.9.21

No guidanc

B is offered.

resentative values of actions

General

B is offered.

A.9.2.2 Representative values of actions for operating phases

No guidanc

b is offered.

A.9.2.3 Representative values of actions for temporary phases
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abrication sequence, the actions acting on the structure generally depend on: the procedures
erection and assembly followed by the yard; the facilities for handling and lifting the fabric
cilities used for the final outfitting (e.g. dock, slipway or quay).

n typically consists of prefabrication of small components and assembly of elementary blg
etion, the blocks are transported to the dock/slipway area for erection. The overall size and wq
s are restricted by the productiaofi ;and hoisting capacity of the yard. The effect of lift-indd
Lild be analysed to ensure stressevels and deformations are acceptable.

k/slipway the blocks are_positioned and welded to adjacent structures. Particular considerg
given to support arrangements and proper alignment between blocks. Internal forces car
y proper erection and‘welding sequences.

tion of the structure’ consists mainly of the installation of its stationkeeping system (the founda
oor and the moeoring system) and the hooking up of the floating structure to this system.

conseque

A9.2.4

es the removal operation is the reverse sequence of the activities carried out for installation

and
hted

icks.
ight
ced

tion
be

tion

and,

n]ly, similar considerations apply.

No guidance is offered.

A.9.3 Design scantlings

Reference can also be made to the design considerations for scantlings specified in Reference [120].
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A.9.4 Modelling

A.9.

4.1 General

1:2006(E)

The extent of detail in a structural model is a balance between accuracy of results and limited resources.
Model extent, FE type, element size, and level of detail should be consistent with the intended purpose of the

stru

ctural model.

Appropriate element size is dependent on model function and stress gradient. In a global analysis where the
function of the model is to simulate global structural response and identify governing load cases, element
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el. For a local model, element size should be significantly reduced. To evaluate structuralreg
5s concentrations (regions of high stress gradient), the element size should generally bg |of the
e thickness.

h quality can significantly affect predicted stress response. Selection of elefnent type, size
Lld be appropriate to the analysis being undertaken. Sharp transitions innelement size car
5s flow through a structural component, hence element size transitions should be placed aw|
reas of high stress concentration.
ndary conditions should be defined so as not to significantlys affect the results of the ar

bcated sufficiently far from the area of interest that they donot significantly alter the results.

extreme caution due to the complexities introduced.into the models.

-modelling and sub-structuring techniques_may be utilized. These techniques can requirg
ication due to the complexities introduced into the modelling process.

analyses should be carried out with(verified computer codes. Well-documented element t
en track record in offshore structural modelling should be used for analysis models. Modern el

4.2 Global models

ar spring elemerits,;')may be used to model mooring system stiffness provided the spring co
ulated based_on)actual mooring system parameters. lll-conditioning errors can occur where

Lld be investigated. Where variations in mooring stiffness model parameters significantly affect
hcceptability of adopting linear spring elements should be evaluated.
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pes with a
ements can

ised if sufficient validation is performed with comparisons to more mature technology. Linear or higher
ordér elements may be used.

nstants are
large rigid

ly displacements are required to obtain mooring force equilibrium. The possibility of such efrors arising

responses,
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mine global

response which should then be mapped to a more detailed model (with limited extent) for structural evaluation.
Primary stiffening (stiffeners and girders) may be modelled by beam elements.

A.9.

4.3 Local models

For components subjected to well-defined local actions, manual calculations may be adequate provided they
are based on well-established empirical formulae or basic engineering principles. The actions used in these
calculations should be based upon global responses and local actions acting on the component.
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A.9.4.4 Response evaluation

When real and imaginary stress data are combined to determine the maximum response within a wave cycle,
attention should be given to the fact that derived stress components (e.g. equivalent and principal stresses)
are non-linear combinations of the basic stress components and therefore non-harmonic in nature.
Establishing maximum values for these derived stresses over a cycle of a complex action requires searching
for the maximum value by stepping through the cycle. Stress data should be determined at each 5° to 10° of
wave phase when searching for maximum response.

Typically, artificially high stress gradients can occur in the following cases:

near c(
near sh
at loca
at loca
Artificially Ig
A9.45 M

Different ac
analysis ca
for ultimate

A.9.5 Stru

A.9.5.1

No guidanc

A952 L

No guidanc

A.9.5.3 Non-linear analysis

Generally,

cover all mgdes of failure.in structural components.

Most ULSs
normally pg
stress resu

General principles

nstrained boundaries, except at natural constraints such as symmetry;

arp transitions in finite-element size;

ions where shell and solid elements are joined using boundary elements or constraint equation
ions of artificially concentrated application of actions or forces.

w stress gradients typically occur in the cases where the element size is-{60 large.

odel verification

tion criteria and modelling techniques can be appropriate for\different limit states. Different typq
N also be required for a given limit state, e.g. the analysjs Used for air gap as opposed to that |
strength for ULS.

ictural analysis

b is offered.

near analysis

B is offered.

t is necessary, to' undertake parametric studies to evaluate different action histories in ordg

occur_enly when the structure has reached a state of non-linear behaviour. The ULS cheq
rformed by carrying out a linear elastic response analysis of the structure to determine stressg
tants (moments, forces) in the individual components, and checking that the ultimate capaci

n

s of
sed

r to

k is
s or
y is

adequate, component by component, using structural resistance formulations that can incorporate non-linear
effects occurring at component collapse.

Component strength is normally determined by experimental methods, generalized by parametric or by non-
linear structural analyses. If multiple stress/force components affect the component strength, the strength may
be expressed by interaction equations.

A.9.6 Structural strength

References [2], [3], [26], [27], [84], [85], [86], [87], [92], [95] and [102] give guidance on ultimate and buckling
strength design for a range of components and systems.
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A.9.7 Design checks

A.9.7.1 General

Partial factor design and WSD approaches have been treated as parallel requirements in this part of
ISO 19904. The motivation for this parallel approach is the everyday use of both approaches by the offshore
industry in different countries.

Historically, WSD was not considered as checking the structure at the ULS. However the current view is that
WSD is simply a partial factor design where, for linear response, the whole safety factor is applied to the
material (I:nr non=linear responses, such as hi |r\|{|ing, further adjllcfmnnfc tothe anign formulae-gre made so
that{the WSD method remains compatible with the ULS.) Therefore, limit state design can be €opsidered as
being valid when either WSD or partial factor methods are utilized.

The| term partial factor design format is used rather than limit state design (or load and resisfance factor
des|gn) in this part of ISO 19904. A comparison of the methods can be made via parallel design standards for
offshore structures, including floating structures, for example, DNV OS-C10N] (partial factor) and
DNY OS-C201[78] (working stress).

A.9]7.2 SLS deflection limits

Guiglance for deflection limits for both primary and secondary load-garrying components is presenied in Table
A5

Table A.5 — Limit deflection'criteria in the SLS

Structural member: Span/Deflection
Primary load-carrying eomponents > 340
Secondary load-carrying components > 250

A.9|7.3 Partial factor design format
Badkground to the derivation of-reliability levels for offshore structures can be found in Reference [[110].
A.9]7.4 Working stress design format
No guidance is offered:

A.917.5 Reliability-based methods

Genleral, principles related to reliability-based structural design are documented in 1SO 2394138l while
strufctural reliability of marine structures is addressed in Reference [94].

In principle, the purpose of structural design is to ensure an adequate degree of reliability. Analytical models
utilized in structural design contain a set of basic variables representing physical quantities of random
variables. The uncertainties associated with these random variables are caused by inherent random variability
and/or insufficient data (or imprecise knowledge).

A.9.8 Special design issues
Sloshing is specifically addressed in BV Guidance Note NI 1711631,

Further information concerning green water and wave slam actions and effects can be found in
References [51], [52], [53], [67], [111], [112], [177], [179] and [180].

© 1SO 2006 — Al rights reserved 131


https://standardsiso.com/api/?name=c5a8ef341cdc00d63044429de43c40d8

ISO 19904-1:2006(E)

A.9.9 Material

A.9.9.1

General

For consideration of materials applicable to offshore floating structures, reference may be made to

BV Rule NR 216[%4], DNV 0S-B101[73] and DNV OS-C101[74].

A.9.9.2 Material selection

Selection of a higher toughness grade at the design stage makes the structure more tolerant of fatigue cracks
and more ¢

A993 T

No guidanc

hrough-thickness tension

B is offered.

A.9.9.4 AJuminium substructures

The mecha

The followi
aluminium
addressed

A.9.10 Co

Specific are
following.

rrosion protection of steel

a) External surfaces:

un

derwater hull;

wdterline area;

abpve waterline;

defck areas;

topsides.

b) Internal surfaces:

132

VO

d.spaces (open and closed);

apabteof Tedistributimgforcesaway frommoverstressed aredas:

hical characteristics of aluminium alloys should be determined in accordance with ISO 6361-1[139],
hg ECCS recommendations for aluminium alloy structures can-be utilized in the design of

structures: References [106], [107] and [108]. The design~of aluminium structures is plso
n ABS Rules for Building and Classing Aluminium Vessels['8Darid BV Rule NR 384[56].

as to be considered in the design of the corrosion protection system for the structure includg the

machinery and equipment spaces;

storage spaces;

ballast tanks (active, passive, and reserve [dry]);

ca

rgo and slop tanks (tankers, barges);

fuel tanks;

fresh water tanks;
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— drill water tanks;
— other tanks (for example, brine).

Two types of systems (or approaches) are typically used to provide corrosion protection for the structure:
coating (paint) systems and CP (sacrificial anodes, impressed current) systems. These systems are typically
used in combination to provide a complete corrosion protection system for the structure. CP systems are far
more effective when used with coatings because they then need only to protect against coating breakdown,
see References [83] and [164]. CP systems are normally an aid for maintaining the condition of a coated
structure and not a substitute for the coating.

The| corrosion protection system requirements for a specific surface or tank depend on the type and required
duration of service. For example, the system requirements can vary for an “active” ballast\tank (i.e. tanks
hav[ng continuous changing of sea water), “passive” ballast tanks (tanks maintaining a constanf amount of
sea| water), cargo oil tanks and drill water tanks. Additionally, the type of coating system selected (e.g.
epoky-base, “float-coat” type) depends upon the structure’s inspection programme,sin terms of personnel
access and cleaning requirements.

When evaluating the requirements for a corrosion protection system, the follewing aspects shouldl be among
thoge considered:

— | required design life of the corrosion protection system;

— | consequences of corrosion damage;

— |accessibility for inspection, maintenance and repair;

— |exposure to corrosion-aggressive environments;

— |exposure to erosive environments or mechanical damage;
— | the complexity of the local geometry;

— | galvanic effects between different\materials.

References [58], [66], [96], [103];\[104] and [165] give some indication of requirements for corrosiop protection.

Allowing for a diminution forstructural hull thickness is discussed in Reference [97].
A.9111 Fabricationand construction
Further information on general construction and repair principles can be found in Reference [123].

Weight control should be effected in accordance with the requirements of 1ISO 19901-5[154] for |which, with
respect to'weight control classification, a floating structure should be treated as being of Class A.

In the areas surrounding critical connections, continuity of strength is normally maintained through joints with
axial stiffening members and shear web plates being made continuous. Particular attention should be given to
weld detailing and geometric form at the point of the intersections of the continuous plate’s components with
the intersecting structure. Guidelines on fabrication and testing of offshore structures are given in
DNV OS-C401(80],

Welds at critical connections should have smooth profiles without undercut.
Penetrations through load-bearing structural members should be carefully detailed and, where necessary,

reinforcement should be fitted. Evaluation of the structural strength adjacent to openings should include
consideration in respect to both static and fatigue resistances. Penetrations through structural components
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critical to structural integrity should be minimized, and areas where penetrations are prohibited should be
clearly shown on fabrication drawings.

A.9.12 Marine operations
Marine operation requirements are given in ISO 19901-6[1551,

A.9.13 Topsides/hull interface

General requirements and guidance applicable to topsides structural arrangements are given in
ISO 19901-BI™°I"National regulations and requirements can also apply.

A.10 Fatigue analysis and design

A.10.1 Geheral

Fatigue-related documents of general applicability in the design and assessment of floating structures include
References| [6], [17], [65], [88] and [113].

A.10.2 Fatigue damage design safety factors

An early spurce for the fatigue design safety factors was NORSQK'Standard N-004[168] where almost
identical cgtegories and similar factors were recommended, but where, instead of the 5,0 that appears in
Table 6, theg value 3,0 was adopted. ISO 19902 adopts similar categories (with the exception of “dry accgss”)
and identical safety factors. One argument that supports the use of 5,0 instead of 3,0 is that because dycle
numbers arg presented in logarithmic format, then safety facters follow similarly.

A.10.3 Outline of approach

No guidanckg is offered.

A.10.4 Enyironmental data

No guidancg is offered.

A.10.5 Stnuctural modelling

No guidanckg is offered.

A.10.6 Hydrostatic'analyses

No guidanck ds-offered.

A.10.7 Response amplitude operators and combinations of actions

No guidance is offered.
A.10.8 Stresses and SCFs

Nominal and geometric stresses
In fatigue, a distinction is made between the classification (or nominal stress) method, in which SCFs are

implicitly included in the design curve, and the geometric (or hot-spot) stress method where SCFs are
explicitly accounted for and only weld notch effects are included in the corresponding S-N curve.
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In components modelled by beam elements, nominal stresses are stresses that are parallel to the longitudinal
axis of the component, i.e. axial stress, in-plane bending stress and out-of-plane bending stress. Shear and
torsional stresses may be neglected. The structural geometric stress method is well established for tubular
structures, and stress components should be combined in accordance with the provisions of ISO 19902.

For large, plated structures, geometric stress design methods are evolving. Shell or solid elements on the
order of T'x T (where T is the plate thickness) can be used at the points of stress concentration. The geometric
stresses can be defined by surface stress extrapolation, or by extracting and extrapolating shell bending and
membrane stresses to the toe of the weld. The corresponding S-N curves are similar to, or slightly below,

those for tubular structures.

In the classification method, the nominal stress should be determined in a manner consistent wit
detg¢rmination used to establish the S-N curve for the detail (typically an area of 0,3 m x 0,3.m),
have a clearly defined principal stress direction which is aligned with the way the detail ‘was

h the stress
and should
tested. The

underlying theory and results from studies in this area have been reported in References99], [10d], [117] and
[118].

Strgss concentration factors

SCFKs are necessary to account for local changes in geometry, such asCat welds, changes in thickness or
diameter, or offset of member centrelines.
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ne geometric stress approach, parametric equations and other“published sources are avalil
metric SCFs of many common geometries (e.g. butt welds4n pipes). Sources for SCFs for le]
metries are scarcer. Thus, FE modelling, physical models or other methods can be necessa
e SCFs explicitly. Notch SCFs are included in the appropriate S-N curve category so only th
's need be considered.

critical that as-fabricated components conform-{o the limiting assumptions of the analytical
is it important to ensure that the defect sizedistribution of the fabricated component is le|

bble for the
SS common
ry to define
b geometric

model. Not
s5s than the

ct size analysed, but also that the weld profile conforms to that modelled. This is especially important for
areas such as the root of single-sided butt welds where the weld profile may be difficult to ach

ect.

ieve and to

acture mechanics fatigue analyses, SCFs and their gradients are used to include notch effects in the

5s intensity factor solution. The results of the fatigue crack growth rate and maximum toleral
ulations can be influenced-by the values of the geometric and notch SCFs. Both global
metry effects are included-in the cyclic as well as the maximum stresses, see A.10.12. An effo
e to capture the decay-of the notch SCF as the crack progresses in from the surface.

0.9 Stress range counting and distribution

juency domain analysis is normally well suited for determining cyclic stress ranges for fatigu
ss histegram data generated from frequency domain analyses should include a sufficient numj
ks and wave approach directions to accurately represent lifetime stresses.

le flaw size
and notch
rt should be

e analyses.
er of stress

As

Nptiffedapproacih to Stress Tange Coumnting 1S to combine the distributions of Stress Tanges o

er a set of

short-term sea states that correspond to the long-term occurrence of a particular fatigue design sea state,
thereby determining a distribution of stress ranges for this longer period. In this case, it has been found that a
two-parameter Weibull distribution is useful for an empirical representation of stress ranges.

Various improvements have been published to enhance cycle-counting formulae. Alternatively, realisations of
stress time histories may be generated and rainflow-counting routines used to identify and count distributions
of stress ranges. For a review and discussion of these methods, see Reference [45] or [46].
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A.10.10 Fatigue resistance

The S-N approach assumes the availability of lower bound representative S-N curves for the components
being analysed. These curves are intended to be representative of material environment, cyclic stress range
and frequency, mean stress and level of CP, as appropriate.

Residual stresses in or around welds can be assumed to have magnitudes equal to the yield stress in tension.
Stress variations in or around welds can hence be assumed to always range downwards from the yield stress
in tension. For fatigue-dominated conditions, applied stresses are typically less than half the yield stress;
therefore, the associated stress ratio (maximum stress divided by minimum stress) is greater than zero.
Consequently, for welded connections, stress range is the sole stress parameter that governs fatigue, while
mean stres$ and stress ratio are unimportant parameters.

Weld imprpvement allowance may be considered, if necessary, during construction and/or-at later
assessments, although it is not good practice to allow for such effects at the design stage.

A.10.11 Damage accumulation

In some cages, the S-N curve is replaced by a discrete series of stress range steps((or bins) and the damage
is accumulgted on the basis of the accumulation of damage for each bin. In such €ases, a minimum of twgenty
bins should|be used to discretize a continuous S-N curve.

Closed-formm expressions are available for integration of accumulated¢damage for Rayleigh and Wejbull
distributiong of stress ranges applied in conjunction with piecewise finear S-N curves. These are usdally
expressed [in terms of gamma functions and incomplete gamma functions. It is important to check| the
definitions @f these functions, since different definitions and normalization conventions are applied.

Fatigue damage from multiple simultaneous sources (e.g. wave frequency actions, slowly varying sedond
order wave|actions, wind actions and vortex-induced vibrations) should be calculated by adding the streskes,
followed by raising the combined stress range to the ‘power m (from the S-N curve). Calculating fat|gue
damage independently from separate sources can be seriously unconservative.

Normally, potential accidental damage (e.g. a dented panel following boat impact) may be ignored in fat|gue
assessmenfs because such damage lasts a ‘relatively insignificant period relative to the design service|life.
However, where a preferred orientation or, listed attitude of a damaged floating structure is liable to gengrate
large fatigue actions on critical structural components, the likely rate of such fatigue damage should be
checked.

A.10.12 Fracture mechanicsmethods

Fatigue damage estimates'may be undertaken by the use of fracture mechanics methodsl47], [48] [49] [The
fatigue danjage is a function of the range of stress intensity, initial and final flaw sizes, and material cfack
growth constants frofn the Paris equation. The Paris law variable 4K is the stress intensity factor range and is
defined as [a single_term parameter that incorporates the effect of changing crack length as well as stfess
magnitude fange.'The parameter 4K may be calculated from available solutions for an assumed crack mpdel
at each inciement of crack growth, given the crack geometry and the applied cyclic stresses.

In fracture mechanics assessment of a defect, a failure criterion should be defined to set the amount of crack
propagation allowed in a component prior to failure. The maximum total stress relevant for a design situation,
including the maximum stress and any relevant residual stresses, should be used in the assessment.

The crack model assumed for the stress intensity factor solution should reflect the as-fabricated geometry,
including local stress concentrations and plausible initial flaw locations, types and sizes. Realistic account of
the life expended in crack initiation should be included as this can represent a substantial portion of the design
life, for non-welded details in particular. The cyclic stress range that is used in the calculation of the stress
intensity factor range is the stress range modified by an appropriate SCF. The stress intensity factor should
include the effects of local geometry and all applied membrane and bending stresses.
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A.10.13 Fatigue-sensitive components and connections

Experience from tankers operating in the UK North Sea shows that longitudinal cracks can occur in the fillet
weld between longitudinals/stringers and the side shell. The cracks were found to be associated with s/T ratios
larger than 50 (where s is the spacing between longitudinals/stringers and T is the plate thickness). The cracks
are typically caused by three mechanisms: local plate bending due to lateral pressure, twisting caused by
unsymmetrical longitudinals/stringers, and deflection of the primary members of the hull girder (stringer
deflection). Consequently, low s/T ratios should be chosen during design, and fatigue assessment should be
performed in sizing the proposed scantlings.

A.1

A1
Ger
[69]
Ref

Exa

In &
and

a)

1 Monohulls

1.1 General

eral guidance on monohull floating structures is given in RCS rules — for example, Refereng
and [160] — while a rational approach to the basic monohull configuration=selection is p
prence [186].

mples of special areas for monohulls are the following:

bottoms of cargo tanks, and given the access and planning-difficulties described below, an
decide to invest more time and effort during the design and fabrication phases to ensure that
are more fully protected against corrosion and fatigue;

salt water ballast tanks and tops of cargo tanks, for'‘corrosion;

stiffener/bulkhead and stiffener/bulkhead/side<shell connections, both in the outer shell (d

turret mountings and bearings, for hullflexure effects;

mooring attachment details, for fatigue, corrosion and weair;

cargo handling systems and.equipment, for corrosion;

structural supports and-deck equipment, for green water impact actions;
riser terminatians-and restraints (usually in the turret area), for fire hazard.

ddition, the, following areas should be examined for adequate fatigue life in the midship area,
in the foresmost and aft-most cargo tank areas:

representative attachments and penetrations to main deck and bottom plating;

es [2], [61],
resented in

tank bottoms for corrosion; corrosive environments can existr under accumulations of slydge in the

owner can
pome areas

e to wave

action), and in cargo tanks (which can experience prolonged, severe sloshing actions), for fatigue;

turret area,

b)

c)
d)
e)
f)

9)

bottom, inner bottom, side shell, inner side, longitudinal bulkhead and deck longitudinal end connections

to transverse frames and transverse bulkheads;

end connections/bracket terminations (bracket toe and flange toe) of transverse frames;
end connections (corner details)/bracket terminations of longitudinal stringers;

block erection butt welds in deck and bottom plating;

topsides and crane supports to deck (and relevant welds below deck);

turret hull girder support structure;
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h)

and at side shell;

k) hopper

at the details of scallops in transverse girders (at penetrations for the longitudinals);

upper and lower knuckles of transverse frames;

knuckle, horizontal stringer to bulkhead connections, cross ties and bilge keels.

A.11.2 General design criteria

A11.21 C
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A.11.2.2 Deckhouse requirements

ollision protection

Circ. 406[129] is a comprehensive document describing minimum requirements and the applica
des or other means of limiting pollution in case of a collision, for both new-build FRSOs/FSUs
. The document provides guidance on how to apply requirements written for-tankers to FP

Id tankers, IMO MARPOLI'30] requires a double hull. For new-build FRSQs, IMO MEPC/Circ.
b to double sides.

OL allows the operation of existing single-hull tankers for a nufaber of years, depending on
esign. The principle is that in the course of time singléhull tankers disappear (they
”). IMO MARPOL Regulation 13G describes this process in detail. IMO MEPC/Circ. 406 allows
of existing single hull tankers into FPSO/FSU, independent of their age, provided that a numbg¢
rements stated in IMO MARPOL are met. IMO MARPOL Regulation 13G is, accordin
Circ. 406, not applicable to FPSOs or FSUs.

bf ISO 19904, the determination of a suitable callision protection is based on the assessment o
. Where collision risk is reduced by the use of ballast tanks and void tanks in the side, these tz

maged stability and residual hull girderstrength.

OL requirements for tankers are ‘génerally enforced by, or on behalf of, a flag state. Mong
ctures used for storing oil are ‘generally regulated by the coastal state (referred to as the nati
this part of ISO 19904). IMO'MEPC/Circ. 406 gives guidance and recommendations to the coa
ow to apply IMO MARPROL, Annex 1, to FPSOs and FSUs. This part of ISO 19904 requ
with the guidelines contained in IMO MEPC/Circ. 406 as a minimum, whether the floating offs
flagged or not and whether or not required by the national authorities.

also noted that/national authorities can overrule flag states and impose stricter double
s on the floating offshore structures under their jurisdiction.

representative scallops and mouse holes of structural connections adjacent to deck and bottom plating

tion
and
50s

406

heir
are
the
er of
j to

the
nks
ded

hull
bnal
stal
ires
nore

hull

No guidanc

b is/offered.

A11.23 S
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References
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loshing

for sloshing are given in A.9.8.

reen water

for green water action and related design issues are presented in A.7.5.5.8.
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1.3 Structural strength

A.11.3.1 General

No guidance is offered.

A.11.3.2 Scantlings

-1:2006(E)

Scantling requirements in the various RCS rules generally give similar outcomes. However, when dealing with
monohulls in benign waters, the permitted reductions on scantlings compared with the unrestricted service

con
of g
in th

A1
A1
Wa

refel

app
equ

whd

fittorrrequirermentsvary significanttyAs very fitttetechmicat mmateriat wasavaitable tosubstant
ny particular level of reduction, the most conservative of the RCS permitted reductions has.\be
is part of ISO 19904.

1.3.3 ULS-a and ULS-b longitudinal strength checks

1.3.3.1 General

rence to Clause 9. However, for conceptual or preliminary designy RCS rules formulati
ptions provide more suitable positive and negative envelope values:

Owv-pos = 0.43 fqwy-pos CwvLB(Cp +0,7)

Owv-neg = ~0,45 fqwv-neg Cwv LB(Cy, +0,7)

re

Owv-pos is the positive wave-induced vertical shear force, expressed in kilonewtons;
Owv-neg is the negative wave-induced-vertical shear force, expressed in kilonewtons;

is the distribution facter for positive wave-induced vertical shear force along the vess
be taken as

quv-pos

= 0,0 at the aft perpendicular (AP)

Cp

= 159-—=~=—
Cb +0,7

for 0,2L to 0,3L from AP

= 07 for 0,4L to 0,6L from AP

= 1,0 for 0,7L to 0,85L from AP

ate the use
en adopted

e-induced bending moments and shear forces should normally be”determined as indicated, i.e. by

ns provide

ropriate preliminary values except in the case of wave-induced, vértical shear forces when the following

(A.9)

(A.10)

el length, to

=00 at the forward perpendicuiar (FP)

and where, for values of L between those specified, the distribution factor is determined by

interpolation;

Sqwv-neg 18 the distribution factor for negative wave-induced vertical shear force along the vessel length,

to be taken as

= 0,0 at the AP
= 0,92 for 0,2L to 0,3L from AP
= 0,7 for 0,4L to 0,6L from AP
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Cp

173 ——
Cb +0,7

for 0,7L to 0,85L from AP

0,0 at the FP

and where, for values of L between those specified, the distribution factor is determined by
interpolation;

is the wave coefficient, to be taken as

3OO‘LJ’ for 150 < L < 300

10,75—(

10,75 for 300 < L < 350

L-350
150

15
10,75—( j for 350 < L < 500;

is the length between perpendiculars, expressed in metres;

B is the moulded breadth, expressed in metres;

C, is the block coefficient.

A.11.3.3.2 | Partial factor design format
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A.11.3.3.3 Working stress design format

For structures designed to WSD, RCS rules typically specify a utilization factor less than unity as a means of
restricting the applied stress caused by the moment (or shear) to a proportion of yield stress. The proportion
usually depends on whether the stress is a single stress value or a combined stress value calculated via the
Maxwell-Huber-Hencky-von Mises criterion (usually referred to as the von Mises stress). For example,
Reference [119] limits the von Mises stress in the deck to 90 % of yield and in the bottom to 80 % of yield
when stresses are determined by FE analysis for a tanker at sea. Further, this same reference, when setting
minimum hull girder requirements for total design bending moment, limits the midship hull girder bending
stress when at sea to 91 % of yield. These first yield checks underestimate the ULS bending strengths of
ships with stocky cross-sections because of the additional capacity available from plastic moment behaviour.
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In contrast to the tanker requirements which relate to first yield, the WSD check Equations (12) and (13) refer
to ultimate bending strength of the hull girder. Thus, for comparison between the overall safety factors for
tankers and those for floating offshore structure, the difference between first hull girder yielding and hull girder
ultimate bending strength has to be taken into account together with an allowance for the difference in design
return periods. Expressed in utilization factor terms, a value of 0,75 is appropriate which, when converted into
a safety factor, and rounded toward the average value adopted in the partial factor design approach, leads to
a Cgp value of 1,34.

A.11.3.4 Local strength and details

No guidance is offered.

A1
No
A1

No

A1

A1

Ded
stru

Exa

1.3.5 Topsides structural support

juidance is offered.

1.3.6 Load monitoring

juidance is offered.

2 Semi-submersibles

2.1 General

ommissioning phases for semi-submersibles are not narmally expected to affect the design of
cture and may normally be disregarded in the design phase.

mples of special areas for semi-submersibles are.the following.

Because of their small water-plane area, semi-submersibles are particularly sensitive to incre
or deck load and poor load distribution.xlt-is particularly important to ensure that weight mo
control procedures are adhered to.

Semi-submersibles are sensitive to_water ingress, even if it occurs progressively in small amo
important to check the integrity and functionality of equipment for sealing openings in both 4
internal watertight boundarijes.

Functionality and fail-safe-operation of ballast control equipment.
Stability during draught changes to survival or pontoon (inspection) draught.

Fairlead attachments and any lengths of chain which can be subjected to persistent dynar
actions.

Chain.departure angles or tension monitoring instrumentation, particularly after moderate
storms:These can be the only indication that an anchor has dragged.

the floating

hsed weight
hitoring and

ints, so it is
xternal and

nic bending

and severe

Riser terminations, fixings and couplings. Quick connect-disconnect devices should &

e carefully

A1

monitored since they operate infrequently but in extreme conditions.

2.2 General design criteria

No guidance is offered.

A1

Typ

2.3 Structural strength

ical critical connections for semi-submersibles are

brace connections in general (for example, connections to columns, pontoons, decks, and other braces),

column/pontoon connections,
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A.13 Sp

A.13.1 Ge

column/upper hull connections, and

pontoon/pontoon connections (ring pontoon).

ars

neral

Spars are normally deep-draught caisson (column) structures, where the topsides are connected to the hull
structure by a bracing (or truss) system

Spars can |
floated hori
set on to th

Spar hull ¢

e designed such that the hull and topsides are fabricated independently. The hull structure ca
vontally to the installation site and then “upended” to a vertical position. The topsides €an’the
b spar hull.

onfigurations can vary in concept and in practical implementation. Spar hulls~consist of s

combination of the following components.

a) Upper
pressu
be utili
agains

b) Strake
(e.g. ag

c) Skirt/ce
(“class
contain

d) Lower

e)
concre
the hei

Watertight

crude oil.

A centre-we

Such centrg

A spar can
either taut g

buoyancy tanks: upper portion of watertight compartments designedt0 withstand hydros
'e and provide buoyancy and stability to support the structure. The,watertight compartments
ved as variable ballast tanks in order to compensate for variable topsides actions. For proted

5. helical plate structure fitted to the outer portion of the spar hull to keep vortex-induced respor
generated by high currents) at acceptable levels.

ntral truss system: a middle non-buoyant portion consisting of a stiffened cylindrical shell strug

c” hull form) or space frame “truss” hull form. Thi§ocation in spars with a central truss system

a series of decks that trap water mass and previde hydrodynamic damping to limit heave moti

buoyancy tanks: used for temporary buoyancy during tow-out and flooded during upending.

Fixed ballast compartments: the lowest set of tanks, which can be filled with a dense material suc

e or iron ore. The fixed ballast weight is designed to limit the spar’s pitch/roll motions and Iq
hht of the spar’s centre of gravity to provide more favourable stability characteristics.

compartments referred. tovin the above descriptions can theoretically be utilized for the storag
Il or moonpool.can‘run the depth of the hull to accommodate drilling, export, and production ris
-well/moonpeégl-solutions are particularly advantageous in respect to self-supporting riser solut

accommodate a “conventional” topsides, including surface wellheads, and can be moored u
r caténary moorings.

Examples a

h be
h be

pme

tatic
can
tion

actions resulting from accidental events, double hull constructien, can be utilized at the waterlipe.

Ses

ture
can
bNS.

N as
wer

e of
ers.

ons.

5ing

f special areas for spars are the following:

deep-draught, empty tanks and void spaces; because of access difficulties it can be necessary to utilize

special instrumentation and monitoring systems to ensure that these areas remain dry and corrosion free;

fatigue

142

in stiffener/side-shell connections close to the mean water line;

mooring attachments and mooring departure angles (as for semi-submersibles);

riser departure bell-mouths in the base of the spar.
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A.13.2 General design requirements

The spar hull is upended by loading the hull unevenly such that it is unstable in the horizontal floating
condition. This can, for example, be achieved by pumping water into the lower ballast tanks located near the
keel. After this initial flooding, a “free flooding” stage begins (e.g. where, for a spar with a central skirt, the
water flows freely into openings in the skirt).

Consideration should be given to dynamic pressures during upending operations including the possibility of
actions imposed as a result of entrapped air.

A.133-Structural-strength

No guidance is offered.

A.14 Conversion and reuse

A.14.1 General

No guidance is offered.

A.14.2 Minimum design, construction and maintenance standards
For[the conversion of ships, see Reference [90].

A.14.3 Pre-conversion structural survey

No guidance is offered.

A.144.4 Effects of prior service

A.14.41 General

Guiflance on typical corrosion rates can be found in Reference [182].

A.14.4.2 Monohulls

Experience gained coneerning conversion and reuse of monohull structures can be found in References [162]
and|[178].

A.14.4.3 Semi-submersibles

No guidance is offered.

A.14.4.4 Fatigue damage from prior service

Provided that grinding below the surface to a depth of 1,0 mm is performed and that no fatigue cracks are
found at the location (using an appropriate method described in 18.4.3), then the fatigue damage design factor
for the relevant prior service may be taken to be less than that specified in Table 6.

Fatigue cracks growing from the weld root of fillet welds can hardly be detected by non-destructive testing and
cannot be improved by grinding of the surface. It should also be remembered that if renewal of one area is
performed by local grinding, there are likely to be other areas close to the considered region that are not
ground and that can also experience significant dynamic loading.
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A.14.5 Corrosion protection and material suitability

As for new designs, two types of systems are typically used to provide corrosion protection for the converted
structure: coating systems and CP systems, see 9.10.

A.14.6 Ins

pection and maintenance

Reference [8] is useful for maintenance and repair strategies during conversion of a tanker.

A.15 Hygdrostatic stability and compartmentaton———— |

A.15.1 Ge

Forintact s

For damagg stability, see Reference [127].

Guidelines

A.15.2 Ind

No guidanc

A.15.3 Co

No guidanc

A.15.4 W3

See the applicable provisions of Reference [131].and also [79].

Reference
openings.

A.15.5 Sp

If oil is storg

calculationd.

internationd
to IMO N
IMO MEPC

Reference

nheral

mpartmentation

ability, see Reference [131].

bn documents to be submitted for stability study are addressed in Reference [64].

lining test

B is offered.

b is offered.

tertight and weathertight appliances

116] provides guidance on the height of exposure above the waterplane for these weather

bcial requirementsfor monohulls

d in the hull, IMO-MARPOLI30] stipulates the extent of damage to be assumed in damage sta
The owneryshould decide, in conjunction with the regulator, the extent to which th
| codes and-conventions apply to a specific structure and location. Specific reference can be m

IARPOL "Annex 1, requirements for floating units, and the associated guideling
Circ. 40611291,
should be made to IMO ICLLI'32] for requirements concerning self-propelled structures. Floz

ight

Dility
ese
ade

in

ting

structures t

draught as calculated under the terms of IMO ICLL.

A.16 Mechanical systems

A.16.1 Ge

neral

0 which IMO TCLL does not apply require draught marks that indicate the maximum permissible

For other hull utility systems not addressed in this part of ISO 19904, reference should be made to RCS rules
and to the IMO MODU Codel1271,
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