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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
Cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria nee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be the
ent rights. ISO shall not be held responsible for identifying any or all such-patent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation of the voluntary nature of standardsythe meaning of ISO specific
ressions related to conformity assessment, as well.as information about ISO's adherg
ld Trade Organization (WTQO) principles in the TFechnical Barriers to Trade (TBT) se
/iso/foreword.html.
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technically revised. The main changes compared to the previous edition are as follows:

©IS

5 document was prepared by Technical Committee ISO/TC 67, Materials, equipment a
ctures for petroleum, petrochemical and®hatural gas industries, Subcommittee SC
ctures.

5 second edition cancels and replaces the first edition (ISO 19904-1:2006), which

title has been modified by replacing 'monohulls’ with 'ship-shaped' and adding 'sh
cylindrical structures';

list of normative references (Clause 2) has been expanded;
some definitiens-have changed and some new terms and definitions (Clause 3) have bee

subclauseen planning requirements (5.3) has been expanded by addressing insp
maintenance philosophy (5.3.5), documentation (5.3.6), extreme weather preparedness
discennectible floating platforms (5.3.8);

enance are

ded for the
e with the

 subject of
. Details of
ion and/or

d does not

terms and
nce to the
e WWW.iso

nd offshore
7/, Offshore

has been

hllow-draft

h added;

bction and
[5.3.7),and

subclause on use for project application (5.4.2) has been expanded with a paragraph

regarding

documentation for disconnectable floating platforms;
new subclause on topsides arrangement and layout (5.5.9) has been added;

subclause on air gap (8.10) has been renamed to air gap and wave crest assessment,
subclause addressing wave crest effects (8.10.2) has been added;

and a new

subclause on material (9.9) has been expanded by addressing cement grout (9.9.5) and elastomeric

materials (9.9.6);
subclause on corrosion protection of steel (9.10) has been rewritten substantially;
subclause on fabrication and constructions (9.11) has been expanded by addressing

details (9.11.3) and welding (9.11.4);
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Alist of all[parts in the ISO 19904)series can be found on the ISO website.

subclause on general aspects of fatigue analysis and design (10.1) has been expanded by adding a
discussion on fatigue strength and actions;

subclause on general aspects of ship-shaped structures (11.1) has been expanded;

subclause on sloshing (11.2.3) has been expanded by addressing general configuration of tanks and
resonance due to sloshing;

subclause on green water (11.2.4) has been expanded;

subclause on structural strength (11.3) has been expanded by elaborating on the evaluation of hull

d 4 £l (11 D 11 .1 1 ok +lo ddarozlc (11 D 40
glr er STt CITE U (o) a0t ar St cTrg o ana aCtarrsS (L -J- 1),

subclajise on general design critera for semi-submersibles (12.2) has been expanded;
new clpuse addressing shallow-draft cylindrical structures (Clause 14) has been added;
subclapise on watertight and weathertight appliances (16.4) has been expanded;

subclapse on hull systems (17.2) has been expanded by addressing atmospheric tanks (17.2.5.2)
and wpter displaced tanks (17.2.5.3), elaborating on inert gas systems-(17.2.6) and addres$ing
produgtion vent/flare system (17.2.8) and electical systems (17.2.9);

subclafise on import and export systems (17.3) has been expanded by elaborating on gengral
aspectys (17.3.1), alongside transfer (17.3.3.3.3) and tandem transfer (17.3.3.3.4) and addres$ing
direct fransfer (17.3.3.3.5);

clause| on stationkeeping systems (18) has been expanded by addressing disconnectable
structpres (18.4);

subclafise on structural integrity management system philosophies (19.2) has been expanded by
elaborpting on general aspects, including the addition of a figure (19.2.1);

new clpuse addressing assessment of existing floating structures (Clause 20) has been added;

additignal information and guidance (Annex A) has been modified with additions and changes in
line with modifications to the main,téxt;

the list of informative references_(Bibliography) has been updated and expanded as needed.

Any feedbdck or questions emthis document should be directed to the user’s national standards body. A

complete listing of theseybodies can be found at www.iso.org/members.html.
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Introduction

The International Standards on offshore structures prepared by TC 67 (i.e., ISO 19900, the ISO 19901
series, ISO 19902, ISO 19903, the ISO 19905 series and ISO 19906) constitute 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,
whatever the type of structure and the nature or combination of materials used.

It is important to recognize that structural integrity is an overall concept comprising models for

des
pro
asp
stry
reld

Thd
lati
inn
Thi
con

clas
cod

pct of design in isolation can disturb the balance of reliability inherent in the oyerall
Ictural system. The implications involved in modifications, therefore, need te be cor
tion to the overall reliability of all offshore structural systems.

International Standards on offshore structures prepared by TC are(ntended to pr
ude in the choice of structural configurations, materials and techniques without

5 document was developed in response to the offshore industry’s demand for a co
sistent definition of methodologies to design, analyse and assess floating offshore struct
s described in Clause 1. Further applicable requirementsiare found in national and in
es and standards, and RCS rules.

Cribing actions, structural analyses, design rules, safety elements, workmanship, quaity control
redures and national requirements, all of which are mutually dependent. The modification of one

concept or
sidered in

vide wide
hindering

pvation. Sound engineering judgement is therefore necessary in the:use of these documents.

herent and
ures of the
fernational

Sonpe background to, and guidance on, the use of this decument is provided in informative Afnex A. The

clau

se numbering in Annex A is the same as in the ndrmative text to facilitate cross-referend

ing.
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Petroleum and natural gas industries — Floating offshore
structures —

Pa

rt 1:

Ship-shaped, semi-submersible, spar and shallow-draught

C

1

Thip
floating offshore platforms used by the petroleum and natural gas industries to support th

fun

NO1
(see

NO1
gen

NO1
men
“ea

Thig
include, among othefs,the following:

Hndricat structures

Scope
document provides requirements and guidance for the structural desigh’and/or ass
Ctions:
production;
storage and/or offloading;
drilling and production;
production, storage and offloading;

drilling, production, storage and offloading.

Clauses 3 and 4), in accordance with their intended mission.

E2 In this document, the term “floating structure”, sometimes shortened to “structure”,
eric term to indicate the structural systems of any member of the classes of platforms defined ab

E3 In some cases, floating platforms are designated as “early production platforms”. This f{
ely to an asset development strategy. For the purposes of this document, the term “producti
ly production”.

document is notCapplicable to the structural systems of mobile offshore units (M(Q

floating structures intended primarily to perform drilling and/or well intervention
(often referred to as MODUs), even when used for extended well test operations;

floating structures used for offshore construction operations (e.g. crane barges or pipel
for temporary or permanent offshore living quarters (floatels), or for transport of eq

E1 Floating offshore platforms are often referred to using a variety of abbreviations, e.g. FP§,

essment of
e following

FSU, FPSO
s used as a
bve.

erm relates
n” includes

Us). These

operations

ay barges),
1lipment or

nroducts (nn’ frﬂncnr\ri’ahnn harrrnc Porrrn l‘\arn’nc\ for which structures refoerence
r o o o

s made to

relevant recognlzed c1a551f1cat10n soc1ety (RCS) rules

This document is applicable to all possible life-cycle stages of the structures defined above, such as:

©IS

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) or

re-use at different locations.
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The following types of floating structure are explicitly considered within the context of this document:

a)
b)
‘)
d)

spars;

ship-shaped structures and barges;

semi-submersibles;

shallow-draught cylindrical structures.

In addition to the structural types listed above, this document covers other floating platforms intended

to perfor

memwwwﬂa
combinatigqn of plated and space frame components. These other structures can have a great ran
variability|in geometry and structural forms (e.g. tension leg platforms) and, therefore, can~be ¢nly

partly cove
this docum

NOTE4 1§

In the abov]
principles

NOTES5

bred by the requirements of this document. In other cases, specific requirements|state
ent can be found not to apply to all or part of a structure under consideration,

Requirements for topsides structures are presented in ISO 19901-3.

ind to achieve a level of safety equivalent, or superior, to the level implicit in it.

'he speed of evolution of offshore technology often far exceeds the' pace at which the indu

achieves supstantial agreement on innovation in structural concepts, stru¢tural shapes or forms, struct]

components
other hand,
and acceptd
covered by

This docun
considered

2 Norm

The followj
constituteg
undated reg

ISO 13702
offshore pr

ISO 19900,

ISO 19901
Part 1: Met

ISO 19901

and associated analysis and design practices, which are contiftugusly refined and enhanced. Or

nce of new ideas. Consequently, advanced structural concepts can, in some cases, only be p4
he requirements of this document.

hent is applicable to steel floating structures. The'principles documented herein are, howe
to be generally applicable to structures fabricated in materials other than steel.
ative references

ing documents are referred to (iny'the text in such a way that some or all of their con
requirements of this document. For dated references, only the edition cited applies.

bduction installations'= Requirements and guidelines

Petroleum andnatural gas industries — General requirements for offshore structures

pcean design and operating considerations

Part 3: Top

Petroleum and natural-gas industries — Control and mitigation of fires and explosion§

1, Petroleum-and natural gas industries — Specific requirements for offshore structure§

3, Petroleum and natural gas industries — Specific requirements for offshore structuref

ny
of

1 in

e cases, conformity with this document requires the design to be based.upon its underpintping

Stry
ural
the

International Standards can only capture explicit industry ¢onsensus, which requires maturation

rtly

ver,

[ent
For

ferences, the latest edition-0f‘the referenced document (including any amendments) applies.

on

bides structure

ISO 19901-6, Petroleum and natural gas industries — Specific requirements for offshore structures

Part 6: Marine operations

ISO 19901-7, Petroleum and natural gas industries — Specific requirements for offshore structures

Part 7: Stationkeeping systems for floating offshore structures and mobile offshore units

[SO 19902,
ISO 19906,

Petroleum and natural gas industries — Fixed steel offshore structures

Petroleum and natural gas industries — Arctic offshore structures

INTERNATIONAL MARITIME ORGANIZATION. IMO MARPOL, International Convention for the Prevention
of Pollution from Ships
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International Maritime Organization. IMO International Code on Intact Stability
INTERNATIONAL MARITIME ORGANIZATION. IMO International Convention on Load Lines
International Maritime Organization. IMO Crude Oil Washing Systems

IMO MEPC/Circ. 406, Guidelines for application of MARPOL Annex 1 requirements to FPSOs and FSUs
as modified by Resolutions MEPC.139(53) and MEPC.142(54)

3 Terms and definitions

For|the purposes of this document, the following terms and definitions apply.
[SO|and IEC maintain terminological databases for use in standardization at the following addresses:

— |ISO Online browsing platform: available at http://www.iso.org/obp

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

3.1
abrjormal value
valyie of an environmental parameter used in accidental limit state verification in which p structure
(3.39) is not expected to suffer significant loss of integrity

Notg 1 to entry: Abnormal situations are used to provide robustness against events with an annual probability of
excgedance typically between 10-3 and 10-4 to avoid, for example, excessive deformations.

Note 2 to entry: In ALS verification, all the partial factors a¥e set to 1,0.
[SOPRCE: ISO 19901-1:2015, 3.1, modified]

3.2
accjdental event
evenht involving exceptional conditions of'the structure (3.59) or its exposure

EXAMPLE Impact, fire, explosion, [ocal failure or loss of intended differential pressure (e.g. buoyancy).

3.3
actjon
extérnal load applied to(the structure (3.59) (direct action) or an imposed deformation or apceleration
(indirect action)

EXAMPLE An Gmposed deformation can be caused by fabrication tolerances, differential |settlement,
temperature changeé or moisture variation.

Note 1 to entry” An earthquake typically generates imposed accelerations.

[SOPRCE:ISO 19900:2013, 3.3]

3.4
action combination
values of different actions (3.3) considered simultaneously in verification (3.61) of the structure (3.59)

3.5
action effect
effect of actions (3.3) on a structure (3.59) or on structural components (3.57)

EXAMPLE Internal force, moment, stress, strain, rigid body motion or elastic deformation.

[SOURCE: ISO 19900:2013, 3.4, modified — "on a structure or" has been added to the definition and
examples have been added.]

Note 1 to entry: Can be used interchangeably with the word "response".
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3.6
air gap

clearance between the highest water or ice surface that occurs during abnormal metocean or ice
conditions and the lowest exposed part of the topsides (3.60) not designed to withstand wave or ice
impingement

[SOURCE: I

S0 19900:2013, 3.5, modified — Definition has been rephrased.]

Note 1 to entry: Minimum values of air gap are normally specified for ULS and ALS (abnormal) situations.

3.7

basic varigble
ecified set of variables representing physical quantities which characterize actions{3.3

one of as
environme

[SOURCE: 1

3.8

character
value of a
probability

Note 1 to en

[SOURCE: ]

Note 2 to €
reference p

3.9
classificat
class
process by
necessary

Note 1 to entry: Vessels that have been subject-to this process and that obtained the corresponding certifi

are referred

3.10
design cri
quantitatiy

[SOURCE: ]

3.11
design for
mathemati

ntal influences, geometrical quantities, or material properties, including soil properties

S0 19900:2013, 3.7]

stic value

of not being violated by unfavourable values
[ry: In some design situations, a variable can have two characteristie values, an upper and a lower v
SO 19900:2013, 3.10, modified — Definition and Note 1 to entry have been rephrased.]
ntry: In the case of actions and related properties, thekeharacteristic value normally relates
briod.
ion
r which a classification society defiries a vessel’s type and permitted use, determ
Certification, and specifies associated‘inspection and survey regimes

to as being in ‘class’.

feria
e formulations that-describe the conditions to be fulfilled for each limit state (3.30)

SO 19900:2018, 8715]

mat
cal description for verification (3.61) of non-exceedance of a limit state (3.30)

Note 1 to entryZIn this document hath partial factor and warking stress design (WSD) formats are permitte

3.12

basic variable (3.7), an action (3.3) or a strength model associated with a prescribed

hlue.

to a

nes

cate

design service life
assumed period for which a structure (3.59) is to be used for its intended purpose with anticipated

maintenan
[SOURCE: 1
3.13

ce, but without substantial repair being necessary

S0 19900:2013, 3.16, modified — "to be' has been added.]

design situation
set of actions (3.3) and combination of actions representing real conditions during a certain time

interval, fo

r which relevant limit states (3.30) are not exceeded
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3.14

design value

value of a basic variable (3.7), an action (3.3) or a strength model derived from its representative value
(3.41) for use in verification (3.61)

[SOURCE: ISO 19900:2013, 3.18, modified — Definition has been rephrased.]
Note 1 to entry: For action variables, the design value is found by multiplying the representative value by a

partial action factor while for strength variables, the design value is found by dividing the representative value
by a partial resistance factor.

Not; at, all partial

factprs are equal to unity so that, in these cases, a design value is equal to the representative value.

v

Not¢ 3 to entry: For verification in accordance with the working stress design format, all partidlfactdrs are equal
to upity so that, in these cases, a design value is equal to the representative value. Appropriate glohal safety or
utiljzation factors are applied in verification.

Note 4 to entry: In the case of actions and related properties, the value can relate t6-a reference peridd.
Note 5 to entry: For yield strength, the design value is equal to the representative yield strength.

3.15
disgonnectable floating structure
floating structure (3.24) capable of discontinuing production”and rapidly disconnectinjg from its
ancjllary components (e.g. risers, moorings, well systems, .umbilicals), in response to the oc¢urrence of
reshold event

actjon (3.3) that induces acceleration of @ structure (3.59) or a structural component (3.57) of a

staffionkeeping technigue’ consisting primarily of a system of on-board thrusters, which generate

envVironmentalaction
effdct of wihdy/ wave, current, ice and seismic actions on a structure (3.59)

Note Lto.entry: In general terms, environmental actions include those due to seismic actions but, for historical
reagons, in several places in this document, seismic actions are treated separately from other enyironmental
effects.

3.19

exposure level

classification system used to define the requirements for a structure (3.59) based on consideration of
life-safety and of environmental and economic consequences of failure (3.21)

[SOURCE: ISO 19900:2013, 3.20, modified — Definition has been rephrased.]
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3.20

extreme value
value of a parameter used in ULS verification in which a structure’s (3.59) global behaviour is intended
to stay in the elastic range

Note 1 to entry: Extreme values and events have annual probabilities of exceedance of the order of 10-2.

3.21
failure

insufficient strength or inadequate serviceability of a structure (3.59) or structural component (3.57),
or, in limit state verification, a condition in which a structure or component thereof does not fulfil its

limit state

3.22

fit-for-ser
fitness-for
meeting th
local areas
environme

requirement

yice
-service

e intent of a standard although not meeting specific requirements of-that standarg in

such that failure (3.21) in these areas cannot cause unacceptable risk‘tglife-safety or
nt

Note 1 to enftry: "Fit-for-service" is an adjective and "fitness-for-service" is a noun,

[SOURCE: 1

3.23
flag state
country un

SO 19900:2013, 3.21, modified — Definition has been rephrased.]

der whose laws a vessel is registered or licensed

Note 1 to enftry: ‘Flagging’ is the process by which such registration is accomplished.

3.24

floating stiructure

structure (|
[SOURCE: 1

Note 1 to e
operating w

3.25

freeboard
distance m
the mean v

3.26
green wat
water that

B.59) where the full weight is supported by buoyancy
SO 19900:2013, 3.23]

htry: The full weight includes.lightship weight, mooring system pre-tension, riser pre-tension
eight.

easured vertically between the upper edge of the weathertight deck, at a given draught,
Fater surface

er
oveitops a deck causing slamming (3.49) and pressure actions on the deck and to struct

(3.59)ont

né-deck

the

and

and

yres

3.27
hazard

potential source of harm

EXAMPLE

Large waves, strong winds, hurricanes, earthquakes, icebergs, unstable foundation, excessive
topside weight, vessel collision, corrosion, and repetitive actions.

Note 1 to entry: Harm is typically differentiated between harm to personnel, harm to the environment, or harm
in terms of costs to organisation(s) or society in general.
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3.28
hazardous event
instance of a hazard (3.27) acting on a structure (3.59)

EXAMPLE Wave impact, iceberg impact, excessive topside weight added to the structure, landslip near
structural anchors (piles).

3.29
hull
primary structure or structural subsystem providing buoyancy for a floating structure (3.24)

r spars and

shallow-draught cylindrical structures, the hull consists of a single column.

stafle beyond which the structure (3.59) or structural component (3.57) no longer’satisfies the relevant

document that defines the operational characteristics, procedures and capabilities of gn offshore

Not¢ 1 to entry: The determination of these-effects includes the influence of marine growth, tide, surge, and
ed processes, as appropriate.

3.38
mobile offshore unit
MOU
strycture (3.59) intended to be relocated to perform a particular function

3.3¢
nominal value
value of a basicvariable (3.7), action (3.3) or strength model determined on a non-statistical basis,
typlcally frofiyacquired experience or physical conditions

[SOURGEYTISO 19900:2013, 3.29, modified — Definition has been rephrased.]

EXAMPLE Value pnh]ichpd ina rpr‘ngniwad code orstandard

Note 1 to entry: Values of yield strength specified in steel standards and specifications are nominal values

3.35
operator
representative of the company or companies leasing the site

Note 1 to entry: The operator is normally the oil company acting on behalf of co-licensees.

[SOURCE: ISO 19900:2013, 3.32]
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3.36
owner

representative of the company or companies owning or leasing a development

[SOURCE: I

3.37
platform

S0 19900:2013, 3.34]

complete assembly of structural and non-structural systems for development and production of

petroleum

Note 1 to ¢
structure,
equipment

and natural gas fields

Atry: For floating OIISNOTE StIUCtures, the structural system generally imcludes the null, tops
nd stationkeeping system including anchors, while the non-structural systems includes tops
including accommodation), piping and risers.

Note 2 to enftry: The structural system does not include soils.

ides
ides

rant
and
d at

red

the
and

N its

h] to

3.38

recognizef classification society

RCS

member of{the international association of classification societies (IACS), with-recognized and reley
competende and experience in floating structures (3.24) used in petroleum ‘er hatural gas activities,
with established rules and procedures for classification (3.9)/certification‘ef platforms (3.37) locate]
a specific sfite for an extended period of time

[SOURCE: IISO 19901-7:2013, 3.23, modified — Definition has beenrephrased, first and second prefer
terms havq been swapped.]

3.39

regulator

authority gstablished by a national governmental ‘administration to oversee the activities of
offshore p¢troleum and natural gas industries within its jurisdiction, with respect to safety of life
protection|of the environment

Note 1 to erltry: The term "regulator” can encofnpass more than one agency in given territorial waters.

Note 2 to emtry: The regulator can appointiether agencies, such as marine classification societies, to act o
behalf, and |n such cases, regulator as itlisjused in this document includes such agencies.

Note 3 to enjtry: In this document/the term "regulator” does not include any agency responsible for approv
extract hydfocarbons, unless suelyagency also has responsibility for safety and environmental protection.
[SOURCE: ISO 19902:200%, 3:40, modified — ‘oil’ has been changed to ‘petroleum’.]

3.40

reliability

ability of a|structure (3.59) or structural component (3.57) to fulfil the specified requirements
[SOURCE: 150-19900:2013 3 37]

3.41

representative value

value of a basic variable (3.7), action (3.3) or strength model, for verification (3.61) of a limit state (3.30)

[SOURCE: ISO 19900:2013, 3.38, modified — Definition has been rephrased.]

Note 1 to entry: The representative value can be a characteristic value, a nominal value, or other rationally

determined

value.

Note 2 to entry: 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.
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3.42
resistance

capacity of a structure (3.59), component or cross-section of a component to withstand action effects
(3.5) without failure (3.21)

[SOURCE: ISO 19900:2013, 3.39, modified — ‘structure’ has been added.]

3.43
return period
average period between occurrences of an event or of a particular value being exceeded

Fironmental
f the event.

3.241) with the

Kea systems

aged to an

ore widely

ad range of

\parable to

ship-shaped structure
flodting structure (3.24) having a geometry similar to that of ocean-going ships or barges

3.49
slamming

impulsive action with high pressure peaks that occurs during impact between a portion of the structure
(3.58) and water

Note 1 to entry: Slamming can, for example, be due to emergence and re-entry of a lower section of the hull into
the water or to wave impact on a structural component.

3.50
sloshing
impact action on the internal surface(s) of partially filled compartments due to internal fluid motion
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3.51
spar
deep-draught, small water-plane area cylindrical floating structure (3.24)

[SOURCE: ISO 19901-7:2013, 3.32, modified]

3.52

special area

area identified by the designer as being of critical importance to the structural integrity and safety of
the structure (3.59)

3.53
splash zone
part of a stfucture (3.59) that is intermittently exposed to air and to sea water

[SOURCE: ISO 19900:2013, 3.44, modified — ‘immersed in the sea’ has been changed to ‘to-sea watej’.]

3.54

stability
hydrostatjc stability
ability of a|floating structure (3.24) to generate restoring moment after deviation from an equilibrjum
floating pofition

Note 1 to enftry: Generally, verification of stability applies to both intact and'damage conditions.

3.55
static actipn
action (3.3) that does not cause significant acceleration-‘of a structure (3.59) or of a structlral
component](3.57)

3.56
stationke¢ping system
system caplable of limiting the excursions of a floating structure (3.24) within prescribed limits

[SOURCE: ISO 19901-7:2013, 3.34]

3.57
structural component
physically fistinguishable part of a-structure (3.59)

[SOURCE: ISO 19900:2013, 3:46) modified — Example has been omitted.]

3.58
structural system
combinatiqn of stréictural components (3.57) acting in such a manner that the components function
together

3.59
structure
organized combination of connected components designed to withstand actions (3.3) and provide
adequate rigidity and stability (3.54)

[SOURCE: ISO 19900:2013, 3.49, modified — ‘and stability’ has been added.]

3.60

topsides

structure (3.59) and equipment placed on a hull (3.29) to provide some or all a of platform’s (3.37)
functions

Note 1 to entry: For a ship-shaped structure, the deck is not part of the topsides.

Note 2 to entry: A separately-fabricated deck or module support frame is part of the topsides.
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[SOURCE: ISO 19900:2013, 3.52, modified — Definition has been rephrased, Note 2 to entry has been
removed.]

3.61

verification

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

[SOURCE: ISO 19901-7:2013, 3.39]

3.62

wafertight
cappble of preventing the penetration of water into or through the structure (3.59)\with a water
prepsure head corresponding to that for which the surrounding structure is designed

3.6

weathertight

cappble of preventing the penetration of water into the structure during teniporary exposurje to water
Note 1 to entry: A watertight closing appliance is also considered weathertight.

4 |Symbols and abbreviated terms

4.1] Symbols

A accidental action

Ay area, or area per unit length, in square metres (m2), or metres (m)

ay vibration amplitude, in metres

B moulded breadth, in metres (m)

b width, in millimetres (mm)

C coefficient (non-dimefsional unless otherwise specified)

D fatigue damage ratio throughout life cycle of platform or duration of particular operational phase
d component diameter, in metres

E material{ Young’s) modulus, in newtons per square metre (N/m2)

Ee environmental action

F action per unit length, in newtons per metre (N/m)

Fq design value of action effect

f frequency, in hertz (Hz)

f distribution factor (non-dimensional)

permanent action
K stability parameter for VIV
L length between perpendiculars

M bending moment or representative bending strength, in newton metres (Nm)
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m constant related to the slope of an S-N curve
Me effective mass per unit length (kg/m)
N total number of cycles

pressure, in newtons per square metre (N/m2)

Pe annual probability of exceedance

Q variable action

Qs is the maximum representative still-water shear force, in newtons (N)

Qu is the representative ultimate shear strength of the hull girder, in newtons (N)
Qw is the maximum representative wave shear force, in newtons (N)

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

r strgngth, in newtons per square metre (N/m?2)

S stress, in newtons per square metre (N/m2)

T tinje or duration, in years

Tr return period, in years

t thigkness, in millimetres (mm)

%4 volime, or volume per unit length, in cubic metfés (m3), or square metres (m2)
14 velpcity, in metres per second (m/s)

y partial action or resistance factor

) logprithmic decrement of damping

'3 fraftion of critical damping

n allgwable utilization factor

K curfvature, 1/m

p density, in kilegrams per cubic metre (kg/m3)

4.2 Abbreviated terms

ACFM alternating current field measurement
ACPD alternating current potential drop
ALP articulated loading platform

ALS accidental limit state

AP aft perpendicular

BOD basis of design

CALM catenary anchor leg mooring

12 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=6c5b979ec670a44530e39c9dd642a815

1ISO 19904-1:2019(E)

CBM conventional buoy mooring
cow crude oil washing

CP cathodic protection

CVI close-up visual inspection

DP dynamic positioning

EC eddy current

FE finite element

FLH floating loading platform

FLS fatigue limit state

FMD flooded member detection

FP forward perpendicular

FPS floating production structure
FPS0 floating production, storage and offloading structtre
FSU floating storage unit

GV] general visual inspection

HAZID hazard identification

IM( International Maritime Organization
MMS minerals management/service
MOM marine operations manual

MOp mobile offshoteunit

MODpU mobile offshore drilling unit

MP magnetic particle inspection
MPM most probable maximum

MWL mean water level

ND’ Href-destraetivetest

NPSH net positive suction head

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

SALM single anchor leg mooring

SCIP structural critical inspection point

© IS0 2019 - All rights reserved
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SCF stress concentration factor
SIM structural integrity management
SLS serviceability limit state
STL submerged turret loading
TLP tension leg platform

TOFD time-of-flight diffraction
™™ thickness measurements
UCW ultrasonic creeping wave
ULS ultimate limit state

VIM vortex-induced motions
VIV vortex-induced vibrations
VLCC very large crude carrier
VOC volatile organic compound
WI weld inspection

WSD working stress design

5 Overall considerations

5.1 General

Clause 5 pilesents the general requirements for the floating structures described in Clause 1 when ysed
to supportfthe petroleum and naturalgas industries functions also listed in Clause 1.

5.2 Safety requirements

Key guidinlg principles of the activities of the petroleum and natural gas industries are safety of [life,
environment and propenty/ Within the framework of this document, these principles shall be enfoijced

— verificption ofithe floating structure’s ability to withstand environmental and other external actjons
that arfe likely to occur during the design service life or any extension thereof;

— arobu the

structure;

— definition of safe operating procedures so that risks of injury 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, to the environment, or to the structure’s integrity.

The implications of the above items shall be incorporated in the floating structure’s design philosophy
and in the development of the operational philosophy as reflected in the MOM.
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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.

For 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. National or regional
requirements also apply, where they exist.

Requirements for personnel safety set by flag states and coastal state authorities can have a substantial
effect on the design of a floating structure.

5.3| Planning requirements

5.3/1 General

Planning shall be undertaken in the initial stages of the design process to_¢btain a safe|structural
solytion for performing the desired function.

5.3]2 Exposure level

Offghore platforms can be categorized by various levels of expaosuire to determine criterfia that are
appfropriate for the intended service, its design and its quality faanagement. This applies to[the design
of new structures and to the assessment of existing structures/The level relevant for a givgn platform
sha|l be determined in accordance with the requirements.ef ISO 19900.

This document (i.e. ISO 19904-1) provides requirements for L1 structures only.

5.3/3 Basis of design
At the outset of the design process, a document (basis of design - BOD) should be created to $ummarize
— | definition of design practices,

— |exposure level,

— |applicable limit states, design situations and design criteria (see ISO 19900),
— |fabrication, transpoptation and installation philosophy,

— |inspection and maintenance philosophy,

— |service and«perational philosophy, and

— |platform pemoval philosophy.

5.314" "Design practices

Regulations, codes, standards and RCS rules (collectively referred to as “standards” hereafter)
applicable to the design and construction of the floating structure shall be clearly identified at the
commencement of the project - see 5.4.2.

Mixing of standards should, in general, be avoided. When more than one standard is utilized in the
design process, 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.

The standards used in the design of structures shall be consistent and compatible with those utilized in
the fabrication and in-service monitoring of the structure.

For innovative structural forms, or applications of unproven structural concepts where limited or no
direct experience exists, appropriate analyses shall be performed to demonstrate that the safety level
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of the design is no lower than the safety level implicit in this document when applied to traditional
structural forms or concepts.

5.3.5 Inspection and maintenance philosophy

At the planning stage, a philosophy for inspection and maintenance should be developed and
documented, to ensure full consistency with the BOD 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 a
objectives.
Clause 19.

General re
concerning

5.3.6 Ddcumentation

During the
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inclining e
service (se

A MOM, o1
MOM shoy
safe opera
compartm
execute pr

Different
distributio

The MOM §

any structiyiral assessment.,

Documentj
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5.3.7 Ex

I, hydrostatic stability or-any combination thereof. The designer shall ensure that we
monitoring,

ksessment should be made of the ability to achieve the intended inspection and mainteng
Relevant requirements related to inspection and maintenance requirements are-give

quirements for inspection of structures are given in ISO 19900. For detailed \considerat
in-service condition monitoring, see Clause 19.

fabrication, erection, load out and installation phases, data’ related to the as-H
on, inspection and maintenance of the platform shall be recorded as the project progre
ed in a form suitable for retention as a permanent record.

es made to the design of a floating structure subseguent to the lightship survey ang
kperiment shall be accounted for and included in the fihal documentation and updated du
b also 5.5.7 and 15.2).

equivalent, shall be prepared for use by personnel onboard the floating structure.

ld be as concise as reasonably practicable and shall contain pertinent information
Fion, including all relevant limiting design criteria relating to global structural stren
bntation and stability. Marine operationis staff on-board the structure should be traine
bcedures to be followed for storm-safe conditions and for extreme weather evacuation.

hull configurations can be, Sensitive to variations in total weight, weight/buoya

distribution and contgolprocedures are clearly identified in the MOM.

hould be updated te reflect any changes to the marine operations identified by the resulf

ition notingdany areas built with special steel should be onboard to identify any spe
uirementswhen carrying out emergency repairs.
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response. Owners should develop a written extreme weather preparedness plan descrlblng general
activities for their inventory of offshore structures as well as the plans for each specific structure.
Checklists and platform-specific guides can assist, e.g. during an evacuation process. Structures with
high life safety exposure and/or economic risk can require additional consideration.

5.3.8 Disconnectable floating platforms

Some floating platforms are designed to enable rapid disconnection of some or all the platform’s
stationkeeping systems and ancillary components to limit exposure to foreseeable hazardous events
that could lead to exceedance of applicable limit states (e.g. severe metocean or ice conditions). Rapid
disconnection allows the floating structure to move away from the hazard forecast at the installation
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site, protecting the structure and/or other components (moorings, risers, etc.) from the extreme actions
that would be experienced if the platform remained connected.

The ability to forecast a threshold event, the frequency of such events, and the time required for
the disconnection should be considered at the design stage when setting the disconnection criteria.
These criteria shall be established and stated in the MOM. The means and/or procedures for verifying
operability of the quick disconnect system throughout the platform’s design service life shall be

hctices and

specified in the MOM.

5.4 Additional standards and specifications

5.4{1 General

The intent of this document is to state explicitly general principles and basicyrequireents. The
des|gner is then directed, through appropriate references, to make use of existing design pr
stamdards.

Where the floating structure is to be flagged, the relevant flag state authority requirements

5.4
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Thd

2 Use for project application

a specific project application, the owner shall identify thetcomplete list of standards
fractual agreements and company specifications whose reguirements shall be met, clari
ossible overlap and specifying the level of precedence in the enforcement of such require

he case of disconnectable floating structures, when disconnected, different requirement
ending on the type of structure. For self-propelled units, design practices additional to the
tified in 5.3.4 can apply. For non-self-propelled units, tow requirements (see ISO 19901+
icable.

General requirements

1 Functional requirements

bating platform’s functionalreéquirements are generally specified by the owner and shall |

tationkeeping systern)jshall be designed to allow the platform to

fulfil its intendédymission (production, drilling and production, etc.) for a specified len
(design service life), and

meet speeified minimum requirements for serviceability and operability, such as keepir
motions&.within prescribed limits, for a specified fraction of time.

platform shall also be designed to provide

also apply.

(see 5.3.4),
fying areas
ments.

5 can apply

standards
6) are also

be satisfied

pnjunction with the principles stated in 5.2. Consequently, the structure of a floating platform (and

bth of time

g platform

whi

adequate comfort levels for personnel onboard,

proper functioning of the topsides equipment,

access to subsea facilities, where applicable, and

clearances with respect to other subsea or surface facilities, where applicable,
le, at the same time

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, abnormal and accidental events.

Conformance of the floating structure design with these requirements shall be verified using the
analysis methodologies and design criteria given in Clauses 8 to 16 and in Clause 18. 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.

5.5.2 Structural design philosophy

The structural system, components and details of a floating platform shall be designed, constrtg¢ted
and maintgined so that they are suited to their intended use.

The generpl requirements and conditions stated in ISO 19900 shall be fulfilled. Additionally, [the
following design principles apply:

— structyiral systems shall have ductile resistance unless the specified purpose orstructural matqrial
requirgs otherwise;

— structyires shall be designed to minimize stress concentrations and provide simple stress pathg;

— structyires shall be designed such that fabrication, including surfacétreatment, can be accomplighed
in accqrdance with accepted techniques and practices;

— heavy,|concentrated actions on the structure shall be located such that proper framing to supjport
these 4ctions can be planned;

— effectd of fabrication and offshore construction tolerances shall be taken into account;

— adequate allowance shall be made for corrosien when selecting materials, and corrosion shall be
minimfized by judicious design of structura] details, selection of structural profiles and the use of
suitable materials, coatings and cathodic protection systems;

— whenelver practical, structures shall be designed to enable load redistribution.

A floating|structure shall be designed with due consideration to minimizing the adverse effgcts
of accidenfal events. Such events include fire/blast, collisions, compartmental flooding, mooring
line failur¢, dropped objects, and fluid impacts such as green water or slamming. In this reghrd,
consideratjon should be giventé the layout and arrangement of facilities and equipment.

Cargo tanNs and cargo systems shall be separated by oil-tight cofferdams from galleys, living quarters,
below-deck general cargo spaces, boiler rooms and machinery spaces where sources of ignition|are
normally present..Cofferdams shall be adequately vented and wide enough to allow ready acdess.
Ballast tanks oroid spaces may be considered as cofferdams.

The floatirlg-structure shall be designed to maintain global integrity during abnormal and accideptal
events. 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 the platform attitudes resulting from an abnormal or accidental
event. 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 the damaged condition.
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3 Design criteria

Criteria to be met by the structural design are usually directly related to specific design situations. For
factors to be considered - see ISO 19900.

5.5.

4 Hydrostatic stability and compartmentation

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 16).

When recognized standards are used to verify adequate stability, consideration shall also

be given to

the

consequences of the accidental events identified as being relevant for the structure (see

y.5).

To 1itigate the consequences of possible damage, the floating structure’s hull shall be'subdjivided into
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partments to facilitate meeting stability requirements and reduce risks of environment
loss of the platform (see Clause 16).

5 Weight control

bnitude and distribution of the mass. These parameters, and the location of the centre
1 be monitored during the entire life cycle of the platform.

ing the design and fabrication process:
the weight of the structure shall be evaluated;
the centre of gravity of the structure, or part of:the structure, shall be evaluated.

ular weight and centre of gravity reports.should be produced at various stages of the
ication process, with appropriate contingency factors to allow for uncertainties conn|
standing items to be fabricated or installed.

weight database shall be updated.te’an as-built status, to provide accurate information
Fice temporary phases, includinglaunch, transportation, upending and lifts.

mass distribution of a fleating platform as-built shall be verified to an appropriatg
iracy (see 16.2 for requirements for inclining tests).

MOM shall contain appropriate provisions for handover of the design database to the

teain, and for the contintiing in-service weight control process.

NOT

5.5
The

E Furthér'guidance on this topic can be found in ISO 19901-5[135].

6 Glebal response

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

amr and tha wicnr cuctars +hn e distnd Aoty and b vwaciancen ctauc uathin

| pollution

hydrostatic stability and the dynamic response of a floating platform are very sensitive to the
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limits, set in conjunction with the requirements for

©IS

serviceability of all types of risers,
comfort levels for personnel onboard,
serviceability of the drilling, production, or other types of equipment, as applicable, and

maintaining minimum clearances with other surface facilities or subsea infrastructure.
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5.5.7 Stationkeeping

The stationkeeping system, which in general consists of a combination of mooring lines, anchors and
thrusters, shall be designed to restrain the platform maximum excursion to the envelope defined by the
considerations identified in 5.5.6. See Clause 18.

Weathervaning stationkeeping systems, generally using internal or external turrets, are a common
choice for ship-shaped structures and barges in moderate to harsh environments. These stationkeeping
systems allow the platform to weathervane and reduce metocean actions and ice actions.

5.5.8 Materials

Suitable mlaterials shall be specified. In addition to strength, due care shall be paid to ductillity,
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
defect$ in structural components and details,

— designling structural details and connections to allow a certain.amount of plastic deformatfion,
(avoiding “hard spots”), and

— arranging the scantlings of structures and their components:to avoid sudden changes in structfiral
strength or stiffness.

5.5.9 Topsides layout — safety considerations

Personnel safety is a key consideration in the layout and arrangement of the topsides process equipmient.
The follow|ng requirements or recommendations<apply:

a) Persornel accommodation should not belo€ated directly above or below
1) prpduced oil and/or gas storage tanks,
2) prpcess vessels,
3) sufface trees and wellheads, and
4) partions of risers-located on the floating structure.

b) Persornel accommodation should be positioned as far away as possible from the process facilities
and fr¢m the flare.

c) Procegqs vessels, hydrocarbon storage tanks, or other items which could become a source of fu¢l in
the eve¢ntofa fire, should be located as far away as possible, or otherwise protected, from wellhdads
and potentiat {gnition SouTrces.

d) Arrangements and layout of the facilities, accommodation, control rooms, and life-saving appliances
should be such that a fire in a process area, hydrocarbon storage area, wellhead area, or other
classified areas does not prevent or impede the safe exit of personnel from the accommodation
through designated escape routes to boat landings or lifeboat locations.

5.6 Independent verification

Independent verification that the floating structure’s design and construction conforms to the
requirements of this document shall be carried out as a combination of independent calculations,
document reviews and audits, surveys and inspections, etc., as appropriate. Emphasis shall be placed
on the verification of structural systems and components significant to safety.
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Verification activities shall be sufficiently detailed and extensive to clearly demonstrate that the design
and construction are adequate. Appropriate documentation shall be maintained of the scope and extent

of the verification, the procedures employed, and the relevant reports.

The above requirements can be satisfied in part, or in full, by classing by an RCS.

5.7 Analytical tools

Appropriate requirements for analytical tools are given in ISO 19900.

5.8

Comprehensive structural inspection and maintenance programmes shall be detelop
structure and emergency and other essential marine equipment (see Clause 19) to monitor th
of the floating structure throughout its design service life. Such programmes,shall acco
frequency of inspection and the number of tanks open at any one time.

In-dervice inspection procedures shall be developed and undertaken to ‘sonfirm that mo
altgrations, repairs, and maintenance are undertaken in conformdnce with appropri
drawings, specifications, and procedures.

Ta
sho
safe

s that contain hazardous materials, e.g. diesel, methanoly or’tanks that contain pot
1ld be designed to minimize inspection requirements. Tank piping shall be arranged to a
isolation of tanks prior to inspection.

5.9 Assessment, re-use and life extension

Var
ISO

ous circumstances can lead to a requirement for an existing structure to be asse
19900 Clause 12.

In $uch cases, the existing structure shall be assessed for conformity with the requi
Cla@ises 15 or 20, as appropriate. Where'the structure or any of its components does not con
reqirements of this document, adegitacy may be demonstrated on a fitness-for-service basi
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6 [Basic design requirements

6.1 General

In gccordance with IS0 19900, structural design shall be performed with reference to h specified
set |of limit states:”For each limit state, design situations shall be determined and an gppropriate
calqulation model shall be established to ensure that critical action combinations for all jnain load-
beafing structural components are evaluated. Each phase of construction, transportation, installation,

operationyand removal shall be complemented by appropriate metocean and ice conditions.

Significant
the design

effdcts occurring in one design phase that affect another phase shall be fully considered in
pro o ; )

The reliability of floating structures is highly dependent upon the reliability of emergency and essential
marine equipment. Risk assessments shall be conducted to demonstrate that such equipment realizes

reliability levels compatible with that demanded for the structure and its components.
6.2 Limit states

6.2.1 General

Verification shall satisfy the limit state 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 16.
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6.2.2 Limit states for floating structures

The following limit states shall apply:

resist extreme actions and action effects;

performance under operational (normal) actions and action effects;

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

serviceability limit states (SLS), which generally involve verifying the floating structure’s

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

repea d cu,tiuua,

6.3 Design situations

6.3.1 Gelneral

Design sit
of the floa
structure’s

An enviropmental design situation consists of the set of actiens induced by waves, wind, curm

and, if app
appropriat

Criteria to

one whole

The definit
owner. The

6.3.2 UL

The design
application

accidental limit states (ALS), which investigate the structure’s ability to resist accidental
abnorinal events, and the structure’s resistance to the effects of specified metocean actions ang
action$ after damage has occurred as a consequence of an accidental or abnormal event:

ations include the service and operational requirements reslting from the intended
behaviour.

icable, earthquakes or floating ice, on the floatingzstructure and on the mooring systen
e, and is characterized by a given return period:

hnd shall not be separated from one another. They are jointly specified in Clauses 8 to 19

ion of specific design situations-for the floating structure shall be the responsibility of
requirements of a regulatory authority apply where one exists.

S situations

actions to be used in.the various ULS are specified in Clause 7. The design strengths and
of the ULS are specified in Clauses 9,11, 12, 13 and 14.

For ULS c
intention

(Pe = 10-2). Different/structural components can be affected to a different extent by the same de
situations.|Consequently, a range of design situations shall be used to ensure that the most oner
conditions|for all types of structural components are identified.

nditions, representative metocean actions and ice actions shall be established with
identify the most onerous associated action effects with a return period of 100 y¢

ting structure in conjunction with the environmental ,eonditions affecting the floaf

and
ice

use
ng

—-

ent,
,as

be met by the design can be directly related to the specific formulation or modelling
technique Yised to simulate the design situation. In such cases, design situations and design criteria f

DI'm

the

the

the
Pars
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6.3.3 SLSsituations

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

or the functioning of equipment relying on them;

durabi

lity of the structure or affect the efficiency of structural or non-structural components;

with their capability to discharge their duties;
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— 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 to onboard personnel or excessive routine maintenance.

Theacceptable 1Imits necessarily depend on the type, mission and contiguration of the] structure.
Furthermore, in defining such limits, other disciplines such as equipment and machineryf designers
shall also be consulted.

6.3/4 FLS situations

FLYare addressed in Clause 10, covering methods, actions and resistances.

6.3|/5 ALS situations

ALY are addressed in Clauses 9, 11, 12, 13 and 14, in respect of actions and in selecting bpth partial
action factors and partial resistance factors. The main goal of ALS verification is to ensufe that the
strycture incorporates robustness so, when exposed to specified accidental and abnormal vents, the
strycture suffers, at worst, limited damage that

a) |does not affect its overall structural integrity, stability and watertightness, and

b) |enablesittomaintain adequate structural integrity (residual strength), stability and watgrtightness
for a sufficient period of time and under spe€ified metocean and ice conditions to enable|some or all
the following activities, as applicable:

— evacuation of personnel from thestructure;

— control over movement or. motion of the structure;
— temporary repairs;

— firefighting;

— control of outflow of cargo or stored material liable to cause environmental damage ofr pollution.

rent types @faccidental or abnormal events can require different methodologies or differg¢nt levels of

-ALS.design situations can include consideration of a reduced extreme environmental condition.
condition should be established with the intention of resulting in the most onerous action effects
for,jas:@ minimum, a return period of one year (see Table 1). For verification, intact components shall be
checked to ULS-a and ULS-b combinations (see 9.7.3.2 and Table 3) while for damaged components or
structure, recognized structural practices accounting for such damage can be utilized.

6.3.6 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.

Detailed planning of erection sequences and construction methods is essential to ensure all critical
conditions are identified.
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Loadout, transportation, offloading and installation assessments should conform to 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).

When verifying the design of a floating structure during the transportation phase, representative
metocean parameters and ice parameters should be established based on an assessment of the
probability and consequence of encountering an event during the transportation phase that would
cause the design limits of the structure and/or seafastening to be exceeded (see ISO 19901-6 and
ISO 19902).

7 Actiops and action effects

7.1 General

This clause
applicable
ISO 19900

addresses actions likely to be experienced by a floating structure duringgdts‘life cycle pnd
methodologies for their evaluation. Some of the information provided beléw can be found in
but is included here for completeness.

7.2 Permanent actions (G)

—

Permanent
and for wh

actions (see A.7.2 for examples) are those likely to act thraughout a given design situafion

fch variations in magnitude with time, during the design,service life of the structure
a) aresmall in relation to the mean value, or

b) attain fome limiting value.

The repres
of the matg¢
reactions,

In cases w

entative value of a permanent action shall betaken as the mean value based on the den
rial, the volume of the structure or compghent based on its nominal dimensions, calculd
ind calculated effects of deflections andideformations, as appropriate.

nere the permanent action can havé an upper or lower value, the representative value s

Sity
ted

hall

be taken ag the value that produces the most iinfavourable effects in the structure under consideratfion.

A procedu
shall be ing
be verified
tests). Mor
floating plz

e for monitoring the weightiand position of the centre of gravity of the floating platfprm
orporated into the design.process. The mass distribution of a floating platform as-built shall
to an appropriate degree’of accuracy (see 16.2 in connection with requirements to inclifiing
itoring of the weight.and centre of gravity shall be performed during the life cycle of|the
itform.

NOTE For further guidarice, see ISO 19901-5[135],

7.3 Varipble actions (Q)

Variable aqd lire,
and are us act
throughout a given design situation, but do not include environmental actions (see A.7.3 for examples).

tions generally vary in magnitude, position and direction during the life of the struct

3otz ralatad +0 anaratione A d ol en Afrha Nt fory Thacn actiance ~nn DBloaly
Ty erate e+t 0perationSaha oo rH5e-6+—+tne-protori—eseaeaohRsSatrehcery—

The representative value of a variable action shall be taken as the maximum (or minimum) value
that produces the most unfavourable effects in the structure under consideration. The value shall
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 rules or national regulations).

Design local deck actions shall be documented on a load 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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Crane hook loads should be included in this category.
7.4 Environmental actions (E;)

7.4.1 General

Environmental actions shall be derived from environmental information appropriate to the specific
locations where the floating structure is to be fabricated, transported, installed and operated (see
ISO 19901-1). The stochastic nature of environmental actions shall be adequately accounted for.

Environmental actions can be repeated, sustained, or both repeated and sustained.

The
ist
of d
ava

Glo

representative value of an environmental action is the maximum or minimum value

e more unfavourable) corresponding to a prescribed probability of exceedance-Joint

ccurrence of the various environmental actions may be taken into account if such infq
lable and can be adequately documented.

bal environmental actions are normally generated by appropriate struetural analysis §

mapped from other software packages used to develop the actions, e.g. hydrodynamic softw

(whichever
brobability
rmation is

oftware or
hre used to

generate wave-induced pressures.
Act]ons arising from earthquakes are not normally of concern for\the design of floating ptructures.
However, it can be necessary to assess their effect, for example, oh mooring systems particularly in

shal|low waters, utility systems and equipment, and communi€ation equipment.

7.4)2 Environmental site-specific data

Theg phenomena and environmental characteristics:listed in this subclause shall, where appropriate to

the|region, be taken into account in the design.These characteristics shall be described by physical

parpmeters and, where available, statistics (se€also ISO 19901-1). For the design of the structure, site-

sperific environmental conditions shall be selétted in accordance with the requirements of I$0 19901-1.

a) |Wind
Wind is usually characterized by-the mean value of its velocity over a given time intervdl at a given
elevation above the mean water level. The frequency content shall be taken into accounft by means
of a wind spectrum as defined in ISO 19901-1. The variation with elevation (wind profile) and the
spatial coherence should be considered.

b) [Waves
Site-specific_information shall be established to consider sea-state characteristics (wpve height,
period, duration, directions and spectra) and the long-term statistics of these charpcteristics,
includingwind- and swell-generated waves if appropriate for the location of interest.

c) |Water-depth and sea level variation
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 determining the water depth. Tidal components for design include astronomical, wind, and
pressure differential tides.

d) Currents

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
internal waves should be considered.
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f)

g)

h)

Marin

e growth

Marine growth shall be defined by its thickness, roughness, density and variation with depth. This
information is usually provided by direct measurements and operational experience in the specific
area of interest. Additionally, the marine growth thickness to be used in the design is influenced
by operational strategy (e.g. regular cleaning, use of anti-fouling coating) as well as structural
behaviour (e.g. less marine growth is normally found on slender structures with significant
dynamic displacements).

The presence of marine growth causes an effective increase of the component dimensions, a
consequent direct increase in structure weight, in hydrodynamic drag and in added mass, and

alters [the roughness characteristics of the surface. In structural design, therefore, the m|
buoyancy diameter and effective drag diameter shall be adjusted to account for the specifiedw
depth pariation of marine growth. In addition, the values of the hydrodynamic coefficients (d

Cd, an
The B

anti-fouling systems during the platform life, in which case the design assumptions shal

adjust
over t

deternyined and reported.

Ice an

Ice acq
increa

roughmess. These effects shall be considered when determining wind and hydrodynamic action

For flo
Appro
the M(

The ac
shall b
(wind,
additid
SeaicH
Temp¢
The m
Local

Sea w4

Geote

inertia, Cm) should reflect the roughness associated with the marine growth.

DD and the MOM can include a specific provision for periodic marine growth cleanin

he life of the platform. The consequences of not maintaining this-programme should

l snow

retion on structural components from sea spray, snew; rain, and air humidity can ca
bes of cross-sectional area (with consequent increase'in mass and added mass) and sur

ating structures, the effects of snow and ice accretion can affect the hydrostatic stabi
briate instructions concerning the need fop,removal of ice accretion shall be include
M.

fumulation of ice (icing) and snow on\horizontal and vertical surfaces (thickness and dens
e defined, together with the appropriate parameters for the other metocean phenom
waves and current) to be considered in conjunction with ice and snow accumulation
n, the possibility of ice build“up through freezing of sea spray, rain or fog shall be conside

and iceberg occurrences shall be considered when applicable.

bratures

hximum, average-and minimum air and sea temperatures at the site shall be determined.
sea water characteristics

ter properties such as oxygen content, salinity and density shall be provided.

Chnical data

ass,
hter
rag,

b Or
be

ed accordingly. Any such reliance shall be documented and the cleaning programme defined

be

use
face
S.

ity.
1 in

ity)
ena
. In
red.

Site investigations shall be performed to define physical and engineering properties of the soil

strata

and to identify potential hazards (earthquakes, mudslides, etc.).

7.4.3 Wind actions

7.4.3.1 General

Actions on a structure caused by wind shall be considered for both global analysis and local design.

Wind-induced actions shall be determined by means of wind tunnel tests and/or suitable analytical
methods. Validated computational fluid dynamic methods may be used where appropriate.
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The total wind velocity can be described as the sum of the mean wind component and a gust component.

7.4.3.2 Mean wind action
Mean wind actions on a floating structure can be estimated by calculating the mean wind actions on

all exposed components of the structure and summing the contributions from each component. Mean
wind actions on individual components can be calculated from Formula (1):

1 2
Py :Epacsvz (@8]

whére

Py, isthe mean wind pressure;
pa is the mass density of air;

Cs is the shape coefficient, which shall be determined from appropriate-sources (e.g. RES rules or
IS0 19902);

v; is the mean wind velocity at height z above the mean waterdevel.

If C} is obtained from wind tunnel measurements, all the paranieters in Formula (1) shall be used in a
mamnner consistent with the derivation of the wind tunnel reSults.

Thg wind velocity is usually given at a reference height of 10 m above the mean water level. Tq obtain the
mean wind velocity at a different elevation, z, this valu€should be adjusted according to the fprmulation
proyided in ISO 19901-1. Wind velocity should be averaged over an appropriate time intervdl, typically
3 s for a small standard component, 1 min for stability calculations, and 1 h for mean wind actions in
conjunction with a frequency or time domain_gust analysis.

Solidification effects shall be taken into_aceount in cases where components are located cloge together
in alplane normal to the wind direction(

Shiglding effects may be taken intoaccount if it can be adequately documented that the ipclusion of
such effects is justified.

When calculating wind actions, care shall be taken to decompose the global structure into cpmponents
of spfficiently small sizef so that the local wind velocity can be considered constant over the fomponent
without significant ercor.

For|ship-shapedstruictures, additional information is given in A.7.4.3.

7.413.3 Dynamic wind actions

Wirnd-ihduced dynamic actions fall into three categories:

a) Tong-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, such 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 correlation
of the gusts should be accounted for.

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

7.4.3.4 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 7.4.6) and galloping effects.

7.4.4 Cufrent actions

Current ac
relevant er
appendage
on ship-sh
analogous
much large

tions on large-volume bodies like floating structures shall be determined by model te
hpirical analytical tools, and/or appropriate sources. In determining the shape,coefficie
5 (bilge keels, strakes, etc.) shall be taken into account. Actions induced by steady curr¢
hped structure and semi-submersible structures can be determined by global coefficig
o mean wind actions (see 7.4.3.2). In general, current actions on ship-shaped structures
r in shallow water (with small under-keel clearance) than in deep water.

sts,
nts,
bnts
nts,
are

Current ag
coefficient
the drag c
0,65 for sm

tions on slender components can be determined using Formuld’ (3) (see 7.4.5.3). [
5 shall be determined from appropriate sources. In the absence-6f data indicating otherw
pefficients provided in ISO 19902 for unshielded circular €ylinders are recommended
ooth surfaces and 1,05 for rough surfaces.

rag
ise,
i.e.

The effectq
shall be co

of medium-term and long-term variations of current velocity on moored floating structyres
hsidered.

For ship-sHaped structures, additional information is given'in A.7.4.4.

7.4.5 Wgve actions

7.4.5.1 (eneral

Actions ca
design. W3
parameter
characteris

The simuly
(global) eff

Adequate

1sed by waves acting on a structure shall be considered for both global analysis and |
ve actions shall be determined by appropriate methods, taking into account all reley
5, including water depth,_marine growth, type of structure, size, shape, and respa
tics.

aneous effect of-hydrostatic pressure, hydrodynamic local pressures, and the integrd
ect of still-waterand wave actions shall be computed.

onsideration*shall be given to the relationship between the wave’s dominant periods

the structd
each havi

wave heights;/but a longer or shorter associated period, induces more severe action effects on s
components.

|

re’s natiiral period of motion or vibration. For example, for two different design situati
thessame composite return period, it is possible that the situation characterized by lo

pcal
rant
nse

ted

and
bns,
wer
bme

Local hydrodynamic instability shall be investigated (see 7.4.6).

7.4.5.2 Actions on large-volume bodies

The total pressure acting on submerged structural components includes both static and dynamic
contributions. The dynamic pressure at a point on the immersed surface of a structure is expressed as
the superposition of the pressure associated with the following:

incident and scattered waves;

— flow induced by the six degrees-of-freedom radiation potential due to the motion of the structure in
still-water;
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— the time-varying hydrostatic pressure due to heave, roll and pitch displacements of the structure

from its mean position.

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.

For
can

Hyd

7.4

The
and
(>5
the

wh

whg

SImple geometrical shapes, analytical solutions may be used. FOT structural forms where
hot adequately be described by state-of-the-art methods, model tests shall be undertake

rodynamic interactions between large-volume components shall be accounted for.
5.3 Actions on slender components
computation of the action on a cylindrical component caused by waves, or a combinatic

, the member does not significantly modify the incident wave. The-action can then be cd
sum of a drag component and an inertia component, as follows{see Formulae (2) to (5)]:

F=Fy +F
Pre

F  isthelocal action vector per unit length acting normal to the component axis;

Fq isthe vector for the drag action per unit length acting normal to the component axig
plane of the component axis and v

1 . .
Fd ZEprd (V—X)|V—X|AV

F; isthe vector for the ifiertia action per unit length acting normal to the component aj
plane of the component axis and dv/dt

9V,

Fi=PuCol =

(C—1)p,V X
re

Cq is the hydrodynamic drag coefficient;

he actions
.

n of waves

currents, depends on the ratio of the wavelength to the component.diameter. If this ratio is large

mputed as

(2)

in the

3

kis in the

4)

a

Cm fsthe hydrodymarnic inmertia coefficient;

Pw is the mass density of water;

Ay is the projected effective dimension of the cross-sectional area normal to the cylinder axis

per unit length based on an effective diameter that includes marine growth;

%4 is the effective displaced volume of the cylinder per unit length;

1% is the component of the local water particle velocity vector (due to waves and current) nor-

mal to the axis of the component;
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a_V 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.

As presented here, Formula (2), in combination with Formula (3) and Formula (4), commonly (albeit
incorrectly ison' i i icli i jons
and axial Froude-Krylov actions. If the above formulae are used for columns and pontoons (e.g] for
semi-submiersible hulls) appropriate additional terms shall be added to account for axial Froude-Krylov
actions anfl added mass. The final analysis shall be performed using a diffraction analysis,in which

case thed

The combi

The drag c
and rough

For detern
be less tha
where the
affected by
ISO 19902,

Design ass
in the MOJ
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in a plane pormal to the wave direction.
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effects is ju

The inertig
the inertia
the inertia

The wave
generally ¢
The effects
when using

ag effects shall be added.
ed effect of simultaneous drag and inertia actions is obtained by vectorialaddition.

efficient (Cq) depends on many parameters: Reynolds number, Keulegan-Carpenter nunj
ess, amongst others.

inistic, global wave action calculations, the drag coefficient farycircular cylinders shall

rough surface value shall be used for members with marine growth. The value of Cq ca
the occurrence of VIV (see 7.4.6). For fatigue assessment, higher values of Cq can apply,

limptions on the absence of marine growth shall'be supported by appropriate requireme
M to ensure that the components in questioniare kept free of marine growth during
life.

pn effects shall be taken into account in-cases where components are located close toget

ffects can be taken into account ifit can be adequately documented that the inclusion of g
stified.

coefficient (Cp,) for circular cylinders shall be taken to be no less than 2,0 for actions w}
component action isc€ensiderably higher than the drag component action. For other sha
coefficient can be accurately determined from appropriate calculations and model tests.

hctions on structures composed of large-volume components and slender components
omputed by @ combination of wave diffraction and radiation theory and Morison’s equat

on watet particle velocities and accelerations due to the large volumes shall be considg
y Morison’s equation on adjacent slender components.

h the values provided in ISO 19902, i.e. 0,65 for smooth surfaces and 1,05 for rough surfe]‘ces,

ber

not

be
see

bnts
the
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uch

lere
pes,

are
ion.
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7454 S

labiming on slender components

Design of c

omponents in the wave zone shall include the effects of slamming (3.50).

For cylindrical members, the slamming actions can be calculated from Formula (5):

1 2
F =Epwcsldv

where
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Fs  isthe slamming action per unit length in the direction of the relative velocity vector;
pw is the mass density of water;

Cs1 is the slamming coefficient;

d  isthe component diameter;

1% is the relative water particle velocity normal to the component axis.

The slamming coefficient Cs) can be determined using theoretical and/or experimental methods. For

smq
qua

7.4

Sone hydrodynamic phenomena, generally represented by higher-order, nonclinear numeri

givd
stat
imp

Examples of the effects due to higher-order hydrodynamics are:

Waj
con

7.4

In ghe vicinity of large bodies, the freetsurface elevation can be enhanced by motions,

rad
for,
(sed

7.4

Ifth
way
tak

7.4
Waj

oth circular cylinders, the value of Cg) should be assumed to be no less than 6,0 when pd
si-static analysis, and no less than 3,0 when performing a dynamic analysis.

5.5 Higher-order non-linear wave actions

rise to actions at frequencies close to resonant frequencies of the floating structy
ionkeeping system. These actions shall be assessed and their effects, investigated, as |
ortant for the design of floating structures. The nature of these phénrgmena is addressed

mean drift (mean second order action);
slow drift (time varying action).

be drift and wave drift damping are affected by«the wave/current interaction, which sk
sidered.

5.6 Wave enhancement effects

ation, wave/current interactionceffects, and other non-linear wave effects. These shall be
as appropriate, in the wave action calculation and used to estimate deck clearance and
8.10).

5.7 Shallow water-effects

e floating structureis located in a shallow water area (i.e. water depth less than halfthe w

bn into accountin estimating wave actions.

5.8 _Slamming and green water actions

rforming a

ral models,
re and its
hey can be
nA.7.4.5.5.

1all also be

Hiffraction,
accounted
freeboard

hvelength),

e amplitude efthahcements and/or wave refraction caused by the effect of the sea bott¢m shall be

re“slamming against the shell structure of the hull due to local wave action, water entry

slamming

an
acti

7.4.

greerr water action caused by high retative motions of structureand-wave surfaceare
on effects and are discussed in more detail in 9.8.

6 Vortex-induced vibrations and motions

local wave

A fluid flow (wind or current) past a slender component can cause unsteady flow patterns due to
vortex shedding. At certain critical flow velocities, the vortex-shedding frequency coincides with, or is
a multiple of, a natural frequency of the component, resulting in harmonic or sub-harmonic excitations
normal to the longitudinal axis of the component. This phenomenon is generally referred to as vortex-
induced vibrations (VIV).
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The vibrations can be in-plane (in the plane of the flow velocity) or transverse (in a plane perpendicular
to the flow velocity and the component axis). Transverse vibrations are usually of more concern for

most struc

— increas

tural components. The effects of VIV include:

ed 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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ISO 19906

74.8 Tem

ial for VIV/VIM shall be assessed. The focus of a VIV analysis is generally to evaluaté-if]
stance of the component or system is adequate. Accordingly, the simplified (and consexvat
is described in A.7.4.6 should suffice if the resulting fatigue damage is acceptable. If

y be applied to demonstrate adequate fatigue resistance.

bd should be chosen according to the specific case to be investigated. Recogn
Fical methods can be applied if the problem characteristics are well within the validity ra
if the problem is of high complexity (e.g. riser bundles, varying diameters or surface way
bd assessment methods are required.

nectable structures, calculation of the response of the turfet-buoy while disconnected s
low-frequency motion components, VIM and second-order wave-induced motions.

ecially transverse to a current, can change VIM motions due to current only, dependen
ency, so wave effects should be considered in a ViM’analysis, if applicable.

rect ice action

propriate theoretical models, modelNaboratory tests or full-scale measurements.

try and nature of the ice;

nical properties of the ice;

y and direction of\the ice;

try and size of the ice/structure contact area;

ure modé€ as a function of the structure geometry;

effectsfor both ice and structure.

rmining the magnitude and direction of actions, the following factors shall be considered:

the
ive)
the

hnalysis indicates insufficient fatigue resistance, a more sophisticated and less.conservafive

zed
nge.
es),

hall

[ on

punter with sea ice or impact with icebergs can occur, collision actions shall be determined

khall he used for structuresinice conditions

perature effects

Floating structures shall be designed for the most onerous temperature differences to which they can
be exposed. This applies, but is not limited to:

storag

32

e tanks:

structural components exposed to radiation from the flare;

structural components that are in contact with risers or process equipment.
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The lowest anticipated sea or air temperature shall be the lowest one-hour average temperature
associated with an annual Pe of 10-2,

7.4.9 Tidal effects

For floating structures constrained by stiff mooring systems, tidal effects can significantly affect
the mean tensions in the mooring components. Therefore, the choice of tide conditions for a static
equilibrium analysis is important. Higher mean water levels tend to increase maximum mooring line
tensions, hydrostatic actions, and current actions on the hull, while tending to decrease deck clearances.

TheﬁmmbﬂakmMﬂmmHMgﬁMMMﬁppropriate
tidg levels to provide a starting point for further analysis, or by making allowances for th&gppropriate

tidg level in calculating extreme responses.

7.4{10 Geotechnical hazards

Gedtechnical hazards, such as earthquakes, mudslides and other geotechnical phenomena] can affect
anchors, mooring lines and risers, and should be considered (see also™ISO 19901-7). Underwater
earfhquakes (seaquakes) can cause pressure waves the vertical components of which can, for floating
stryctures located in the vicinity of the earthquake epicentre, damageimechanical systems pnd impair
the [performance of production systems, operational systems and safety systems.

7.5| Accidental actions (4)

7.5{]1 General

Accjdental actions relate to accidental events, abnorinal operations or technical failure (seq A.7.5.1 for
examples).

Both a hazard identification (HAZID) and ayrisk assessment shall be carried out at the oytset of the
des|gn of a floating structure to identify. potential accidental events, their magnitudes and probabilities
of exceedance, and the associated consequences. The methods adopted for the HAZID and for the risk
ass¢ssment shall take into account the type of structure and the existing operational experi¢nce.

Theg structural configuration dnd'equipment arrangements shall be such that damage resulting from
an gccidental action shall net\lead to an escalation of undesirable events (e.g. as could occurlif the flare
towler were to be placed jin the collision zone) or impair safety-critical functions.

The representative yalue of an accidental action shall correspond to a value with an annual probability
of ekceedance, Peequal to 10-4.

Val{ies of accidental actions with a Pe less than 10-4 may be disregarded.

Accjdental’évents may be assumed to occur independently of extreme environmental design|situations,
see[Table'l.

For Temporary phases, accidental actions may normally be omitted from further design verification,
provided a HAZID and risk assessment have been conducted to ensure all actions likely to occur during
temporary design conditions have been identified and their potential consequences assessed.

7.5.2 Collision

Collision-induced actions shall be considered in the design of all structural components that can be
affected by sideways, bow or stern collision with another vessel. The vertical extent of the collision
zone shall be based on the depth and draught of the colliding vessel, and on the relative horizontal and
vertical motions between the vessel and the floating structure. The magnitude of the collision-induced
action shall account for added mass effects. Attention shall be given to collisions that can occur during
offloading operations.
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Structural components located in areas where marine vessels operate in close proximity to the
floating 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.

7.5.3 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 based on the planned movement

of crane lif

7.5.4 Filje and blast
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potential for gas accumulation shall be assessed and appropriate measures shall betaken to reduce
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7.6 Othg

7.6.1 Stg
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f

saver the plnffnrm

of a floating platform. Where this is not possible, for example in moonpgo}locations,

osion to an acceptable level.

tance requirements shall be addressed concurrently with fire ‘resistance requireme
account probability of occurrence, blast safety evaluation, layeut and area of importa
tem, access to escape, etc. The resistance to fire after blast shalt'also be addressed.

ast scenario shall be defined: for example, fire followed’by blast followed by fire; or b
fire. It should be demonstrated that blast wall firéJinsulation remains effective for
the fire/blast scenario. The overall structural desigh shall prevent any escalation of
event, including escalation events that could~affect emergency and essential ma
and/or escape routes.

support of blast walls and the transmission of the blast action into the main struct
hall be taken into account. The effectiveness of connections and the possible outcome f
Lich as flying debris, shall be evaluated.

b actions

itionkeeping actions

tructure can be kept.on station by various methods, depending on site-specific criteria

operation

and submerged turret systems, external turret, catenary anchor leg mooring (CALM), CALM buoy

| goals. These metheds include different types of stationkeeping systems, such as inte

practicable, semi-enclosed locations where gas pockets can occur should, be“avoided in

the
the

nts,
hce,

last
the
the
"ine

iral
fom

and
‘nal
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hawser, spread mooring;-and dynamic positioning (DP), see Clause 18. Each type of stationkee

ing

system imposes speeificactions on the hull structure. These actions shall be considered in the platfofm’s
structural |[design. Specific actions induced by the stationkeeping system on the hull structure shall be
consistent with the practices described in ISO 19901-7.

7.6.2 Sloshingactions

Sloshing is the dynamic magnification of internal pressures acting on the boundaries of partially filled
tanks due to internal fluid motion. Sloshing occurs if the natural periods of the fluid in a tank and of the
motions of the structure are similar (see 9.8.4). In some cases, the fitting of swash bulkheads or other
baffle devices can be necessary to minimize sloshing effects.

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

— currents esnecialluvin coninunctian with vartevainduced vibrations:
e reYy P Tetrry it e et oYY e Ot ot —1rotcerBoy

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

— |sloshing;
— |mechanical vibrations, such as those caused by operation of machinery;

— [fluctuating actions imposed by the stationkeeping system.

7.8 Action combinations

The structure’s resistance shall be investigated for a range)of potential combinations of Ppermanent,
varjable, environmental and accidental actions (see Claus€\9):

Valfies of environmental actions to be used in designshould always be established with thle intention
of resulting in the most probable maximum (MPMJ\(or minimum) response for the limit 4tate under
conkideration. For different structural components, the most onerous response can arise from different
desj]gn situations.

8 |Global analysis

8.1 General

Thg combination of risers, stationkeeping system and the floating structure is a complex|integrated
dyrfamic system respondingto environmental actions (wind, waves, current, etc.). Thereford, the global
anallysis of the floating:structure cannot be separated from the analysis of the stationkeeping system,
and overlaps substantially with this activity, which is covered in detail in ISO 19901-7. Alccordingly,
Clauise 8 provides@n overview of the general processes, issues and requirements to be fulfilled.

For|floating sfructures, the typical action effects controlling the structure’s overall gedmetry and
configuration; as well as the design of the stationkeeping system include structure offset], structure
motions,\global structural forces, minimum and maximum mooring line and riser tengions, deck
clegrance (air gap, freeboard) and deck level motions and accelerations.

The representative values of these action effects are usually obtained from the results of global dynamic
analyses and/or model tests.

Validation of numerical results by sensitivity studies with respect to key parameters should be
performed.

8.2 Static and mean response analyses

8.2.1 General

The objective of static and mean response analyses is to determine the static equilibrium position
of a platform with no wind, wave or current present, and, subsequently, the mean position due to
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steady metocean actions and ice actions on the platform. The mean position is then used as a basis for
frequency domain analyses, or as the initial condition for time domain analyses.

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 totial platform weight;
— the totial structure displacement (the total structure buoyancy) for each draught to be analyzed;
— any rider and mooring tensions acting on the structure;
— any applicable crane hook loads.

The structpiral weight shall include the weight of all structural components, permmanent appurtenanices,
and all equipment permanently mounted on the platform. In addition, the platform weight shall include
all weightd appropriate to the design situation being analyzed. These variable actions shall include{the
weight of cfude oil storage in various loading conditions (if applicable), temporary equipment, contgnts,
consumable supplies, ballast, marine growth, ice, and any other appropriate temporary weights.

For floating structures with disconnectable moorings, design sit@ations with and without loading ffom
the moorirlgs and risers shall be analyzed.

NOTE Different design situations can involve significant vakiations in temporary or removable weights|and
in actions tq be included in the static equilibrium analysis.

8.2.3 Magdan response analysis

The mean lesponse is characterized by the pasition of the platform’s centre of gravity, including setdgwn
effects (as japplicable), mean orientation ofithe platform (particularly for ship-shaped structures), pnd
orientatior] of mooring and riser system,

The estimate of the mean response-shall include the same components as the still-water condifion
discussed in 8.2.2, as well as, asaminimum, the following:

— the mdan actions due to-wind;
— the mdan actions dueto wave drift and current on the structure;
— current actions.on risers and moorings.

Mean resppnsé calculations shall be repeated for a variety of design situations.

8.3 Global dynamic behaviour

8.3.1 General

While, for the analysis discussed in 8.2, the response of the system (floating structure, risers and
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.

Dynamic effects can be important, for example, in connection with the following:

— wave frequency actions;
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low-frequency effects of wind and wave actions;

wave slamming, sloshing in tanks, and other transient wave actions;
mechanical impacts due to ships, icebergs or dropped objects;

VIV and VIM;

explosion actions.

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

pro

CeSS

The

Fre

8.3

The
pos

Ac

effects of thrusters in terms of restoring forces and possible damping should be include

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

2 Analysis models

metocean actions and ice actions on the platform are generally a funetion of both time ar
tion. To allow a simple solution, a number of assumptions and linearjzations are usually

mo

“unfoupled analysis” because it assumes no interaction between mooring and riser dynamig
and|the structure dynamic response (see 8.6).

Mofe sophisticated and complex models can be developed by including a suitable number of
fre¢dom to simulate risers and moorings. Such models allow joint consideration of structur
and riser dynamic behaviour and are suitable forideep water applications or when mooring
magses are a significant portion of the total system mass. This approach is usually refer

MCO

8.3
The
a)
b)
)
d)

For
fash

bmmon simplifying assumption is to model the structure as’a rigid body, excluding
rings. The system then has six degrees of freedom. This approach is usually refe

pled analysis” (see 8.7).

3 Mass

total mass used in the analyses.shall include

the mass of structural material,

the mass of equipment,

the mass associated with variable actions (including ballast and crude oil storage, if appl

added mass effects associated with the submerged portion of the hull.

d platform
made.

risers and
rred to as
responses

degrees of
e, mooring
lines/riser
red to as a

cable), and

uncoupled analyses, the mass of the moorings and risers may be accounted for in an approximate

ion

Forleoupledanal
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freedom, and the total mass shall include

the structural riser mass,
the mooring line mass,
the mass of any enclosed fluids and internal lines, and

added mass.
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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, particularly for ship-shaped structures, and
included at the correct probability level in the hydrodynamic analysis.

Heave damping effects can be important for semi-submersibles.

For spars, riser friction damping can influence the structure’s response.

8.3.5 Stilffness

The total s
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c) elastic

8.3.6 Ac

The time-vj
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8.3.7 Turret moored systems

Analysis of

a) The ca
always

[iffness shall contain contributions from:
ucture’s hydrostatic characteristics,
tric terms due to moorings/risers in combination with structure offsetpand

terms introduced by the mooring and riser systems.

tion classification

arying actions on a floating platform are often categorized by their period ranges relativ
periods of the platform/moorings/riser system, as follows:

steady actions that can be considered static because they vary with periods much lory
hy platform natural periods;

e to

|ger

varying actions, with periods near the surge-sway and yaw natural periods (these responses

ly have periods in the range of less than, one minute to several minutes), and with roll
atural periods for spars falling within a'similar range;

b at wave periods.

turret moored systems ;presents some unique features:

llinear environment' (wind, wave, and current all coming from the same direction) is
the most critical design case. Thus the metocean and ice parameters and the associd

direct
thew

actions.

b) The p

predicli

onality should-be carefully assessed to capture the most critical design situations. A shi
e headingfrom head-on to an oblique heading angle can significantly increase the metog

and

not
ted
't in
ean

the

ediction of the mean heading of the floating structure is of critical importance to

vity

of the floating structure dynamic responses to the predicted mean heading should be assessed by
undertaking parametric studies.

c¢) The accurate prediction of the yaw response in the dynamic simulation is critical in predicting
the total system response. The prediction of yaw response by some analysis tools does not always
receive the same degree of benchmarking as other degrees of freedom (e.g. pitch, surge, and sway
response). Care should, therefore, be taken in determining yaw response.

8.4 Frequency domain analysis

Frequency domain analysis, in this context, refers to the solution of the equations of motion of a floating
structure by harmonic analysis or by Laplace and Fourier transforms. The result of a frequency domain
analysis is a description of the variables of interest (platform motions, platform accelerations, mooring
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forces, etc.) in terms of amplitudes and phases as functions of frequency. The method is naturally
suited to the analysis of systems subjected to random excitations because it provides a clear and direct
relationship between the input spectrum (in this case, the metocean actions) and the system response
spectrum. The system response spectrum can then be used to estimate the short-term statistics of the
variable of interest.

8.5 Time domain analysis

The time domain analysis method consists of a numerical solution of the rigid body formulae of motion for
the platform, subject to external actions due to environmental phenomena, the platform stationkeeping
Sys motion is
per btion, finite
wav hpability of
dea

e ard-uther possibteactions—Siceadirect ummeT icatimtegratiom of theformmutae o
formed, any non-linearities can be directly included, such as drag-induced actions, finite'm
e amplitude effects, and non-linear characteristics of the stationkeeping system, The c
ing with higher modelling complexity comes at the expense of increased computing'time.

Wh
car

en the input to the analysis is represented by a deterministic, periodic wave; the analysis shall be

"ied out for a long enough simulation time to achieve a steady-state respomse.

When the input is represented by a wave spectrum, which is then conveérted into a time hig
water surface elevation, the analysis shall be performed long enough to achieve stationar
staflistics. Several such analyses shall be performed, with different water surface elev
hisfories obtained from the same input spectrum, and the response characteristics shall bg
to achieve a meaningful set of response statistics. Similarly, several different wind speed tin
sholild be investigated when the time-varying wind-induced-action effects are significant.

tory of the
y response
ation time

combined
e histories

8.6/ Uncoupled analysis

Undoupled analysis is generally used to compute_the system (structure, moorings and risers

) response

-frequency
bsented by

. Assessment

idn analysis.

a constant

nt-induced
ijons on the slendermembers, and imposing the structure’s wave-frequency (or wave-frequency and
frequency) motion response as forced dynamic excitation.

structure
gdmic action
s : isers. This
approach y1elds dynamlc equrhbrlum between the actlons on the structure and the slender structure
response at every time instant. Consequently, there is no need for assessment of the low-frequency
damping from the slender structure, as this contribution is accounted for by the slender structure
dynamics.

8.8 Resonant excitation and response

Non-linear mechanisms can generate actions and action effects that interact with particular natural
frequencies 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 effects. The amplitude of the response at resonance is very sensitive to the damping estimates.
Model tests should be used in complex situations for validating analytical computations.
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8.9 Platform offset

Generally, to 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 and wave crest assessment

8.10.1 Airgap

When asse
wave ¢
wave/
global
effectd
maxin]

Accounting

5sing air gap, the following effects shall be considered:

rest elevation, including wave asymmetry;

structure interaction effects (wave enhancement, run-up, etc.);
rigid body motions (including dynamic effects);

of interacting systems (e.g. mooring and riser systems);
um/minimum operating draughts.

I accurately for these phenomena is computationally challenging so model tests shoulg

used for final verification of air gap adequacy.

Structures
for the effé¢

parts of structures, secondary structures, equipment and supports that are not desig
cts of direct wave action (wave impact, slamming;€tc.) or direct ice action shall be locate|

an elevati

that provides an air gap >1,5 m in ULS design situations.

For ALS (albnormal) design situations, the air gap shall\be greater than zero.

All struct
equipment
effect of di

8.10.2 W3

As a conssg
of a platfot
a hypothet
within the

ral components (including secondary structure) and other platform components
that do not conform to these minimum requirements shall be designed to withstand
Fect wave or ice actions.

jve crest effects

quence of random field-effects, the wave crest elevation at a point within the bounda
m can be higher than’the average value within the boundary. A wave staff at any poir
ical platform gridyrecords similar statistics; however, the expected maximum of all po|
grid is higher‘than the estimated maximum at a single point. Over a typical platform

area and for directional wave spectra in tropical cyclonic events, the maximum crest can be 10 ¢

14 % highe
10 % highd
the bound4

r than theaverage. Additionally, with a platform in place, up-wave measurements are al
r than"down-wave measurements. Consequently, the maximum wave crest elevation wi
ry-6f'a platform can be 15 % higher than the calculated value for the platform location.

| be
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actions may omit consideration of the 15 % increase in crest elevation. However, structures and other
platform components and equipment that lie at elevations between the crest and the crest plus 15 %
plus air gap should be designed for local wave actions. When calculating air gap as described above, the
15 % enhancement of crest height may be ignored.

Risers, appurtenances, and localized components exposed to local increases in wave pressure due to
irregularity of waves and proximity to columns should be designed accordingly. Values of local wave
pressure used for the design of risers and appurtenances shall not be less than those used for global
structure design anywhere at the same elevation.

For any equipment and other platform components (e.g. utilities, instruments, communications, control
systems, power generation, drains) positioned below the recommended elevation, consideration
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should be given to arrangements and preventive measures that would minimize disruption of platform
operability even in presence of water in the lower decks.

8.11 Platform motions and accelerations

The platform motions and accelerations shall be verified with respect to the serviceability restrictions
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;

g) |maintenance and serviceability;

h) [functionality of safety-critical equipment.

8.12 Model tests

Estimates of the structural response to be used for design can be obtained by model tests. Model tests
can|also be used either to calibrate analytical predictions or to determine responses not |[directly or
relipbly calculable. The objectives of such model tests shall be clearly defined (see A.8.12) anjd, because
durfng tests extraordinary or unexpected behaviour can occur, consideration should be gjven to the
proyision of continuous monitoring equipment;to record such behaviour.

When comparing the results of model tests'with analytical predictions, the following potentjial sources
of diiscrepancies should be considered:

a) |scale effects, such as those affecting Reynolds number, fluid interface and turbulence;

b) |viscous effects (Reynolds number-dependent fluid drag and lift components) in both hodel tests
and analytical predictions;

NOTE In computer simulations, these coefficients can be varied to study their effects.
c) |wave reflections from side walls induced by radiated and reflected incident waves;
d) |finite diffiensions of the model test basin and scaling difficulties;

e) |limitations on the accuracy of modelling physical properties, parameters and dimensions;

f) limitations on the accuracy of the test results rncn]fing from finite record lnngfhc’ finite sample

rates, and numerical accuracy of the data analysis procedures;
g) 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.

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

When planning model tests, transportation and installation conditions should also be considered, as

these can c
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prt-term response analysis

table set of ULS and ALS situations, as identified in 6.3, expected to produce the most sey
Cts. The combination of extreme wave, maximum storm current apd‘maximum tide does

es for some action effects and not for others.
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hg-term response analysis
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e extreme or abnormal values computed from the methods above are used to identify on
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9.1 Gen

biral

This clause 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.

General requirements and conditions are specified in Clauses 5 and 6. Requirements and guidance
concerning actions and global behaviour are given in Clauses 7 and 8, respectively. More specific
requirements for ship-shaped structures, semi-submersibles, spars and shallow-draught cylindrical
structures are given in Clauses 11, 12, 13 and 14, respectively.

Structural design shall be based on either the partial factor design format, see 9.7.3, or the working
stress design (WSD) format, see 9.7.4. Background on 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 document, 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.

Where variable actions, metocean actions and ice actions occur simultaneously, representdtive values
may be determined based on their joint probability distribution.

For|floating structures that are designed so that they can be relocated, metoceam.and ice|conditions
shall be established for each location envisaged and the response shall be checke@for the mqst onerous
des|gn situation.

9.212 Representative values of actions for operating phases

For|operating phases and for each relevant limit state, representdtive values of permanent, variable,
metfiocean and ice and accidental actions shall be as specified in Table 1.

For[ALS, two conditions shall be assessed. These are denotéd‘'in Table 1 as pre-ALS and po$t-ALS. The
twd accidental limit state conditions represent the structure at the time of the ALS event|and in the
danpaged condition respectively.

Table 1 — Representative valuesof actions for operating phases

Representative value
. Limit state — Operating phases
Action category
ULS-a ULS-b ALS SLS
pre-ALS post-ALS

Permanent (G) MC MC MC MC MC
Vaifiable (Q) MC MC MC MC MC
Metocean and Ice SV Tr =100, Po =102 NA TrR=1, P.=100 SV

Abmormal action - Tr=1000to 10000
metocean and ice (4) NA NA P = 10-3 to 10~ NA NA
Acdidental action{#) NA NA Tr=10000, Pe = 104 NA NA

Key
SV: Bpecified\Value
NA:jNot Applicable

MC:"Mean or Calcutated value
NOTE 1 ULS-aand ULS-b are defined in 9.7.3.2.

NOTE 2 See 7.2 and 7.3 for definitions of mean and calculated values of permanent actions (G) and variable actions (Q),
respectively.

NOTE 3 The units for TR are years.

NOTE 4 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 actions,
variable actions, metocean actions and ice actions shall be as specified in Table 2. Where specified
values are adopted, they should be selected dependent upon the measures taken such that the required
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safety level is obtained. Such specified values should consider the actual location, season of the year,
weather forecast and consequences of failure.

ALS design situations need not be formally considered for temporary phases, but consideration should

be given to

the possibility of accidental events and their mitigation.

Table 2 — Representative values of actions for temporary phases

Action category

Representative value

Limit state — Temporary phases

[ ULSa ULS-b SLS
Pernpanent (@) Mean or calculated value | Mean or calculated value | Mean or calculatedwalue
Vatjiable (Q) Mean or calculated value | Mean or calculated value | Mean or calculated value
Metodean and ice Specified value Specified value Specified'value

NOTE 1 UL$-aand ULS-b are defined in 9.7.3.2.
NOTE 2 Appropriate specified values of metocean parameters can be found in, e.g. ISO 19901-6.
The requirjed safety level for any temporary phase should be specified by the;ewner or be consisfent
with those specified for operating phases in Table 1. For temporary phasesthat do not involve [isk

of life, injury to personnel, or environmental consequences, metocean actions and ice actions wi

shorter retj
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and compoanents. Such actions can result, for example, from
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offshore st|

mooring systems, or

urn period than that specified in Table 1 may be utilized.

fions at interfaces

analysis shall include consideration of actions oceu¥ring at interfaces of all relevant syst

s systems (including drilling and production),

bs components (including helidecks and-accommodation blocks, as applicable),

ystems.

actions at interfaces shdlljbe combined in a logical manner.

tlings

ngs used ingmodelling and analysis are a function of floating structure type and expos
n. Deductions for corrosion should be directly related to the corrosion margins used
integrityamanagement (Clause 19), normally a function of the environment to which

ucture operating in a similar environment.

s exposed. The external corrosion deduction should be the same for all types of float

th a

PINS

ure
for
the

ng

—

In cases where pitting corrosion poses a risk for loss of containment (e.g. the bottom of oil storage
tanks), a higher corrosion deduction can be necessary than for where generalized corrosion is a risk for

loss of stre

ngth.

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
conformity with the requirements of RCS rules or equivalent.

44

© ISO 2019 - All rights rese

rved


https://standardsiso.com/api/?name=6c5b979ec670a44530e39c9dd642a815

1ISO 19904-1:2019(E)

9.4 Modelling

9.4.1 General

Linear elastic structural models should normally be used to determine response for ULS design
verifications. Non-linear structural models may be used for ULS verification, assessment of ALS events
and ALS verification. See 9.5.3.2 and 9.5.3.3 for ULS and ALS analysis, respectively.

Space frame structures consisting of slender components should be analyzed using a 3-D frame analysis
to calculate internal component forces and moments. The effects of joint eccentricity and flexibility,
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Stryctural components that participatein a load path shall be explicitly modelled. The level o
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identify the controlling design situation. Particular attention should be given to the
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ctures composed of large-volume components, such as plate and shell structures,
yzed using three-dimensional shell models, in combination with frame models, ds a
bre plate and/or shell panel buckling can reduce cross-sectional effectiveness, this‘'shall b
he model. When the accuracy of deflection calculations is important, the effect’of shear I3
ional stiffness shall be incorporated in the model.

structural response of a floating platform can generally be considered as being dividg
hd categories:

global response, which requires global structural models that Simulate the effects of glo
on the structure, evaluate the structural response of the primary structure and identify
load cases for local analysis models;

local response, which normally requires local struetural models that simulate the ef]
structure of local actions, such as hydrostatic pressures, tank pressures and concentrat

cific requirements and guidance for globalvand local models are included in 9.4.2
pectively. The model extent should, however/be defined such that boundary conditions {
be imposed at well-defined, or well-understood, interfaces. Appropriate extrapolation
1ld be used to provide information of stress levels at element boundaries.

il is dependent on the intended purpose of the particular component in a model. Model
Cked to ensure that the stiffness of the structure is adequately simulated and that they

uation of areas surrounding critical interfaces and abrupt changes of section.

local structures thabcan be significantly affected by global structural stiffness and/or 1
versely, in the case where local structures significantly affect the global stiffness and/o
n effects shall\be adequately considered when developing the structural analytica
bined global-or local structural model can be necessary. See also 9.4.3.

Lmptions upon which the model is based shall be well documented.
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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
structure and the relative stiffness of the major structural components.

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.
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Global action effects on local models shall be accounted for by

integration of the local model into the global model, or

mapping of actions (or responses) from the global model to the local model (sub-modelling) by the

application of, for example, displacement or force boundary conditions obtained from the global
analysis, or

— superimposing responses from the global model on the local model responses.

The number of design situations to be evaluated by local models can be less than the full set of situations
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in stress are important. In such cases, the size of the elements should narmally be of|
b plate thickness.

sponse evaluation

of factored actions derived from an analysis shall be used to chegk structural adequacy.
pecific limit states are usually evaluated:

g (ULS);
and local buckling instabilities (ULS);
failure (FLS), see Clause 10.

high (or low) stress gradients can occur dugeto modelling simplifications, typical examplg

which are listed in A.9.4.4. The model should not normally be considered as acceptable at such locat

and anothg

ULS design
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shall be us

9.4.5 Mg

r model should be developed to analyse-such locations where necessary.

verifications typically consideryaverage stress levels over panels where buckling can og

pr panels with large stress gradients, the effect of the gradient shall be considered in
yaluation. When evaluating-buckling strength, mid-plane (membrane) element stress ¢
pd. The effect of pressure‘on such stresses shall be accounted for, as appropriate.

del verification

Model veri
two categ

a) quan

b) qualitz

fication shall beyperformed throughout the structure’s life cycle. Such verification falls
ies:

tIative verification;

tivewerification based on engineering judgement and experience.

b) or volume (solid) elements shall be used for all areas of interest of local models*when

Lire.

lid) elements shall be used for highly detailed local models in which through-thickness

the

The

s of
ons

cur.
the
lata

nto

Quantitative verification should ensure that the model 1s consistent with the actual structure, including

geometry,

material properties,
section properties,
actions, and

boundary conditions.

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
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verify system balance. When hydrodynamic actions are mapped onto the structure, global balancing of
pressure, inertia and restoring forces shall be verified.

When local models are used to evaluate structural response for design situations identified from
global models, force summations at local model boundaries in the global model should be used to verify
accurate action transfer.

Qualitative verification shall review the adopted modelling strategy for consistency with previous
experience in structural modelling.

Analysis results shall be demonstrated to be consistent with expectations of sound engineering
judgement and previous experience. stigated to

accurately
ct the structural model geometry. The effects of deviations from the analysis model shall be
evajuated.

9.5| Structural analysis

9.5]1 General principles

Act]on effects shall be determined by recognized methods that\take adequate account of thie temporal
and| spatial variations of the actions, the motions of the structure and the limit state to e verified.
Gerjeral principles associated with this process are the following:

a) |The floating structure shall be analyzed for all{governing design situations using dppropriate
computational methods.

b) [Analysis models and techniques shall be.selected that adequately represent the sirhultaneous
global and local actions and provide the action effects needed for the assessment of tHe different
limit states.

c) |Analysis models shall adequately describe the relevant properties of actions and|structural
stiffness, and shall satisfactorily account for the local and system effects of time dependency,
damping and inertia.

d) |Non-linear and dynamic éffects associated with actions and structural response shall bgd accounted
for, where relevant.

e) |If model uncertainties are particularly high, conservative models shall be selectgd. Normal
uncertainties in the analysis model are expected to be taken care of by the partial [action and
resistanceifactors or safety factors.

f) |Whereé geometric deviations/imperfections have a significant effect on safety, cdnservative
geomnietric parameters shall be used. Initial deformations assumed in design should be| consistent
with tolerances used in construction (see 9.11).

g) Therelevance 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) shall be assessed, as necessary.

9.5.2 Linear analysis

Alinear 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 shall be justified.
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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.

9.5.3 Non-linear analysis

9.5.3.1 General

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

A non-linez: chrqgling
elastoplastfic behav1our large deflections and criteria for rupture Geometrlcal 1mperfect10ns and
residual stiresses should be modelled when they have a significant effect on the structural.féspopse,
such as for plating subjected to compression or tension and all compressed components_susceptfible
to buckling. The methods and computer software adopted to execute non-linear analysis should be
verified by] comparison with test results, observed full-scale structural behaviour, kniown analytical
solutions, ¢r other well-documented computer software solutions.

When using non-linear analytical models, the effects of action history shall Be addressed. It shall be
demonstralted that the least favourable action history has been used.

choosing fi

Where nor
hinge mec

oiting a non-linear finite element analysis, appropriate consideration shall be exercise
nite element types and meshes and applying boundary conditions and restraints.

-linear analysis is used to verify a design and the determined failure modes involve pl3
hanisms, the structure shall be shown to have sufficient ductility to develop such fai

mechanisms, so that no large plastic deformations or failures@ccur as a result of repeated yielding.

For structy
not to lea

shakedown.

9.5.3.2 U

When non
approache

9.5.3.3 A

Non-linear;
to accident
be used for
effects of t
thereof ret

ral components subjected to cyclic or repetitive actions, such actions shall be demonstrj
1 to low-cycle fatigue failure, cyclic incremental collapse or other failure modes,

JLS analysis

linear analysis is used for ULS-verification, significant departures from traditional de
5 shall be carefully and clearly justified.

LS analysis

analysis is generally deployed to determine the response of structures or their compong
al actions in-a‘ manner similar to that applicable to intact structures. Such analysis can
the post-dantage assessment. In such cases, its applicability shall be demonstrated when
he accidental actions have not first been assessed using the same analysis, and the res
pined-as the starting point of the analysis of the damaged condition.

d in

stic
ure

ted
e.g.

bign

bnts
hlso
the
ults

Simplified

hon+linear methods may also be used to assess the response of structures or their compong

ents

to an accidental or abnormal event. The use of simplified 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. Simplified methods
can also be used for the post-damage assessment of structures and their components.

9.5.4 Vibration analysis

Vibration analysis shall be executed for all structural components subjected to major sources of
dynamic excitations (e.g. the thruster foundations and other heavy rotating machinery).
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9.6 Structural strength

9.6.1 Representative strength values
Structural design verifications shall proceed using representative values of structural strength.

The representative value of strength shall equate to a characteristic value, nominal value or other
rationally determined value. A characteristic value shall be based on reliable data and appropriate
statistical techniques using recognized methods of testing.

If the representative strength reflects great uncertainty or cannot be determined with reasonable
accyiracy, tests shall be carried out to provide results from which a representative waJue can be
ratipnally derived.

When evaluating the resistance of structural cross-sections, the following items should be agnong 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 characteristic strength value shall normally be the 5tH percentile
of test results.

9.6{2 Yield strength
Theg measured value of yield strength from a ténsile test shall be taken to coincide with the gmaller of:
— |yield strength at 0,2 % offset;

— 83,3 % of the minimum tensile §trength.

Theg representative value of yield strength is normally the nominal value taken from R(S rules or
equfivalent, or the nominal yalde taken from the material standard or specification. Tensile| tests shall
be Uysed to confirm the material conforms with its standard or specification.

Shepr yield strength-sheuld normally be taken as (1/\/§ ) times the yield strength.

9.6)3 Bucklingstrength

Budkling stréngth shall be based upon RCS rules or equivalent code formulation.

When-a'state of stress cannot be defined by a single reference stress, the code formulation slllall include
appiropriate interaction formulae

9.7 Design verification

9.7.1 General

Verification shall be undertaken using either the partial factor design format (see 9.7.3) or the WSD
format (see 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 (see 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 where non-linear analysis is used and
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responses and resistances are calculated simultaneously, care should be taken to ensure that equivalent
levels of safety to those implicit in this document are obtained.

When considering different modes of operation for a floating structure, all realistic variations in action
combinations shall be determined to ensure the maximum (or minimum, if more onerous) action
effects, whether alone or in combination, are identified.

9.7.2

SLS deflection limits

When conducting the SLS design verifications described in 9.7.3 and 9.7.4, the resulting deflections shall

be checked for acceptability A9 72 pravides gnidnnrp for deflection limits for both main load carr
components and non-main load carrying components.

9.7.3 Partial factor design format

9.7.3.1 (eneral

The principles governing application of the partial factor design format to_structural design
established in ISO 19900.

Design veriification shall be achieved by demonstrating that design values. of action effects resul
from factofing the actions do not exceed the design value of the resistance variable or model b
addressed |for the limit state under consideration. The partial ation factors required for de
verificatiops are presented in 9.7.3.2, and the partial resistance and/or material factors in 9.7.3.3.

9.7.3.2 H

In Table 3,
limit state

Where aliy
for applica

a) applicz:

given in Table 3.

artial action factors

Lhe partial action factors (yf) applicable to thepartial factor design format are listed for ¢
and for each combination of action categories’to be considered in design verification.

ear analysis is adopted for a ULS assessment as described in 9.5.2, three options are avail
[ion of the partial action factors that should normally produce the same outcome:

ition of the partial action factors-given in Table 3 to the actions prior to analysis follow
the action effects are combined;

ition of the partial action factors given in Table 3 to the actions following which the facta
b are combined and theémn analyzed to produce the relevant action effects;

is of each unfactoyed action resulting in action effects that are combined using the fac

/ing

are

[ing
Ping
bign

ach

hble

fing

red

[OT'S

which
b) applic:

action
c) analys
50

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=6c5b979ec670a44530e39c9dd642a815

1ISO 19904-1:2019(E)

Table 3 — Partial action factors (yf) and combinations

For
wh

Partial action factor
Yt
Limit state Action category
Permanent Variable Metocean and ice Repetitive Accidental
@) @ (4)
ULS-a 1,3 1,3 0,7 — —
ULS-b 1,0 1,0 1,3 — —

SLS 10 10 10 10 —
Hre-ALS 1,0 1,0 — — 1,0
Ppst-ALS 1,3/1,0 1,3/1,0 0,7/1,3 — —

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

The action factor for permanent actions in ULS-a may be reduced from 1,3 to 1,2 if the‘agtion and action effects are
det¢rmined with great accuracy (for example, external hydrostatic fluid pressures actingoria rigid body).

the Post-ALS limit state, the partial action factors apply to intact components @nd the choice of factor]
ther ULS-a or ULS-b governs verification.

depends on

For
con
the

For
The
in t
con

The
acti
of o

9.7

The
ass

valye of component or&tructure strength, Rg, shall be determined from Formula (6).

whg

ULS, two combinations of actions shall be considered: one toretlect gravitational action
ditions; the other to reflect conditions dominated by meteegan actions and ice actions.
5e two combinations are denoted ULS-a and ULS-b, respectively.

ALS, two conditions shall be assessed. These are“denoted in Table 3 as pre-ALS ang
two accidental limit state conditions represent the structure at the time of the ALS
he damaged condition, respectively. For the post-ALS limit state, in accordance with §
ponents shall be checked to ULS-a and ULS-b-€ombinations.

partial action factors stated in Table3 for the pre-ALS condition apply to values o
ons and accidental events with return periods of either 1 000 years or 10 000 years (i.e.
ccurrence is 10-3 or 10-4).

3.3 Partial resistance and material factors

partial resistance and ymaterial factors shall take appropriate account of the un
ciated with modelling résistances, the geometry of a structure and material properties.

_ Ry

Ry
Yr

pre

RO is the representative value of component or structure strength;

dominated
In Table 3,

| post-ALS.
event, and
3.5, intact

" abnormal
probability

certainties
The design

(6)

yr isthe partial resistance factor.

For components with strength formulations in which the partial resistance factor applies to material
strength only, the design value of material strength, rq, shall be determined from Formula (7):

_ Mk

rq
’m

where
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rg is the representative value of material strength;
Ym is the partial material factor.

For ULS conditions in relation to steel structures, neither the partial resistance factor, yy, nor the partial
material factor, yny, shall normally be taken as being less than 1,15. Where the resistance concerns
bolted connections and fillet and partial penetration welds, this minimum factor should be increased to
1,30. Standards adopted for establishing structural strength (see 9.6) could require increased partial
resistance factors. In such cases, these increased factors shall be used instead of the minimum factors
of 1,15 and 1,30, as appropriate.

For SLS angl ALS conditions, the partial resistance and/or material factors shall be 1,0.
9.7.4 Working stress design format

9.7.4.1 (eneral

The WSD format is an approach whereby a design value of combined action effects is directly compdred
with the cdrresponding design value of strength. In this design format, the design values of both action
effects and strengths coincide with their representative values.

In design vrification, the acceptability of a comparison between desigrivalues of the action effects pand
of the strepgth is conditional upon the action effect being less than‘the design strength reduced by a
safety factpr greater than unity, or the design strength multiplied.by: a fraction less than unity.

9.7.4.2 Action combination factors

In Table 4,|the action combination factors applicable to.the WSD format are listed for each limit sfate
and for eadh combination of action categories to be cansidered in design verification.

Table 4 — Action combination factors

Action combination factor
Limik state Action category
Permanent Variable | Metocean and ice Repetitive Accidentl
@) @ (4)
ULS-a 1,0 1,0 — — —
ULS-b 1,0 1,0 1,0 — —
qLS 1,0 1,0 1,0 1,0 —
Prg-ALS 1,0 1,0 — — 1,0
Posft-ALS 1,0 1,0 1,0 — —

Design value$*of actions shall be combined in the most unfavourable manner, providing that|the

combinati

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 metocean actions and ice actions combined with relevant static actions. In Table 4, these
combinations are denoted ULS-a and ULS-b, respectively.

For ALS, two conditions shall be assessed. These are denoted in Table 4 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 action factors stated in Table 4 for the pre-ALS condition apply to values of abnormal actions
and accidental events with return periods of either 1 000 years or 10 000 years (i.e. probability of
occurrence is 10-3 or 10-4).
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9.7.4.3 Acceptable safety factors and allowable utilization factors

In design verification, the acceptability of a comparison between design values of the action effects
and of the strength is conditional upon the action effect (Fg) being less than the design strength (Rg)
reduced by a safety factor greater than unity (Csg), or the design strength (Rq) multiplied by a fraction

less

than unity (n). Thus, design verification is either Formula (8) or Formula (9):

R

F,<—4 (8)
d
CSF

or

Fy<nR, 9)
In this manner, the safety margin is expressed by a single safety factor (1/n = Csg)applied tq the design
value of strength (Rq) for design verification.
Safg¢ty factors (Csp) or allowable utilization factors (1) stated in RCS rules or equivalent shpll be used
for the ULS condition.

For

9.7

Struyictural reliability analysis may be used to demonstrate that a satisfactory level of r¢
eved for a given design solution. For such an application, the governing basic variables shall be

ach
des

estimate the probability of occurrence of governifig design situations.

both the SLS and ALS, the safety factor or allowable utilizationfactor shall be taken as u

5 Reliability-based methods

cribed by appropriate probability distributions,»and random process theory shall be

hity.

liability is

utilized to

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

a) |Structural reliability analysis shall ot 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 anglyzed, the
corresponding system reliability should be evaluated, in addition to the component religbilities.

c) |When relevant, consideration shall be given to time-dependent degradation of the resistfance of the
structure.

d) |To the extent{possible, minimum target reliabilities should be established based upon [calibration
against well<established cases that are known to have adequate safety.

e) |Targetrelabilities shall be commensurate with the consequence of failure.

f) |The. conduct of reliability analyses shall include sensitivity considerations with [respect to
important variables

9.8 Special design issues

9.8.1 General

The special design topics covered in this subclause primarily address local strength issues. They can be

dea

It with variously as ULS, SLS and ALS.

Some of these topics relate to events with an annual Pe of the order of 10-4, for which representative
values for design variables are not easy to determine. In such cases, it can be advantageous to use risk
assessment as a means of both assessing the event and mitigating the consequences of the event.
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9.8.2 Slamming

In the case of ship-shaped structures, slamming effects shall be taken into account in the design of
the bow (including bow flare, bow side and forward bottom), turret and stern. Slam effects can be
determined in accordance with RCS rules or equivalent procedures. Slam impulses can also produce
dynamic excitation (whipping) and vibration (springing) of the hull that generally amplify the global
bending moments and shear forces.

For slamming on other types of floating structures particularly those with vertical surfaces, some of

the same principles as for ship-shaped structures apply.

Slamming pn slender components in the splash zone is discussed in 7.4.5.4-

Slamming |can occur at light operational draught or during transit, generally in severe(weather
conditions| The design actions should include slamming as appropriate.

9.8.3 Grpen water

Escape roytes, muster areas, temporary refuge and safety-critical equipment shall be protected ffom
green wate¢r effects. Protection, if required, can be provided by breakwaters‘and similar structufres.
Green watpr effects can be determined in accordance with RCS rules or ‘equivalent procedured, or
model test]ng.

9.8.4 Slgshing

Sloshing analysis should be performed (see 7.6.2) in accordance with RCS rules or equivalent

requireme

9.8.5 W3

Run-up res
assessing v

9.8.6 Lo

The follow
require pa
be verified

a)

Struct

hts and should include non-linear effects.

jve impact on deck

vave impacts on decks.

cal structure and components

ing local structure and €omponents and their integration with the main hull struct
"ticular attention with fespect to local strength, fatigue and/or wear requirements and s
to ensure satisfactory)performance:

ire supporting mooring system components, such as fairleads, winches, etc. This struct
rithstand, as,a'minimum, the action effects corresponding to a mooring line loaded to 10

of its minimum breaking strength.

“Withstand” as used here means no permanent deformation.

"minimum breaking strength” as used here refers to the catalogue minimum breaking streng

p

ulting from wave impacts on columns.atid similar vertical surfaces shall be accounted when

ure
hall

ure
%

th.

Scantlings immediately surrounding large openings, especially turret openings, moonpools, etc. At

such openings, continuity of primary longitudinal structural components shall be maintained as
far as practicable, and reductions in hull section modulus shall be minimized and compensated for.

frame to allow for hull deflections.

shall W
NOTE 1
NOTE 7

b)

0)

d) Risert

e)

f)

g)

54

ermination and supporting structure.

Scantlings associated with structural discontinuities and major changes of cross-section.

Breakwaters.

Deck support structure for process and other equipment, including the connections to the hull

Structure supporting attachments to yoke-moored ship-shaped structures and external turrets.
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h) Rotating structures, e.g. external turrets, chaintable structures, bearings

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

j)  Proportions of built-up components shall conform to established standards for buckling strength.
k) Watertight tank quadrants.

1) Details of the ends and intersections of components and associated brackets.

m) Shape and location of air, drainage and lightening holes.

n) |Shape and reinforcement of slots and cut-outs for internals.
o) |Elimination or closing of weld scallops associated with butt welds.

p) |Toes of “softening” brackets used to reduce the effects of abrupt changes of section or|structural
discontinuities.

q) |Boat landing, mooring and fendering systems. The combined fender/structural systen] should be
capable of absorbing the energy of boat impact actions without overstressing the hull stfucture.

r) |Forecastle.

s) |Process and utility water intakes and outlets.

t) [Watertight doors and hatches.

u) |Ventilation openings.

v) [Cable transits in watertight bulkheads.

w) [Sea chests and caissons.

x) |Bilge keels.

y) |Utility and marine system water intakes and outlets.

z) |Thruster penetrations andwassociated maintenance lifting systems.
aa) |Crane pedestals (if attached directly to the hull).

Opgrating requirements) as well as installation, maintenance and inspection needs, shall determine the
number and locationof access platforms, walkways and stairways.

Fatjgue damage accumulation at the fairlead, chain jack, and winch foundations shall account for cyclic
loading from the mooring line and any cyclic loading from hull motions as well as from flekure of the
hull in the'case of ship-shaped structures and barges.

The fiser support structure shall be designed for the range of possible riser angles for] all design
situatiorrs:

9.9 Materials

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;

e) suscep

f) electrg

tibility to fatigue actions;

lytic (galvanic) corrosion generally and between different materials;

g) minimum water and/or air temperature.

When dete
be given tc

brmining criteria appropriate to material grade selection, adequate cpfisideration s
all relevant phases in the life cycle of the floating structure. In this cornnection, there

be conditittns and criteria, other than those from the in-service operational( phase, that govern

design req
temperatu

When asse

considered:

— chemi
— streng
— ductili
— tough

— thickn

irements in respect to the selection of material. Such criteria can/ for example, be de
e and/or stress levels during marine operations.

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

al composition;

th (first yield and ultimate);

Ly;

less (resistance to unstable fracture);

bss-dependence;

— weldability;

— tempe
— firere

— COrros

rature-dependent properties;
bistance;

jon resistance;

— mechahical resistance;

— chemi

al resistance.

Steel propg

hall
can
the
bign

ose

rfies shall be determined in accordance with:

— the requirements of RCS rules or equivalent;

— the design class (DC) approach presented in ISO 19902;

— the material category (MC) 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;

pUDDi‘U}C I cdut,tiuua ill 1uatc1 ldl btl Cllstll Clt, Ul adjdLCllt tU, VVCldCC‘l LUllllCLtiUllb,
S-N data appropriate to aluminium structural details;

heat-resistant properties.

9.9)5 Cement grout
The requirements of cement grout should be in accordance with the reqairements of ISO 19902.
9.9/6 Elastomeric material

Elas belected in

acc

tomeric materials, as used in the articulating elements pof flexible joints, shall be
rdance with the user’s specification and on the design.requirements of the flexible joint

9.10 Corrosion protection of steel

9.10.1 General

n shall be
de special
should be

The
suif]
coa
des

structure shall be adequately protected against corrosion. The method of protectig
able for its intended position and purpose. Corrosion protection systems typically incl
[ings, cathodic protection, material\éorrosion allowance, and corrosion monitoring, ang
gned in accordance with NACE SP0176[142] or RCS rules.

Thd
in
intq

corrosion protection phileSophy shall be fully consistent with the assumptions and critefria utilized
he assessment of minimwm scantlings. The corrosion protection system shall accoumnt for both
rnal and external hullsteel wastage.

Fosion protection syStems for external surfaces most exposed to metocean actions and
1ld be designedyto withstand these actions. If there is limited possibility to adjust the
floating strueture to carry out external inspection, maintenance, and repair, a corrosion
11d be ineludéd as a part of the corrosion protection system. RCS rules should be used to

Cor
sho
the
sho

ice actions
draught of
allowance
hccount for

water temperature and resistivity.

Structural steel used for submerged surfaces (external surfaces, ballast tanks, drill water tapks, etc.) is
i i i 3 3 inati ingsl sacrificial

anodes, and/or impressed current.

Excessive levels of corrosion protection should be avoided to minimize the possibility of disbondment
of coatings and the possibility of hydrogen absorption, leading to hydrogen-assisted cracking in weld
heat-affected zones (hydrogen embrittlement).

For structures with storage (e.g. a FPS0), the possible corrosive effects of H,S, COp, and other gases
given off by cargo oil in the tanks shall be investigated and accounted for. These effects can be enhanced
by the presence of water in the tanks and by high temperatures of the stored crude oil. Similar issues
shall be investigated with respect to inert gas systems. The possible effects of microbial action on
horizontal surfaces should be addressed.
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9.10.2 Electrical bonding and isolation

To prevent damage from cathodic protection or stray currents, mechanical interfaces with equipment

external to the floating structure should be electrically bonded. Examples of such interfaces include
— mooring systems,
chain hawsers and stoppers, and

electrical cables.

For steel

isolated to|preven

t the galvanized wire from acting as an anode for the adjacent components.

9.11 Fab

9.11.1 Ge|

General st
Fabricatio

The standd
shall be co

In-built defl
in the desi
assembled

Structural

consumables.

9.11.2 Ins
Quality co
specificati
determinir

Inspection
with draw

Inspection

rd utilized as the basis for fabrication, particularly with regardtelocal and global toleran
nsistent with the requirements of the standard utilized for the design of the structure.

ormations resulting from standard shipyard fabrication sequences are normally not inclu
on evaluation. However, when large structural components are fabricated separately

ttrol, inspection and testing shall be performed to ensure conformance with the fabrica

ication and construction

eral

uctural steel fabrication should be undertaken in accordance with RCS rules or equivalent.
of tubular structures should be undertaken in accordance with 1SO:39902.

ces,

ded
and

the significance of the validity of neglecting these in-built stresses should be evaluated.
welding shall be undertaken by properly quadlified personnel utilizing approved weld

pection and testing during fabricatioi and construction

Fion
ns. Relevant consideration shall be given to the importance of structural connections when
g the extent of the quality eentrol, inspection and testing to be performed.

procedures shall ensure that fabrication, including any repairs, is undertaken in conforr
ngs, specifications afid procedures.

hity

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

qualification and acceptance of fabrication procedures;
qualificationahd’acceptance of relevant personnel;

material-quality;

dimensional control (including alignment);
preparatory work (e.g. assembly and fit-up);
welding;

a non-destructive test (NDT);

repairs;

corrosion protection systems.
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9.11.3 Fabrication details

Splices in structural pipe, beams, and joint cans of tubular structures should be in accordance with

ISO

19902.

Temporary attachments to structural members should be designed in accordance with ISO 19902.

Guidance on fabrication tolerances for steel structures is given in ISO 19902 and appropriate RCS
rules. Any deviation from these tolerances as a consequence of specific fabrication methods should be

app

9.1

All

sys
exp|

Andg

trapsportation/transit modes, shall be performed in accordance with this document, ISO

ISO

9.1

In g
the
env

Top|

ropriately reflected in the design of the structure.

ding should follow good industry practice as described in ISO 19902 and RCSules.

2 Marine operations

marine operations shall, as far as practicable, be based upon well:proven principles, 1
ems and equipment, and shall be undertaken by qualified, competeiit personnel possessi
erience.

lysis of the structure in the floating condition, or during launching, upending an

19902, as applicable.

3 Topsides/hull interface

eneral, the design of the topsides structural’ arrangements shall follow the same princ
hull structure design. The limit states(described in 6.2 shall be utilized considering s
ironmental conditions.

sides structural design shall include, but not be limited to, consideration of the following

relative deflections in allsthree translation directions (e.g. hull deflections acting @
structure and supports);

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

the full operatienal loading range of the item being considered (e.g. full/empty comb
tanks/pressure’vessels);

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

maximum angles of inclination (for both the intact and damaged conditions);

echniques,
hg relevant

d in other
19901-6 or

ples as for
te-specific

n topsides

inations of

oty et roretror-errectty

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 an
objects);

d swinging

local dynamic effects (e.g. due to rigid body motions, machinery system-induced vibrations or

vortex shedding);

second-order bending effects (P-4 effects).
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For local, static structural design, the representative value of the wind velocity should be based upon a
wind gust velocity with an averaging period not exceeding 3 s.

10 Fatigue analysis and design

10.1 General

This clause provides general requirements and guidance for the FLS assessment of floating structures
constructed in steel. Special FLS issues for the various floating structural types are dealt with in

Clauses 11

ta 14 Eqticna of monring cuctamc and thatr nointe of 4 chnont +0 floting oty ctiirac
A= BE-5YS Po 5otraetdte

Sare

covered in

tTo—TTTrocer T TITooTT CeTTT T TetIT eI TIrco-ororto e rreto-rrooertT

[SO 19901-7. Fatigue requirements in relation to structures converted and/or re-used

are

the

bnts
on-
ical
- of

addressed fin Clause 15.

Fatigue anplysis and design can be performed using four main methods, normally described as
following:

a) deternpinistic;

b) semi-I‘obabilistiC;

c) (lineatized) spectral analysis;

d) (non-linear) time domain analysis.

Of the four methods, the spectral method is the most relevant.for floating structures. It represt
the best copmpromise between rigour, accuracy and computational resources. However, where 1
linearities [dominate, it is usually necessary to resort to tinre-<domain methods for some of the crit
cases and|determine fatigue damage assessments from “statistical consideration of a numbe
realisationfs of these simulations. In such cases, judicious application of time domain methods can ajlow

the development of linear empirical results that can be'incorporated into a spectral method.

Fatigue an
a range of]
mean offse
motion an
equipment
involving t

Fatigue tesg
provided it

For fatigusg
a site-spegd

hlysis shall proceed as a series of spectral fatigue analyses, linearized as necessary to ¢
floating structure draughts, operating scenarios and (possibly non-linearly determir
ts. Any resonant, rigid body respenses shall be appropriately accounted for in the structy
nlysis. Certain parts of thé\structure subject to, for example, slamming, sloshing
vibrations, can require speécial consideration of dynamic and/or non-linear effects (poss
me domain analysis). Global model tests can also help in this respect.

ting of full- or largejscale models may be used in lieu of an analytical fatigue assessm|
is fully documented as being suitable for such purposes.

strength assessment, either the procedures presented in this clause, which are based
ific assessment, or established RCS methods, shall be followed. Detailed structural (fi

element)

odels-eficomplex joints and other complicated structures can be needed to develop 1

stress distfibutigns. Structural members that transmit mooring system and riser system forces
the floating Styucture’s hull should be carefully detailed and analyzed for fatigue damage.

ver
ed)
re’s
and
ibly

ent,

on
hite
bcal
nto

The fatigue analysis shall consider significant actions contributing to fatigue damage, such as the

following:

60

operational design situations and associated actions;

site-specific wave data and structure’s response, including VIV and VIM;
effects of end-of-life corrosion on the stress range;

fatigue damage during transit;

fatigue damage from previous service, when applicable;

inspection and repair philosophy.
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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

aris

en (see 15.4).

Fatigue of primary hull girder in and around the turret or moon pool areas should be analyzed in areas

ofh

igh cyclic bending stresses.

For a turret moored structure, additional considerations include the effects of weathervaning, to
account for slow drift and occurrence of waves in off head seas.

NOTE Turrets are discussed in 18.3.

10.

Min
Thd

2 Fatigue damage factors

imum fatigue damage factors that should be applied to the design service life are defined in Table 5.

factors are based upon a consideration of the following:
the consequence of failure;
accessibility for inspection and repair;

the ability to predict fatigue damage.

Table 5 — Fatigue damage factors

Fatigue damage factor
Consequence of failure Degree of accessibility for inspection and repair
Not accessible Underwater or restrict- Dry ag¢cess
ed access
Sulfstantial 10,0 5,0 2,
Nom-substantial 5,0 2,0 1,
In ]

inspection and repair in a dry and clean condition exists. If either of these conditions is not f

fati
sho
are

Wh
eco
extq

Red

inspectiorrstrategy is adopted.

Wh

Ifilled, the

able 5, dry access refers to fatigue sensitive locations where the possibility for close—]u:p detailed

bue damage factor shall be that'appropriate for underwater access or not accessible. Co

sideration

1ld be given to weather andjthe anticipated effects on operations in determining the accg¢ssibility of

hs for inspection and repair.

bn assessing the coprsequence of failure, consideration should be given to both structural

ffects and

homic effects, particularly when a common type of detail subjected to similar action effgcts is used

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

uctions_4dn)‘the factors presented in Table 5 may be used, provided an appropriate

wit

pre-crack propagation is likely from a location with a particular degree of accessibility tI

in-service

a location
ge factor.

Where adjustment in draught provides satisfactory accessibility for inspection and repair, a fatigue
damage 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/

orr

esistance factors are equal to 1,0.
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10.3 Outl

ine of approach

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 design 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;

— evaluafion of the repetitive action effects by determination of distributions of stress ranges for €

model

— deternmpination of fatigue resistance;

— calculg

A detailed
below and

other essential aspects of the floating structure design process. Since design‘i9 generally performe

a series of
anticipatec

a) Select

b) Identif
of rep
with/V
struct

c) Usesty

d) Identif
associ
e) Assess
the hu
assess
f) Detern
in e).
bendir
g) Associ
design
h)  Apply

ing configuration;

tion of damage accumulation and fatigue life.

evaluation of repetitive action effects normally involves a number of steps. These are lis
Hescribed furtherin 10.4 to 10.11. Some of these steps are performed injconnection with s

parallel tasks, some of these steps can be based on suitably conservative approximation
conclusions of other design tasks.

metocean data.

ach

ted
me
l as
S to

y representative operating conditions that contributéte, or strongly influence, the assessnment

btitive action effects (draughts, tank filling and.ballast/cargo distribution arrangeme
vithout attendant vessel or mooring/off-loading.arrangement, etc.) throughout the floa
ire’s design service life.

uctural modelling of the floating structure to create representative modelling configurati

y discrete fatigue design sea states‘(i.e. discretization of the wave scatter diagram
hited wind and current).

wind, current and slow drift'to determine floating structure offsets and headings. Fatigy

nts,
[ing

DIS.

blus

e of

| structure, particularly the'side-shell structure, can be sensitive to heading and shouldl be

bd as necessary.

hine motion respenSe amplitude operators (RAOs) for each of the combinations identi
[hese analyses-détermine frequency-dependent transfer functions of sectional forces
g moments, or'stresses.

fied
and

ate each{fatigue design sea state with one modelling configuration to define one fatjgue

situation.

séetional action effects to determine fatigue stress ranges in hull details. This invo

ves

develo

g detaited Modets of @ Structure (ToNT WITICIT TTOTITal Stress transter functions ca

be

deduced and for which stress concentration factors (SCFs) can be determined. Simplifications used
to transfer global actions to detailed structural models shall be adequate and shall not neglect
important fatigue loading mechanisms.

i) For each detail, determine SCFs for each component of stress, i.e. axial, in-plane and out-of-plane.

j) Determine stress range probability distributions.

k) Calculate fatigue damage using appropriate S-N curves for each fatigue design situation.

I) Multip

ly the calculated fatigue damage by the probability of occurrence of step g).

m) Sum all weighted fatigue damage from step 1) over all the fatigue design situations of step g).
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n) Determine in-place fatigue life as the inverse of the cumulative fatigue damage ratio.

10.4 Metocean data for fatigue

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 ship-shaped structures. For conceptual design, where site-specific data are

not available, other sources of data may be used.

10.5 Structural modelling

bral levels of structural modelling should normally be performed. 3-D structuralbmo
fequired to investigate global response and to determine internal forces in the'main
ponents. Where such investigations are necessary, structural representation may b
tively crude models, with relatively large elements used to model hydrodyiamic actions

Sev
be

con
rela

internal forces from less detailed models are transferred to more detailed models to
nominal stresses. Very refined modelling is necessary to derive geometric stresses or, mor
SCEg, in all cases where RCS rules do not provide standardized solutions. The SCFs shall
strgss-raising effects associated with the geometry, except the local (microscopic) weld n
which is included in the S-N curve. Different SCFs can apply under axial forces, and in-plane
plane bending moments. Shear and torsional effects may generally be neglected for slender s
stryctures. For angle-stiffened plate structures, in-plane bending is precluded, but coupled t
tripping effects can be important.

The

When structural modelling at various levels of detail is used, and data are transferred from|
to gnother, the validity and consistency of the #models and the data transfer shall be cH
documented.

Such modelling shall be performed using.@ suitable FE analysis package. General requir
modlelling are found in 9.4.1 with specific requirements for global and local models given i
9.4.B, respectively.

For|new-build structures, the scantlings defined in 9.3 shall be used.

10.6 Hydrostatic analyses

Hydrostatic analysis.'shall be conducted for a sufficient number of still-water conditions
the
stif
dra
mes:

ness for input*to dynamic analyses. Hydrostatic analyses shall also be conducted o
1ghts, forassessment of wave pressure effects on intermittently submerged panels below
in watenline.

lelling can
structural
b based on

determine
e generally,
include all
btch effect,
and out-of-
pace frame
orsional or

one model
ecked and

bments for
h 9.4.2 and

(including

effect of cargo-and ballast tank filling) to ensure adequate information is available on hydrostatic

h different
and above

The
ball

timme-varying stresses arising from changes in operating scenarios (changes in draught
ast/tank filling, etc.) should be considered.

dre to cargo

10.7 Response amplitude operators and combinations of actions

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

total hydrodynamic pressure arising from direct wave pressure (quasi-static component) plus

dynamic components arising from diffracted and radiated waves and hull motion responses (these

effects vary the draught and wave direction);

and hull orientation);

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

© IS0 2019 - All rights reserved
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— sloshing pressures;

quasi-static and inertial components (in three directions) of the structure and topsides/equipment
support reactions.

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 Stre

sses and SCFEs

The most i
applied cy¢

Stresses aij

the classification (or “nominal stress”) approach given in A.10.8. Whichever methodyis employed,

stress (or §

Nominal s
A global a

connectior].

In the geo
particular
specific lo
(if any) an
accounting
stress-rais
holes or lo

SCFs shall

such methg¢ds. Derived SCFs shall be in a form consistent with the assumptions inherent in the reley

S-N curves
documentgq

10.9 Stre

Execution
each comb
and/or loc
short-term

Where the

mportant factors influencing fatigue damage are the stress range at a location, the numbe
les of a particular stress range magnitude and the fatigue resistance of the material:

e generally based on either the geometric (or hot-spot) stress approach descsibed beloy

tress range) axis on the S-N curve shall correspond to the approach selected.

'resses shall be based on the section properties of the component under consideraf
halysis model is normally used to determine nominal stress rahges in the vicinity of

metric stress approach, a joint classification shall be assigned to the connection (or

construction detail of the connection). The geometrig_Stress shall then be determine
ations of the connection by multiplying the nominal stresses first by the appropriate
l then combining the axial, in-plane and out-of-plane stress components as given in A.

for any phase differences. Consideration should\be given to the inclusion of the additi
ng effects due to the gross geometry of the joint (e.g. stress concentrations resulting f
al through-wall bending).

be derived from FE analyses (see 10.5); laboratory tests or empirical equations basec

. Where fatigue evaluation inyolves extrapolation of stresses to a considered hot-s
d recognized methods of stress extrapolation shall be adopted.

5s range counting and distribution

pf the analyses of the-structural models developed as discussed in 10.5 for each RAO
nation of actionsdiscussed in 10.7, results in a stress transfer function for each critical dg
ition. Applying the wave spectra representing each FLS sea state, the stress spectra for €
condition can be determined for each critical detail and/or location.

distributio
it generall

ranges and-s

short-terim response is narrow-banded, the stress range may be assumed to follow a Rayl
. This~assumption is commonly used, even when responses are not narrow-banded

r of

vV or
the

ion.
the

[0 a
1 at
SCF
0.8,
nal
fom

on
rant
pot,

and
tail
ach

pigh
, as
'ess

leads to conservative results. More general methods to assess the distribution of st

A rainflow counting process can be used to deal with the combination of low-frequency and
wave-frequency stress cycles.

10.10 Fatigue resistance

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.
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Suitable S-N curves (in air, in seawater with or without adequate CP, in 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 distribution of sea states, determines the total damage associated with the portion of any
single year for which this FLS situation is applicable. Total damage in one year for all such scenarios is

the
sha

The
phal

whyd

Thd
life
for

10.

Fra
des

10.
Selg

anallysis restlts and careful evaluation of critical structural details.

TsurmEed Danage artsinmg fronrother sources suchras tramspor tatiomA TS, previous 3
l also be determined as necessary and included in the damage summation.

total damage is the cumulative damage in-place plus the cumulative damage ariising
ses in the life cycle, i.e Formula (10).

DTotal = (EDin-place phases + ZDother phases )CSF <1,0
bre
DTotal is the total accumulated damage ratio throughout the life cycle of the
Y.Din-place phases  is the accumulated, unfactored damage ratio during the in-place oper
phases;
2. Dother phases is the accumulated, unfactored‘damage ratio during operational phas

ing in-place phases;
Csp is the appropriate safety-factor from Table 5.

safety factor in Table 5 relevant to the in-place condition should apply to all phases in the
cycle. However, a different safety factor than that employed for the in-place phase(s) m
the other phases, particularly priorphases, see also 15.4.4.

12 Fracture mechanics-nmiethods

cture mechanics methods may be employed to quantify fatigue lives of structural
Fribed in A.10.12.

13 Fatigue<sensitive components and connections

ction of{fatigue-critical areas can be done by means of a screening analysis of the gl

The

ervice, etc.

from other

(10)

platform;

htional

es, exclud-

structure’s
ay be used

details, as

bbal model

fellowing components and connections are known to be particularly sensitive to fatig

fue actions

an

shall be verilied for satistactory ratigue perrormance:

foundations of equipment subjected to high cyclic actions, such as mooring winches, chain stoppers

and foundations for rotating process equipment;

components and/or structural details used to interface the mooring system with the main hull

structure;

main hull shell, bottom, decks;

main hull longitudinal and bracket connections to transverse frames and bulkheads;
openings in main hull;

transverse frames;
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— flare tower and attachments;
— longitudinal bulkheads;

— riser interfaces;

— topsides support structure;
— riser porches;

— caissons;

— crane pedestals;

— helideg¢k to deck connections;
— turretstructure;

— hopper corners;

— transverse frames and gussets;

— transvgrse bulkheads.

11 Ship-shaped structures

11.1 General

The requirements of this clause supplement, for ship-shaped structures, the general requirements pand
guidance provided in Clauses 9 and 10.

Structural|design shall, as a minimum, conform to RCS rules or equivalent, written specifically for ship-
shaped strpictures. National regulations also apply, where they exist (see 5.4).

RCS rules|do not normally include spedific structural design requirements for the construcfion
and removal phases of an offshore flpating structure. The general principles covering the degign
requiremefts for these phases are presented in Clause 9.

for oil prodessing facilities. It is\important therefore to consider in the design the variations in loading
accompanying different levels-of crude inventory and the impact of additional systems and equip
necessary for the safe staorage and transfer of crude oil.

Ship-shapdd structures often provide storage and transfer facilities for produced oil as well as supjort

ent

Sufficient design situations for all anticipated pre-service and in-service conditions shall be determined
and analyZed to identify the critical design cases for the hull girder longitudinal strength. This shquld
include fully laden; light ballast, and a mix of representative operational conditions (including reppirs
or inspectipn].

Operational conditions should include, as appropriate, asymmetrical tank loading cases. Riser and
mooring tensions shall be included in the design situations. The adequacy of the hull structure shall be
verified for all appropriate combinations of static and dynamic actions. Consideration should be given
to static and dynamic actions induced by process and utility equipment on the deck.

The total hull girder forces, consisting of the wave-induced bending moments and shear forces combined
with the still water bending moments and shear forces, should be calculated in accordance with RCS
rules considering both metocean actions and ice actions associated with in-place design situations and
with temporary phases.

Depending on the expected metocean conditions at the installation site, the wave-induced actions at
the installation site can be higher or lower than those used by RCS rules as the basis of acceptance
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of a tanker (for unrestricted service classification). Consequently, suitable adjustments to reflect
site-specific conditions should be made.

Commonly used linear ship motion theory, which considers the hull as a rigid element, is adequate to
determine the hydrodynamic actions acting on the hull girder. However, for special hull forms or for
hulls susceptible to slamming, more sophisticated analysis and/or model tests that consider non-linear
wave effects can be required.

When analytical formulations are deemed unlikely to predict adequately the hull girder hydrodynamic
actions, model tests should be carried out to measure hull girder action effects. Measurements should be
taken at critical sections of the hull, such as amidships and at one-quarter vessel length from either end.

The
isa
sho
ship
the
ade

condition of the structure during transit from the integration yard, where the floating structure
ssembled, to the offshore installation site should be carefully evaluated. The transit copfiguration
1ld be analyzed for longitudinal strength considering appropriate actions along.the lepgth of the
, using metocean parameters appropriate to the transit route and the time of the year. The sum of
still water bending moment and the wave-induced bending moment should be used td verify the
guacy of the structural strength of the ship in the transit condition.

to bottom
S requires

For|floating structures fitted with an internal turret, special consideration should be given
slainming to prevent damage to the turret supports and bearings<In many cases, th

adjystment of the transit draught to reduce the structure’s motionresponses.
For|conversion and re-use of existing ship-shaped structures,see Clause 15.

Shij
rise

b-shaped structures can be either permanently mooted or have disconnectable moon
r systems as addressed in 18.2 and 18.4. Turret interface issues are addressed in 18.3.

ing and/or

Examples of special areas for ship-shaped structuresare given in A.11.1.

11.2 General design criteria

11.2.1 Collision protection

Consideration shall be given to the need for suitable collision protection dependent on an asg
the|collision risk at a particulargeographic location. National regulations also apply, where {

Ship-shaped structures that.store oil shall conform with IMO MEPC/Circ.406 requirements
protection from the effects of collision (see A.11.2.1).

11.2.2 Deckhouseyrequirements

Living quarters, lifeboats and other means of evacuation shall be located in non-hazar
shall be protected and separated from areas containing production facilities, oil sta
inatiens and from the flare tower. Reference can be made to RCS rules or equivalent for
zardous and non-hazardous areas.

essment of
hey exist.

related to

Hous areas
rage, riser
definitions

Positioning and arrangement of deckhouse structures shall conform to IMO requirements and RCS

rules or equivalent. National regulations also apply, where they exist.

Minimum scantlings of deckhouses shall conform to the requirements of RCS rules or equivalent,

accounting for location 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.
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11.2.3 Sloshing

Operational requirements can lead to individual cargo and/or ballast tanks being partially full most
of the time and, therefore, subject to possible sloshing effects. Such effects shall be considered in the
design of cargo tanks, ballast tanks, and other tanks (see 9.8.4).

The cargo management operational philosophy typically used for a ship-shaped structure (e.g. FPSO)
generally results in some tanks being only partly filled at almost all times. Sloshing of the fluid within
a partially filled tank can be particularly critical when the natural period of the oscillations of the fluid

contents is

near the period of the wave-induced structure motions.

This condi
in the tanl
such condi
members V
the design

Sloshing sh
levels. The
account th
effectsinc
determinir

Common 1fnethods of controlling sloshing in ship-shaped structfires are the inclusion of sw
controlling tank length, and/or reinforcement of bouhdary structures. If reinforcenpent

bulkheads
of bounda
determine

be determined from RCS rules.

11.2.4 Gr

Green wat
and is gene

sea conditions. Green water on deck can bé harmful to personnel and can cause severe damage to
on deck as well as to the vessél’s structure. The tendency of a hull to amass green watef

equipment
deck shoul

Green watg
of the leng
Unless the
equipment
occurrence

fion, referred to as near resonance, occurs when the natural period of the fluid oscilla
k is within +20 % of the period of some of the floating structure’s rigid body motiony
Fions, sloshing can result in fluid pressures exceeding the design pressures for the-bound
Uithin the cargo or ballast tanks. Therefore, these potential effects should be assesséd du

ould be addressed for both the longitudinal and transverse directions, fora'variety of fil
determination of the natural period of the fluid oscillations within the tank should take

bnjunction with long swell waves should also be checked. RCS rulés eontain requirements
g natural periods of fluid oscillations within tanks and should be'referred to for guidang

'y structures be adopted, the filling height that induces the greatest impact should
 and used to design the structural boundary members accordingly. The sloshing actions

Pen water

br is the overtopping of sea water on or above the main deck and/or forecastle of a ves
rally the result of the relative motigns of a vessel with respect to the water surface in sey

 be investigated during thé&design stage and should be confirmed by model tests.

r usually occurs during'severe storm conditions, particularly for wave lengths similar to
h of the floating structure, and can occur anywhere along the entire length of the struct
structure has been’designed with adequate freeboard, the main deck and deck-mour
and structure§y(e.g. deckhouse) shall be designed for green water actions and effects.
of green water can be assessed from model tests or from diffraction calculations.

A.7.4.5.8 fo

Green wa
layout of
structures

r guidanee,

r effects can be mitigated by appropriate bow shape design, including bow flare,

Adequate deck drainage arrangements shall be provided.

11.3 Stru

11.3.1 Ge
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e restriction to free flow of the fluid imposed by structures withjn'the tank itself. Sloshing

for
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See
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tive

For ship-shaped structures, local structure and components shall be checked for the combinations of
actions and limit states listed in Table 1 and Table 2 in accordance with the requirements of Clause 9.
Additionally, the longitudinal bending and shear forces on the global structure shall be checked against
corresponding longitudinal bending and shear strength criteria, in accordance with 11.3.3.
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In the evaluation of the hull girder strength, the selection of local scantlings, and the design of the hull’s
main supporting members, the following recommendations and considerations apply:

a) The dynamic components produced by in-situ metocean actions can produce dynamic action effects
higher or lower than those specified by RCS rules for a tanker in oceangoing service. Adjustments of
the rules applicable to a tanker are sometimes needed (and allowed) depending on the conditions
at the installation site. Some RCS rules apply specifically to permanently moored ship-shaped
structures.

b) The impact of wet and dry weights of process equipment and the full range of mooring and riser
actions should be included.

c) |The effects of segregated ballast tanks included for the control of still water bending moments,
shear forces, draught, and trim, should be considered.

d) |The effects of local structural actions induced by the mooring system, and .by prodyction riser
equipment, should be addressed.

11.8.2 Scantlings
Deslign scantlings are as follows:
a) |When assessing global hull girder properties:

— for strength design, design scantlings shall be défined as the as-built scantlingf, or those
intended for such purposes, with 50 % of corrosien*additions/allowances deducted;

— for fatigue design, design scantlings shall be déefined as the as-built scantlings, or thoge intended
for such purposes, with 25 % of corrosionadditions/allowances deducted.

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

— for strength design, design scantlings shall be defined as the as-built scantlingf, 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 thoge intended
for such purposes, with-50 % of corrosion additions/allowances deducted.

Scantlings resulting from divect design analysis utilizing site-specific metocean and ice crfiteria shall
be fhecked to ensure_that minimum scantling requirements are in accordance with R(S rules or
equfivalent. In any case;hull girder section moduli, moments of inertia and shear area (globalfhull girder
properties) requiremeénts shall not be less than 85 % of the corresponding requirements i RCS rules
for ghips in unrestricted service.

11.8B.3 ULS:=a’and ULS-b longitudinal strength design verification

11.3371 General

Longitudinal strength design verifications shall be conducted for combinations of maximum still-water
and wave-induced bending moments and shear forces. Both sagging and hogging bending moment and
shear forces shall be verified at a sufficient number of sections along the length of the ship-shaped
structure to fully describe the bending moment and shear force distributions. The bending moments
and shear forces shall be determined in accordance with Clause 9. A full range of design situations
should be used, including those arising from inspections/repairs of cargo tanks, see A.5.5.1.

The still-water bending moments and shear forces and wave-induced bending moments and shear
forces 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.
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Longitudinal strength verification shall 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.

11.3.3.2 Partial factor design format

The longitudinal bending strength verification shall be conducted using Formula (11):

Yf,sMs+7f,wa SIWu/yr (11)
where
M i the maximum representative still-water bending moment;

S

i the maximum representative wave bending moment;

=

i§ the representative ultimate bending strength of the hull girder;

iy the still-water action effect factor, to be taken from Table 3 as the factor corresponding fo
the permanent, G, and variable, Q, action categories for the limit state'combination, ULS-a pnd
ULS-b, under consideration;

=

)

[2)
—

e
L

4 the metocean and ice action effect factor, to be taken from Table 3 as the factor corre-
bonding to the metocean and ice action category for the litit state combination, ULS-a annd
LS-b, under consideration, and which, for the ULS-b combBination and where the still-water
ending moment represents between 20 % and 50 % of'the total moment, may be reduced
from 1,30 to 1,15;

YEw

o Cw

e

4 the partial resistance factor, to be taken as a thinimum as 1,15 although a higher value
hall be adopted if required by RCS rules or equivalent standard used to assess longitudinfal
ending strength.

Yr

o »n

Formula (1]1) assumes Mg and My, occur at the same cross-section. If this is not the case, the moments at
two or moie cross-sections shall be examined:to determine the most onerous combination.

When calcplating M,, the following effects on the ultimate bending strength of the cross-section shall
be taken fylly into account:

a) influenpce of co-existing stressées (such as shear and transverse stresses as well as those ariging
from pfressure effects) oncthe’strength of the components comprising the hull cross-section;

b) influenpce of bucklingoh component stiffness and strength, as also influenced by co-exisfing
stress¢s and by the/presence of typical initial geometric distortions and welding/rolling residlual
stress¢s in platepanels and stiffeners.

Shear stremngth werification shall be conducted using Formula (12):

VesQs tlewOQn =0y /Y, 12)
where

Qs is the maximum representative still-water shear force;
Qw is the maximum representative wave shear force;

Qu isthe representative ultimate shear strength of the hull girder;
and where yss, Ytw and yr are as defined for Formula (11).

Formula (12) assumes that Qs and Q. occur at the same cross-section. If this is not 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 Qy, 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

Longitudinal bending strength verification shall be conducted using either Formula (13) or Formula (14):

M;+M,, <M, /Cq

(13)

wh

and

If M
use
exis

She

whg
are

11.

In addition to the requirements of 9.8.6, special consideration shall be given to the following

a)

b)

M, M, TM,

ere

Csr is the 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;

u (or My/Csf or n My) is defined in terms of a limiting stress ¥alue, the cross-sectional
 in the calculation of the moment of inertia and section-modulus shall account for b
ting stress and the buckling effects noted in respect of My according to 11.3.3.2.

qr strength verification shall be conducted using either Formula (15) or Formula (16):

Qs +Qy, <Qy /Csp

Qs +Qw =M0Qy

re Qs, Qw and Qy are as defined for(Eormula (12) and qualified according to 11.3.3.2, an
as defined for Formulae (13) and (14).

8.4 Local strength and details

The strength of-the structure shall be evaluated in the transit condition. For a tur
structure or aiStructure with a moonpool well, the plating of the well should be suitably :
prevent darmage in transit. Attention shall be given to designing structure surrounding
discontinyities.

where Ms, My, and My, are as defined for Formula (11) and qualified-according to 11.3.3.7.

(14)

properties
pth the co-

(15)

(16)

] Cspand

ret-moored
tiffened to
structural

©IS

hodll structure

For, yoke-moored and turret-moored structures, FE analyses of attachments to the huill shall be
undertaken to ensure satisfactory stress distribution of concentrated mooring reactioF:s into the

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.

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
strength steel components.

The scantlings necessary to maintain strength in way of large hatches.
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following actions:

motions, etc.;

liquids in tanks and the sea;

due to wave actions and thermal actions.

Process equipment supports, which should be analyzed for all applicable combinations of the

process support reactions due to equipment weight, wind actions, floating structure

all applicable combinations of hydrostatic and hydrodynamic actions on the hull frame imposed

differential movement between the process deck and hull due to still water and the deflections

f)

— o
g) Flarekh
h) Crane
i)  Supply
j) Helide
k) Action
1) Struct

resong
The desigr
rules and ¢
by RCS rule
Crane supyj

fatigue requirements in ISO 19901-3.

Finite elen

oom support structure, especially in the case of overhanging (non-vertical) flare booms
support structures.

boat landing areas.

Ck supports.

5 imposed by either side-by-side or tandem offloading.

iral details in areas of high vibration, which should be desighed to reduce the effed
nce and local member fatigue.

of the process equipment support structure should conform to the requirements of
f11.3.5. Guidance for sizing beam brackets and spacing of panel stiffeners can be provi
S,

ort structures shall conform to the appropriate-static impact factors, dynamic loading

hent analyses are sometimes requiredyto verify the adequacy of the hull framing

associated
draught a

selecting design situations. The methodology and details of the FE analyses should meet RCS rules.

When eva
details, inc

11.3.5 To

The effect
structure.

Structural
combinatid
global and

process equipment support structure. RCS rules for the various combinations of ve|

t of

RCS
ded

and

and
ssel

d tank loading typically applied to-tHe design of tanker framing should be considered when

ating local strength, the-procedures outlined in RCS rules, or equivalent, for struct
Jluding the effects of dynamic actions on the structure, shall be followed.

psides structural Support
of deformations of the hull shall be carefully considered in the design of the tops
strength” shall be evaluated considering all relevant design situations and ac

ns,.Seantlings shall be based on criteria that combine, in a rational manner, the effect
local'responses for each structural component (see 9.13).

iral

des

fion
s of

The location of the process facility deck and structural arrangements shall conform to RCS rules.
Particular attention shall be given to hazardous zones or divisions and provision of adequate access
(see 11.2.2). National regulations also apply, where they exist.

The deck support frame for process equipment, including the connections to the hull frame, should
allow movement of the process skid due to hull deflection. The support structures should be designed
to withstand inertial/green water actions experienced by the process equipment due to wave-induced
motion responses, in addition to the effect of permanent actions in upright, heeling, and trimming
conditions.
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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 structure.

Anintact stability booklet and loading manual should be prepared, documenting the stability limitations
and the allowable hull girder bending moments and shear forces. These documents should provide all
pertinent information regarding tank loading arrangements, and should define the appropriate loading
and unloading sequences necessary to maintain hull girder longitudinal bending and shear stresses
and structure hydrostatic stability within the allowable limits for all conditions including transient
congditions of loading.

12|Semi-submersibles

121 General
Thi} clause deals with the design of semi-submersible floating structures;including those wjth:
— |ring (continuous) pontoons,
— |twin pontoons, and

— |multi-footing arrangements.

For|semi-submersibles, this clause supplements the general requirements and guidance grovided in

Clayises 9 and 10.
Stri[ctural design shall, as a minimum, conforpr*to RCS rules or equivalent, written spedifically for
senji-submersible offshore structures. National' regulations also apply, where they exist (see|5.4).

RCY rules do not normally include specific structural design requirements for the cdnstruction
and removal phases of an offshore-floating structure. The general principles covering [the design
reqpirements for these phases are présented in Clause 9.

For|conversion and re-use of existing semi-submersibles, see Clause 15.

Examples of special areas for’'semi-submersibles are given in A.12.1.
12.2 General design criteria

12.2.1 General

When theSupper (deck) structure is required to be buoyant for a particular operating or [temporary
phalse,/or‘to meet stability requirements, consideration shall be given to the structural effects of the
restilting actions. The effects resulting from variations in mass distributions during operafing phases
shall also be accounted for in the structural design.

Variations in stresses due to full/empty 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.

The stability of the structure during all free-floating pre-service phases shall be investigated. Examples
of pre-service phases are the following:

— fabrication and outfitting;
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float-o

n and float-off from the deck of a transportation vessel;

wet tow of the floating structure;
hull/deck mating operation;

ballasting down/up from the pontoon draught to a specified column draught.

12.2.2 Limitations

Where limiting design criteria apply when changing from one phase to another phase (e.g. from a

transit pha

12.2.3 Damage tolerance

For braces
end conne

Braces locg
early cracK

When conffiguring the upper (deck) structure, consideration shall be: given to addressing

consequen

collision, fire or explosion).

The overal
if any. Thi
9.7.3.3,9.7.

se to an operating phase), these shall be clearly established and documented.

critical to the integrity of the structure and exposed to accidental damage, the strengt
tions shall be greater than the strength of the brace.

ted underwater shall be watertight and shall be fitted with a leak detection system to m
detection possible.

Ces of the loss of a primary structural component as the résult of an accidental event

integrity of the semi-submersible shall be assessed for'the loss, in turn, of individual bra
situation shall be considered as an ALS and all zelevant factors set to unity (see 9.7,
1.2 and 9.7.4.3).

12.3 Strujctural strength

12.3.1 Cr

Particular
of stress cq

critica

openin

12.3.2 Sty

In design, 1
in areas th

lower

tical connections

httention shall be given to structural continuity, fatigue resistance and detailing in locat
ncentrations, in relation to, for example:

structural connections-including brace, pontoon, column and hull connections);

gs (including moonpeols).

uctural detailing

ht can be.subjected to high local forces, such as:

leck'structure subject to wave impact (including column run-up effects);

h of

ake

the
e.g.

ces,
3.2,

ons

articular-attention shall be given to structural detailing and requirements for reinforcenfent

— mooring and riser attachments;

— areas prone to accidental damage.

13 Spars

13.1 General

For spars, this clause supplements the general requirements and guidance provided in Clauses 9 and 10.

Structural design shall, as a minimum, conform to RCS rules or equivalent written specifically for spars.
National regulations also apply, where they exist (see 5.4).
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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.

For

re-use of existing spars, see Clause 14.

Examples of special areas for spars are given in A.13.1.

13.

2 General design requirements

[N LV S G N e
13. 1 IVIOUCT SO UITg

Mo

Hul
pro
hea
pro
freq
occ

upending;
in-place ULS conditions.
redure should be analyzed to assess design global moments and-maximum hydrostat

ds for the initial flooding stage. This is normally undertaken\utilizing quasi-static
redures. Time domain dynamic analyses should be undertakento simulate the response

irring during the upending operation shall be evaluated

Modlel testing, if performed, shall be in accordance with«8.12.

The first phase of the upending of a truss spar is afree-flooding step. The upending is co
pumping water into the lower compartments ofsthe hard tank. This is a stable and static

Ifu

bending model tests are performed, specialéattention should be given to the proper sc:

flodding openings and compressibility of the trapped air.

13.

Wh
spe

Acc

13.

p.2 Static equilibrium position

bn determining the static equilibrium position, account shall be taken of significant varia
Cific gravity of the seawatefiover the height of the hull.

punt shall be taken of set=down effects, where relevant.

.3 Global actien effects

Curfrent action effects can dominate the design of certain structural components. Accordingly
of 100-year peturn period design situations to address in accordance with 6.3.2 shall includg
in which currént is the dominating metocean component.

el testing or validated software should be used to evaluate, as a minimum, the following:

upending analyses should be confirmed by validation with relevant tank model tests. The upending

C pressure
analytical
during the

flooding stage. Shear force and bending moments due to-Kydrostatic and hydrodynamic actions

mpleted by
operation.
lling of the

Fions in the

, the range
situations

EvaIIuation of global response shall include consideration of the following:

©IS

added mass and drag action effects from strake systems;
mass and stiffness of moorings and risers;

inertia action effects resulting from motion of the spar;

second-order bending effects (P-4 effects) including non-linear amplification of deflections due to

rigid body rotation and second-order bending;

diffraction effects resulting from large volume underwater elements.
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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.

13.3.1 Cr
Particular
— hull/td
struct
riser/}
fairlea

interfg

Riser/keel
Detailed F
fatigue str

Critical int
for relative
deep draug
inspection

13.3.2 Fa

The fatigug
guide fram

13.3.3 Sty

tural strength

tical interfaces

ronsideration shall be given to ULS and FLS of critical interfaces, suchras the following:
psides interfaces including second-order (P-4) bending effects (see™.13);

iral brace (truss) connections;

ull interfaces;

d/bending shoe design (see 9.8.6 and ISO 19901-7);

ces at abrupt changes in stiffness (e.g. skirt/tank-and truss/tank transitions).

interface design shall consider riser entry-angles, bending and axial stresses, and w
E analyses of riser/hull interfaces shall be undertaken when evaluating both static
engths. A wear analysis of the riser/keel'interface shall be performed, as appropriate.

brfaces at relatively deep draughts; being less accessible or inaccessible, should be configy
ly low limit state utilizations. Alternatives to using relatively low limit state utilizationg
ht critical items include better materials, full penetration welds, more thorough fabrica
and/or more refined FE-madels.

[igue

b analysis of riSer/keel guide frames shall account for interaction between the risers and
e includingthe effect of “sticking” of the risers against the guide frame, where relevant.

uctural details

rag

ear.
and

red
for
Fion

the

S at

In general,

hull longitudinal stiffeners (those running the length of the hull) should be continuou

the intersection with horizontal structural components (e.g. decks, frames, ring stiffeners, etc.).
minimum, in the splash zone such penetrations should have double-sided “soft” brackets.

14 Shallow-draught cylindrical structures

14.1 General

Ssa

For shallow-draught cylindrical structures, this clause supplements the general requirements and
guidance provided in Clauses 9 and 10. In addition, some of the requirements for ship-shaped structures
given in Clause 11 apply.
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Structural design shall, as a minimum, conform to RCS rules or equivalent, written specifically for
shallow-draught cylindrical structures or, alternatively, ship-shaped structures. National regulations
also apply, where they exist (see 5.4).

Shallow-draught cylindrical structures often provide storage and transfer facilities for produced oil
as well as support for oil processing facilities. It is important therefore to consider in the design the
variations in loading accompanying different levels of crude inventory and the impact of additional
systems and equipment necessary for the safe storage and transfer of crude oil.

Sufficientloading conditions for all anticipated pre-service and in-service conditions shall be determined
and analyzed to identify the critical design cases for the hull strength. This should include fully laden,
lightt ballast, and a mix of representative operational conditions (including repairs or inspection).

Opgrational conditions should include, as appropriate, asymmetrical tank loading~cases| Riser and
mo¢ring tensions shall be included in the action combinations. The adequacy of thehiull strycture shall
be vVerified for all combinations of static and dynamic actions. Consideration should be given to static
and dynamic actions induced by process and utility equipment on the deck.

Examples of special areas for these structures are given in A.14.1.
14.2 General design criteria

14.2.1 Collision protection

Cornsideration shall be given to the need for suitable collisien protection dependent on an asgessment of
the|collision risk at a particular geographic location. National regulations also apply, where hey exist.

Shalllow-draught cylindrical structures that store qil\shall conform to IMO MEPC/Circ.406 requirements
reldted to protection from the effects of collision:-More details can be found in A.11.2.1.

14.2.2 Deckhouse requirements

Living quarters, lifeboats and otherumeans of evacuation shall be located in non-hazarflous areas
and shall be protected and separated from areas containing production facilities, oil stqrage, riser
terminations and from the flare tower. Reference can be made to RCS rules or equivalent for|definitions
of hlazardous and non-hazardoys areas.

Posjtioning and arrangement of deckhouse structures shall conform to IMO requirements and RCS
rulgs or equivalent. National regulations also apply, where they exist.

Mirfimum scantlings of deckhouses shall conform to RCS rules or equivalent, accounting for Jocation on
thefhull, as well‘'asgreen water and wave impact.

Conjsideratian'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 conventjonal cargo
pumproom, and on the outcome of an explosion analysis.

14.2.3 Global response

Viscous effects can govern the global response of the floating structure in certain conditions. Global
viscous actions should be modelled accurately when evaluating these conditions and included alongside
potential theory and inertia effects.

Accurate modelling of viscous effects is important to establish correct hull loading due to radiation and
design motions and accelerations.

14.2.4 Local action effects

The relative fluid motions around damping boxes generates viscous effects which can dominate local
loading. Such local actions should be considered with respect to both ULS and FLS.
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Slamming actions, particularly on flared sections on the hull, should be considered.

14.2.5 Model testing

Model testing or validated software should be used to evaluate and quantify viscous effects on the hull,
slamming actions and second order forces. Model testing, if performed, shall be in accordance with 8.12.

14.2.6 Temporary phases

14.2.6.1 General

For shalloy-draught cylindrical structures, temporary phases can be critical. The following key'phgses
should be tlaken into account.

14.2.6.2 Habrication site activities

The follow|ng design situations should be addressed:
— fabricdtion method;

— docking condition;

— loadout;
— tank t¢st conditions (e.g. at dock or at quay side);
— mooring at quay side;

— topsidgs integration.

14.2.6.3 Transit/transport conditions

The condition of the structure during transit.from the hull fabrication yard to the integration ypard,
where the [floating structure is assembled; and from the integration yard to the offshore installation
site, should be carefully evaluated.

—e

Transport |s normally performed by-a’dry tow on a heavy-lift vessel or wet tow by tugs. In the cage of
dry tows, the cribbing arrangementtan be critical.

During trapnsit, special atterition should be paid to items such as flare booms, crane pedestals, hilge
keels, riser|porches, etc., which are subjected to motion-induced loading and/or slamming. The suppprts
of process|and topsideléquipment should be designed to resist the forces generated by motions pnd
accelerations.

14.2.7 In{service conditions

14.2.7.1 ULS

During normal operation at site, the structure alternates between maximum and minimum operating
draughts. The cargo, utility and ballast tanks are generally filled and emptied in accordance with the
operational philosophy and the MOM.

The most severe operating scenario shall be evaluated. This involves combinations of tank filling and
changes of draughts to identify critical design situations. These typically are full cargo tanks at shallow
draught or empty cargo tanks at deep draught. A critical load matrix shall be established.

When considering extreme and abnormal metocean and ice conditions, partially-filled tanks can also
generate critical design situations in addition to those identified above.
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In addition to normal operating conditions, other tank loading conditions, such as inspection, repair and
tank testing, should be considered as temporary phases and taken into account in accordance with 9.2.3.

14.2.7.2 ALS

Typically the structure can be subjected to accidental actions as a result of incorrect operation, technical
failure or abnormal weather conditions. The following accidental design situations are of particular
concern:

accidental heeling;

14.

14.

Thd
wit
Thd
stry
stru

Mes
cor

collision;
abnormal metocean and ice conditions;

sea ice and glacial ice.
3 Structural strength

8.1 Global strength

structural analysis model of hull should normally include the entire hull structure in a gl
h topside or simplified topside model to ensure correct repfesentation.

level of detail of the global model should be sufficient to determine global stresses
Icture from metocean actions and ice actions, tank filling and topsides actions.
lctures, such as utility tanks and supports of minor equipment, need not be included in
h size should normally be in the order of stiffener spacing. Particular attention shall
‘ect representation of circumferential stresseés and radial stresses in the hull structure.

Struictural verification, i.e. yield and buckling, of the main structural systems and compong
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bd on the global analysis model and shaltbe performed in accordance with Clause 9. Wher
sses identified by refined FE analy$is in areas of pronounced geometrical change lead t
zation ratios or nominal usage factors, or inadequate safety factors, the structure can
pr-service provided plastic mechanisms do not develop in the affected or adjacent struct

8.2 Local strength

hull structure shallbe verified for local yielding and buckling of plates and stiffeners in
n RCS rules or equivalent. The assessment shall include all relevant actions including sl
hming as applieable.

In dddition tothe requirements of 9.8.6, particular attention should be given to the special g
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B.3) Capacity verification

Buc

kling capacity shall be verified in accordance with Clause 9.

14.3.4 Fatigue

Fatigue analysis should be performed using spectral fatigue methods in accordance with Clause 10.
Particular attention should be paid to the details listed in A14.1 as their performance can differ from
that found from experience with other types of floating structure.

© IS0 2019 - All rights reserved

79


https://standardsiso.com/api/?name=6c5b979ec670a44530e39c9dd642a815

ISO 19904-1:2019(E)

14.4 Damage stability

The following definitions apply when assessing damage stability (see 16.5) for shallow-draught
cylindrical structures:

— length (L) = breadth (B) = largest diameter between maximum and minimum operating draughts;
— ‘“radial” replaces “transverse”;

— “tangential” replaces “longitudinal”.

15 Conversion and re-use

15.1 General

This claus¢ addresses conversion, modification and/or re-use of existing floating structures. Isques
addressed [include the following:

— minimum design, construction and maintenance standards;
— pre-copversion structural survey;

— effectq of prior service;

— corrosjon protection and material suitability;

— inspection and maintenance.

The considerations and requirements stated of this clausé are in addition to those of Clauses 9 to 14.
Examples ¢f existing floating structures that have been converted for production include:

a) semi-submersibles, such as drilling semi-submersibles, construction and accommodation vesgels,
and multi-service vessels;

b) monoHulls, such as drill ships, tankers.and barges.

Major aspdcts associated with conversion/re-use include the structure’s original design and BOD ((i.e.
design criteria, methodology, standards, etc.), age, condition, maintenance and operational history, as
well as the|design, inspectionand maintenance requirements for the converted structure.

The relatiye importance of these aspects is influenced by the structure’s intended service, strength,
fatigue and redundancy requirements, and regulatory/certification requirements.

15.2 Minjmum-design, construction and maintenance standards

Structures|that*have been classed by a RCS and certified by a regulatory agency may be converfed.
EXiSting stktetutres dcalsucd, constriactedandmaintained uolus otherrutes may betusedforeconversion

provided that these rules are fully documented and can be established as equivalent to the rules of a RCS.

The converted structure shall be designed in accordance with Clauses 9 to 14, including appropriate
references to current RCS rules or equivalent. In those cases where current RCS rules are inconsistent
with the rules under which the existing structure was originally classed and conformity with current
rules would be impractical, then an assessment should be performed to confirm that the converted
structure’s design meets the intent of the current rules and regulations.

Major deviations between the requirements in effect at the time of the design and construction of the
existing structure and current requirements shall be identified, and the acceptability for the deviation
shall be fully evaluated on a fit-for-service basis.
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15.3 Pre-conversion structural survey

The existing structure shall be subjected to a comprehensive structural survey prior to, or during,
conversion. This pre-conversion survey shall establish the actual condition of the structure, including
the existence of fatigue-related problems (i.e. cracking), scantling dimensions and the level of corrosion
wastage. The survey results shall be used as the basis for the site-specific structural assessment of the
converted structure and shall also provide the baseline condition for future in-service inspections.

The pre-conversion structural survey shall cover, to the extent practical, all structural components and
details considered part of the main (or primary) structure and their intersections. As a minimum, the
existing structure should be subjected to a detailed CVI in accordance with the renewal (or special)
suryey requirements of an RCS or equivalent, supplemented by the requirements of theydppropriate
reqpirements in Clause 19. The survey shall also include a significant level of non-destructive testing
(m}gnetic particle inspection, eddy current testing, ultrasonic testing, alternating cufrrent field

megsurement, etc.) to identify fatigue-related problems and to determine the\actual [scantlings.
Structural components and details having previous service problems (e.g. fatigue—relateE
corfosion wastage) and been repaired or modified shall be inspected in detail (using non-
ing) to establish the adequacy of the prior repairs or modifications.

cracking,
estructive
test

15.4 Effects of prior service

15.4.1 General
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existing structure generally suffers fatigue damage.in*service as well as steel wast
‘osion (or wear); it can also experience structural damage. Criteria for steel renewal due t
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recommended approach to accaunt for the effect of prior service in the site-specific fatig

hown, the type of structurdlrepairs and modifications made to structural components ¢
the results of the prereenversion structural survey discussed in 15.3. The minimunm
gn fatigue life, accounting for the structure’s prior service, is stated in 15.4.4.

1.2 Ship-shaped-structures

main (or.primary) structure of a ship-shaped structure comprises longitudinall
fom, sideand deck plating and transverse and longitudinal bulkheads and frames. T
hs associated with these structural components are typically located where these c
rsect¥Additionally, existing structural components connecting with, or adjacent to, new

lie analysis

depend on the age of the structure, the extent to which the structure’s previous operational history

nd details,
allowable

 stiffened
he critical
bmponents
structural

pements (such as the turret structure, drilling moonpool and external turret/mooring cq

nnections)

sha

I'also be considered as critical areas.

The principal effects of prior service associated with ship-shaped structures relate to material wastage
due to corrosion. Fatigue damage of existing ship-shaped structures tends to remain localized, and
generally does not affect the structure’s integrity, unless fatigue-related problems have not been
identified and repaired. The latter could occur if the original ship-shaped structure had traded
extensively in severe environments or if a design deficiency has resulted in cracking in repetitive
details (e.g. side-shell connections or bottom longitudinal to bulkhead connections).

Structural strength and fatigue, inspection, maintenance and repair are particularly important for ship-
shaped structures converted to floating platforms. Additionally, the converted structure can undergo
major modifications, such as incorporating an internal turret or a drilling moonpool. Therefore, site-
specific strength and fatigue analyses on the converted structure shall be conducted. These analyses
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shall also account for any reduction in scantling dimensions identified in the pre-conversion structural
survey, if the affected component has not been repaired or replaced.

Differences in the specific density of the oil (assumed in the original tanker design) and produced oil
stored in the converted structure, can impose weight limitations on the topsides, turrets and other
items to be installed to complete the conversion. Consequently, when determining the weight of stored
crude oil, the anticipated specific gravity of the produced oil shall be taken into account.

15.4.3 Semi-submersibles

stressed and/or prone to fatigue damage. These areas shall be subjected to site-specific strength,jand
fatigue andlyses. The analyses shall also account for any reduction in scantling dimensions identified in
the pre-conpversion structural survey, if the affected component has not been repaired or replaced.

15.4.4 Fafigue damage from prior service

An assesstpent of the fatigue damage sustained by the existing structure beforé\conversion shal| be
conducted

The accumiulated fatigue damage shall be assessed via fracture mechanic$/crack growth studies and/
or detailed|fatigue analyses of prior service, and the results of the strueture’s inspection histories.

Details with the highest fatigue utilizations should be inspected forfatigue cracks before service.

Remaining| fatigue damage shall be determined in accordanéé with Formula (10) using the fatigue
damage fagtors specified in Table 5. In some cases, as specified in A.15.4.4, the fatigue damage fagtor
associated|with prior service may be reduced from that spécified in Table 5.

15.4.5 Repair of defects, dents, pitting, grooving and cracks

Structural|defects, damage, cracks and any condition that can lead to structural degradation shall
be corrected (e.g. crop and replace). Defects-deemed acceptable shall be dealt with by a taildred
monitoring/inspection programme during'and after conversion.

15.5 Coryosion protection and material suitability

15.5.1 Cofrosion protection

Wastage dpe to corrosiomis a major consideration for all types of steel structures operating in|the
marine enyironment and-equires special consideration for conversion. The level of corrosion wastage
is dependent on the-environment (i.e. sea water, fuel oil, cargo oil, tank blanketing system, etc.) that
the steel hfas been(and in future can be) exposed to, the type of CP system used and its associgted
maintenange.

The existi
conversion. The specific requirements depend on the system’s previous performance history and
present condition, the condition of the existing structure, the refurbishing, repair and maintenance
programmes to be conducted during conversion and throughout the operating life.

15.5.2 Material suitability

The steel grades used in an existing structure shall generally be considered acceptable if the vessel/
floating structure was designed and constructed in accordance with RCS rules or equivalent, as
stated in 15.2. However, conversion can result in the existing steel not meeting grade requirements in
specific locations, such as in highly-stressed and/or fatigue-prone areas (or structural details), or for
low-temperature applications. In these locations, such material shall be replaced if found not to meet
specific requirements for fracture toughness, ductility, through-thickness properties, and weldability.
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Consideration should be given to conducting basic materials tests on a few representative samples
taken from the existing hull structure, to clearly establish the properties of the material.

15.6 Addition of new components

Attention shall be paid to the demands of the future service and to the compatibility between the
existing system and new components.

When thrusters are added during conversion, structural analysis shall include vibration analysis of the
foundations (see 9.5).

15.[7 Inspection and maintenance

Coglprehensive structural inspection and monitoring programmes shall be developed for theg converted
flogting structure (see 5.8 and Clause 19), taking into account inspection and maintenance Jimitations
for i permanently moored structure.

16|Stability, watertight integrity and compartmentation

16.1 General

Addquacy of stability of a floating platform shall be checkedyfor all relevant in-service and [temporary
phajses. The assessment of stability shall include consideration of both intact and damaged fonditions.
When recognized standards are utilized in the assessment of damage stability, it should be ensured
that the basis for the design situations and criteria adopted in the standard is compatible with the
accldental event being addressed.

Forfintact and damage stability, floating platformsshall satisfy all applicable IMO requirements} see A.16.1.

For|stability verification, consideration shall be given to relevant detrimental effects, inclyding those
resyilting from the following:

— |metocean actions, such as windy-wave (including green water effects), snow and ice accfretion, and
current;

— |applicable damage scemarios (including owner-specified requirements);
— |rigid body motions;

— |free-surface effeets in cargo and ballast tanks;

— |boundary interactions, such as mooring and riser systems.

The effects;and consequences of accidental damage to the hull shall be considered. Mannjed control
rooms/Shall be positioned to be above the waterline as determined for all damage conditiony.

The effect of the extent of damage [rom 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.16.1). The location of the down-flooding points is critical in stability assessment. If
site-specific ULS wind speeds exceed IMO requirements (see A.16.1), stability should be determined
based on the site-specific data.

16.2 Inclining test

An inclining test shall be conducted when construction is as near to completion as practical to
accurately determine the floating platform’s weight and position of the centre of gravity. The test shall
be conducted in accordance with an approved procedure.
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Changes in weight conditions after the inclining test shall be carefully accounted for. Consideration
shall be given to the conduct of a deadweight survey on a regular interval to ensure consistency
between recorded and actual weight conditions. Where a significant discrepancy is found between the
two conditions, consideration shall be given to carrying out a further inclining test.

In some cases, it is not feasible or practical to carry out an inclining test because of the floating
structure’s configuration. In such cases, the floating structure’s lightship weight and centre of gravity
should be determined by a combination of a thorough lightship survey and calculations.

In the case of conversion of a vessel (e.g. a MOU or a tanker) into a floating platform, consideration
should be given to conducting an inclining test prior to conversion as a means of assessing the initial
condition. An inclining test shall be conducted after a major conversion.

16.3 Conjpartmentation

The hull of
and stabili
of loss of th

gth
sks

a floating structure shall be subdivided into a number of compartments te\meet strer
'y requirements and to minimize consequence of damage, pollution risks,@nd possible r
e platform in the event of damage.

unt
£SS-

For structyres with storage, additional subdivisions can be required in the design of the hull to accqg
for ballast|water needed to control hull stresses (in all design phases) and for the storage of proc
related liqqids.

Additional t of

the load lin

requirements can arise from IMO regulations where oil is)stored in the hull and in respe
e.

16.4 Watertight and weathertight appliances

Requirements for watertight and weathertight integrity;shall be in accordance with IMO requiremé¢nts

(see A.16.4).

As a minin the

water level

hum, watertight closing appliances shall be installed for those external openings up to
s corresponding to

a) anangle of heel equal to the first intercept between the righting moment and wind heeling mongent
curved in any relevant intact or ddmaged condition, and
b) the required air gap for deck clearance.

The number of openings in\Watertight structural components shall be kept to a minimum. Where

penetratio
ensure thal
the pressu
impact effe

s are necessary_for access, piping, venting, cables, etc., arrangements shall be mad
I the watertightintegrity of the structure is maintained by means of appropriate design
e and other-action effects likely to occur in service and following damage (including w
cts). Closing appliances and their controls, indicators, actuators, power sources, etc., sha

b to

for
ave
1 be

arranged sp thatthey remain capable of functioning effectively even in the damaged condition.

Openings abave the waterplane in the damaged condition can be exposed to wave action and/or char
in the waterplane due to the dynamic response of the unit. Such openings should be weathertight.

ges

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.

The arrangements of watertight electrical cable penetrations should be carefully considered. Cable
penetrations in hull bulkheads shall be rated for the same pressure rating as the bulkhead.

Requirements for weathertightness and watertightness of decks, deckhouses, doors, vents, etc., are
generally provided by applicable flag state and national administration regulations. In the absence of
mandatory requirements, the applicable IMO regulations shall be used to provide design requirements.
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16.5 Damage stability

If oil is stored in the hull, the extent of damage to be assumed in damage stability calculations for a
specific structure at a particular geographic location, together with the applicable international codes
and conventions, should be decided by the owner, in conjunction with the regulator. Guidance on
damage stability is given in IMO MARPOL.

17 Mechanical systems

17.1 Conoral

aoCITIcTOr

Thip clause addresses those mechanical systems that normally have a strong interfacg with the
structural design of a floating structure and/or directly affect its use in offshore petroleum production
opefrations. This clause should be regarded as complementary to already existing desigd rules and
stapdards published by RCS and national authorities, which have well-developed design g@iidance for
mec¢hanical systems for ships and semi-submersibles, and to some extent fer_spars and other unique
hull forms.

Me¢hanical systems of a floating structure can be broken down into thefollowing main components:

a) [hull systems, including bilge, ballast, cargo handling, strippihg system, non-cargo liqfiid storage
transfer, HVAC equipment, inert gas, crude oil washing, and\tank sounding and venting;

b) [topsides production and utility systems;
c) |importand export systems, including cargo oil andmaterial transfer;

d) |fire protection systems.

Theg majority of mechanical systems required-for topsides production operations and their syipport (e.g.
utiljties and accommodation services) aresxtot addressed here. However, hull deformations dpe to cargo
loading and discharge, metocean action$and ice actions can be an important consideration i designing
stryctural support and piping flexibility for topsides systems (see 11.3.5). Furthermore, differences in
typlcal marine standards used for design of hull systems, and offshore standards used fofr design of
topsides production and utility Systems, should be recognized and addressed in the design of system
intdrfaces.

17.2 Hull systems

17.2.1 General

In addition tothe specific requirements for hull systems, the following general consideratiops relevant
to watertight'integrity apply:

a) |Every inlet or discharge port submerged at maximum operating draught should be fifted with a
aalaa b ob 1o oo ol P oo soa o ad oo ] 1 el zalis Lbaownld fail ol Sed unless
vdlIvie LIIdUlIo T \,lllU\-\,l)’ CUITILITVIITUU TIVIIT Ad TIIJAITINICU LUTIUTI U TUVUIIL. ULl vdIvioo olfvudiv 1dIir viv
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.

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.
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17.2.2 Bilge system

17.2.2.1 General
The function of bilge systems is two-fold:

a)

to serve as a drainage and discharge system for any fluids that have accumulated in the hull
compartments and/or bilges other than tanks specially designed to contain liquid;

b) toserve as an emergency discharge system in case of accidental flooding, for securing safety of the
structure and/or safety of personnel.

In its service as a drainage system, discharge of bilges overboard shall meet IMO requirements
A17.2.2).

see

Where drafinage systems associated with hydrocarbon production interface with the structure’s Hilge

systems, special care shall be taken to prevent migration of hydrocarbons to nefh-hazardous hull
compartments.

17.2.2.2 Arrangement

Except for| ballast, cargo and consumable tanks, all watertight compartments, passageways pand

hall
the

machinery|spaces shall be serviced by a bilge or a suitable drainage system. These compartments s
be drained by at least two bilge pumps, with the backup pump(s)eapable of delivering 100 % off
design bilgling capacity with any single pump out of service.

For all unmanned spaces with a potential for leaks with conseguential effects for intact stability ang
damage stability, bilge alarms shall be provided.

| /or

Any hull ¢
structure 3
(damaged)
stability af

Spaces abd
fixed pumy

If the bilgg
prevented.

Provisions
drains fror

17.2.2.3 \

pmpartment containing equipment essential for the operation and safety of the floa
hall be capable of being pumped-out whenthe floating structure is in the worst case inc

alysis.

ve deck, which can normally be-drained by means of a drainage system, do not requi
ing system.

piping is tied into a topsides treatment facility, back flow into the bilge system shal

shall be made to-ensure that drains from hazardous areas are completely separate f
h non-hazardgus areas.

[alves

tieh boxes and manually operated valves associated with the bilge pumping system s

i
condition (i.e. at its maximum incline-or list angle) as determined during the dam;j;ed

[ing
ed

e a

be

OIm

hall

All distrib
be in posiJlions which are accessible under normal circumstances. Where such valves are locatefl in
normally unmanned spaces 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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17.2.2.4 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 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 generating a flow of water through the bilge main with a velocity
of not Tess than Z m/s. When more than two pumps are connected to the bilge system, thel} aggregate
cappcity shall be no less effective.

17.2.2.5 Piping

The cross-sectional area of the main bilge line shall not be less than the cambined areas|of the two
largest branch suctions.

The internal diameter of branch suctions, d (in millimetres), from eagh\compartment shall not be less
than that stipulated by Formula (17), to the nearest 5 mm (but not less'than 50 mm):

d=2,15/A,, +25 (17)

where Ay, is the wetted surface area of the compartment; excluding stiffening componenty when the
conjpartment is half-filled with water, expressed in square metres.

17.2.2.6 Chain lockers

Chdin lockers, if provided onboard, shall be ¢apable of being drained by a permanently installed bilge
or drainage system or by portable pumps."Means shall be provided for removal of mud and debris from
the|bilge or drainage system.

17.2.2.7 Void compartments

Voigl compartments adjacent'to'the sea or to tanks containing liquids, and void compartmerjts through
which piping conveying liquids passes, shall be drained by a permanently installed bilge qr drainage
sysfem, or, alternatively, by portable pumps or temporary hoses. The use of temporary arrpngements
shopld generally be aveided.

If pprtable pumps-are used, two shall be provided, and both pumps and arrangements fqr pumping
shall be readily/accessible.

17.2.2,8 \Bilge suction from hazardous areas

’7')"‘"‘{\“(‘ "lhA on }1’)’7")1“(‘[\11(‘ el afaXa W (‘]’1‘2\]] I’\D l’\Y‘f\";f‘]Df‘] ‘AYI.fh conarato f‘]?");n’)ffﬂ ray i
a umpin
tardous—and—non-hazardous—areas—shall be provided with drainage pumping

Sepaat
arrangements.

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 location or to the
equipment and systems housed within.

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
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containing machinery or in spaces where other sources of ignition are normally present (e.g. electrical/
lighting equipment, machinery capable of sparking, fans).

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.

17.2.29 S

pecial considerations for semi-submersibles

Chain lockers which, if flooded, could substantially affect the semi-submersible’s trim or stability shall
be provided with a remote means to detect flooding and a permanently installed means of de-watering.

Remote in

At least on

of both remote and local operation.

Propulsion

with two ifpdependent high-level detection systems.

17.2.2.10

A fixed bilg
hull void c

pumps shall be provided along with equipment to allow deployment/in‘any hull void compartment

fitted with
hoses conn
that feeds {

17.2.3 Ballast system

17.2.3.1 (
The ballast

ication of flnnding shall he prnvidpd at the central ballast control station

b of the general service bilge pumps and all pump room bilge suction valves shall be ¢cap

rooms or pump rooms in lower hulls, which are normally unattended, shall’be provi

Special considerations for spars

e system is not normally installed in hull void spaces. To remove.any liquid accumulation
bmpartments, void spaces shall be accessible to portable pumps. At least two portable b

a fixed bilge system. These void compartments can also be drained by use of tempor

ecting valved bilge outlets from the void space to a valved inlet on the bilge suction heg
he permanent bilge pumps.

feneral

system serves numerous functions; including:

hble

ded

sin
ilge
not
ary
der

ment of trim, draught and centre“of gravity of the floating structure to maintain optinjum
'y and operating capabilities,\and to improve response to metocean conditions,

adjust
stabili

takingfon and discharging of ballast to adjust for the loading and discharge of cargo oil,

dewatering of ballast tank-¢ompartments to facilitate inspection or maintenance, and

damage control and c¢hange of centre of gravity.

17.2.3.2 Arrangement

Considerat
design phd
as well as
tanks, shall n

ionshall be given to the ballast system’s piping and control system arrangements during|the
se-with regard to interconnection and proximity to cargo systems and tanks. The pipling,

2 PIPING pa g TNTOUZN cargo tanks oI CONne Dalld ANKS adjacer 0 cargo
ot 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 rules 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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17.2.3.3 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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Fation of propulsion and power generating machinery, power supply failure of the confg
1 not result in opening of closed valves.

valves and operating controls should be clearly marked to indicate the function they se
1ld be provided, both locally and remotely, to determine whether a valve is open or close

p.3.4 Piping

been taken with regard to damage stability.

ng systems carrying non-hazardous fluids should generally<be separated from piping sy
fain hazardous fluids. Cross-connection of the piping systems is permitted where means f
Kible contamination of the non-hazardous fluid system:bythe hazardous medium are prq

P.3.5 Special considerations for semi-submersibles

bhasis shall be given to redundancy and reliability of the ballast system, its control and
ruments and its equipment during all made’s of operation. A single-point failure on a

equipment, or flooding of any single watertight compartment, shall not disable the damz:
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hbility of the ballast system.

ballast system shall be arranged to prevent the inadvertent transfer of ballast water.
1 also be designed so that the transfer of ballast water from one tank to any other tank
le valve is not possible, exeept when such a transfer does not adversely affect the stalj
i-submersible.

h ballast tank shallbe capable of being pumped out by at least two power-driven pump
hat tanks can be drained at all normal operating and transit conditions. The ballast pun
he self-primingtype or be provided with a separate priming system.

system shall*be capable of raising the semi-submersible within three hours, or as speci
1lator where one exists, starting from a level trim condition at deepest normal operating
severe storm draught.

ballast system design shall prevent uncontrolled flow of fluids from one compartment in

rol system

rve. Means
d.

s shall be arranged inboard of the zone of assumed damage penetratien, unless special cofisideration

stems that
br avoiding
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whether from the sea, water ballast or consumable storage. Ballast tank valves shall be designed 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 direct current 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.

Ballast pumps and controls should be designed for a range of differential hydrostatic head conditions, to
avoid the possibility of damage due to excessive velocity or to cavitation. Depending on the net positive
suction head (NPSH) requirement for the main ballast pumps, de-watering of the ballast compartments
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can have a separate stripping system for lowering the water level below the level attainable by the main
ballast pumps. The stripping system can also serve as partial backup to the ballast system. Provisions
should be made to de-water flooded machinery spaces, with consideration given to the inclined damage
angle and available NPSH to the remaining pumps. Integrating seawater supply and ballasting functions
into a common system should be considered, but the reliability of the ballast system should not be
impaired.

Control systems should be provided to prevent accidental opening of flood valves for all modes of
operation. Isolating of systems not in use should be considered.

17.2.3.6

for
to a
that
the

The ballasf system on a spar is typically made up of a series of deep well or submersible punips
deballastir]g (one installed in each ballast tank) and arranged to discharge directly overboard or
common ring main and then overboard. Ballast water is pumped into the tanks via another pump
is arranged such that it can supply ballast water to all ballast tanks. Isolation valves are\provided in

ballast su

System art
standards.

The ballas
restoring t

ly line to each tank.

angements other than these can also be acceptable, provided they gonform to all applic

t system shall be arranged so that even with any one pumpJinoperable, it is capabl
he spar to a safe condition (i.e. satisfying strength and stability requirements) when sub

hble

b of
ject

to the design damage situations.

17.2.4 Tapk sounding and venting system

5 of
less
yest

All integra
determinir

| hull tanks shall be provided with sounding‘tubes or other suitable manual mean
g the presence and amount of liquid in the.taiiks. The size of sounding pipes shall not be
than 38 mn in internal diameter. Sounding pipes shall be led as straight as possible from the loy
part of the tank to an accessible location. If sounding pipes terminate below the topmost watertjght
deck, for oill tanks they shall be fitted with a quiek-acting self-closing valve, with a test cock undernepth.
Sounding pipes from other tanks can terminate with a valve or screwed cap. A striking plate should be
mounted i the tank to prevent damage to the plating by repeated striking of the sounding rod.

All tanks, |cofferdams, void spaces;~tunnels and compartments not fitted with other ventilafion

arrangements shall be provided withVent pipes.
e of
ride
ibit

The arrangements of the tankK-structure and vent pipe shall be such as to permit the free passag
air and gagses from all parts-of the tanks to the vent pipes. The vent pipes shall be arranged to proj
adequate drainage. If ovetflows are used in conjunction with the tank vents, their design should pro}
fluids fron] flowing from one watertight subdivision to another in the event of damage. In general, Yent
pipes shou|d terminate on the open deck by way of return bends. All vent outlets should be fitted with a
permanently attached means of closure. This means of closure should be an automatic inflow-retarding
device, sudh as avent check valve, dependent on the position of the vent relative to the final waterfine
after damalge:

The selection 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 shall be located so that they cannot cause progressive flooding unless such flooding has
been taken into account in the damage stability assessment. In case of tank overfill with no alternate
overflow locations, the pressure head corresponding to the maximum height of the vent pipes shall not
exceed the maximum allowable static pressure of the tank.

Pump capacity and pressure head shall be considered when calculating the sizes of vent pipes. In
general, for all tanks that can be filled by pump pressure, the cross-sectional area of the tank vents
should be at least 125 % of the effective area of the filling line. If overflows are used in conjunction with
the tank vents, then this criterion should be applied to the sizing of the overflow and a reduced vent size
may be considered.
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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.

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

Sho lld bn lnnatnd ha pnsifinn that mipnimizes thn pncci]‘\i]ify r\f 1gnlt1r\n nf gasnc nsrapl'nn fr the plpe

17.2.5 Cargo handling system

17.2.5.1 General

If ofl 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 recéption 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 yessel;
— |simultaneous loading and offloading;

— |allowing of regular tank washing-operations;

— |allowing of on-site tank inspection, maintenance and repair.

17.2.5.2 Atmospheric tanks

In afmospherics tanks{the oil volume stored has a free surface. Oil discharged from the tank is generally
replaced by inert gdsto maintain a safe condition (see 17.2.6.2). Gas or vapour evolved from the oil, or
displaced duringstank filling, is generally routed to a safe vent location or captured in a clofed vapour
recpvery system.

maintaining a low level of solid/wax build-up in the storage tanks.

Atr:[ospheric tanks are usually fitted with crude oil washing (COW) systems. COW is yaluable in

17.2.5.3 Water displaced tanks

In water displaced tanks, oil is stored in tanks maintained full of liquid by displacing removed oil with
seawater. This approach, which has been used extensively in concrete gravity-base fixed platforms,
reduces the extremes of hydrostatic head associated with empty and full tanks, which are particularly
significant with deeply submerged tank locations. It also reduces the extremes of the floating structure’s
draught variation associated with full and empty tank conditions and is of greater significance to hulls
having small waterplane areas such as column stabilized structures or spars.

With this type of tank, care should be taken to prevent accidental discharge of oil, particularly as an
emulsion layer can build up at the oil/water interface. The water displaced when the tank fills up with oil
is typically discharged to sea via a buffer separation tank, generally supplemented by an oil detection and/
or clean-up system prior to discharge to ensure that the content of impurities in the discharged water.
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Venting arrangements should ensure that tank pressure levels remain within the design values, and
that any gas evolved from the oil is safely vented.

Adequate provision should be made to address possible wax and/or solid build-up within the tanks.
Removal of any such build-up is generally not possible with this system, and special consideration of
piping arrangements can be needed to prevent operational problems due to contamination/blockage, etc.

17.2.5.4 Arrangement

The cargo system shall allow sufficient isolation of tanks (e.g. double block and bleed capability) to
allow entryhy personnel

The submdrged tank valves shall be remotely operable from deck boxes on the upper deck or fro|m a
cargo conttol room. The use of fail-safe valves should be considered.

Cargo tanks can be fitted with heating coils to prevent wax formation and to maintain.éfficient flow
characterisgtics for pumping.

The vent opitlets from cargo tanks where the flashpoint of the cargo oil is above 60-°C and vent outflets
from adjadent cofferdams shall be fitted with corrosion-resistant flame screen’s having a clear 4rea
through the mesh not less than that required for the vent pipe. These outlets should be located |n a
position thiat minimizes the possibility of ignition of gases escaping from the pipe.

The venting of cargo tanks where the cargo oil has a flashpoint below 60 °C should be accomplishedl by
a closed vdnting system designed to ensure that the tanks cannet'be subjected to excessive presqure
or vacuum| On floating structures where an inert gas system ds‘installed, means shall be providefl to
ensure adgquate tank venting when a tank is isolated from the inert gas system.

17.2.5.5 Humps

In selecting pumps to be used in the cargo system, care should be taken to ensure that the cqrgo
transfer pymps are designed with consideration,ofin-service requirements (e.g. motions and frequgncy
of offloading operations) and to minimize the risk of sparking.

17.2.6 Ing¢rtgas system

17.2.6.1 General

If oil storage is provided in taniks within the hull, an inert gas system should be provided to serve|the
following flunctions, as appropriate:

— contro] of constantdesign pressure in the cargo tank during all loading/unloading conditions;

— prever]tion ofithe ingress of oxygen into the tank area;

— purgiqg of tanks of hydrocarbon vapours below the explosion limit range;

— control of maximum allowable oxygen content in the cargo tank area;

— enabling of gas-freeing of isolated tanks for personnel access while still being able to maintain tank
pressure during loading and offloading operations;

— automatic control of produced gas in the event of upset or failure of product stabilisation.

The inert gas generating system shall be capable of producing dry inert gas with an oxygen content of
less than 5 % by volume.

In addition to integral tanks, consideration should be given to supply inert gas to storage tanks or
process equipment on the deck of the floating structure.
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The inert gas and ballast systems should allow for the blanketing of a ballast tank in the case of cargo
leakage.

Alternatively, as ameans 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.

17.2.6.2 Piping system

The piping system shall be designed to serve the following functions:

— |transport of inert gas flow from the inert gas generating system via a central inert gaf main and
branch lines to each individual cargo tank;

— |prevention of back flow from the inert gas main to the inert gas generating system by p deck seal
arrangement or other suitable means of isolation;

— |connection to a pressure/vacuum breaker to maintain the required desigh pressure in the tanks
during normal operation;

— |in some configurations, connection to the high and low pressure/vacuum breaker valves jn a central
stack to prevent the building of rapid overpressure;

— |transport of purge gas from the inert gas generator via a mdin line and branch lines to a selected tank;

— |connection to a ventilation stack with flame arrestor to.release excess purge gas.

17.2.7 Crude oil washing system
COW systems should follow IMO requirements (s¢e A.17.2.7).

An |nert gas system shall be employed if a,GOW system is utilized.

17.2.8 Production vent/flare systems

Varjous vent system designs shauld be considered early in the floating structure’s design Jtage. Since
these systems can have significant effects on weight, wind actions and centre of gravity, it if important
to establish realistic relief rates and the system’s sizing criteria in the initial design phase.

Flafing from a floating~structure, particularly one that provides oil storage, requires th¢ following
spefial considerations:

— |The flare strtictures, vent stacks and booms should be designed for dynamic loading.

— |Flaring\can provide an ignition source in close proximity to a large volume of crude|oil and/or
hydroearbon vapour.

— |Export tanker loading operations can result in venting of hydrocarbon vapours relatively close to
the flare.

— For weathervaning structures, the orientation of the floating structure is dependent on the
combined wind and current actions, whereas only the wind affects dispersion of gas from a vent.
Gas dispersion from a vent should be analyzed for a range of possible floating structure orientations.

Safety concerns resulting from flaring near stored crude or export tanker are amplified by the limited
egress opportunities for personnel. When the flare tower is also used to support the inert gas venting
system for hull tanks, careful selection should be made of the venting point with respect to the possible
flare ignition source.
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17.2.9 Electrical systems

Electrical systems for marine systems of a floating production structure should conform to RCS rules
and national/international standards.

17.3 Import and export systems

17.3.1 General

In general, a floating structure imports produced fluids from subsea wells, surface wells, and/or other
nearby str{lCTUTes, and exports produced fiutds nto a fixed or mobile transportation medium, Such as
a pipeline pr tanker. In addition, solid and liquid materials, parts and supplies can be transported| to/
from the sructure.

The type, $ize, scope, and limitations of a system designed to export produced hydrocarbons from a
floating production structure generally depends upon the following basic considerationsor parameters:

— floatinlg structure size, type, production and discharge rate;
— type of export and transportation system;

— water fepth and site-specific metocean and ice conditions;
— hydrog¢arbon characteristics and operating pressure;

— scope and arrangement of other field facilities;

— space available and manoeuvring room at site;

— applicable regulations, codes and standards.

Operating philosophy generally drives the selectiomof the type of export system.

17.3.2 Riser functions

Risers are|fluid conduits between seatfloor equipment and surface facilities. Riser system integrity
includes bath fluid and pressure contaiiiment as well as structural and global stability.

Risers usually perform one or moreof the following specific functions:

— conveyance of fluids between the wells and the surface structure (i.e. production, injection or
circulgted fluids);

— import, export or’circulation of fluids between the surface structure and remote equipmenft or
pipelirfe systenis;

— guidar]ce/of drilling or workover tools and tubulars to and into the wells;

— support of auxiliary lines and umbilicals;
— other specialized functions such as well bore annulus access for monitoring of fluids injection.

Risers on floating structures cover the full range of production, injection, drilling, completion, workover
and exporting operations. Floating structures riser systems have additional requirements associated
with operating multiple risers of potentially different types in close proximity.

Design of the riser system itself is outside the scope of this document. See A.17.3.2 for a list of references
to standards and guidelines for riser system design.

Risers for importing produced fluids and/or exporting to pipelines are usually connected to some
point on the hull structure or turret (typical of ship-shaped structures), or to the deck (typical of semi-
submersibles and spars). Risers impose actions on the hull structure and can require local structures
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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

des

17.3

17.3

igner (see 9.8.6).
.3 Export systems

.3.1 General

Floating structure export systems generally comprise one, or a combination, of
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D storage is provided on the floating structure, the export system generally consists of

11d be given to pump and metering locations and provision of an adequate structural fo
port such equipment.

8.3.2 Pipeline export

bline export systems can consist of a pipeline either to adémote facility or to a nearby]
it. In the latter case, hydrocarbons are offloaded under lew pressure from the floating s

€ or more

bo pumps and a metering system. In the case of storage, the tanks are often-manifolded fo a central
\p room or, alternatively, individual pumps are provided within each tank (see'17.2.5). Copsideration
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xport tanker through a separate mooring and offloading system (normally a single poi
hected to the floating structure via risers and subsea pipelines. The offloading syst
ted at a suitable azimuth and at a sufficient distance away from the floating structure

approach, departure and weathervaning of.the export tanker when moored. A risk :
|1 be conducted to consider suitable mitigation measures to avoid collision between
ker and floating structure.

eparate offloading mooring system‘is-used where separation between the floating str
export tanker is important for safety reasons or in areas where space is too limited to
lem transfer.

ess the fluids are first transmitted to nearby booster pumping stations or compr
tment structures, the floating structure should have high pressure gas compression, gas
tment and high-presSure pumping facilities, to condition the produced fluids for export.

a turret-moored,weathervaning floating structure, a high-pressure swivel (sealed, rot
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17.3.3.3.1 General

Hydrocarbons can be transferred from the floating structure directly into trading tankers of
opportunity or into dedicated shuttle tankers and barges, for export or shuttling to onshore or offshore
terminals. Transfer can also be effected through a transfer line from the floating structure to an
unmanned buoy for subsequent transfer to the terminal by tanker.

Floating structure-to-tanker transfer can be accomplished using any one, or a combination, of the
following transfer schemes:

— alongside transfer (side-by-side) (see 17.3.3.3.3);

— tandem transfer (see 17.3.3.3.4);
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direct transfer (see 17.3.3.3.5).

These transfer schemes can use a flexible offloading hose arrangement, an above-water hose boom, or a
hard pipe swivel joint boom to transfer fluids to the offloading tanker. The flexible offloading hose can
be left floating in the water or stored on a reel or any similar arrangement when not in use. The method
of hose storage depends on the metocean conditions at a given location.

A dripless valve should be included as part of the system such that if quick disconnect is required no
resulting pollution should occur.

Automatic valves should be set-up to close at a speed that minimizes the dynamic shock to the system.
Also, it is ifiportant that good procedures and communications are developed between the oifloaqing
structure gnd the tanker to prevent inadvertent closing of valves.

17.3.3.3.2| Tanker stationkeeping systems
Key aspects of hydrocarbon offloading systems are the stationkeeping system to be used by the exrﬂ;(ort
tankers, arld the offloading system to export the hydrocarbons from the floating strtitture to the tanker.

Several op

Fions exist, to suit the various combinations of metocean and ice conditions and opera

fing

limitationd (see A.17.3.3.3.2).

17.3.3.3.3| Alongside transfer

An alongslde (side-by-side) transfer system consists of mooring’equipment to secure the tanker
alongside, fendering to prevent contact between the two hulls and a fluid transfer system using hgses
or mechanjcal loading arms. Consideration shall be given to lo¢ation of this equipment and associgted

local actions imposed on the hull. Limiting conditions for safeé@peration shall be specified in the MQM.

Excessive ¥
limitation {
following f

vave induced motions are a major cause of downtime for alongside transfer. The wave he
o allow safe mooring of a tanker alongside'a-floating structure can vary, depending upon
hctors:

ght
the

— type of floating production structure;

differgnces between floating production structure and export tanker sizes and hull shapes;

relative wind, wave and current(direction, speed and characteristics;
weathgrvaning capability of the floating structure;
adequicy of fenders and4inooring equipment;
transfer equipmentdesign;

manoduvrabilityof the export tanker;

limitir1g sea State for assisting tug operations.

Fenders used for alongside offloading should preferably be of a rubber, floating type filled with air or
foam. Fender handling equipment should be designed for the largest size and heaviest type fender to
be used. Floating structure hull strength in the fender area should be checked with respect to local
buckling and yielding. Both the floating structure and its stationkeeping system should be designed to
absorb the maximum mooring and impact actions caused by the export vessel, and at the same time,
allow the export vessel to safely clear all mooring lines.

Consideration should be given to making both the stationkeeping and fluid transfer systems capable of
rapid, remote safe disconnection in an emergency.
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17.3.3.3.4 Tandem transfer

Tandem transfer consists of a mooring hawser arrangement and a floating or suspended transfer hose
system. Mooring hawsers should be of suitable material and construction for the intended service and
should be manufactured and tested in accordance with appropriate standards (see A.17.3.3.3.4).

The maximum peak mooring force anticipated in service shall be used to size the hawser. The maximum
peak mooring force and set of metocean and ice conditions likely to cause such a force shall be clearly
specified in the MOM. An appropriate means of monitoring the hawser force should be provided in the
control room, along with a readout and warning of a high hawser force.

A s{iitable hawser termination and supporting structure shall be provided. The strength of the hawser
termnination and its supporting structure shall be greater than the breaking strength of the’hawser.

Profision shall be made for supporting the hose termination and any associated hose stotrage gquipment,
such as a hose reel or horizontal storage tray.

The actual limiting wave height for mooring and loading operations depends-tpon the following:
— |distance between floating structure and export vessel;
— |size of export vessel and floating structure;

— |crosswind and current conditions;

— |floating structure stationkeeping system configuration dnd stationkeeping capabilities (ffishtailing,
surge control);

— |manoeuvring space at the site;

— |export tanker stationkeeping capabilities;

— |stationkeeping support vessel bollard, pull;

— |degree of automation in the hawsef and offloading connection;
— |location of manifold hose connection;

— |ability of operations personnel to safely access connection/disconnection areas.

17.8.3.3.5 Direct transfer

Dir¢ct transfer ofhydrocarbons to DP shuttle tankers is effected by using a long loading hqgse without
a mporing hawser-between the shuttle tanker and the storage structure. The DP system on [the shuttle
tankers ensurées stationkeeping within a pre-defined sector during transfer operatiops. During
opejration, tanker heading is normally not directly towards the storage structure.

17.B4- 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.

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
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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
transport routes are being designed.

17.3.5 Lifting appliances

Lifting app

liances can be split into two main groups:

offsho
well as

a)

b) other lifting appliances used solely for lifts internally on the floating structure.

The follow
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areala

transp
is poss
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For furthej
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internally on the floating structure;

ng considerations apply:

nces (see A.17.3.5);

yout shall be designed to allow the use of relevant handling equipment/facilities;

ort routes should lead to a lay-down area or at least to.a point where pick-up by a deck cy
ible;

vn areas shall have adequate fenders to stop swinging lifts causing damage.

information on lifting, reference can be made to ISO 19902 and ISO 19901-6.
protection systems
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tion measures on a floating-structure consist of structural fire protection, firewater syste
xtinguishing systems and-alarms.
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uctural fire protection systems

r structural fire protection are either active (e.g. water spray) or passive (e.g. insulatio
1t caatings). In selecting a system, the following points shall be considered:

appliances should be designed to RCS rules or other recognized standardsfor offshore lift

, as

—e

ng

n;

ane

ms,
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1 O

ge for firewater runoff;

passive systems provide protection but need not represent a minimum weight solution;
requirements for access to structural components under passive coating system for inspection;

testing requirements for active systems.

17.4.3 Firewater systems

s’ for

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

98

the system inoperative.
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A minimum of two pumps, each capable of supplying 100 % firewater design capacity, with separate
sources of power should be provided, supplying a fire main fitted with isolation valves so that, if a
section fails, the failure can be isolated and the remainder of the system remains operational.

Other fire protection systems that can be supplied from the fire main include, but are not limited to
— foamsystems, typically installed to protect produced hydrocarbon storage areas and helicopter decks,
— aprocess deluge system, and

— active structural fire protection (water spray) systems.

When sizing the firewater system, all high-consequence fire risk scenarios shall be coisjdered and
the[system shall be sized to be capable of supplying all systems that would be required|to operate
simultaneously in any single fire risk scenario.

17.4.4 Fixed fire-extinguishing systems

Fix¢d fire-extinguishing systems are usually installed in machinery spaces;electrical equipment rooms
and| control stations. These systems include gaseous systems, sprinklet Systems, water mift systems,
foam systems and dry chemical systems, and can be manually actuated’ or automatically acfuated by a
fireldetection system.

RCY rules and applicable national/international standards‘)should be consulted for [fixed fire-
extinguishing systems for protection of the marine component of a floating structure.

Fixed fire-extinguishing systems for the industrial compenent of a floating structure (proceds facilities)
shall be provided to address hazards associated withthé process facilities in enclosed spaces|containing
profess equipment, process-related machinery, hydrecarbon storage areas, electrical equipment rooms
and other areas or spaces constituting a fire hazard.

17.4.5 Alarms

Flag and national administrations often have specific requirements for general alarm systems. In the
absgnce of specific requirements in RCS rules or equivalent, IMO requirements should be cohformed to
(se¢ A.17.4.5).

18|Stationkeeping systems

18.1 General

A flpating structure shall be provided with suitable means of keeping its position at the specific site of
intgnded opevation. These means typically consist of a stationkeeping system connecting the floating
strycturesphysically to the seabed, or a DP system whereby the floating structure is kept in position by
medns 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.

18.2 Mooring equipment

18.2.1 Winches

Most floating structures 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.
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The winch pulling power should be specified when designing the mooring system, based on the worst
allowable installation and/or adjustment weather conditions.

Mooring systems with fairleads should be capable of moving the chain/wire system sufficiently to
make critical inspection 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 suit the
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or starts rotating when a pre-set yaw moment is attained.

tion

Structures with heading control try to keep the bow into the waves to minimize the roll motion. An
important aspect of these structures is the need for redundancy in the thruster system.

18.3.2 Turret structure

The turret structures supporting the mooring lines shall be designed for the maximum combined
actions to which they can be subjected during service. The various situations to which mooring systems
can be subjected are described in ISO 19901-7.

Fatigue damage due to repetitive actions shall be assessed.
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Wave slamming effects shall be considered, where appropriate.

Suitable inspection methods shall be provided to allow inspection and maintenance of the turret
structure during its design service life.

18.3.3 Bearing system

18.3.3.1 General

The function of the bearing system is to transfer the forces between the turret and the hull. The
WOl }\1115 conditionsofthebear mgsystem dcpcud omrthe type of Systeny; butumtesstheturyet is of the
disqonnectable type, the system shall be designed for actions resulting from the ULS and)ALS design
situations, exposure to salt water and to ambient temperatures. If roller bearings areised, the bearing
shal]l be adequately protected from seawater ingress by a suitable sealing arrangemeént anpd suitable
lubrication arrangements. Contamination of the grease with dust should be expected.

18.8.3.2 Forces on the bearing system
The forces on a turret bearing system include, but are not limited to, the\foellowing action effects:
— |mooring line and riser actions;

— |buoyancy of the turret (varying with draught);

— |inertia of the turret due to floating structure accelerations;

— |weight of the turret (inclination due to roll and pifch to be considered);
— |global deformation of the structure;

— [friction-induced bearing and swivel torques;

— |hog/sag structure deflections resulting in moonpool ovalization;

— |effects due to entrapped water and added mass;

— |effects induced by assembly:tolerances and fabrication tolerances.

The bearing should be designed for the maximum combination of such actions as expected if service.

Locpl support structure’ shall be designed for maximum action effects and allowable defllections as
spefified by the bearing manufacturer.

Fatjgue damage-to bearings and local support structure due to repetitive actions shall be asgessed.

Bealrings.shall be designed according to an internationally recognized standard (see A.18.3.3).

18.8.3:3 Alternative bearing designs

A number of different bearing types are used. The most common are
a) roller bearings based on rollers in sealed grease-filled units,
b) roller systems based on rails and large-diameter steel “bogie” wheels,

c) sliding bearings based on low-friction pads on spring supports sliding against a machined stainless
steel surface.

On some turret systems, all the force is transmitted by one bearing while, on others, there are two,
an upper and a lower bearing, with the lower bearing typically transmitting horizontal forces only. In
some cases, the lower bearing, typically a rubber fender, is installed as a back-up for the mooring forces
experienced in extreme conditions.
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Where self-lubricating sliding bearings are used, expected wear rates and maximum total wear over
the design service life shall be assessed using appropriate test data.

18.3.3.4 Inspection, maintenance and repair

The bearing system is vital for the safety and functionality of a turret-moored floating structure.
Therefore, the bearing function shall be maintained during the life of the structure. Where possible,
access for inspection and maintenance shall be built into the systems. Alternatively, a monitoring
system shall be specified. In harsh metocean and ice conditions, the bearing system should be designed
with redundancy to secure the function of the turret (force transfer and structure rotation) in any
weather conrditions—Fhe—system—shotld-be-designed—tofaciitate—inspection,maintenanee—and—repair
activities at location, with a minimum of downtime.

18.3.4 Turning and locking systems

Some turré¢ts have a turning system for controlling the rotational position of the turretrelative to|the
floating structure. For naturally weathervaning structures with roller bearing systéms, the turping
system is ysually omitted. Generally, systems based on sliding bearings have a turret-turning systein to
avoid twisting the mooring lines and risers as the structure rotates to minimize the weather expospre.
The system can be based on hydraulic cylinders and grippers, a rack and pinioni system, etc.

The systerh performance is characterized by a turning force and a rotating velocity. The necesdary
force is defermined as the maximum calculated turning resistance-plus a safety factor. The necessity
for a redurldant system should be evaluated.

The necesdary turning velocity depends on the maximum required rotational speed of the structpre.
This is a function of the expected heading change rate of themetocean actions or ice actions. Normally,
a full rotatfion (360°) in one hour should be sufficient, but this shall be determined for each strucfure
based on afsite-specific analysis.

18.4 Disdonnectable structures

18.4.1 General

Disconnectable structures (see 5.3.8)-are a particular class of floating structures. In normal operatipns,
their behay¥iour is similar to that©f permanently moored structures. However, upon occurrence pf a
threshold ¢vent, a disconnectable\floating structure is capable of rapid disconnection from its ancillary
components (risers, moorings,etc.).

The rapid disconnection<allows the floating structure to move to a location where the metoceanp or
ice conditipns are less‘severe than those existing or forecast at the original location, protecting|the
structure and/or othér components (moorings, risers, etc.) from the extreme actions that would be
experienced, if the-platform remained connected.

18.4.2 Categorization

A structure shall not be categorized as disconnectable unless
a) areliable forecast or identification of the threshold event is technically and operationally feasible,

b) disconnection is part of the operating philosophy, and the process is clearly defined in the platform’s
MOM, and

c) sufficient time and resources exist to safely disconnect the platform after the occurrence or
detection of a threshold event.
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18.4.3 Threshold events

Threshold events are the following:

a)

the approach of a hazard (e.g. a tropical cyclonic storm, iceberg) whose intensity or

magnitude

exceeds predefined limits, and which might result in unacceptable consequences on one or more

platform components (moorings, risers, structure, etc.);

b) the measured value of one or more response parameters (motions, accelerations, tensions, etc.) for

the platform or for a key component (e.g. production riser) exceeds a predefined limit.
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hore general terms, the criteria for disconnection should represent/ayreasonable balan
ing the event limiting value too low (less onerous design situatiofi-but frequent disconn
high (more onerous design situation but less frequent disconne¢tions).

1.4 Operational mode

re are two distinct modes of operation:
connected mode (see 18.4.5);
disconnected mode (see 18.4.6).

fonnection can involve complete disconnection of the structure from the riser syste

onnection process is critical to.ensure that the floating structure does not experie
beding pre-set limits. A safe and reliable operating procedure based on a risk assessn
Jocumented in the MOM. This procedure should be periodically tested and witnessed
finuous safety and reliability-of the system.

1.5 Connected mode

1.5.1 General

he connected'mode, the actions used in the design of the structure and other platform c

threshold event. Threshold event data should include directionality information.

The

mooring system, where applicable, creating two independent systems. The dependarb}
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icanes, can
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ibed limits.
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bmponents

1ld be derived from metocean and/or ice parameters at least as severe as those that characterize

operating procedure should ensure disconnection so that the threshold actions are not ¢

bxceeded.

Production operations should be timely suspended ahead of the disconnection sequence to minimize

env

ironmental risk.

The details of the production suspension process should be included in the disconnection procedure.

18.4.5.2 Design criteria

For type a) threshold events, a watch circle should be defined that allows sufficient time to react to
approaching hazards. The actions to be taken to disconnect (planned or emergency) should be based on
the amount of time available to react to changing conditions. Recurring risk analyses during operation
should be performed to ensure possible scenarios regarding the impact of an event are considered. In
this case, the structure and other platform systems (risers, moorings, etc.) shall be designed for the
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restricted ULS (R-ULS) design situation associated with the structure remaining connected. This
design situation relates to conditions either just below those associated with the threshold event or
those for an event which does not provide the opportunity for disconnection (e.g. sudden hurricane).

For type b) threshold events, a feedback system monitoring responses of vulnerable components can
be used, in conjunction with other operating parameters, as the trigger for the disconnection sequence.
The procedures shall be clearly defined in the MOM. In this case, the design situation is determined
by the conditions that result in the maximum allowable utilization. Once this maximum is reached,
disconnection is effected.

For ship-shaped structures, riser and/or stationkeeping systems are typically the limiting components

in the conn
current va
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ues and associated headings.

should be developed to define the threshold event(s) that forms the basistof the floa
lesign in the connected mode.

sconnected mode
integrity and stability depend on the type of platform under consideration.

ULS and ALS (abnormal) design situations for the site:

onnected mode, a structure (with or without oil storage) with self-propulsion (e.g. a F
converted tanker) shall conform to the requirements prescribed in the relevant documg
.2,

without propulsion (with or without storage) shall conform, as a minimum, to requiremg

Hisconnection should be accounted for.

'vice inspection, monitoring and maintenance

bral

defines theqegquirements for structural integrity management of floating structures.

and

ould fully describe the limits of operation. A rosette of the combined riser and statiohkeeping

[ing

pating structure is disconnected, the requirements for the behaviour of the structure and its

hall

pPSO
bnts

ents

E platforms that provide storage,\the effects of sloshing due to the cargo and other liqliids

The extent|of structure covered by these requirements includes the following:

a) the mdin structure, which can conveniently be divided into three zones — atmospheric, splash pnd
submejrged — bearing in mind that draught changes can occur for many floating structures;

b) all structural attachments, such as turrets, helidecks, flares, cranes and process decks, and their
interfaces with the main structure;

c) structural interfaces between main structure and riser system;

d) non-structural attachments, i.e. any structural component that interfaces with the main structure
and/or structural attachments whose deterioration can be detrimental to the integrity of the
structure to which it is attached, including appurtenances and their connections (e.g. anodes or
hydrophones);

e) CP systems.
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Other major components of a floating platform (mooring systems, lifting equipment, riser systems, etc.)
should also be subject to a similar regime of structural integrity management as that proposed here for

the

hull structure.

19.2 Structural integrity management system philosophies

19.2.1 General

Structural integrity shall be managed through a structural integrity management (SIM) system. The
purpose of the SIM system is to provide a formal process for ensuring the integrity of the structure

thrpughout its intended design service life on a fit-for-service basis.
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owner shall be the responsible for the effective implementation of a SIM systeni.thro
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results of inspection, monitoring and maintenance programmes, upgrades and modific
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owner shall ensure that suitable arrangements are in place for monitoring and main
grity of a floating structure throughout its life cycle. Suchjarrangements include the folld

planned maintenance and inspection of the structure;

periodic assessment taking account of conditions\itl relation to original design expectat
assessment of damage or suspected damage;

arrangements for repair work in the event of damage or deterioration.

odic assessments should reflect .current good practice and incorporate advances in
changes in risk level, as appropridate. The frequency, scope and methods of inspectior
icient to provide assurance,,in conjunction with associated assessments, that the integ
lcture is being maintained.

lementation of a SIM system can benefit significantly from the effective design for

ughout the

ime of the structure. Typically, the designer initiates the specification and devélopment of the
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roaches to dealifig with structural integrity management vary depending upon fiel
loating strueture and sophistication of local infrastructure. In turn, these factors ca
philosophical approach to the specification of a SIM system, which can vary from on
hasis on the use of monitoring equipment to one with a preference for the exten;
ections. Irrespective of the philosophy, the resulting SIM system shall aim to maintain tH
hestructure throughout its design service life.
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The SIM process, as illustrated in Figure 1, consists of four primary elements which are implemented as
a continuous cyclic process:

a) database development and data acquisition;
b) evaluation;

c) planning;

d) implementation.

The activities within each stage are not necessarily mutually exclusive and overlap of activities between

the

©IS

various stages occurs.
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The process is based on an evaluation of the original design of the structure, inspection findings
throughout the life of a structure, damage found through inspection, overloading, and changes in
loading and/or use.

The results from the evaluation are used to develop and implement an effective long-term topsides and
underwater inspection strategy. The SIM process is further detailed in ISO 19901-9%).

Data

Evaluation

hnaged system
r archive and
trieval of SIM
ata and other

Planning

Evaluation of
structural integrity
and fitness for
purpose;

Implementation

Overall inspection
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strategy and
criteria for in-

Detailed werk:
scope for
inSpection

4ctivities and
offshore

development of

pertinent records
remedial actions

service inspection execution to

obtain quality data

Figure 1 — SIM process

National and regional regulations can require a SIM system to be*documented in a form suitable
verification or for review by a regulator.

19.2.2 Database development and data acquisition

The databdse shall consist of appropriate information-telating to the life cycle of the floating struct
such as theg following:

a) appropriate details of ownership, delegated authority, chains of command both onshore
onboard, operational procedures, emergency procedures, standby vessel arrangements, and of
information consistent with IMO requireéments;

b) detaild of the location (latitude, longitude, water depth), metocean details (wind, wave, current,
temperature, etc.), ice details, interpolated/extrapolated metocean and ice parameters for desig

c) design|information, including the BOD and premise, the standards to which it was designed
other gletails (calculatiens and drawings, corrosion allowances, etc.), ideally in electronic forr

for

Lire,

and
her

ide,
n;

and
nat;

areas, elements, components and other aspects of the design that were of concern to the designers

or neefled speciat-attention during design should be well documented for ready appreciation
easy agcess by.those developing and implementing the SIM system;

d) resulty of<any risk assessment, FE analysis, etc., in which integrity- and safety-critical elemg
have beémidentified;

and

bnts

e) fabrication records including drawings, material certificates (including cross-referencing to location
of the material within the structure), construction tolerances and coformity records, weld inspection

records (ultrasonic, x-ray, etc.), anomalies, defects, rectifications, repairs, baseline survey;

f) in-service data from inspection and monitoring programmes including environmental data,
addition (or removal) of equipment and facilities, and results of updated modelling and analysis;

g) for structures converted from other service, conversion records including structure surv

eys,

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) records, materials datasheets, etc.

1)  Under preparation. Stage at the time of publication: ISO/FDIS 19901-9:2019.
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Particular attention shall be paid to special areas, 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 project team and the operation team shall clearly identify
these locations, why they are critical (e.g. strength, fatigue, limited experience), whether or not they are
inspectable, and what the assumptions are for ensuring fitness-for-service (e.g. increased strength or
fatigue safety factors, load monitoring, inspection activities). Those special areas, where inspection or
monitoring is assumed to be the primary method for ensuring fitness-for-service, shall be designated a
structural critical inspection point (SCIP) and shall be included within the inspection plan. Interfaces
between major structural components and assemblies usually fall into the category of SCIPs (e.g.
erection butt welds, topsides supports).

The database shall be stored in a readily retrievable format. A master copy shall be kept ashore by the
owier. A copy shall be kept onboard, either complete, or as in accordance with the owner’s\policy with a

mirfimum of the key structural integrity information required by governing regulatoty age

19.2.3 Evaluation

EV:hluation shall involve risk assessment, detailed analysis (including FE“and cumulati
analyses), and other forms of assessment as necessary — either of the ovenall structure or p3
wheére damage has arisen or occurred, or of special areas as appropriate. It shall be floating
spefific and site-specific and be based on a fit-for-service philosoph¥x

Thg evaluation shall be performed annually, as a minimitum, and following accident
modlifications and reviews of inspection data, as necessary.“The review of inspection data s
the|data gathered, e.g. by general visual inspection, have béen reported, assessed, and incoj
the[database. The results of the evaluation shall subsequently be reviewed by the owner. Ar
alsq be performed following changes in ownership orregulations.

Risk-based inspection approaches can usuallysbe of considerable benefit in the evaluati
and| in the scheduling of inspections. Such approaches enable probabilities and risks to b
evaluated and related back to target values

Where a safety case regime is in effect-through applicable national regulations, such safetj
form part of the evaluation.

Evalluation shall consider contifwiing conformity with standards or RCS rules, as appropriat
regplations also apply, where-they exist. If any of these regulations change during the struy
cycle, consideration shall-begiven to any appropriate corrective action.

In fhe case of a major-conversion, typically involving a change of functionality or repls
addjition of new topsides modules, or even a complete mission change of the whole structure
of the structureds-subject to the national regulations in effect at the time of the conversion.

.2.4 Planning

cies.

ye damage
rts thereof
structure-

s, repairs,
hall ensure
porated in
pview shall

bn process
b explicitly

y Cases can

e. National
cture’s life

jcement or
the design

ented as a

iZzed. Failure

mechanlsms deterloratlon rates and the consequences of fallure shall be Con51dered to determine the
methods, frequency and scope of inspections, and possible repair and change-out procedures.

A “walk-through survey” can often assist in the pre-planning stage. This helps identify departures from
the as-built drawings which shall be updated accordingly, locations for attachment points, etc.

It is important to identify and examine all damage situations for each floating structure system and
subsystem.

Some detailed aspects to be considered in the planning stage are discussed in 19
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19.2.5 Im

plementation

Implementation refers to the detailed execution of the processes, procedures and techniques identified
during planning and normally includes programmes concerned with inspections, maintenance and
monitoring, as well as identifying the need to effect repairs and/or change-outs.

Some detailed aspects to be considered in the implementation stage are discussed in 1

9.4.

Data gathered during this stage, as well as information issued during the planning stage, should be
incorporated into an update of the database. Update of the database should be undertaken at least once
per year, unless justification is presented to extend this period.

The propet
production
the proper
and assess

19.3 Plan

19.3.1 Ge

Structures
of safety, €
inspection

Appropriat
maintenan
systems sh

The insped
the design

Particular
of suspect
account log
inspection

19.3.2 Ing

19.3.2.1 (

Inspection
that origin
structure |

ties of crude oil can have an important influence on the structural performance of a flea
structure, particularly if modest-to-large quantities of crude oil are stored onboard. S
Lies of crude evolve as the field is depleted, the effects of these changes should be monita
bd throughout the life of the field.

ning considerations

neral

and structural connections, the failure of which would incur,serious consequences in res

monitoring and maintenance.

e requirements for underwater inspection shall bé incorporated into the inspection
Ce programme, as necessary. Methods of inspecting@nd maintaining the corrosion protec
ould be identified.

tion programme shall specify and describeall inspection activities to be undertaken du
service life of the structure.

httention shall be given to special areas, any known fabrication anomalies and defects, af
bd damage or deterioration, and yrepaired areas. The inspection schedule shall take
ations highlighted by service experience and the design assessment. The scope of struct
5 shall include inspection of'welds and parent material in critical areas.

pection categories

feneral

5 usually seek to identify symptoms and tell-tale signs that are evident on the surface
ate from, defects. In most cases, signs of damage are obvious before the integrity of
5 impajred; however, it should not be assumed that this is always the case.

ect
nvironmental or economic loss, shall be subject to particuar attention in the plannint of

[ing
nce
red

and
Fion

[ing

eas
nto
iral

and
the

There are {

wo)categories of inspections:

a)

scheduled inspections (see 19.3.2.2);

b) unscheduled inspections (see 19.3.2.3).

19.3.2.2 Scheduled inspections

Scheduled inspections are undertaken as a direct consequence of developing and implementing the
SIM system.

A baseline inspection shall be carried out and recorded before the structure leaves the fabrication yard
or before the structure is put into service. This shall establish the as-built condition of the structure. In
practice, much of the inspection can be performed when the structure is in its final stages of building,
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conversion or outfitting. Inspection conducted on-site can be limited to quantifying the effects of
installation.

Scheduled inspections shall be performed on a regular basis to monitor the condition of the structure
and are normally performed during the implementation stage of the SIM system. Scheduled inspections
basically aim to record departures of the structure from its condition at the time of the baseline 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.

indirectly
ils of such
details and

affgcted elements or components of the structure, shall be inspected to record the.detd
mo
infd

Fol%:wing the execution of modifications and/or repairs, they, together with any directly-o1

ifications and/or repairs and the effects on the structure. Such inspections shall record
rmation consistent with the requirements of the baseline inspection.

19.8.2.3 Unscheduled inspections

Uns
des

cheduled inspections occur as a result of an unexpected event (e.g. amraccident), exposurg to a near-

gn-level event (e.g. a hurricane) or a change in ownership or platformlocation.

—

All fccidents shall be assessed to identify appropriate inspection réquirements. The extent df structure
inspected shall be consistent with the severity of the accident.<This shall, as a minimum, |nclude the
strycture local to the contact or impact position as well as_those more remote sections of the entire
strycture liable to be directly or indirectly affected. This\xrequires recognition of the consdquences of
the[local and overall dynamic response of structures to'transient actions. Analysis can be n¢cessary to
identify the location and extent of such consequences.

5 occurred
mask some

blevant, be

In s
and
con
doc

pecial circumstances, emergency repairs are*necessary shortly after an accident ha
before any inspection has been conducted:"In these cases, the emergency repairs can
kequences of the accident or induce further damage. Such consequences shall, if r
umented, in addition to those arising from the accident itself.

Darpage can arise as a result of a flpating structure experiencing actions at, or near, the leyel of those

con|
eve
or g
the

Ac

sidered in the design, such as‘the passage of large waves and/or wind gusts. In the c
hts, an inspection shall be conducted to identify the location and extent of any possible dg
ther form of deterioratioen~Where damage is detected, an assessment shall be conducted
adequacy of the originaldesign models and update these as required.

hange of ownership-is likely to precipitate a revised approach to the way in which a §

hse of such
mage and/
to confirm

IM system

dat
estd

hbase is evaluated; planned and implemented. The new owner shall verify the existing condition and
\blish an apprepriate philosophy for inspection, maintenance and repair.

A change in.the location of a structure can lead to the conduct of a revised baseline inspectfion or part
thereof, In-such a case, the database shall be updated to reflect, primarily, changes to the ddtails of the

locdtien;.the metocean and ice data, and the metocean and ice parameters for design. This tl.fen usually
' ansit from

leac
the previous site. Both of these can result in alterations to the conclusions of the planning phase of the
SIM system.

19.4 Implementation issues

19.4.1 Personnel qualifications

All evaluations and the development and maintenance of the inspection strategy shall be performed by
an appropriately qualified team of personnel who are

— familiar with relevant information about the specific structures under consideration,

— knowledgeable about corrosion and erosion processes and prevention,
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— profes

experi

sionally competent in structural engineering, and

enced in offshore inspection tools and techniques.

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) qualifiled to relevant standards, and

b) trainedl, qualified and experienced in inspection and safe working procedures.

19.4.2 Equipment certification

Any equipment or measuring instruments used as part of a structural inspection and monitofing
system shgll be provided with current, valid calibration certificates, or a ready, means of confirnping
that they remain within acceptable calibration standards.

19.4.3 Ingpection programmes

The following types of inspections can be used when planniig and implementing inspection
programmegs, some of which could be performed underwater:

— GVI |general visual inspection;

— CVI  |close-up visual inspection;

— T™™ thickness measurements;

— WI weld inspection;

— FMD [flooded member detection;

— CP cathodic protection system inspection.

Each of the¢ inspection types isidescribed in A.19.4.3 together with some of the techniques and types
of equipmgnt that can be employed to perform them. The list of techniques and types of equipment is
not exhaudtive and the ewner may exploit other alternatives. The reliability, accuracy, precision and
tolerance df the systent;dncluding the operating personnel, shall be established.

When devdloping thetequirements for an inspection programme, an inspection at a general level shquld

initially be
discovered

specified (e.g. GVI compared with CVI, CVI compared with TM or WI). Should evidenc
during a general inspection that a more detailed type of inspection is needed, then the nj

e be
ore

detailed ty

naof IY\c'v\ﬂr'f‘r\n shal-be-performed—Eor-example—if-coatinabreakdownis-detected—dur
pe-eo—HSpecaon—Shar errormea—r o exapreH—EoathgBreakas aetectea

uting

a GVI, then a CVI and/or TM inspection should be performed immediately, to quantify whether the
breakdown has allowed the onset of corrosion and, if so, to what extent.

If an anomaly is discovered during an inspection,

— its extent and seriousness shall be quantified by a more detailed type of inspection, or

— its possible progressive spreading or intensifying shall be assessed by analysis within the SIM
system fit-for-service framework.
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19.4.4 Preparations for inspections

19.4.4.1 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

of
nec

ssary for exammatlonof platlng and framlng Stagmg, ropeattachment pomts (for ali
other safe forms of support are to be provided to enable access to all parts of tanks and\spa

to VI, TM and WI.

Sonpe floating platforms can adopt a particular draught or trim to make specificareas of t
critical structural details accessible for inspection, maintenance and repair.

Inspection of areas that are predominantly above water or in the splash zene can be undert
qui¢t sea conditions by providing moveable staging from which an inspector can apply the
type of inspection or measurement.

Sonpe areas of the hull, specific structural details and appurtenances and associated coati
submerged or in the splash zone throughout the design~service life and can only be

A

gas -free prlor to personnel entry Durlng 1nspect10ns they shall be monltored for pockets or emissions

emoved as
seiling) or
Ces subject

heir hull or

en during
propriate

1gs remain
inspected,

ntained or repaired by a ROV or diver, or by building astemporary cofferdam around ther.
safety reasons, the use of a ROV should be preferred to a diver intervention.

associated
rindows or

rational planning and preparation should be\carried out to ensure that all activities
h the intended inspection, maintenance or@epair can be performed within weather W
ricted time-slots consistent with other platform systems.

19.4.4.2 Cleaning

In preparation for inspections, spaces and surfaces should be sufficiently clean (removal of agcumulated
looge corrosion, scale, water, dirt; oil residues, etc.) to reveal corrosion, deformation, fractur¢s, damage,
or dther structural deterioration so that the extent of these can be correctly measured and recorded.
Cenpent and other bonded surface treatments shall be checked for adherence and removed if not sound
or where the condition-of-the plating beneath is in doubt.

b

build-up of
Lup of hard
before a CVI
or other similar inspection can be performed. Care should be taken to avoid damaging coatings where
they remain effective.

following
re coating

e inspection techniques require coating removal (e.g. MPI) necessitating reinstateme
inspection{Conhsequently, it can be advantageous to adopt techniques that do not req

Most types of inspections performed on floating structures can be implemented without removing or
damaging the coatings.

ROVs are generally capable of removing marine growth. Where divers are deployed as an alternative to,
or in conjunction with, ROVs, care shall be exercised to ensure that water intake systems are not in use
or activated when a diver is in the vicinity.
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19.4.5 Inspection results and actions

The records of all inspections shall be entered into the database (see 19.2.2). If deterioration or damage
is detected, an evaluation shall be performed to quantify the effect on the floating structure’s integrity.
If the deterioration or damage occurs in a special area, this should be reflected in the level of evaluation
performed. If such evaluation determines it to contain substantial corrosion, such an area should be

subjecttoi

ncreased CVI and TM as determined by the SIM system.

19.4.6 Maintenance programmes

Maintenan
system or

component under consideration. The supplier/manufacturer can be of considerable

in preparing an appropriate maintenance programme. In preparing maintenance programi

however, a
lead to pre
accordingl

19.4.7 M

Monitoring
of time an
of tension

A.19.4.3.

Techniques
and deteri
prevent fu
conjunctio

19.5 Minj

19.5.1 Ge|

For cases
inspection
These min
or equivald

ccount shall be taken of conditions under which the floating structure is operating-that
mature breakdown of the system or equipment, and contingency plans shall be develo
.

nitoring programmes

programmes can be used to help check the condition of a floating/structure over a pe
1 in the carrying out of day-to-day operations. They can be fully continuous, as in the
measuring devices for mooring lines, or discrete, as in most of the techniques discusse

have been, and are constantly being, developed that‘¢can monitor various forms of damnj
bration, and which alert the owner when advanced to a stage where action is require
rther progress. The results of such techniques(should be assessed on a regular basi
h with the database, to assist in the identification of significant deterioration.

mum requirements

neral

vhere a risk-based approachyhas not been pursued to determine locations and interval
5, this subclause specifies theminimum scope and periodicity of inspections to be perforn
mum requirements are(inténded to supplement those of any applicable standards, RCS r
nt, where in use.

For ship-shaped structureszand semi-submersibles, the requirements of this subclause are baseq

well-docun

For spars,
these mini

For innova

hented experiénces.

the equivalent experience base is less developed. In this case, the designer shall ensure
mum reqliirements remain adequate as the technology matures.

Live designs, engineering judgement and a degree of caution are necessary. Guidelines shg

fiod
use
d in

age
1 to

5 in

s of
ned.
1les

on

that

uld

be provide
evaluated.

H ta encourage operating pprcnnnp] tomake occurrence reportsso thatthese can bhe prop

rly

The following minimum requirements have been developed for floating structures with design service

lives in exc

ess of 10 years and which can move location and change owner.

19.5.2 Minimum inspection requirements for main structure

19.5.2.1 General

The general requirements as stated in 19.4.3 shall apply.
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Working within an overall asset integrity management framework, alternative inspection programmes
may be used, provided they can be shown to satisfy levels of safety equivalent to, or greater than, those
implied by the minimum requirements given in this subclause.

In general, when a detailed type of inspection is required to be performed due to evidence discovered
during a less detailed inspection, the more detailed type of inspection should be performed with at
least the same frequency as that of the more general inspection type. It can, however, be necessary
to perform more frequent inspections using the more detailed type of inspection to ensure that the
integrity of the structure is not compromised.

Table 6 specifies minimum requirements for the type of inspection and the frequency with which each
sha]l be performed for the main components of floating structures. Each of the inspection types is
disqussed further in 19.5.2.2 to 19.5.2.6.
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Table 6 — 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 struc- Atmospheric 1 100 — — — — — —
ture? Splash zone above
: 1 100 — — — — — —
water line
Splash zone below
water line and 2,5 100 — — — — — —1
submerged
Special areas — — 2,5 100 — — 2,5b 5(Qb
Interior structurea|Ballast tanks ¢ 1 20 5 — 15d — — —
Slop tanks 2,5 50 — — 5 - — —1
Oil storage cargo 25 50 25 50e 5 ) a
tanks
Storage tanks
exterior (fuel oil,
potable water, 5 100 o o o o o 1
lubrication oil)
Storage tanks
interior (fuel oil,
potable water, 15 100
lubrication oil)
Void spaces 5 100 — — 5f — — —1
Machinery spaces 1 100 — — 1f — — —1
Special areas — = 1 100 — — 2,5b 5Qp
CP system External — — 2,5 — 2,58 — — —
Internal — — 5 — — — — —
Any S_howmg sgbstan- 1h 100
tial corrosion
Key
I: inspection|interval (in years)
E: extent (pgrcentage) of inspéction
NOTE The ¢xtent appliesto'the total number of components, e.g. tanks.
a  Including girdersystiffeners, plating, attachments, appurtenances, openings, penetrations, vents and pipes.
b The profeduresraccording to 19.2.3 may be used to demonstrate longer intervals and/or lesser extents are accepthble
subject to thle requirement of 19.5.2.5.

¢ Ballast tamksareassumed totave asuitabtetrard coating; see A ts52t
d  More frequent intervals can be required where the coating breakdown is found.

e 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 Atdiscretion of owner.

&  Measure cathodic potential readings and check for fouling/damage.

h More frequently if reccommended by the owner.

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 is acceptable.
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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 document.

19.5.2.2 General visual inspection (GVI)

One of the main objectives of the GVI is to establish the condition of coatings. It is normally possible
as a result of a GVI to assess this without resorting to a CVI. The coating condition shall be graded as
follows.

Goqd: a condition with only minor spot rusting.

Faif:  a condition with local breakdown of the edges of stiffeners and weld connections and/or light
rusting over 20 % or more of areas under consideration, but less than as,defined foy poor
condition.

Poor:  acondition with general breakdown of coating over 20 %, or hard'scale at 10 % or rhore of the
areas under consideration.

If the coating is good, CVI and TM are not normally required. If the €oating is fair, considerafion should
be given to performing a CVI annually and TM every 5 years:, If-the coating is poor, a CVI shall be
performed annually, in addition to TM, if required by the ownér,

A G)VI can be effective in establishing the condition of coatings without resorting to a CVI. The coating
confdition shall be graded annually.

19.5.2.3 Close-up visual inspection (CVI)

Sperial areas (internal) or areas where the coating condition is poor shall be subject to CYI annually
unless more frequent inspections are recomimended by the designer or as a result of a special structural
ass¢ssment.

19.5.2.4 Thickness measurements (TM)

TM|shall be performed on all areas suspected of suffering substantial corrosion. They shopld also be
performed at the owner’s discretion where the coating condition is poor and, in any casg, at 5 year
intgrvals where the coating condition is fair.

19.5.2.5 Weld inSpections (WI)

Thq intervals-and extent of weld inspections required for special areas shall be critically evdluated and
established such that the probability that a critical structural defect can develop within the interval
beteen'inspections is minimized.

19.5:276Cathodic protectiom (€Pysystenmimspection

Sacrificial anodes should be examined for depletion and replaced if not in a satisfactory condition,
taking due account of inspection intervals. CP potential measurements can be used to demonstrate the
satisfactory performance of sacrificial anodes.

Impressed current system anodes and cathodes shall be checked for damage, fouling by marine growth
and carbonate deposits.

Any repairs or replacements to the CP system shall be recorded in the database.
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19.5.3 Minimum inspection requirements for structural and non-structural attachments

Table 7 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 7 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 7 — Inspection requirements for structural and non-structural attachments

Frequency of inspec-
. tion
Attachment Component Location years
GVI | CVI | TM | WI
Foundation — 1 — 5
Cranes
Pedestala — — — -
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
Hose-reel connec- | Foundation — 1 — 5
tion Striicture — 1 — | =
Ri . Foundation — 1 — 5
iser suppor
Process deck Foundation | — 1 — | —
support Structure — 2,5 — | =
Chain stoppers/ Structure — 2,5 — | =
table
Foundation — 1 — 5
Hawser reel
Structure — 2,5 — —
Drilling derrick Foundation | — 1 — | 5
support Structure — 1 — | —
) Foundation — 1 — 5
Tandem mooring
Structure — 1 — —
Foundation — 1 — 5
Breakwater ——— -
External — 2,5 2,5 | —
Non-structural
Internal — 5 — —
a  SeeA.19.5.3.

19.5.4 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 requirements of 19.2.3.
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19.5.5 Tank testing and watertightness

Tanks 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. When selecting tank test pressures,
consideration should be given to the possible effects of equipment or operation malfunction.

Testing may be waived by agreement of the owner if coatings remain intact and no significant thickness
reductions are found during inspection, unless structural modification to the tank has been performed.
With such agreement, lack of leakage during operational filling of adjacent tanks can be taken to
demonstrate watertight integrity.

Consideration should be given to the loaded condition of adjacent tanks when the test.hepd is to be
imposed. It is important to establish that the corresponding conditions were considered and checked
by tlhe designer. Caution is required, owing to the risk of damage arising during these tests.

For|other floating structures that do not store large quantities of product, thé watertight integrity of
tanks, bulkheads, hull and other compartments shall be verified by visual inspection. Areds of severe
corrosion shall be tested for watertightness, non-destructive tested or thickness gauged.

20(Assessment of existing floating structures

20.1 General

The various initiators that can lead to a requirementfor an existing structure to be asjsessed are
listed in 5.9.

Following the occurrence of an assessment initiatoer, the prime objective of an assessment if to ensure
that a floating structure can continue to operate safely. The assessment generally deals fith global
performance of the structure. If the structure does not pass the assessment, mitigation shall lpe effected.
Asspssment procedures are described in 20:2 and mitigation options are described in 20.3.

20.2 Assessment procedures

20.2.1 Scope of assessment

Thif subclause provides minimum requirements which apply generally to the assessment|of existing
flogting structures.

For| a disconnectable floating structure (e.g. a ship-shaped structure), post-disconn¢ction, the
reqpirements of. this subclause apply only to those parts of the platform exposed td the post-
dis¢onnected gonditions, e.g. risers, mooring buoys, spider buoys, or buoyant riser towers.

Floqting structures should be assessed individually as well as on an area-wide basis to determine if
they @re'high consequence structures, i.e. those which, in case of structural failure or majpr damage,
can atfectother parties either directly by the structure s faiture or imdirectty by disruption of the
structure’s operability (e.g. in the case of a hub platform). In the case of high consequence structures,
consideration should be given to exceeding the minimum acceptance criteria defined in 20.2.4.

20.2.2 Assessment conditions

The metocean and ice conditions to be used in an assessment shall be derived from a site-specific study
performed at the time of the assessment in accordance with the requirements of ISO 19901-1 and 9.2.2
of this document. If the original design metocean and ice conditions are known to still be applicable,
they may be used in place of those derived from a contemporary site-specific study.
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In some regions of the world, design metocean and ice conditions can change relatively significantly
over a short period of time (e.g. sudden hurricanes in the Gulf of Mexico). These shall be accounted for
particularly if they impact on the platform evacuation or disconnection strategy.

20.2.3 Assessment procedure

The structure to be considered is that of the as-is configuration. This shall account for all changes to
the structure since its original installation (e.g. additions or removal of payload, risers, etc.) and the
results of the most recent inspection(s) including hull, mooring system and other components to update
corrosion allowances and other assumptions used in the original design and accounting for damage to
key CompG lClltD do 1Iciioodl )’-

Actions dug to loss of air gap (e.g. wave in deck) and to green water, as appropriate, shall be included.

Using the [metocean and ice conditions of 20.2.2, verification of the structure shall be\performed.
This verifitation evaluates the consequences of changes in configuration and/or in metocean and ice
conditions|which can increase or decrease the actions on, or operating envelopes of/(oritical structyiral
components.

Acceptancg criteria are provided in 20.2.4.

20.2.4 Acfeptance criteria

If the asse§sment satisfies the requirements of 9.7, no further action.is'necessary.

If the assefsment does not satisfy the requirements of 9.7, mitigation measures (see 20.3) should be
adopted.

As an alternative to mitigation, a fitness-for-service approach may be implemented in which case|the
following rhinimum requirements shall be met.

a) The fldating stability of the structure (allowable’KG) is maintained in accordance with the apprgved
certifi¢ation criteria for all operating conditions in both the intact and damaged conditiong. In
partictilar, downflood points (e.g. access hatches and other points) should be checked for potential
water |ngress.

b) For copventionally-moored structures, the mooring system does not exceed its relevant limit sfate
for themaximum tension case inthe intact condition, or failure of one line does not lead to sequerjtial
failure| of one line after the other, otherwise known as system unzipping. Transient analysis may be
limited to the duration.ever which peak actions are maintained. All mooring interface hardware
remains within geomettic operating limits.

c¢) Primary structural:components required for structural integrity satisfy the requirements of{9.7.
Some ¢f these dre the deck to hull connection, truss to hard tank connections of a spar, and pontioon
to column cennections on a semi-submersible.

d) Pipelinésyand risers do not fail and all their interface hardware remains within geomdtric
operating limits.

e) No failure occurs at critical connections of major production and drilling modules to the structure.
Other key aspects include

— positioning of down-stop and up-stop of riser support systems (down-stop and up-stop are
mechanical/ structural components intended to limit the riser downstroke and upstroke), and

— high-stress low-cycle fatigue of critical structural elements, or mooring components;

Redistribution of stresses in secondary structure may be exploited provided buckling does not result
nor any allowable strain limits are exceeded.
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20.3 Mitigation

Following an assessment that does not satisfy the verification requirements of 9.7, mitigation typically
involves reducing actions on the structure, such as removing unused risers, or increasing the structure’s
strength. Mitigation can also include active programmes to minimize the consequence of damage or
failure, such as plugging and abandoning unused wells or removing inactive process equipment. Cost-
benefit analysis is typically used to assess mitigation options. The chosen option shall be demonstrated
to meet the assessment requirements.

Preventive mitigation can help extend the life of a structure or improve its chances of survival in a
design event.

Act]on reduction includes the following:

— |relocating or removing piping and other systems located below the lowest deck;

— |relocating or removing equipment on the lowest decks subject to wave or i¢e/actions;
— |removal of unused boat landings, walkways, stairs, barge bumpers, et¢:;

— |removal of unused wells and risers;

— |removal of process equipment, tankage or piping no longer_Cemployed to reduce sugface areas
exposed to wind and waves as well as permanent actions;

— |raising the deck(s) to prevent wave or ice actions on the deck;
— [laying down or removing a drilling rig ahead of a design metocean or ice event;

— |operational plans to reduce hydrocarbon or other liquid inventories prior to a design njetocean or
ice event.

Strgngthening should be based on specific.éngineering assessment of the structure and can fnclude the
follpwing:

— |improved tie-down of topsides structure and equipment;

— |strengthening members ortadding auxiliary bracing members;

— |strengthening of joints:

Actlvities that can minimize the consequences of damage or failure include the following:
— |relocating orremoving piping and other systems located below the lowest deck;

— |relocating or removing equipment on the lowest decks subject to wave or ice actions;

— |strengthening or shielding of piping, equipment and other systems located on the lowest decks from
potential damage due to wave or ice actions;

— plugging and abandoning unused wells;
— reducing hydrocarbon and/or chemical inventories on the facility;

— providing alternative means of production if a platform is damaged or destroyed, such as pre-
planning for alternative export lines, emergency jumper lines to undamaged platforms, etc.

A continuous mitigation process should be considered even for structures where assessment is not
required. For floating structures, a significant portion of downtime following an extreme or abnormal
metocean or ice event results from damage to structures and systems that do not affect the structure’s
global strength. Examples include damage to topsides safety equipment and systems, especially
on lower decks subject to wave or ice actions, and toppled deck equipment due to a combination of
inadequate securing and high winds. Following evacuation in advance of an extreme metocean or ice
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event, such damage can give rise to safety hazards when the structure is re-boarded as well as result in

significant

repair, downtime, and economic consequences.

21 Other hulls

21.1 General

This clause covers the design of types of floating structures not specifically covered by Clauses 11 to 14.
The stationkeeping systems for such floating structures are covered by Clause 18 and ISO 19901-7.
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Annex A
(informative)

Additional information and guidance

A.1—Scoepe

Figuires A.1, A.2, A.3 and A.4 show typical examples of the types of floating structures-cove

doc

Lument.

RCY rules and equivalent national documents are frequently referenced throughout this

Refi

included in this annex. References [4], [18], [21], [41], [53], [62], [63], [69], [0}, [71], [78] and
a gqod basis for the overall planning, design and operation of floating offshore structures.

NOTE Citation of these references does not constitute an endorsement of all the m
recqmmendations contained therein. It is therefore advisable to verify with RCS the latest versions
rulgs. The references listed could be completely or partly supersededhy newer or other rules.

Requirements for floating structures intended primarily to‘perform drilling and/or well iy
opefrations (often referred to as MODUs), even when usedforextended well test operations, are
the [MO MODU Codel114] and RCS rules, for example References [17], [53], [110] and [138]. Requirements
for floating structures used for offshore constructien operations, for temporary or permane
livihg quarters, or for transport of equipment or products, can be found in RCS rules.

For|concrete structures, see ISO 19903[136],

For| floating structures intended to ‘@perate in arctic environments, this document

sup

lemented by ISO 19906 or other-suiitable standards.
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Figure A.1 — Ship-shaped floating structure
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Figure A.2 — Semi-submersible floating structure
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All elevations are in mm
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a) Outboard profile
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Key

1 chainjack (typ.) 8 tubular (typ.)

2 spardeck 8- EL. 227360 9  deck 2A - EL. 13600
3 strake (typ.) 10 deck 2- EL. 7500

4  fairlead (typ.) 11 deck1-EL.0

5 deck3-EL. 138620 12 MWLEL. 210596

6  mooring chain (typ.) 13 truss leg (typ.)

7  heave plate (typ.)

Figure A.3 — Spar floating structure

6
Key
1  procesgdeck 4 hull
2 main dé¢ck 5  water level
3  topsides 6  damping skirt

Figure A.4 — Shallow-draught cylindrical structure

A.2 Normative references

No guidance is offered.

A.3 Terms and definitions

No guidance is offered.

A.4 Symbols and abbreviated terms

No guidance is offered.
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A.5 Overall considerations

A.5.1 General

In general, the functional requirements for floating offshore structures are identical to those for
other offshore structures. For tension leg platform (TLP) requirements, reference can be made to
API RP 2TI23].

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
rem i i

In those cases where produced oil is exported by pipeline, limited oil storage is provided on the floating
strycture. The storage is generally accommodated in the process system as additionfal residlence time,
or in additional surge vessels. If, on the other hand, oil export through a pipeline.is not planned or
avajlable, a considerable volume of oil storage is generally required to allow export by shutftle tankers
or barges. In such cases, the storage capacity is usually provided aboardythe floating| structure.
Altérnatively, storage capacity can be provided on the export tankers or barges. In this case,[inability of
the[export vessel to accept the produced crude would result in a forcedproduction shutdoyn unless a
backup redundant shuttle/storage vessel is provided.

A.5l2 Safety requirements

The intent of robust design is to verify adequate marginstin ‘maintaining stationkeeping,|structural
intdgrity, floating stability and avoiding loss of fluid contaiiiment. Key considerations are th¢ following:

a) |degradation of floating stability through compartment flooding or other causes;
b) |positioning of down-stop and up-stop of riser'support systems;
c) |capacity and ductility of key riser components;

d) |mooring line safety factors, and thetcapacity of key mooring components as well as the capacity
and ductility of their support structures;

e) |adequacy of key structuralicomponents, such as: deck to hull connection, truss to[hard tank
connections on a spar, orypontoon to column connections on a semi-submersible.

In general, floating structures should be designed so that the arrangement and separation of
varjous spaces, particularly living quarters, relative to oil storage tanks, are in accordance with
IMQ SOLAS regulations[115]. The placement of machinery spaces above oil storage tanks may be
accgpted, on condition that an equivalent level of separation and protection is provided.

RCY rules or-equivalent define areas or compartments of floating structures as “hazardous areas”
accprdingste “their proximity to equipment, pipes or tanks containing certain flammaple liquids
and| depending on whether or not these fluids are at temperatures approaching or exce¢ding their
flashpoints. Reference [66] describes safety principles and arrangements.

Guidance on the conduct of formal risk assessments can be found in References [13], [64], [105] and [147].

On oil tankers, the main hazardous area extends over the cargo tank area up to a height of between
2,4 m and 3,0 m above the main deck. Hazardous areas also exist around tank vent outlets and any
other areas connected with the loading or discharge of cargo. On ship-shaped structure platforms the
process equipment is accommodated on a deck structure constructed at a height of at least 3,0 m above
the cargo/upper deck.
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A.5.3 Planning requirements

A.5.3.1 General

Structural integrity and serviceability throughout the structure’s life cycle are not simply functions
of the design calculations but are also dependent on the quality control exercised in construction, the
supervision on-site and the way the structure is used and maintained.

A.5.3.2 Exposure level

No guidan

A5.33 B

No guidand

A534 D

No guidand

A.5.3.5 I

No guidand

A5.3.6 D

No guidangd

A5.3.7 E
Examples

a) Plane
shore f

Tisoffered:

asis of design

e is offered.

esign practices

e is offered.

hspection and maintenance philosophy

e is offered.

ocumentation

e is offered.

xtreme weather preparedness
f extreme weather preparedness are'given below:

acuation of platforms that are‘at greater risk of failure and those that are furthest
irst. Begin evacuation of non:essential personnel early.

b) Gives

from

ecial consideration to evacuation planning for platforms located where rapidly developing

extrenje weather conditions\(€.g. sudden hurricanes) occur at short notice, including evacuagion
of neafby structures expected to safely survive conditions in excess of the event. Pay spdcial
consideration to the logistics and safety of the evacuation operation and to securing the platfprm

agains

c) Begin
down,

d) Securs

t spill potentidl,

securing.€quipment and control panels, reducing liquid inventories, etc.

leose objects and equipment that can become airborne projectiles. Store movable equip

preparing-structure operations for safe shut-in as early as possible, including system pymp

nrent

in safe

Trer oy o oo

e) Develop advance plans for post-adverse weather access to the structure in cases where normal
access and safety systems, such as boat landings, walkways, power, etc., are not necessarily
available or functional due to damage.

f) Establish guidelines for safe re-boarding of a damaged structure, with minimum acceptance
criteria for platform access and egress.

A.5.3.8 Disconnectable floating platforms

No guidance is offered.
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A.5.4 Additional standards and specifications

No guidance is offered.

A.5.5 General requirements

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 ¢th

foll
a)

b)

d)

f)

g)

h)

1 h) | rolalo JdicC et Jd <l 111 A | N | ol C o
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pwing.
Site-specific environment

For floating structures, strength standards set by RCSs are based on criteria relating
wide trading pattern.

Dynamic actions characteristics

The actions on the hull of a floating structure are substantiallyx different from those
with seagoing trading ships, see Reference [14].

Effect of mooring system

Static and dynamic mooring and riser forces can be substantial, and their effects on the
longitudinal bending moments and shear forces should be accounted for in the design c3

Long-term service at a fixed location

Seagoing ships generally spend a proportion of their time in sheltered water
Permanently moored structures normally remain on station all the time and disc
structures only move off station in ceftain conditions and generally remain in the lo
addition, the expectation of the field’life can be in excess of 20 years.

Seas approaching from a prédominant direction

For seagoing ships, in severe weather steps are generally taken to minimize the effe
conditions, such as altering course or alternative routing. Moored permanent structure
cannot take such evasive actions, and even those with weathervaning capability can e3
greater proportion-of waves approaching from bow sector directions.

Zero ship speed

Although moored structures generally have zero forward speed, the use of zero forwaj
calculations where forward speed is a parameter is not necessarily conservative when
theeffect of such calculations on a moored structure.

cluding the

o a world-

associated

hull girder
Iculations.

conditions.
pnnectable
al area. In

cts of such
s generally
[perience a

d speed in
estimating

Range of operating loading conditions

Seagoing tankers have a limited range of operational conditions and are typically fully laden or
in-ballast. Many types of moored platforms, in consideration of their oil storage capability, should
be checked for a number of design situations. These can include a full range, from ballast through

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 moored

structures are usually inspected on station. Thus a full range of design situations

should be

verified, covering each tank (or combinations of tanks) empty in turn, in combination with site-

specific metocean and ice actions.
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Change in return period from normal RCS rules

Typical RCS rules for ships are based on providing adequate safety margins against events with a
20-year return period. This document 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 can be obtained by a combination of the following

measures:

reduct

a)
b) reduct

The use of
a structurg
obtaining s

makin

avoidil
plates

avoidil

ion of the probability of damage to an acceptable level;
ion of the consequences of damage to an acceptable level.

Huctile materials leads to a structure that does not collapse suddenly, because ductility all
to redistribute internal forces and thus absorb more energy prior to failurg. Measureg
tructural ductility include

b the strength of connections greater than the strength of the membérs,

providing redundancy in the structure, so that alternate load redistribution paths can be develo}

1g dependence on energy absorption in slender struts andrsslender unstiffened and stiffe
hnd shells with limited degrees of post-buckling reservedétréngth,

g pronounced weak sections and abrupt changes in‘strength or stiffness, and

using materials that are ductile in the operating tempetature range.

esign criteria

e is offered.

ydrostatic stability and compartmentation

e is offered.

yeight control

the implementatiet of mass distribution verification are given in ISO 19901-5[135],

lobal response

e is offered.

DWS
for

bed,

ned

A5.53 D
No guidangd
A5.54 H
No guidan
A5.5.5 V
Details on
A5.5.6 G
No guidangd
A5.5.7 S

fonkeeni

Specific requirements and guidance on stationkeeping systems can be found in ISO 19901-7

A.5.5.8 Materials

Guidance on materials can be found in RCS rules, for example Reference [67].

A.5.5.9 Topsides layout - safety considerations

Guidance on topsides arrangements and layout can be found in RCS rules as well as in ISO 19901-3.
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A.5.6 Independent verification

General requirements in respect of quality control are stated in ISO 19900.

A.5.7 Analytical tools

When the global analytical model does not take account (or full account) of local action effects, or the
global analytical model does not contain sufficient detail to analyze a certain response to the required
accuracy, local detailed analytical models should be established to evaluate local structural response.
Such a case normally applies to hull tank arrangements in structures with a relatively deep draught,

thMMMWMMMCTMMHOHS
of ipternal and external pressure actions. Combined responses from various action combipations are

then normally developed by linear superposition of the individual action effects.

It i§normally not practical to consider all relevant actions (both global and local) ih.a singld model, for
thelfollowing reasons, among others:

— |Single model solutions do not normally contain sufficient structural detailing, e.g. for UL structural
assessment, response down to the level of the stress in plate fields between stiffeners {s normally
required.

EXAMPLE Internal structure not modelled in sufficient detail to\establish internal structugal response
to the degree of accuracy required, or insufficient element type, shape or fineness (e.g. mesh siz¢).

— |Single model solutions do not normally account for the fdll range of internal and external pressure
combinations.

EXAMPLE Internal tank pressure up to the maximum design pressure, maximum externgl pressures,
full extent of internal and external pressure combinations.

— |Variations in tank actions across the sectionrof the structure.

EXAMPLE Where the structural settion is subdivided into a number of watertight compartments
across its section.

— |Design situations that need not'be covered by global analysis.
EXAMPLE Damage, inclined conditions.
— |Single model solutions de not normally account for the full range of “global” tank loading fonditions.

EXAMPLE Tankdoading distributions along the length of the floating structure, asympmetric tank
actions.

— |Single modelsolutions need not fully account for all action effects.

EXAMPLE Viscous effects (drag actions) on slender members, riser interface actions apd thruster
actions:

kY

Genlers single model solutions containing sufficient detail to include consideration of a1l 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 analyze different action effects utilizing a number of
appropriate models and superimposing the responses from one model with the responses from another

to assess the total utilization of the structure.

In order to satisfy formulae 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.

A.5.8 In-service inspection and maintenance

See A.19.4.3 for further information on inspection programmes.
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sessment, re-use and life extension

No guidance is offered.

A.6 Bas

ic design requirements

A.6.1 General

The general principles on which requirements for the structural design of offshore platforms are based

are docum

ented in ISO 19900.

A.6.2 LilLit states

Examples

flimit states are documented in ISO 19900.

A.6.3 Design situations

A.6.3.1 (eneral

Design situations should be determined in accordance with ISO 19900 arid with the requirementfs of

ISO 199014L.

Aspects to

be considered in determining design situations include the following:

— servic¢ requirements for the intended function of the floating structure;

— design|service life for each function;

— metho

1l and duration of construction activities;

— expectled method of removal of the structurexand, where applicable, any intended relocation;

— hazards (accidental and abnormal events).to which the structure can be exposed during its de$

service life;

— potentjial consequences of partialor'complete structural failure;

— naturg and severity of environmental conditions (meteorological, oceanographic and ac

geolog

ical processes) to he.expected during its construction and design service life.

A.6.3.2 ULS situations

When acti

dpns act simiiltaneously, representative values may be determined based upon considera

of the joint probability of the events. Design values of representative metocean actions and ice act

should always¢be established with the intention to result in the MPM (or minimum) action effect

the limit stfateyunder consideration. Different design situations can give rise to the most onerous ac
effects for different components in the Structure.

A.6.3.3 S

— e

gn

tive

[ion
ons

for
[ion

LS situations

No guidance is offered.

A.6.34 F

LS situations

No guidance is offered.

A.6.3.5 ALS situations

No guidance is offered.
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3.6 Temporary phases

temporary phase conditions, the reduction of the return period applicable for establishing the

metocean actions or ice actions may normally be taken as follows.

a)

b)

For operations with a duration no greater than 3 days, design conditions should be established such
that the temporary operation is not initiated unless reliable weather forecasts provide adequate
assurance that the limiting metocean or ice design conditions will not be exceeded.

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 conditions should be established such

Thd

that the temporary operation is not initiated unless reliable weather forecasts provide adequate
assurance that the limiting metocean design criteria or ice design criteria will not be €xceeded. In
such cases, the operation should be discontinued if the weather forecasts indicate'metdcean or ice
conditions in excess of those established as design conditions.

For operations with a duration greater than 3 days, but where the operation does ot involve
risk of life, injury to personnel, or significant environmental consequénces, a minimum of a one
year return period should be used as the metocean or ice design condition. This condition may
take account of seasonal effects but should normally not be taken-as’being less than a fwo-month
seasonal span.

structure, supported during construction by keel and bottam blocks on the dock floor, is generally

laumnched by controlled flooding of the dock. During thé mndocking operation, critidal aspects

reg
gen

displacement.

Gui

A.7

A.7)
ISO

con
life
A.7

Per

hirding the actions on blocks and the structure are difficult to predict. Accordingly, apalyses are
erally limited to the evaluation of the stability of thestructure, which can be critical duelto the light

Hance on marine operations is given in ISO 19901-6.

Actions and action effects

.1 General

19900 contains general prihciples governing the definitions of actions, action effects [and action
binations that can influerice'the safety of a floating structure or its parts throughout the structure’s
cycle.

.2 Permanentactions (G)
manent actions\generally include, but are not limited to the following:
self weight'of structures;

weight of topsides permanent fixtures and functional equipment;

wiotaht afnormanant hallact and Aot At
werghterpermanentoaasStahae geHpenRt 5

deformations imposed during construction;

deformations due to differential support settlement during fabrication;
actions resulting from distortions due to welding;

actions resulting from external hydrostatic pressure;

pre-tension in mooring lines, if of a permanent nature.

Control and monitoring of the mass and centre of gravity of offshore structures is discussed in

ISO

19901-5[135].
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3 Variable actions (Q)

Variable actions generally include, but are not limited to the following:

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, e
actions associated with drilling operations;

self weight of temporary structures and equipment;

tc);

action$ associated with stored materials, equipment, gas, fluids and fluid pressure;
actiong associated with loadout, transportation, offloading, installation operations, etc.;
action$ from fendering and mooring;

actions from variable cargo, ballast and equipment;

deformpations due to global bending of the hull;

all moying actions such as for movable drilling derricks;

deformpations due to changes in temperature (including sea and airtemperatures).

In the absdnce of specific requirements, the local design action intensities stated in Table A.1 (adap
from NORYOK N-003[144]) may be used in the structural design.efthe deck of a floating platform. L

action effe

action effe¢ts for the structural components in question.
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"ts resulting from these action intensities should bez’combined with the corresponding glpbal

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=6c5b979ec670a44530e39c9dd642a815

1ISO 19904-1:2019(E)

Table A.1 — Minimum local action intensities for decks

Local designa Factor to be applied to distributed
action for:
Area Distributed Point action
action Primary designb| Global designc
kN/m?2 kN
Storage area q 1,5¢q 1,0 1,0
Laydown area q 1,59 f f
Lifehoat pl:\ffnr'm 90 90 10 d
Arda between equipment 50 5,0 f d
Walkway, staircase and platform 4.0 4,0 d
R T e I d
aRr(:c iz;;;eiis;lr)lllg for inspection 1,0 2,0 00 d

Wh|

Poi
acti]

For

Har

a
b

C

rep
stry
stall

d

to be evaluated for each case as follows:
storage areas for cement or wet or dry mud should be 13 kN/m2 or pgH, whichéver is the larger,

where

E the mass density (in kg/m3),

i§ the acceleration due to gravity (m/s2), and

ik the storage height (m);

laydown areas are not normally designed for less than'#s kN/m?2.

f igequal to either 1,0 or (0,5 + 3/A0,5), whichever is the'smaller, where 4 is the action area, expressed in squa

ons or distributed actions.

actions on floors in accommodatien‘and office sections, see ISO 2103[119],
drails should be designed for1,5’kN/m, acting horizontally.

Design of deck plates and stiffeners.

Design of deck beam$.and beam columns.

Design of deck main structure (and substructure). Global action cases should be established based upon
Fesentative vafiable action combinations, conforming to the limiting global criteria to the structure.
ctures, theseCriteria are established by requirements to the floating position in still water, and intact
ility requirements, as documented in the MOM, considering variable actions on the deck and in tanks.

May be"ignored.

bel actions are to be added to distributed actiens’'where relevant (wheel actions can normally be considerjed acting on
an drea of 300 mm x 300 mm).

it actions are to be applied on an area~100 mm x 100 mm, and at the most severe position, but not added to wheel

e metres.

worst case”,
For buoyant
and damage

A.7

A h : ol Vi L)
T LIIVIIUIIIITIIUAL dUCUUILS (Le)

A.7.4.1 General

Environmental actions include, but are not limited to, actions caused by the following:

wind;
waves;

currents;

marine growth, snow and accumulated ice acting in conjunction with other metocean actions, and

their effects on variable actions;
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ice she

ets or floes;

— temperatures (including effects on material properties);

earthq

uakes.

If special circumstances require consideration of seismic actions, reference should be made to
1SO 19901-2[134].

An in-depth presentation of actions on general structural types is given in EN 1991[93].

A.7.4.2
Metocean §

Global circ
major oce
features
months or
of fluids h3

Marine gr
plants, ani
oceanogra

The specifi

A743 V

For ship-sl
coefficient

Consideratj
ISO 19901-

A744 (C

For ship-sh
OCIMF Pre

A7.45 W

A.7.4.51

Wave actions cairriormally be determined using either a deterministic or a stochastic description of]

waves. For

Environmental Site-speclIic data

:fed from loop or other major circulation currents. Eddy currents can-persist for sev|

tatistics and characteristics are described in ISO 19901-1.

ulation currents are driven by large-scale global effects. Loop currents are associated v
current circulation patterns, e.g. Gulf of Mexico loop current. Eddy currents\are circulaf

more. Internal waves are propagating waves that can occur at the interface between laj
ving different densities.

bwth is a common designation for surface growth on offshore structures, caused
mals and bacteria. The marine growth characteristics are governed by the biological
bhic conditions at the actual site.

c gravity of marine growth is in the range of 1,0 to 1,4,\depending on the type of organisi

Vind actions

haped structures that are similar in profile*to very large crude carriers (VLCCs), W
5 can be taken from Reference [151],

ion should also be given to wind-sensitive topsides structures, such as flare towers; see
3.

urrent actions

aped structures that are similar in profile to VLCCs, current coefficients can be taken f
diction of Wind and Current Loads on VLCCs[151].

yave actions

General

application to floating structures, f1rst and higher-order perturbation theories are gener

vith
ory
bral
rers

by
and

ind

hlso

fom

the
ally

cvibathao vazaza loin an o racult IALAYIA 2

used to des

03 1 filoc o tionc
CrroCtrrcvvayv cISrrrcrrracrcy oo 1 pounblxxs vVwav Cc actTtrorrss

Examples of local hydrodynamic instabilities are the following:

— vortex

— gallopi

A.7.4.5.2

shedding on slender components;

ng effects on non-circular slender elements.

Actions on large-volume bodies

No guidance is offered.

134
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A.7.4.5.3 Actions on slender components

Additional guidance on the choice of the appropriate values for the drag and inertia coefficients is
provided in ISO 19902, RCS rules and similar guidelines.

This document is not sufficiently detailed to host a discussion on the selection of appropriate
hydrodynamic coefficients for floating (and fixed) structures in practical design. The coefficients
specified in the normative text are considered minimum acceptable values to ensure an adequate level

of safety.

Depending on the wave theory used, an equivalent force coefficient may be employed.

The
tha
bec

Acc
and|

inertia coefficient for floating structures (and for dynamically-sensitive structures) is dif]
for static fixed structures. For floating structures, a higher drag coefficient can bé. uncq
huse it increases the damping level and thus decreases the dynamic response.

the analysis of a floating (or a dynamically-sensitive) structure. ThisZis further dg

NORSOK N-003[144].

A7

Tim
eve
con

See

A7

Wh
diff]
ord
fred
usu

Irre
fred
way
acti
and

The
and
and
actil

4.5.4 Slamming on slender components

e duration and lengthwise extent of slamming actions need Consideration. These are sho
hts localized near the waterline and depend, among other things, on the rate of immer
ponent. Formula (5) is for instantaneous immersion of.the entire component.

References [61] and [154] for more information.

4.5.5 Higher-order non-linear wave actions

en a linear, regular, first order wave is interacting with itself and a floating structure
brent nature arise. In addition to first*order linear exciting wave actions, mean non-lin|
br forces (drift forces) and non-linear forces varying in time with twice the first ¢
[uency act on the structure. Effécts due to analytical formulations higher than seconc
ally neglected.

gular, random waves aré modelled as the sum of a large number of elementary wav
juencies and amplitudes (a wave spectrum). Superimposing the contributions of the ¢
es, the resulting second order exciting actions contain three components. These are
ons (drift), actions varying in time with a frequency equal to the frequency difference (|
actions varying,in time with a frequency equal to the frequency sum (high-frequency ac

slow driftgetions can be important for the design of stationkeeping systems for floating
for offsliore loading systems. If current is present, the effect of the current on the mean d
slow-drift actions should be taken into account. These effects can alter the mean a
ons'and give rise to associated slow drift damping.

ferent than
nservative

prdingly, valid reasons exist to use different coefficients for the analysis of-a‘static fixed structure

scribed in

It duration
sion of the

actions of
ear second
rder wave
order are

bs of given
tlementary
the mean
Slow drift),
tions).

structures

[rift actions

hd varying

For large-volume structures with a small water-plane area, the slow drift actions can result in large
vertical motions.

The sum frequency actions can have an important effect on the total wave action effects on certain
types of floating structures. This phenomenon is often referred to as “springing” and is primarily
associated with TLPs.

The higher-order action effects should be determined by a consistent higher-order theory with due
reference to model tests.

A.7.4.5.6 Wave enhancement effects

No guidance is offered.
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A.7.4.5.7

Shallow water effects

No guidance is offered.

A.7.4.5.8

Slamming and green water actions

Operational experience with trading and other ships has shown that slamming can result in structural
damage, particularly on the ship’s bottom forward.

The longitudinal extent of slamming depends on hull form and hull scantlings.

Slamming
the impact

It is reconi
frequency,
structural

Slamming

frequency)
equal to th
The flat for

Recommer

[154], [156] and [157].

A7.4.6 V

A.7.4.6.1

A simplifie
linking the
Carpenter
The follow
a)
b)
<)
d)

Assum
Assum
Identif]

Detern

can result in high pressure on local structures and can cause damage 1n areas remote.f
area, such as masts, crane posts, helideck supports, deckhouses, piping and equipment:

severity and extent of wave impact actions on the hull, so as to devise a suitable strategy
design.

Can result in dynamic global bending moments and shear forces in the hull. First order (w

e ship length. Slamming on both a flared bow and a flat forefoot can-result in large mome
efoot is particularly susceptible to slamming at small draughts:

ded current state-of-the-art publications are References{[46], [47], [48], [61], [102], [1
ortex-induced vibrations and motions

Simplified assessment of vortex-induced vibrations and fatigue

d assessment of VIV-induced fatigue of aslender component may be performed using mo

response amplitude to hydrodynamic parameters, such as reduced velocity, Keuleg
humber and current to wave flow.ratio.

ng procedure may be applied:
e undisturbed current velo¢ities by neglecting the influence of the waves.
e a representative velocity profile.

y the planes of vibration for the relevant mode shapes of the component.

Define

e)

Formulla (Av4) — typically Sr= 0,14 to 0,25.

a band of local vortex shedding frequencies fs along and around the component u

fom

mended that measurements be taken during the model testing programme to' déternpine

for

ave

hull motions and slamming responses are both highest in waves. of)length approximaltely

nts.

03],

Hels
I'an_

hine the natudal frequencies and mode shapes for the component’s bending in the cross-fllow
direction basedon analytical models or by FE analysis.

bing

f)

local shedding frequency.

g)

For each modal frequency, identify the portions of the component that fall within the limits of the

Identify the most likely mode shapes to be excited by VIV and select the one with the highest

curvature (typically, this is the mode with the highest frequency among the “probable modes”). Care
should be taken to ensure that fatigue damage associated with other mode shapes is accounted for.

h)

a, =1,

where

136

3xd

Assume a vibration amplitude of the component for the anticipated mode equal to Formula (A.1):
(A1)
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ay isthe vibration amplitude;

d is the member outside diameter.

(A.2)

i) Compute the corresponding stress range [see Formula (A.2)]:
S=CqcpExd
where
S 1s the stress range;
Cscr is the stress concentration factor (if applicable);
E is the material (Young’s) modulus;
K is the curvature;
d is the member outside diameter.
j) |Estimate the fatigue damage by application of the relevant S-N ¢urve as Formula (A.3):
D=Cf,T;S™/C
whére
C1  isthe average number of seconds per anrium = 3,155 76 x 107 s.
D is the fatigue damage ratio;
fn is the frequency of the relevant mode, expressed in hertz;
T1  isthe design service life of the member, expressed in years;
and where m and C are constants\defining the S-N curve.
k) |Then perform a weighted Summation of computed damage over the long-term current d
for velocities and diregtion.
A.714.6.2 Multi-modal response analysis based on empirical models
If significant Vi}V-induced fatigue damage is likely, more thorough calculations should be
The next leve) of refinement typically involves methods for multi-modal response analysi

by application of a generalization of the procedure given in A.7.4.6.1. There are also two

ap

emiirical or semi-empirical values of the hydrodynamic coefficients. One way of achiey

(A.3)

istribution

conducted.
5 based on
ing this is
bther main

oaches for calculating the response, see A.7.4.6.3 and A.7.4.6.4.

A.7.4.6.3 Modal response in the frequency domain

This approach can incorporate general current profiles. Typically, a FE formulation is adopted. A
correlation function for the loading process at two points along the component, as a function of their
relative distance, is introduced. The parameters used in the model for the calculation of action and
action effects generally require calibration with model field data.

A.7.4.6.4 Response in the time domain

For this approach a substantial database of cross-section tests is required giving hydrodynamic
coefficients, frequencies and phase angles for various combinations of incident velocity and cross-
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section vibration. If a time domain simulation can be shown to give a statistically stationary response, a
response spectrum can be constructed.

A.7.4.6.5 Methods based on solution of the Navier-Stokes equations

The analysis based on solution of the full Navier-Stokes equations consists of a set of 2D fluid-flow
analyses for sufficiently many cross-sections along the component, including modelling of the dynamic
boundary conditions. The direct solution of the complete flow formula is currently restricted to low
Reynolds numbers (no turbulence in the near wake). Validation of the numerical results by sensitivity
studies with respect to key parameters should accordingly be performed Comparlson with results

obtained f
numerical

A.7.4.6.6

Particular

£.11 1 dal 1 1_£, Ll d_£3
Uil 1TUI1Irrovditc Ul 111UUTl CAPCI llllCllLD 10 dIoU CDDCllLlal IVl Cadllul auuu allu 111Ic \.uulus Ul

hlgorithms.

Methods for reduction of VIV

emphasis should be given to those cases where the vortex shedding frequéncy is a mulf

fithe

iple

of one or njore resonant frequencies.
The vortex|shedding frequency is typically calculated from Formula (A.4):

fs =Sr§ (j4)
where

fs isthe vortex shedding frequency;

Sr is the Strouhal number;

v is the flow velocity normal to the slender member axis;

d isthe member diameter.
Vortex shefdding is related to the drag coefficient of the member considered. High drag coeffici¢gnts
usually acfompany strong, regular vortex shedding or vice versa. Thus, the Strouhal number fis a

function of

Moreover,
strongly dé

o

the Reynolds number forssmooth, rounded members.

for rounded, hydrodynamically smooth members, the vortex-shedding phenomeno
pendent on the Reynolds number (Re) for the flow, as follows:

%102 < Re <0)6%10° periodic shedding

6x108CRe <3x10° wideband random shedding

3

30° < Re < 6x10° narrowband random shedding

Re>6x10° quasi-periodic shedding

For rough members, the vortex shedding should be considered strongly periodic in the entire Reynolds
number range.

For determination of the velocity ranges where vortex-shedding-induced oscillations can occur, a
non-dimensional reduced velocity, vy, is used [see Formula (A.5)]:

v
fmd

where fi, is the natural frequency of the pipe.

v (A.5)

r:
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Another parameter controlling the motions is the non-dimensional stability parameter for VIV, K,

defined as in Formula (A.6):

_2myé
puwd’

S

where

pw isthe mass density of seawater;

m isthe offoctive mass pc\r unit ]nngfh;

or

whyd

As 3

(A.6)

mula (A.8):
0=0,+0
0= 2mé
bre

Os isthelogarithmic decrement of structural damping;
On isthelogarithmic decrement of hydrodynamic€damping;

& isthe fraction of critical damping.

Tableé-A?2 — VIV occurrence regions

6  isthe generalized logarithmic decrement of damping defined by either Formula f{A{7) or For-

(A7)

(A.8)

guideline, VIV in current and waves can-occur when the parameter ranges in Table A.2 afe fulfilled.

. Cross-flow excitations In-line excitations
Member located in

Vr KS Vr KS
Wind 4,7 <vr<8,0 Ks <25 1,7<vr<3,2 —
Cunrent 3,5<v:<16,0 — 1,0 <vr<4,5 K}<1,8
Wapes (dominant) and-current 3,0<v:<16,0 — 1,0 <vr<4,5 K} <1,
If the screening‘shows that VIV is likely to occur, the actions and effects arising from this pjenomenon
can|be assessed using one of the following approaches, in order of increasing complexity:
a) |simplified assessment of vortex-induced vibrations and fatigue (A.7.4.6.1);
b) [multi-modal response analysis (A.7.4.6.2 to A.7.4.6.4);
c) computational fluid dynamics solving the Navier-Stokes formulae (A.7.4.6.5);
d) laboratory tests.

All four methods may be used for slender components (risers, umbilicals, tubular members, etc.), but
only c) and d) apply to large-volume structures.

If the calculated VIV-response suggests potential problems, there are two main approaches for reducing

the

VIV effects:
modification of the component properties, i.e. tension, diameter, structural damping;

introduction of vortex suppression devices.
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Several different methods exist for reducing the amplitude of VIV. It is usually possible to avoid the
resonant cross-flow region when the highest reduced velocity is below 3,0, i.e. below the resonant
region. To be well above the resonant area is much more complicated. There is always a higher natural
mode with 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:

— 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.

A74.7 D

See ISO 19

A748 T

No guidand

A7.49 T

No guidang

A.7.4.10 G
See ISO 19
A.7.5 Ac

A751 (

Accidental

irect ice action

D06.

emperature effects

e is offered.

idal effects

e is offered.

eotechnical hazards

D01-2[134],

ridental actions (4)

eneral

actions typically result fromyfor example:

collisig

n/impact with or from@ yessel, helicopter or other objects;
dropp¢d objects;
fire and blast;
change of intendedpressure difference;
leaks;

uninte

nded change in ballast distribution;

unintended flooding of a hull compartment;
failure of mooring lines(s);
loss of DP system causing loss of heading;

loss of propulsion or tug during transit to site leading to exposure to beam sea.

A.7.5.2 Collision

The energy absorbed by the floating structure during a collision impact is less than or equal to the
total impact kinetic energy, depending on the relative stiffness of the impacted parts of the floating
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structure and the impacting vessel and also on the mode of collision and vessel operation. These factors
may be taken into account when considering the energy absorbed by the floating structure.

For the North Sea and the Gulf of Mexico, typical standby vessel sizes and corresponding impact
velocities are listed in Table A.3.

Typiical added mass coefficients are 1,4 for broadside collisions and 1,1 for bow/stern collisi

Refi

A7

No

A7

Wh
par

Thd
stry
5 b

A.7)

A7

Act

Table A.3 — Typical standby vessel sizes and impact velocities

Location Typical vessel mass Typical impact speed
tonnes m/s
Northern North sea 5000 Z,0
Southern North Sea 2500 2,0
Gulf of Mexico 1000 0,5

brence should be made to IMO MARPOL and RCS stability rules or equivalentfor typical coll

5.3 Dropped object

buidance is offered.

5.4 Fire and blast

bn assessing blast overpressure actions and duration,consideration should be given to
hmeters, 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.aréa under consideration;

dimensions of the area where the blast is expected to occur, etc.

range of overpressures encountered in respect of hydrocarbon explosions in offshore
[ctures is normallyZabout 0,5 bar although overpressures can occasionally reach values
r to 6 bar?2).

.6 Other.actions

6.1, (Stationkeeping actions

ns.

sion zones.

11 relevant

pil and gas
as high as

on-effects caused by the stationkeeping system are presented in ISO 19901-7.

A.7.6.2 Sloshing actions

Maj

or factors involved in sloshing are the following:
tank dimensions;
filling level of tank;

metacentric height;

2)

1 bar = 0,1 MPa = 105 Pa; 1 MPa = 1 N/mm?2
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— natural periods of structure motions and of cargo and/or ballast motions, usually in roll and
pitch modes;

— floating structure draught.

A.7.7 Repetitive actions

No guidance is offered.

A.7.8 Action combinations

Fols
bign

ypes of floating structure, it is not always obvious which metocean design situation cont
Identifying the most onerous maximum (or minimum) action effects and basing the'de
@ process often referred to as “response-based design”.

For many t
the design
on them is

fion
s of

When acti
of the joint
environme

pns act simultaneously, representative values may be determined based upon,considera
probability of the events. In the absence of site-specific joint probabilities,;,combination
ntal action events that can be considered for the ULS condition are listed-in " Table A.4.

Table A.4 — Recommended annual probability of exceedance, P, of selected action effects f

combinations in the ULS condition

Ao Action effect resultingffom
Combination - -
wind waves current ice/snow | earthquake sea levgl
1 10-2 10-2 10-1 — — 10-2
2 10-1 10-1 10-2 — — 10-2
3 10-1 10-1 10-1 10-2 — mean
4 — — £ — 2x10-2a mean
a  Corresppnd to the minimum return period; see SO 19904-2134],

A.8 Global analysis

A.8.1 Ge

Floating st|
the hull of
wave frequ
Some stru

neral

ructures are dynamically’excited by wind, waves and current. Wave and current action
h floating structure-are covered by large-body hydrodynamic theory. In addition to ordin
ency actions, these structures are also subject to slow-drift excitation from waves and w
ctural forms (e:g=spars) are also sensitive to vortex-induced motions due to current

b on
ary
ind.
and

waves - sep References(463] and [164].

fructures.are kept on location by stationkeeping systems, which generally consisf of
sometimes combined with thrusters, or dynamic positioning systems. The restoring force
characteristicsnof a mooring system are given by the number of mooring lines, line layout pattern,
pretension| i isti i iti i i are
composed of wire and chain segments (often in combination with clump weights and buoys) to achieve
the required restoring and line characteristics. Taut mooring lines are often used for deep water
applications.

Floating s
moorings,

Depending on the structure’s functions, risers of various types and sizes connect the structure to the
seabed, to pipelines, or to other field components. Riser tensions and pretensions act on the structure.

Mooring lines and risers are slender marine structures and have similar static and dynamic behaviour.
It is therefore possible to apply the same methodology for global analysis of mooring lines and risers.

A more detailed description of the procedures to be used for the global analysis can be found in
ISO 19901-7.
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A.8.2 Static and mean response analyses

A.8.2.1 General

The most significant metocean 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

zer

Sto
bes
ava

Sto

moment and stress distribution is lost. A regular wave analysis allows fortevaluation of for

and

The
cald
cald
the

=CTOSSINE Period:

thastic methods for response analysis of large body structures are in principle recogn
[ methods for simulating the irregular nature of wave actions. Computer tools for' such a
lable and global response is normally evaluated by stochastic methods.

thastic results are not well-suited for structural design, as simultangjty of the inte

stress distribution diagrams, while retaining phase information.

preferred method for determining global responses is to undertake a long-term respon
ulated based on the site-specific wave scatter diagram. The’short-term response cg
ulated with a long-term probability of exceedance during-ayspecified time. An alternati
full scatter diagram is to develop a 100-year contour lihe 0n the scatter diagram and

zed as the
halyses are

nal force/
fe/moment

be analysis,
in then be
Ve to using
o calculate

maximum
nted for.

the|global action effects for a range of short-term sea states on this contour line to find the
valyge. If contours are used, the uncertainty associated with the wave period should be accoy

rimum hull
of a length

The
gird
equl

structural response of a floating structure is sensitive to wave period (length), e.g. maj
er responses for ship-shaped structure structures often occur in sea states with waves
al to the length of the floating structure.

A.8{2.2 Static equilibrium in still-water condition

No guidance is offered.

A.8]2.3 Mean response analysis

cy domain
e response

The response of the flodting structure to mean metocean actions may be used for frequer
analysis, or as the initiaDcondition for time domain analysis. Additionally, the mean structur
is generally requiredfor dynamic analyses of risers and moorings.

A.8.3 Globaldynamic behaviour

Dyrnamicresponse may be computed in the frequency or time domain.

Thd lintear response to steady state actions may be determined in the frequency domain.

Transient response is most easily determined in the time domain, or by using recognized charts or
formulae for dynamic amplification.

A.8.4 Frequency domain analysis

The most significant limitation of frequency domain techniques is that all non-linearities in the formulae
of motion are ignored or replaced by linear approximations. Typical non-linearities are introduced by
viscous damping, drag-induced actions, time-varying geometry, horizontal restoring forces and variable
water surface elevation. In most cases, these non-linearities can be satisfactorily linearized. This can be
accomplished by linearizing a term about some operating point, or through another suitable technique
(equivalent energy dissipation, etc.).
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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 ULS and ALS
analyses, but are not normally used for FLS analysis.

n the determination of extreme values from the results of a time domain analysis calp be
D 19901-7.

Guidance d
found in IS

A.8.6 Uncoupled analysis

| step is the time-consuming part of the uncoupled analysis and is normdlly’carried ouf for

aded mooring lines and risers, one by one.

The secong
critically 1d

A.8.7 Coppled analysis

The main firawback to the coupled approach is that the computational effort needed is significaptly

higher than for the uncoupled analysis.

A.8.8 Reponant excitation and response

Examples ¢f resonant responses generally not directly excitedby linear wave actions are the followjing:

the rolll resonance of a barge/ship or of a spar with alow transverse metacentric height (GM);

the heave resonance of spars or semi-submersjhles;

the surge, sway and yaw resonance of a meored floating platform;

internal centre-well resonance;

ballast

or cargo tank sloshing modes.

Among mg
instabilitig
are known

A.8.9 PIs

No guidand

chanisms known to-create resonant excitations, a general class exists called Mat
5. These occur in sitirations where the system stiffness varies with time. Mathieu instabil
to occur as a consequence of variable hydrostatic stiffness of a semi-submersible or spai}

tform offset

e is offered.

reu
ies

A.8.10 Aiy

" gap and wave crest assessment

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 these results can be used to partially circumvent limitations of the other. One
of the greatest values of model tests is that the results are obtained without requiring any a priori
assumptions about the nature of the responses. This is almost never true of numerical models. On
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the other hand, limitations in model test facilities and scale effects normally require substantial
interpretation 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 [106]

A.8.13 Structural analysis

Full-scale measurements from similar structures may be used to support desigh assumptions and
impgrove design estimates. In-service measurements may be used to confiri® or imprpve design
assumptions, and can provide a basis for revising earlier estimates of payload/operating|limits and
desjgn service life.

A.9 Structural modelling, analysis and design
A.91 General
No guidance is offered.

A.9.2 Representative values of actions

A.9|2.1 General

No guidance is offered.

A.9{2.2 Representative values ofiactions for operating phases

No guidance is offered.

A.912.3 Representativevalues of actions for temporary phases
Duijing the fabricatienisséquence, the actions acting on the structure generally depend on thq following:
— |the procedutes’and methods of erection and assembly followed by the yard;
— |the facilities for handling and lifting the fabricated parts;

— |the&facilities used for the final outfitting (e.g. dock, slipway or quay).

Construction typicatly consists of prefabrication of SIait COMpPOTENtS and asSembpiy of elementary
blocks. After completion, the blocks are transported to the dock/slipway area for erection. The overall
size and weight of the blocks are restricted by the production and hoisting capacity of the yard. The
effect of lift-induced actions should be analyzed to ensure stress levels and deformations are acceptable.

On the dock/slipway the blocks are positioned and welded to adjacent structures. Particular
consideration should be given to support arrangements and proper alignment between blocks. Internal
forces can be minimized by proper erection and welding sequences.

The installation of the structure consists mainly of the installation of its stationkeeping system (the
foundation at the sea floor and the mooring system) and the hooking up of the floating structure to
this system.
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In most cases the removal operation is the reverse sequence of the activities carried out for installation
and, consequently, similar considerations apply.

A.9.2.4 Actions at interfaces

No guidance is offered.

A.9.3 De

sign scantlings

For ship-shaped structures, scantling considerations are specified in Reference [108].

A.9.4 Mg

A9.4.1 @

The extent
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element siz
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of detail in a structural model is a balance between accuracy of results and limited resour
nt, FE type, element size, and level of detail should be consistent with théjintended purp
rtural model.

e element size is dependent on model function and stress gradient:Jw/a global analysis, wh
n of the model is to simulate global structural response and identify governing load ca
es in the order of structural panel size (spacing between the main girders), or girder dg
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generally be of the order of the plate thickness.

Ly can significantly affect predicted stress response. Selection of element type, size and sh
\ppropriate to the analysis being undertakén. Sharp transitions in element size can dis
low through a structural component, hence element size transitions should be placed a
ea of interest. Mesh quality should be‘teviewed to verify that distorted (and/or elonga
e not in areas of high stress concentration.

conditions should be defined.so“as not to significantly affect the results of the anal

should be located sufficiently far from the area of interest that they do not significa
sults.

elements (e.g. cofttact elements) and/or techniques (e.g. constraint equations) shoulg
pxtreme caution‘due to the complexities introduced into the models.

ing and sub:structuring techniques may be utilized. These techniques can require additi

Sub-model

a proven {
elements c

due to the'complexities introduced into the modelling process.

should be carried out with verified computer codes. Well-documented element types v

Ces.
ose

lere
ses,
pth
iral

To

ructural response near stress concentrations (regioens of high stress gradient), the elenpent
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nental manner, e.g. artificially ‘constrain, support or stiffen the structural model. M¢del

htly

be

nal

vith
ern

ack record in offshore structural modelling should be used for analysis models. Mod

A.9.4.2 Global models

0gy.

Linear spring elements may be used to model mooring system stiffness provided the spring constants
are calculated based on actual mooring system parameters. Ill-conditioning errors can occur where
large rigid body displacements are required to obtain mooring force equilibrium. The possibility of
such errors arising should be investigated. Where variations in mooring stiffness model parameters
significantly affect responses, the acceptability of adopting linear spring elements should be evaluated.

For shell element or combined shell element/beam element global models, element size is normally
similar to structural panel size. Where this is not possible, a less refined global model may be used
to determine global response, which should then be mapped to a more detailed model (with limited
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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.

A.9.4.4 Response evaluation

When real and imaginary stress data are combined to determine the maximum responge within a
wayve cycle, attention should be given to the fact that derived stress components (e.g. ‘equjvalent and
principal stresses) are non-linear combinations of the basic stress components ,and thegefore 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 cycleyStress datq should be
detérmined at each 5° to 10° of wave phase when searching for maximum reSpense.

Typically, artificially high stress gradients can occur in the following ca$es:
— |near constrained boundaries, except at natural constraints such.as symmetry;
— |near sharp transitions in finite-element size;

— |at locations where shell and solid elements are joisted using boundary elements or|constraint
formulae;

— |atlocations of artificially concentrated application of actions or forces.

Artlficially low stress gradients typically occurh the cases where the element size is too large.

A.9|4.5 Model verification

Different action criteria and modellingtechniques can be appropriate for different limit states. Different
typps of analysis can also be required for a given limit state, e.g. the analysis used for air gap ps opposed
to that used for ultimate strengthfor ULS.
A.9.5 Structural analysis

A.9|5.1 General principles

No guidance is.offéred.

A.9|5.2  Linear analysis

No g@idance is offered.

A.9.5.3 Non-linear analysis

Generally, it is necessary to undertake parametric studies to evaluate different action histories to cover
all modes of failure in structural components.

The ULS check is normally performed by carrying out a linear elastic response analysis of the structure
to determine stresses or stress resultants (moments, forces) in the individual components, and
checking that the ultimate capacity is adequate, component by component, using structural resistance
formulations that can incorporate non-linear effects occurring at component collapse.
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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], [24], [25], [Z8], [Z9], [80], [81], [86], [89] and [94] give guidance on ultimate

buckling strength design for a range of components and systems.
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artial factor design format is used in this document rather than the other definitions for
by limit state design (or load and resistance factor design).

htion for this parallel approach is the everyday use of both approachés by the offsh
different countries.

It view is that WSD is simply a partial factor design where, forlinear response, the wl
r is applied to the material. (For non-linear responses, such as buckling, further adjustmg
bn formulae are made so that the WSD method remains compatible with the ULS.) Theref]
or design can be considered as being valid when eithe"WSD or partial factor methods

con of the methods can be made via parallel standards for offshore structures, inclug
uctures, for example DNV 0S-C101[68] (partial faetor) and DNV 0S-C201[Z2] (working str¢

LS deflection limits

br deflection limits for both primargand secondary load-carrying components is preser
.

Table A.5 = Limit deflection criteria in the SLS

Structural member Span/Deflec-
tion
Primary load-carrying components >340
Secondary load-carrying components >250

artial factor design format

d to'the derivation of reliability levels for offshore structures can be found in Reference [1

this

or design and WSD approaches have been treated as parallel requirementsin this documfent.
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A.9.7.4 Working stress design format

No guidance is offered.

A.9.7.5 Reliability-based methods

In principle, the purpose of structural design is, amongst other objectives, to ensure an adequate
reliability. General principles related to reliability-based structural design are documented in
SO 2394[120], while structural reliability of marine structures is addressed in Reference [88].

A.9.8 Special design issues

Sloshing is

148

specifically addressed in BV Guidance Note NI 171[5Z],
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Further information concerning green water and wave slam actions and effects can be found in
References [46], [47], [48], [61], [102], [103], [154], [156] and [157].

A9

A.9.

.9 Materials

9.1 General

BV Rule NR 216[49], DNV 0S-B101[6Z] and DNV 0S-C101[68] provide some guidance on materials
applicable to offshore floating structures.

A9

Seld
cra

A9
No

A9

Thd
ISO

Eur
ship

A.9
No

A9
For

A9

Spe

include the following:

a)

9.2 Material selection

'ks and more capable of redistributing forces away from overstressed areas.

9.3 Through-thickness tension

buidance is offered.

9.4 Aluminium substructures

mechanical characteristics of aluminium alloys should<be determined in accord
6361-1[121].

pcode 9[98] can be utilized for the general design of &luminium structures. The design of
s is addressed in BV Rule NR 561[52].

9.5 Cement grout

puidance is offered.

9.6 Elastomeric material

more information on elastomeric materials, see API RP 2TI[23].

.10 Corrosion protection of steel

cific areas to be densidered in the design of the corrosion protection system for thg

External surfaces:
— underwater hull;

— “waterline area;

ction of a higher toughness grade at the design stage makes the structure more goleranit of fatigue

ance with

aluminium

structure

b)

©IS

— above waterline;

— deckareas;

— topsides.

Internal surfaces:

— void spaces (open and closed);

— machinery and equipment spaces;
— storage spaces;

— ballast tanks (active, passive, and reserve [dry]);
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— cargo and slop tanks (tankers, barges);
— fuel tanks;

— fresh water tanks;

— drill water tanks;

— other tanks (e.g., brine).

Two types of systems (or approaches) are typically used to provide corrosion protection for the
structure: coating (pain‘r) systems and CP (cnrrifiri;ﬂ anodes imprpqcpd rnrrpnf) systems These
systems aile 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, onlly to
protect agaqinst coating breakdown, see References [77] and [141]. CP systems are normally an aid for
maintainirlg the condition of a coated structure and not a substitute for the coating.

The corrodion protection system requirements for a specific surface or tank dependyon the type pnd
required dfiration of service. For example, the system requirements can vary for an “active” ballast fank
(i.e. tanks having continuous changing of sea water), “passive” ballast tanks (ice. tanks maintainipg a
constant amount of sea water), cargo oil tanks, and drill water tanks. Additionally, the type of coafing
system sel¢cted (e.g. epoxy-base, “float-coat” type) depends upon the structure’s inspection programme,
in terms off personnel access and cleaning requirements.

When evalpating the requirements for a corrosion protection systémy’the following aspects should be
among thope considered:

— requirpd design service life of the corrosion protection system;
— conseduences of corrosion damage;

— accessjbility for inspection, maintenance and repair;

— exposyre to corrosion-aggressive environments;
— exposure to erosive environments or methanical damage;
— the complexity of the local geomefty;

— galvanlic effects between different materials.

—n

Referenceq [54], [60], [90],-195], [96] and [142] give some indication of requirements for corrosion

protection

Allowing for a diminution for structural hull thickness is discussed in Reference [91].

A.9.11 Fabrication and construction

Further information on general construction and repair principles can be found in Referencel[111],

Weight control should be effected in accordance with the requirements of ISO 19901-5[135] 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 0S-C401[74].

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
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should include consideration in respect to both static and fatigue resistances. Penetrations through
structural components critical to structural integrity should be minimized, and areas where
penetrations are prohibited should be clearly shown on fabrication drawings.

A9

A.9.

.12 Marine operations

12.1 General

Installation of a floating structure typically includes the following activities:

a)

b)

‘)
d)

e)
f)
g)
h)
A.9
Priq
car

as (
flod

A9

Ap
inst
dra

[ied out, including a sea floor survey to ensure that no recent changes to the installation|
lebris and cuttings, seabed movements) have occurred that could prevent installation|

wvingsyand/or engineering reports.

cita curvays:
SHee-5Heys

installation of subsea infrastructure and subsea components, as applicable;
installation of floating structure;

installation of mooring system:

— spread mooring, or

— spider buoy deployment,

— CALM system deployment, or

— turret system deployment;

installation of riser systems;

installation and hook-up of well production, utility, process, and export systems;
installation of topsides facilities;

commissioning and start-up.

12.2 Site survey

r to the initiation of installation operations, a survey of the proposed installation site

I components.

12.3 Installation plan

an outliningthe methods and procedures should be prepared for each activity associatg
allation\of the floating structure. This can be in the form of a written description, spe

should be
area (such
of the sea

bd with the
cifications,

Res

trictions or limitations to any of the installation operations due to metocean and ice

conditions,

hydrostatic stability, motions, structural strength, lifting capabilities, etc., should be clearly identified.
The plan should define weather conditions, equipment status and logistic support under which
installation operations should be

initiated,
suspended,
terminated, and

reversed for each major phase of the procedure.
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Comprehensive contingency plans covering all phases of the installation should be included in the
installation plans and procedures. Contingency plans should be developed to ensure that each phase of
the installation operations could be reversed if a malfunction occurs.

A.9.12.4 Installation of mooring system

The mooring system should be installed as outlined in the installation plan specific to that operation.
The plan should specify each mooring line length and the sea floor coordinates of anchors or piles.

A CALM system would require the installation of the mooring legs of the buoy first and subsequent
connection.oafthe buav to the flnafing structure by hawser or voke

A turret njooring system can be internal or external to the structure, and can be either-fixed or
disconnectable. For a fixed turret system, the installation scenario would be similar to that 6f’a’sprjead
mooring system used for a CALM. A disconnectable turret mooring system would require*a multi-§tep
installation.

A.9.12.5 Installation of riser systems

Procedures for running risers should be developed considering the followingfactors:

— water flepth;

— type of riser system (e.g. integrated or non-integrated surface, or'subsurface completion);
— type of connections and latching devices;

— whethpr buoyancy is included (either internal or externalair cans or foam);

— whethpr guidelines are to be used or not.

A.9.12.6 Well production, utility, process, and export systems

Well prodyction, utility, process and exportsystems should be installed and hooked-up in accordgnce
with the applicable requirements. The process flow diagrams, process and instrumentation diagrams
(P&IDs), pir)ing drawings, schematics,.arrangements drawings, and associated specifications should be
strictly followed during the installation'and hook-up of these systems.

A.9.12.7 Commissioning and start-up

Start-up amd commissioning’/of the floating production platform should be carried out following|the
procedure [outlined in the'specific plan for this operation. Procedures should be developed to addfess
all aspectsfof commissioning, start-up, and associated safety and execution activities.

A.9.13 Topsides/hull interface

nd _guidance anplicable to topside . ngements are givem in

General re ements 2 guida applicak 0 topsides s 3 3
[SO 19901-3. National regulations and requirements also apply, where they exist.

A.10Fatigue analysis and design

A.10.1 General

Fatigue-related documents of general applicability in the design and assessment of floating structures
include References [6], [15], [41], [59], [82] and [104].
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A.10.2 Fatigue damage factors

An early source for the fatigue design factors was NORSOK N-004[145], where almost identical categories
and similar factors were recommended but instead of the value 5,0 that appears in Table 5, the value

3,0

was adopted. ISO 19902 adopts similar categories (with the exception of “dry access”) and identical

safety factors. The reason for using 5,0 instead of 3,0 is to adopt the same logarithmic scale for safety
factors as adopted for cycle numbers.

A1l

No

0.3 Outline of approach

cuidance is offered

A1

No

A1

No

A1

No

A1

No

A1

0.4 Metocean data for fatigue

buidance is offered.

0.5 Structural modelling

buidance is offered.

0.6 Hydrostatic analyses

buidance is offered.

0.7 Response amplitude operators and combinations of actions

buidance is offered.

0.8 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 Wwhere SCFs
are explicitly accounted for and-only weld notch effects are included in the correspondingS-N curve.

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 geomgtric stress
method is well @stablished for tubular structures, and stress components should be cpmbined in
accordance withthe requirements of ISO 19902.

For large;plated structures, geometric stress design methods are evolving. Shell or solid elements
ontheorder of T x T (where T'is the plate thickness) can be used at the points of stress confcentration.
The ‘geometric stresses can be defined by surface stress extrapolation, or by extrpcting and

extrapolating shell bending and membrane stresses to the toe of the weld. The corresppnding S-N
1maalaas Lobhil:bal L £ el
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In the classification method, the nominal stress should be determined in a manner consistent
with the stress determination used to establish the S-N curve for the detail (typically an area of
0,3 m x 0,3 m) and should have a clearly defined principal stress direction which is aligned with the
way the detail was tested.

Stress concentration factors

SCFs are necessary to account for local changes in geometry, such as at welds, changes in thickness
or diameter, or offset of member centrelines.

In the geometric stress approach, parametric formulae and other published sources are available
for the geometric SCFs of many common geometries (e.g. butt welds in pipes). Sources for SCFs for
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less common geometries are scarcer. Thus, FE modelling, physical models or other methods can
be necessary to define these SCFs explicitly. Notch SCFs are included in the appropriate S-N curve
category, so only the geometric SCFs should be considered.

It is critical that as-fabricated components conform to the limiting assumptions of the analytical
model. Not only is it important to ensure that the defect size distribution of the fabricated
component is less than the defect size analyzed, 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 can be difficult to achieve and to inspect.

In fracture mechanics fatigue analyses, SCFs and their gradients are used to include notch effects
in the ftress intensity factor solution. The results of the fatigue crack growth rate and maxipjum
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assessments, although it is not good practice to allow for such effects at the design stage.

A.10.11 Damage accumulation

In some cases, the S-N curve is replaced by a discrete series of stress range steps (or bins) and the
damage is accumulated on the basis of the accumulation of damage for each bin. In such cases, a
minimum of twenty bins should be used to discretize a continuous S-N curve.

Closed-form expressions are available for integration of accumulated damage for Rayleigh and Weibull
distributions of stress ranges applied in conjunction with piecewise linear S-N curves. These are usually
expressed in terms of gamma functions and incomplete gamma functions. It is important to check the
definitions of these functions, since different definitions and normalization conventions are applied.
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Fatigue damage from multiple simultaneous sources (e.g. wave frequency actions, slowly varying
second order wave actions, wind actions and vortex-induced vibrations) should be calculated by adding
the stresses, followed by raising the combined stress range to the power m (from the S-N curve).
Calculating fatigue 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
fatigue assessments 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 generate large fatigue actions on critical structural components, the likely rate of such fatigue
damage should be checked.

A.110.12 Fracture mechanics methods
t

Fatigue damage estimates may be undertaken by the use of fracture mechanics methods[42]l43](44], The
fatigue damage is a function of the range of stress intensity, initial and final flaw sizes, ajd material
cratk growth constants from the Paris formula. 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 cyack length
as well as stress magnitude range. The parameter AK may be calculated frem available sqlutions for
an 3ssumed crack model at each increment of crack growth, given the ¢rack geometry and the applied
cyclic stresses.

In ffacture mechanics assessment of a defect, a failure criterion should be defined to set t‘he amount
of crack propagation allowed in a component prior to failure,/Fhe maximum total stress relevant for a
desjgn situation, including the maximum stress and any rele¢vant residual stresses, should|be used in
thefassessment.

The crack model assumed for the stress intensity.factor solution should reflect the astfabricated
geometry, including local stress concentrations and plausible initial flaw locations, typed and sizes.
Reallistic account of the life expended in crack.initiation should be included as this can flepresent a
subptantial portion of the design service lifeyfor 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 geomdtry and all
applied membrane and bending stresses!

A.10.13 Fatigue-sensitive components and connections

Experience from tankers operating in the UK North Sea shows that longitudinal cracks can dccur in the
fillgt 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
thidkness). The cra€ks'are typically caused by three mechanisms: local plate bending du¢ to lateral
prepsure, twisting caused by unsymmetrical longitudinals/stringers, and deflection of the primary
meinbers of thehull girder (stringer deflection). Consequently, low s/T ratios should be chgsen during
des|gn, and. fabigue assessment should be performed in sizing the proposed scantlings.

A.11Ship-shaped structures

A.11.1 General

General guidance on ship-shaped floating structures is given in RCS rules, for example
References [53], [63] and [138], while a rational approach to the basic ship-shaped structure
configuration selection is presented in Reference [162].

Examples of special areas for ship-shaped structures are the following:

— tank bottoms for corrosion;

© IS0 2019 - All rights reserved 155


https://standardsiso.com/api/?name=6c5b979ec670a44530e39c9dd642a815

ISO 19904-1:2019(E)

NOTE Corrosive environments can exist under accumulations of sludge in the bottoms of cargo tanks,
and given the access and planning difficulties described in this clause, an owner can decide to invest more
time and effort during the design and fabrication phases to ensure that some areas 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 (due to
wave action), and in cargo tanks (which can experience prolonged, severe sloshing actions), for
fatigue;

J— turret manntinage and haarinage farhull flovura affactc:
Ot e S S o o D e 5o To o rreruar E-erreees

— mooring attachment details, for fatigue, corrosion and wear;

— cargo handling systems and equipment, for corrosion;

— structyiral supports and deck equipment, for green water impact actions;

— riser t¢grminations and restraints (usually in the turret area), for fire hazard.

In addition], the following areas should be examined for adequate fatigue life\ii’the midship area, tufret
area, and inh the fore-most and aft-most cargo tank areas:

a) represgentative attachments and penetrations to main deck and bottom plating;

b) bottom, inner bottom, side shell, inner side, longitudinal bulkhead and deck longitudinal fend
conneg¢tions to transverse frames and transverse bulkheads;

c) end cohnections/bracket terminations (bracket toe andflange toe) of transverse frames;
d) end copnections (corner details)/bracket terminations of longitudinal stringers;

e) block drection butt welds in deck and bottomplating;

f) topsides and crane supports to deck (and:relevant welds below deck);

g) turretfhull girder support structure;

h) represgentative scallops and mouse holes of structural connections adjacent to deck and botfom
plating and at side shell;

i) atthe dletails of scallops intransverse girders (at penetrations for the longitudinals);
j) upper hnd lower kntickles of transverse frames;
k) hopper knucklg, horizontal stringer to bulkhead connections, cross ties and bilge keels.

Ship-shapdd structures based on converted tankers, which can have void or water ballast tanks in|the
side, concgntrated around midships, can experience relatively large hull girder bending moments in
the case where two adjacent tanks are damaged. such bending moments can exceed the minimum RCS
rules for the intact structure by a significant percentage. Consequently, in addition to a check on the
structure’s stability (see Clause 16), the residual strength of the hull girder should be verified in the
damaged condition.

A.11.2 General design criteria

A.11.2.1 Collision protection

IMO MEPC/Circ.406 is a comprehensive document describing minimum requirements and the
application of double sides or other means of limiting pollution in case of a collision, for both new-build
FPSOs/FSUs and conversions. IMO MEPC/Circ.406 provides guidance on how to apply requirements
written for tankers to FPSOs and FSUs.
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For new-build tankers, IMO MARPOL requires a double hull. For new-build FPSOs, IMO MEPC/Circ.406
reduces this to double sides.

IMO MARPOL allows the operation of existing single-hull tankers for a number of years, depending
on their age and design. The principle is that in the course of time single-hull tankers disappear (they
are “phased-out”). IMO MARPOL Regulation 13G describes this process in detail. IMO MEPC/Circ.406
allows the conversion of existing single hull tankers into FPSO/FSU, independent of their age, provided
that a number of other requirements stated in IMO MARPOL are met. IMO MARPOL Regulation 13G is,
according to IMO MEPC/Circ.406, not applicable to FPSOs or FSUs.

In this document, the determination of a suitable collision protection is based on the assessment of the
colljsion risk. Where collision risk is reduced by the use of ballast tanks and void tanks in the side, these
tanks should be effectively spread over the floating structure length to mitigate the impact'of damaged
and| flooded tanks on damaged stability and residual hull girder strength.

IMQ MARPOL requirements for tankers are generally enforced by, or on behalf\df, a flag $tate. Ship-
shaped structure floating structures used for storing oil are generally regulated by the cdastal state
(referred to as the "national authority” in this document). IMO MEPC/Cir6,406 gives guldance and
recopmmendations to the coastal states on how to apply IMO MARPOL, Annex 1, to FPSOs and FSUs. This
document requires conformity with the guidelines contained in IMO_MEPC/Circ.406 as al minimum,
whéther the floating offshore structure is flagged or not, and whéther required by the national
authorities or not.

Natjonal authorities can overrule flag states and imposestricter double hull requirements on the
floating offshore structures under their jurisdiction.

A.1]1.2.2 Deckhouse requirements

No guidance is offered.

A.1[1.2.3 Sloshing

References for sloshing are given in A9:8.

A.1]1.2.4 Green water
Refgrences for green water(agtion and related design issues are presented in A.7.4.5.8.
A.1[1.3 Structural stréength

A.1[1.3.1 General

No guidanceis offered.

A.1|1.3.2 Scantlings

Scantling requirements in the various RCS rules generally give similar outcomes. However, when dealing
with ship-shaped structures in benign waters, the permitted reductions on scantlings compared with
the unrestricted service condition requirements vary significantly. As very little technical material was
available to substantiate the use of any particular level of reduction, the most conservative of the RCS
permitted reductions has been adopted in this document.

A.11.3.3 ULS-a and ULS-b longitudinal strength design verification

A.11.3.3.1 General

Wave-induced bending moments and shear forces should normally be determined as indicated, i.e. by
reference to Clause 9. For conceptual or preliminary design, RCS rules formulations provide appropriate
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preliminary values, except in the case of wave-induced vertical shear forces when the following
formulae provide more suitable positive and negative envelope values [see Formulae (A.9) and (A.10)]:

Qwv—pos = 0'45quv—postvLB(Cb + 0'7) (A.9)
Quv-neg = ~045fqwy—negCwy LB (C,+0,7) (A.10)
where

a 4] des. - | | dos- 1 1 £, o 1-:l 4=
Qwv-pos IS LT PUSILIVE WAdVETIITUULTU VET LILATL STITAT TUTLT, TAPITSSTU T RITUTITVWLUILS,

Qwv-nep is the negative wave-induced vertical shear force, expressed in kilonewtons;

gg

faqwv-pds is the distribution factor for positive wave-induced vertical shear force along the floatjng
structure length, to be taken as:

=0,0 at the aft perpendicular (AP)
Cy
= 1,59 for 0,2L to 0,3L from AP
C, +0,7
=0,7 for 0,4L to 0,6L from AP
=1,0 for 0,7L to 0,85L from AP
=0,0 at the forward perpendicular (FP)

and where, for values of L between thoseé&pecified, the distribution factor is determined
by interpolation;

fqwv-ndg is the distribution factor for negative wave-induced vertical shear force along the floafing
structure length, to be taken as;

=0,0 atithe AP
=0,92 for 0,2L to 0,3L from AP
=0,7 for 0,4L to 0,6L from AP
Cp
=1,73 for 0,7L to 0,85L from AP
Cy+0,7
=.0,0 at the FP

and ulhnrn’ forvalues of I hetween those cpnriﬁ'nd, the distribution factoris determinked

by interpolation;

Cwv is the wave coefficient, to be taken as:

300-L

1,5
= 10,75_( J for 150 < L <300

=10,75 for 300 < L <350

158 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=6c5b979ec670a44530e39c9dd642a815

A.1[-373 27 Partial factor design format

The
rea
doc
ULS

Thd
pur|

factlors approaches 1,50. When the moment is an equal combination.oP still water moment

ind

In
acc
stil

from 1,21 for still water-dominated conditions to 1,45 for wave-dominated conditions.

Und
une
yea
not
con

A ré
red
con

Al

For
med

[1.3.3.3 Working stréss'design format

1ISO 19904-1:2019(E)

1,5
- 10,75—(“350 ] for 350 < L < 500;
L is the length between perpendiculars, expressed in metres;
B is the moulded breadth, expressed in metres;
Ch is the block coefficient.

partial factors prescribed for use in Formula (11) are based on those given in Reférence
bon for selecting this set of factors was that, at the time of development of the, first edi

factors.

magnitudes of the partial factors are such that when the moment is*at one of the ex
e still water moment or pure wave-induced moment, the product of(the partial load and|

iced moment, the combined partial factors produce an overall safety factor of 1,24.

rdance with the hull girder ultimate strength requirements of Reference [108], varies fr
water-dominated conditions to 1,43 for wave-dominated conditions, and under hogging
er wave-dominated conditions, the smaller,overall safety factor required for tanl
's for structures designed in accordance with this document. This difference in return

however, explain the larger factor adepted in this document for still water-dominated
pared with that required of tankers:

viewl[101] of 2014 FPSO requirements[161[69] found that partial factors for their sizing ha

sensus of how the factorsin Formula (11) could be accordingly adjusted.

structures designed to WSD, RCS rules typically specify a utilization factor less than
ins of restricting the applied stress caused by the moment (or shear) to a proportion of y

Thd
val

Misgs stress). For example, Reference [108] limits the von Mises stress in a mild steel sh
botfom“to 80 % of yield, a proportion that reduces as yield strength increases. Such first y
underestimate the ULS bending strengths of ships with stocky cross-sections because of the

proportion-tisually depends on whether the stress is a single stress value or a comb
e calculated via the Maxwell-Huber-Hencky-von Mises criterion (usually referred to

[146]. The
Lion of this

ument, few other sets of requirements for ship-shaped offshore structuresprovided dppropriate

fremes, i.e.
resistance
and wave-

ontrast, under sagging conditions the overall safety factor for tanker structures, designed in

bm 1,10 for
conditions

ers is not

xpected given the shorter design return periad to which it relates, 20 years, compared wjith the 100

eriod does
conditions

H generally

iced compared with those tadopted for use in Formula (11). However, there was np industry

unity as a
ield stress.
ned stress
s the von
ip deck or
eld checks

additional

capacity available from plastic moment behaviour.

In contrast to the tanker requirements which relate to first yield, the WSD check Formulae (13) and (14)
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 should 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 Csg value of 1,34.

A.11.3.4 Local strength and details

No guidance is offered.
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