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Foreword

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

Design/assessment situations are described, and the process for limit state design
rerification has beericlarified;

Annex A hras been reorganized to mirror the numbering of the normative clauses and
updated-with substantial guidance moved from normative clauses.
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Introduction

The International Standards on offshore structures prepared by TC 67/SC 7 (i.e. ISO 19900, the
ISO 19901 series, ISO 19902, ISO 19903, ISO 19904-1, the ISO 19905 series, ISO 19906) constitute a
common basis addressing design requirements and assessments of all types of offshore structures

used by the petroleum and natural gas industries worldwide.
NOTE These are sometimes referred to as the ISO 19900 series on offshore structures.

Through their application, the intention is to achieve adequate structural integrity and performance
based on reliability levels appropriate for manned and unmanned offshore structures, whatever the

nature or cqg

Structural

analyses, de|
all of which
imbalance g
The implica
the element

mbination of the materials used.

ntegrity is an overall concept comprising: models for describing actions{)struc
sign rules, safety elements, workmanship, quality management, and national tequirem
hre mutually dependent. The modification of any of these elements in isolation can cau
r inconsistency, with possible impact on the reliability inherent in the.offshore strug
Fions involved in modifying one element, therefore, need to be considered in relation

5 and the overall reliability of the offshore structure.

tural
ents,
se an
ture.
to all

The International Standards on offshore structures prepared by TC 67/SC)7 are intended to provide

latitude in t
solutions. Sq

Figure 1 giv
structures

he choice of structural configurations, materials and techniqdes and to allow for innov
und engineering judgement is, therefore, necessary in the use of these documents.

bs a general indication of the relationships between theInternational Standards on offj
repared by TC 67/SC 7.

This documlent, i.e. ISO 19900, follows the principles ofISO 2394 and is the unifying documer

Internations
specific req
(ISO 19902,

The ISO 199
structures f]
of different

In addition t
is also some
e.g. ISO 199
offshore str

In ISO Inter

“shall” 4
tothed

11 Standards on offshore structures prepared by TC 67/SC 7, which encompass

ative

hore

t for
both

hirements for offshore structures (the ISO*19901 series) and “structure type” documents

[SO 19903, ISO 19904-1, ISO 19905-1, ISO 19905-3, and ISO 19906).

D1 series addresses particular aspects of the design, construction, and operation of offj
br the petroleum and natural gas-industries. The provisions can be applicable to struc
[ypes, materials and operating environments.

o the relationships between the “structure type” documents and the ISO 19901 series, 1
interdependence among the “structure type” documents, in that one can reference andg
D6 on arctic offshor® structures builds upon the requirements of ISO 19902 on fixed
ictures.

national Standards, the following verbal forms are used:

hore
ures

here
ther,
steel

nd “shallnot” are used to indicate requirements strictly to be followed in order to confform

pcument and from which no deviation is permitted;

d an “‘chowldnat” aroancadtaindicatathat g caunral maccilhalitine anaic racama

“should

SO T IO T o C ot O to o ottt G o o o vV I o PO S SToT trc 5, oo T CCoic

ded

as particularly suitable, without mentioning or excluding others, or that a certain course of action is
preferred but not necessarily required, or that (in the negative form) a certain possibility or course
of action is deprecated but not prohibited;

“may” is used to indicate a course of action permissible within the limits of the document;

or causal.

“can” and “cannot” are used for statements of possibility and capability, whether material, physical

Additional information and guidance are given in Annex A, where the clause numbering mirrors the
normative clauses to facilitate cross referencing.

Vi
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General requirements

0:2019(E)

ISO 19900

“Structure Type” staW

General structures
19903 Concrete
19906 Arctic

Bottom-founded structures
19902 Fixed steel
19905-1,2 Jack-up MOUs

19905-3 Floating MOUs

Floating structures
19904 Floating production units

Specific requirements
19901-1 Metocean
19901-2 Seismic
19901-3 Topsides
19901-4 Foundations
19901-5 Weight engineering
19901-6 Marine operations
19901-7 Station keeping
19901-8 Marine soil investigations
19901-9 Structural integrity management

Figure 1 — Relationship of International Standards on offshore structures prepared b

y TC67/SC7
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INTERNATIONAL STANDARD

ISO 19900:2019(E)

Petroleum and natural gas industries — General
requirements for offshore structures

1 Scope

This document specifies general requirements and recommendations for the design and assessment of

bottq
This

JR— q

T-founded tfixed ) amd buoyarnt tfloating joffstore structures:

document is applicable for all phases of the life of the structure, including:

guccessive stages of construction (i.e. fabrication, transportation, and installation),

gervice in-place, both during design life and during any life extensions, and

— ({lecommissioning, and removal.

This
strud

This

document contains general requirements and recommendations-for both the design

document does not apply to subsea and riser systems or pipeline systems.

2 Normative references

The
cons
undg

ISO
Part

ISO
Part

ISO
Part

ISO
Part

ISO
Part

following documents are referred to in the-text in such a way that some or all of t
[itutes requirements of this document. Eor dated references, only the edition cited
ted references, the latest edition of the.réferenced document (including any amendme

19901-1, Petroleum and natural ga$.industries — Specific requirements for offshore s
1: Metocean design and operating.considerations

|9901-2, Petroleum and natural gas industries — Specific requirements for offshore s
P: Seismic design procedures’and criteria

19901-3, Petroleum-and natural gas industries — Specific requirements for offshore s
3: Topsides structure

19901-4, Petroleum and natural gas industries — Specific requirements for offshore s
4: Geotechnieal and foundation design considerations

|9901-5; Petroleum and natural gas industries — Specific requirements for offshore s
5: Weight control during engineering and construction

bf new build

tures and for the structural integrity management and assessment of existing structufres.

heir content
applies. For
hts) applies.
tructures —
tructures —
fructures —

tructures —

tructures —

ISO
Part

I99U1-6, FPetroleum and naturdl gas mdustries — SpeclJIiC requirements jor ojjshore s

6: Marine operations

ructures —

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

ISO 19901-8, Petroleum and natural gas industries — Specific requirements for offshore structures —
Part 8: Marine soil investigations

ISO 19901-9, Petroleum and natural gas industries — Specific requirements for offshore structures — Part
9: Structural integrity management

[SO 19902, Petroleum and natural gas industries — Fixed steel offshore structures

ISO 19903, Petroleum and natural gas industries — Concrete offshore structures

© ISO
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ISO 19904-1, Petroleum and natural gas industries — Floating offshore structures — Part 1: Monohulls,
semisubmersibles and spars

ISO 19905-1, Petroleum and natural gas industries — Site-specific assessment of mobile offshore units —
Part 1: Jack-ups

ISO 19905-3, Petroleum and natural gas industries — Site-specific assessment of mobile offshore units —
Part 3: Floating unit

ISO 19906, Petroleum and natural gas industries — Arctic offshore structures

3 Terms{and definitions
For the purposes of this document, the following terms and definitions apply.
ISO and [EC|maintain terminological databases for use in standardization at the followinhgaddressgs:

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

— IEC Eledtropedia: available at http://www.electropedia.org/

31
abnormal gnvironmental event
environmental hazardous event (3.27) having probability of occufrence not greater than 10~} per
annum (1in/1 000 years)

3.2
accidental event
non-envirormental hazardous event (3.27) having probability of occurrence not greater than 10 per
annum (1in/1 000 years)

Note 1 to enffry: Accidental events, as referred to in this*document, are associated with a substantial relegse of
energy, such ps vessel collisions, fires, and explosions;

Note 2 to entfy: Lesser accidents that could be.expected during the life of the structure, such as dropped olpjects
and low energy vessel impact, are termed incidents and are addressed under operational design situations.

3.3

action
external load applied to the structure (3.53) (direct action) or an imposed deformation or accelerption
(indirect action)

EXAMPLE An imposed deformation can be caused by fabrication tolerances, differential settlement,
temperature|change opmbisture variation. An imposed acceleration can be caused by an earthquake.

34
action effeqt
result of actie#s{33}en= tH

the structure (3.53) (e.g. de flectlon rotatlon)

ac

P
T
(2}
P

momant-ctra
S IIToTIreit;ottre

~Strain}-br on

3.5

air gap

distance between the highest water elevation and the lowest exposed part of the primary deck structure
(3.53) not designed to withstand associated environmental action effects (3.4) for a defined return
period (3.42)

Note 1 to entry: This definition can be refined for different platform types in their respective standards.

2 © IS0 2019 - All rights reserved
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3.6

appurtenance

accessory or attachment to the structure (3.53) which typically assists installation, provides access or
protection, or carries fluids or gas

Note 1 to entry: Appurtenances do not normally contribute to the stiffness of the structure but can attract
significant hydrodynamic loading.

EXAMPLE Riser, caisson, boat landing, fender, and protection frames.
3.7
basic variable

varidble representing physical quantities which characterize actions (3.3) and enyironmental
influences, geometric quantities, or material properties including soil properties

Note |1 to entry: Basic variables are typically uncertain random variables or random(processe$ used in the
calcullation or assessment of representative values of actions or resistance.

3.8
calibration
process used to determine and optimize partial factors using structuxal reliability analysis (3.52) and
target reliabilities

3.9
charjacteristic value
valug assigned to a basic variable (3.7) with a prescribed probability

Note [l to entry: In some design/assessment situations, awvariable can have two characteristic valyies, an upper
value and a lower value.

3.10
conductor
tubular pipe set into the ground to preyide the initial stable structural foundation for| setting the
surfdce casing and protecting the internal well string from metocean actions

Note |l to entry: The conductor providés lateral and, in some cases, axial support, enables circulation of drilling
fluid,|and guides the drill string to facilitate setting of the surface casing.

3.11
decgmmissioning
process of shutting down a platform (3.37) enabling preparations for cleaning, dismantling and/or
remdval from location-at the end of total service life (3.18)

3.12
design resistance
resisftance-Jimit calculated using factored representative values (3.40) of basic variables (B.7) or from
factdred expressions based on unfactored representative values (3.40) of basic variables (3.7)

EXAMPLE Examples of basic variables relevant to resistance are material properties.

3.13

design service life

planned period for which a structure (3.53) is used for its intended purpose with anticipated
maintenance, but without substantial repair being necessary

3.14
design value
value derived from the representative value (3.40) for use in limit state verification (3.32)

Note 1 to entry: Design values can be different in different design/assessment situations due to different partial
factors.

© IS0 2019 - All rights reserved 3
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design/assessment criteria
quantitative formulations describing the conditions to be fulfilled for each design/assessment
situation (3.16)

3.16

design/assessment situation
set of physical conditions for which the structure (3.53) or its components are verified

3.17
deteriorati

on

process tha

Note 1 to en
including cor
such as those

3.18
total servig
design servid

3.19
durability
ability of a 4
service life (]

3.20
exposure lg
classificatio
of failure

3.21

extreme en
environmenital hazardous event (3.27) typically-having probability of occurrence of 102 per annuy
in 100 year}{

3.22
fit-for-serv
fulfilling de

Note 1 to enf

cause unacce,

3.23
fitness-for-

engineering

deviates fro

| 1 ££ 4 £ £ | S A 6o N i AN | A3
auviel ocn_y dlittio structouruil uu.,cgl lb_y l_J-\JUJ UVClI LT

Lry: Deterioration can be caused by naturally occurring chemical, physical, or biological*ag
rosion, by severe environmental actions, by incidents and accidental actions, by repeated ag
causing fatigue, by wear due to use, and by improper operation and maintenance of'thé struct

e life
e life (3.13) plus any subsequent operational life extension period(s)

tructure (3.53) or structural component (3.49) to maintaimits function throughout its
.18)

vel
In system used to establish relevant criteria for a structure (3.53) based on consequg

vironmental event

)

ce
ined structural integrity (3.50) and performance (3.36) requirements

ry: A structure netymeeting all the specific provisions can be fit-for-service, provided it doe
ptable risk to Jife-safety or the environment.

service-assessment
evaluations to demonstrate that a structure (3.53) or a structural component (3.49) v
hits design basis, is fit-for-service (3.22)

tions
tions
ure.

total

nces

m (1

S not

rhich

Note 1 to entry: Deviations can include deterioration or damage, life extension, and other changes and

modification

3.24

s to the structure or to the design basis.

fixed structure
structure (3.53) that is bottom founded and transfers most of the actions (3.3) on it to the seabed (3.47)

3.25

floating structure
structure (3

.53) where the full weight is supported by buoyancy

© ISO 2019 - All rights reserved
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3.26
hazard
potential source of harm

Note 1 to entry: Harm is typically differentiated between harm to people, harm to the environment, or harm in
terms of costs to organization(s) or society in general.

3.27
hazardous event
event which occurs when a hazard (3.26) interacts with a structure (3.53)

EXAMPLE Wave impacting the structure, iceberg impacting the structure, excessive topside weight added to
the structure, vessel collision, fire, explosion, and landslip in the vicinity of structural anchors (pilefs).

3.28
ice gpuge

ice s¢our

incisfon in the seabed (3.47) or removal of seabed material by an ice feature

3.29
incident
non-environmental hazardous event (3.27) considered in an operational\design/assessment sityiation (3.16)

Note|l to entry: Incident, as referred to in this document, is a lessef, accidental event, associated with possible
local [damage or damage to structural components, occurring with low probability, most typically associated
with probabilities not less than 102 per annum (1 in 100 years).

3.30
jackqup
mobile offshore unit with a buoyant hull and one-0r more legs that can be moved up and d¢wn relative
to the hull

Note|l to entry: A jack-up reaches its operationral mode by lowering the leg(s) to the seabed and then raising
the hpll to the required elevation. The majoftity of jack-ups have three or more legs, each of which ¢an be moved
indegendently and which are supported(injthe seabed by spudcans.

3.31
limit state
statg beyond which the strusture (3.53) or structural component (3.49) no longer satisfieq the design/
asse§sment criteria (3.15)

3.32
limit state verifiCation
dem¢nstration that the total design action effect (3.4) in each design/assessment situation| (3.16) does
not exceed theJimit state (3.31) design resistance (3.12)

3.33
nomjnal value
value assigned to a variable specified or determined on a non-statistical basis, typically from acquired
experience or physical conditions, or as published in a recognized code or standard

Note 1 to entry: In some design/assessment situations, a variable can have two nominal values, an upper value
and a lower value.

3.34
offshore
situated in water some distance from the shore

Note 1 to entry: Alternatively, near shore can be used to specify locations next to the coast or in mouths of rivers.

© IS0 2019 - All rights reserved 5
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operator
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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.

Note 2 to entry: The operator can be termed the owner or the duty holder.

3.36

performance
ability of a structure (3.53) or a structural component (3.49) to fulfil specified requirements

Note 1 to ent

3.37
platform
complete aj
production

Note 1 to ent
piping and ad

Note 2 to en
structural co

Note 3 to enf
specific geotd
or anchoring

3.38
reference p
period of

Fy: Specified requirements include requirements for structural integrity and functionality.

sembly of structural and non-structural systems for the purpose of development
bf petroleum and natural gas fields

ry: The platform includes the structure and non-structural systems such_as topsides equip
commodation.

try: The platform includes the structural conductors and riseps but does not include the
mponents of the hydrocarbon wells.

ry: The platform does not include the geological strata supporting the foundation. However
bchnical parameters provide the boundary conditions neééssary to model the platform’s found

eriod
ime used as a basis for determining. the representative value (3.40) of operati

environmental, accidental and/or repetitive actions

3.39
reliability
performancd

Note 1 to ent
the limit is nd

Note 2 to ent

3.40
representa

(3.36) over a specified period of time

'y: When reliability is useéd in the context of limit states, it can be expressed as the probabilit
t exceeded.

Fy: The specified pesiod of time is typically one year.

Live value

value assigned to-<a~basic variable (3.7) for verification of a limit state (3.31) in a design/asses

situation (3.]

16)

Note 1 to e

and

ment,

non-

site-
ation

onal,

I that

iment

it Twg tunes of representative value used in desian verification -are characteristic valu
Y YP P Y VaHe—4HSea £t £h—V Va4

b and

nominal value.

3.41
resistance
ability ofa s

3.42

tructure (3.53), or a structural component (3.49), to withstand action effects (3.4)

return period
average time between occurrences of an event

Note 1 to entry: The offshore industry commonly uses a return period measured in years for environmental
events. The return period in years is equal to the reciprocal of the annual probability of occurrence of the event.
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Note 2 to entry: For the purpose of this definition, events include both discrete hazardous events as well as
exceedances of a threshold value of a relevant variable.

3.43

riser

part of an offshore pipeline, including any subsea spool pieces, which extends from the sea floor (3.46)
to the pipeline termination point on a platform (3.37)

Note 1 to entry: For fixed structures, the termination point is usually the topsides.

Note 2 to entry: For floating structures, the riser can terminate at other locations on the platform.

3.44
robystness
ability of a structure (3.53) to withstand hazardous events (3.27) without being damaged o an extent
disproportionate to the cause

scoufr
remgval of seabed (3.47) material caused by currents and/or waves

3.46
sea floor
interfface between sea and seabed (3.47)

3.47
seabed
matdrials below the sea floor (3.46)

3.48
splash zone
part pf a structure (3.53) that is intermittently exposed to air and immersed in the sea

3.49
strugtural component
discilete part of a structure (3.53)

Note [l to entry: For this documentya component can include an assembly of components, e.g. a subslystem.

EXANMPLE Examples pf\components include columns, beams, stiffened plates, tubular membefrs and joints,
moorjing lines and tendons;gravel fill, foundation anchors and piles, but not the geological strata.

3.50
structural integrity
ability of a stfugture (3.53) or a structural component (3.49) to maintain performance (3.36) throughout
the fotal service life (3.18), with respect to structural safety, robustness (3.44), servicg¢ability, and
durabpility. (3.19)

3.51
structural integrity management

SIM

systematic multi-step cyclic process intended to assure structural integrity (3.50) and functionality of a
structure (3.53) throughout its total service life (3.18)

Note 1 to entry: Typical steps include data collection, data evaluation, development of an inspection strategy,
development and execution of an inspection programme, and consequent remedial works.

3.52
structural reliability analysis
probabilistic methodology for determining limit state (3.31) failure probabilities
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3.53
structure
combination of physically connected structural components (3.49)

3.54

topsides

structure (3.53) and equipment placed on a supporting structure [fixed or floating] to provide some or
all of a platform’s (3.37) functions

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

Note 2 to entpy- For a jack-up the hull is not part of the topsides

Note 3 to ently: A separate fabricated deck or module support frame is part of the topsides.

3.55
ductility
<material> ability of a material to deform and absorb energy beyond its elastic limit

3.56
ductility
<structural fomponent> ability of a structural component (3.49) to sustain action effects (3.4) beyond|yield

3.57

ductility
<structural [system> ability of a structural system to deform anddissipate energy, and to redistrjbute
action effectls (3.4)

4 Symbogls and abbreviated terms

4.1 Symbols

A apcidental action

ay design value of geometric vatiable

ay characteristic value of geometric variable

a, representative valueof geometric variable

E environmentalaction

Fy design action

F. représeéntative value of an action

f4 design value of material property (for example strength)
fr representative value of material property (for example yield strength)
G permanent action

L1, L2, L3 exposure levels of structures

P annual probability of occurrence or probability of exceedance
Ps probability of failure
Q operational action

8 © IS0 2019 - All rights reserved
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operational action of long duration
operational action of short duration
reliability of a structural system

design value of resistance

characteristic value of resistance, or value based on characteristic values of material properties

representative value of resistance

total design action effect
annual return period of an event or an action
partial action factor the value of which reflects the uncertainty or rahdomness d

partial material factor the value of which reflects the uncertainty.or variability of
property

partial resistance factor the value of which reflects the,ungertainty or variability
ponent resistance including those of material properties

additive partial geometric quantity the value of\which reflects the uncertainti
ometric variable

Abbreviated terms

abnormal/accidental limit state
fatigue limit state

International Maritime Organization
quality assurance

quality control

serviceability limit state

ultimdte-limit state

Fundamental requirements

f the action

the material

y of the com-

s of the ge-

Genrerat

Offshore structures shall be planned, designed, constructed, operated, and assessed in such a way
that they perform with adequate structural integrity (see 5.2), and meet all functional requirements

(see

5.3), for all phases of their life (see 5.4).

Requirements set by regional, national, and local regulations and standards can be different from those
given in this document. While such requirements take precedence, conformance to this document can
be claimed only if the requirements of this document are also met.

NOTE

substantial effect on the design of a floating structure.

© IS0 2019 - All rights reserved
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tural integrity requirements

Structural integrity is achieved by the following:

To protect g
loss, a struc

a)

withsta
constr

b) perforn

during {

not fail

c)

d) provide

account

the

the

The integrit]
with a spec
verification
IS0 19903, 1

5.3 Funct

The functio
personnel a
and natural

The platfor
specified byj

Functional 1
to ISO 1370

conformance to this document;

verification of structural reliability using the limit state approach, see 8.1;

quality management during constructional phases of an offshore project;

structural integrity management in service;

afety of life, prevent damage to the environment, and protect against financial 0 sog
fure and its structural components shall have adequate structural integrity to

d actions arising from hazardous events and other sources of actiohs during
tion and service in-place,

) adequately under all design/assessment situations, including (serviceability, expd
he total service life,

inder repeated actions (fatigue) or deterioration mechanisms (e.g. corrosion, wear), aj

an appropriate level of robustness (see 5.5.2) against damage and failure, taking
of

cause and mode of damage or failure, and
possible consequences of damage or failure.igterms of risk to life, environment and prop

y of a structure and its components is de€scribed in terms of adequate reliability assoc
ified set of limit states. Adequate reliability is realized by conforming to the limit
requirements in Clause 8, and tothe appropriate structure type standard (ISO 19
S0 19904-1, I1SO 19905-1, ISO 19905-3, and ISO 19906).

rional requirements

s of an offshore platform can include drilling, producing, processing, storage, offloa
rcommodation, or\ahother function or combination of functions in support of the petro
gas industries.

m’s (including the structure’s) functional requirements and design service life shg
the operator.

equirements for control and mitigation of fires and explosions should be specified acco1
I8k The selection of a suitable approach and mitigating measures including safety sys

Eaum

ietal

their

pcted

hd

due

erty.

jated
State
D902,

ing,

1l be

rding
tems

can depend

upon the function of the platiorm.

All functional and operational requirements including site-specific marine biological, physical
environmental, and geotechnical conditions affecting the layout and design of the structure shall be
established and documented.

All functional and operational requirements in temporary and in-service phases, as well as robustness
against accidental events that can influence the layout and the structural design, shall be established
and documented.

NOTE Functional requirements for floating structures also include maritime functions.
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5.4 Requirements for specific phases of the life of the structure

5.4.1 Planning

For new build structures, planning shall be completed before design is started to obtain a safe, workable,
and economical offshore structure. Planning can be associated with conceptual field development, or in
a broad concept development phase.

For existing structures, planning shall be completed to obtain data and models which represent the
structure’s current conditions before the structure is assessed to be fit-for-service for its remaining
service life including any life extension.

Releyant and related sustainability aspects impacting the environment, the economy and’spciety, along
with|their interdependence and interrelationships, should be considered.

Strug¢ture related requirements should be established in association with funictional r¢quirements
asso¢iated with non-structure related disciplines. In some cases, significant medifications gre required
to the planned structural configuration to meet functional requirements and to mitigate fisks in non-
strugtural disciplines.

5.4.1 Construction and deployment

Conslideration shall be given to all activities and operations required for construction inclyding, where
apprppriate, fabrication, load-out, transportation, installation and securing in place of the structure,
and hook-up of subsea equipment and facilities.

Design requirements shall be established accountingfor the following:
a) the type of structure and its location;

b) the environmental conditions including Seasonality;

c) the construction equipment;

d) the nature and duration of the construction operations.

Planning, engineering and safe)execution of marine operations for all types of offshor¢ structures
with|n the scope of this documlent shall be in accordance with ISO 19901-6.

NOTH Marine operatiohs for marine site investigations, mobile jack-ups, pipe-laying barge$, and diving
supp¢rt vessels are outside the scope of ISO 19901-6.

5.4.3 Structural integrity management

A syjstemefor structural integrity management shall be developed during the design phase and
mairftained throughout the total service life of the structure in accordance with Clause 13 gnd with the
apprppriate document for the actual structure type (i.e. 1SO 19901-9,ISO 19902, ISO 19903,[SO 19904-1
or ISO 19905-1).

5.4.4 Decommissioning and removal

Consideration shall be given at the design stage to decommissioning and possible removal of the
structure or parts of the structure at the end of its design service life.

Decommissioning shall be conducted in accordance with the operator’s specifications and can be
subject to local and international legislation and IMO rules.
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5.5 Requirements for durability and robustness

5.5.1 Durability, maintenance and inspection

The durability of the structure shall be achieved by adequate design and assessment, inspection,
monitoring, maintenance and repair. Effects of corrosion, loss of material by abrasion, and other forms
of deterioration that can affect the resistance of the structure or structural components shall be taken
into account.

NOTE1 Deterioration can also be caused by operational incidents such as dropped objects and spillage of
corrosive or refrigerated fluids.

Durability of the structure and structural components shall be achieved by
a) aninsp¢ction and maintenance programme,

b) designing the structure so as to allow for deterioration in those areas that cannot-be, or arg not
expecteld to be, maintained during the design service life of the structure, or

c) acombination of a) and b).

NOTE 2  Structural integrity, serviceability, and durability throughout the desigmservice life are not simply the
outcome of the design calculations, but are also dependent on the quality of materials, the quality managgment
exercised in fonstruction, the supervision on site and the manner in which'the structure is installed, usefl and
maintained.

NOTE 3  The rate of deterioration can be estimated on the basis of calculations, experimental investigafions,
experience from other structures, or a combination of these. Detérioration can be reduced or prevented by
providing sujtable protection systems.

An inspectign and maintenance programme shall be consistent with the design and use of the strudture,
the environmental conditions to which it is exposed;and the consequent rate of deterioration.

The structyre or structural components shall ;be designed and constructed so that deteriorption
remains below defined thresholds within the' time intervals between inspections. The design [shall
allow easy afccess to relevant parts of the structure for inspection without unnecessary or unreasomably
complicated dismantling.

The planning and the execution of‘inspection should include scheduled baseline inspection, perjiodic
inspections) special inspections,'and unscheduled inspections (e.g. after a hazardous event such as an
earthquake[or other severe environmental or accidental event).

In the eventjof deterioration‘or damage to protection systems or to structural components, mainterjance
shall include upgrading-of the affected protection systems or repair of the affected strucfural
componenty.

5.5.2 Robustness

A structure shall incorporate robustness so that damage arising from a hazardous event is not
disproportionate to the cause.

Robustness shall be realized by

a) ensuring (by design or by protective measures) that no critical part of the structure exposed to a
hazardous event can suffer complete loss of integrity,

b) providing alternate load-carrying paths (structural redundancy) in such a way that any single
structural component exposed to a hazardous event can fail without complete loss of integrity of
the structure or a critical part of the structure,

c) providing sufficient residual resistance after relevant damage conditions associated with certain
abnormal and accidental design/assessment situations, see 7.4.4 and 7.4.5, or
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d) acombination of a), b) and c).

Structures in a floating state shall be designed/assessed to have adequate stability in all associated
design/assessment situations in both the intact and damaged conditions, during construction,
transportation, installation, service in place, decommissioning and removal phases.

Structures in a floating state for which buoyancy is important should be subdivided into compartments
to limit the consequences of unintended flooding. The configuration of compartments should be
determined after considering protection measures (including operation of those measures) that can be

used

Stati

to prevent flooding.

float
desig
strug

Robuy
of IS
shall

NOTH

The
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thru
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6.1

The |
and
situ
situ
of th

Equi
be dg
envii

The
assed

Strug
velod

%

onary flnnfing structures (temporarily located mobhile offshore units or permane
ng structures) shall incorporate sufficient damaged stability and reserve of buayg
n/assessment situations involving unintended flooding do not result in complete
ture.

stness requirements for permanently located floating structures shall be inaccordanc
D 19904-1. Site-specific robustness requirements for temporarily moered mobile off
be in accordance with those of 19905-3.

General robustness requirements for temporarily moored mobile;offShore units are based

stationkeeping systems of floating structures shall incorpdrate sufficient robustness
ture can withstand the loss of at least one stationkeeping,component (such as a mo
ster, or a fairlead) in accordance with the provisions of1SO 19901-7.

Basis for design/assessment

General

pasis for design/assessment for the structure shall include all relevant hazardous eve
functional requirements (see 5.3)(described in terms of their associated design
ions (see 7.4) for all the phases(of the life of the structure (see 5.4), including design
ions arising during construction, fabrication, transportation, installation, and decor
P structure.

bment and material layouts shall be specified and associated weights and centres of §
termined. Exposure ef such equipment and material to hazardous events, such as thof
onment or accidents, shall be taken into account.

ronditions atid-requirements identified in 6.2 to 6.5 shall also be included in the basis
sment.

tures-and structural components shall be configured and designed/assessed so thata
ities.and displacements do not impair the safety and health of personnel, and the sery

proc

tly located
ncy so that
loss of the

e with those
fshore units

on IMO rules.

so that the
oring line, a

nts (see 7.2)
assessment
assessment
nmissioning

rravity shall
e due to the

for design/

rcelerations,
iceability of

psses and equipment.

6.2

Platform location and orientation

The site location, structure position and orientation with respect to true north, and the tolerances on
position and orientation shall be specified.

The position and orientation of the structure and its ancillary systems (such as piles, mooring lines,
anchors, conductor pipes, risers, offloading systems, tendons, berms, movable protection barriers,
temporary refuges, and evacuation systems) should take account of the following:

— the reservoir geometry;

— construction requirements (including access for drilling and/or construction vessels, their
stationkeeping systems and their support spread);
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the physical environment (including prevailing wind, wave and ice drift directions);

pipelines);

accessibility by ships and helicopters.

6.3 Physical environmental conditions

The physical environmental conditions applicable at the region or location shall be specified.

paitions-shall-be-establishedinaccordance-with1S0-19901-1- Tu-lql Wiad r]v!trr\v\ BE

other platforms and infrastructure in the vicinity (such as subsea wells, manifolds, flowlines, and

Metocean ¢
driven, glob
waves shou
included in
effects of pr

Ice conditio

Metocean a
models.

The water
throughout

Due to clima
events such
service life (
the structui

Site-specifid
ground mot]

[SO 19901-2.

structures i

Environmer]
characterisf
The joint oc
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assessment,|

The charac
accordance
ISO 19903, 1

on periodic

Fay
T croTro-Sro o C-Cc o ta oo oot torao ety rerr oY T Py

h| circulation, loop and eddy currents, and the occurrence of fluld motlon caused by, int
d be considered, if relevant. Waves and currents of seismic origin (tsunamis) shall‘al
hccordance with ISO 19901-1, in association with ISO 19901-2. For floating strueture
essure waves generated by seismic events should be considered.

s involving sea ice and icebergs shall be established in accordance withJJSO 19906.

hd ice variables should utilize data from site measurements or ffem applicable hin

lepth shall be determined along with an estimate of pessible changes in water g
the design service life, including potential seabed subsidence.

ite change or for other reasons, changes in the frequency and magnitude of environm
as waves, ice, ocean circulation, and water level,changes can occur during the d
f the structure. The potential progression of these'changes during the design service |
e should be considered.

information on seismotectonic and site characterizations, including fault locat
ions, and the history of previous seishiic events, shall be established in accordance
Hazardous events associated with Seabed material displaced by the platform and
h the vicinity should also be assessed.

tal conditions derived in.accordance with the above, shall be expressed by phy
ics and, where available,(by statistics of basic variables. Any periodicity shall be def]
currence of different basié¢ variables may also be defined if suitable data are available.

tal actions acting‘on a structure shall be established for both global and local de

ith the€fequirements of ISO 19901-1 and the relevant structure type standards (ISO 14
SO 19904-1, ISO 19905-1, ISO 19905-3 and ISO 19906). When the design/assessment 1
marine growth cleaning or anti-fouling systems such reliance shall be documented, an

cleaning prq

gramme established over the life of the structure, including potential life extension.

feristics of.marine growth and the associated basic variables shall be establish¢
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NOTE

alternative corrosion mechanism, especially for components in the seabed.

6.4 Geotechnical and geophysical conditions

6.4.1 Marine site investigations

Although biological growth can retard corrosion, corrosive metabolites from bacteria can cause an

Marine site investigations shall be performed at the structure’s proposed location in accordance with

[SO 19901-8

and ISO 19901-4.

The investigations shall be to adequate depth and areal extent in order to

establis

14

h the various soil strata,
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identify potential hazards to the structure and its operation, such as the presence of
UXO (unexploded ordnance), etc., and

characterize and quantify the physical and engineering properties throughout the zone
of the structure’s foundation.

shallow gas,

of influence

Marine geophysical investigation should be performed in advance of marine soil investigation
programmes and be used to help establish such programmes (borehole logging, in situ testing and soil
sampling for laboratory testing). The number of geotechnical boreholes and their depth can depend on
the lateral soil variability of the site, the structure configuration and the expected actions. The data
obtained should be considered in combination with an evaluation of the shallow geology of the region.

Prevjous soil investigations and experience at the site can be used to adapt the numbefa

invegtigations or studies required.

NOTH The assessment of the shallow gas hazard can sometimes be done on the basis of 3D
espegially at deep water sites.

6.4.1 Seabed instability

The

a)

c)
The

Seabed behaviour and its influénce on the overall integrity of the structure and foundat
docujmented. Information sheuld include such items as relict permafrost in cold regions, 4
for s}

NOTH In most offshore-areas, geological processes associated with movement of the near surfg
can occur within the design service life.

6.4.3 Seabed'disturbance

The

shalllhe aecounted for in the design.

gite investigations and analyses in accordance with ISO 19901-2, ISO 19901-4 and ISO 1
model testing;

3 combination of a) and b).

identification of metastable geological features at and around the site;

¢haracterization and quantification‘of the soil properties required for modelling and
geabed movement.

possibility of disturbance to the seabed arising from scour and, in arctic and cold regior]

$cope of marine site investigations in areas gf,potential seabed instability shall focus opn:

|nd extent of

seismic data,

nature, magnitude and the probabilities of occurrence (rettrn periods) of potential seabed
movéments shall be evaluated by one of the following:

9901-8;

| estimating

ion shall be
he potential

ibsidence and slides, and-active processes such as mud volcanoes and gas escape featufres.

ce sediments

s, ice gouge,

The extent of scour should be determined in accordance with ISO 19901-4 from one or more of the
following:

The

previous records from sites with similar seabed features;
model tests;
calculations calibrated by prototype or model tests.

extent of ice gouges shall be determined in accordance with ISO 19906.
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6.5 Specific design/assessment requirements

6.5.1 Topsides structures
Topsides structures shall be designed/assessed in accordance with ISO 19901-3.
Winterization of topsides shall be in accordance with ISO 19906.

While layout and arrangement of the topsides is outside the scope of this document, measures should
be considered that reduce risks that can affect the structure or structural components.

S ecific recnmmnnnlni—{nnn melundatha follouiing.
p R

a) personnel accommodation should not be located directly above or below produced oil, gas'stgrage
tanks, ar process vessels;

b) personnel accommodation should not be located above or below surface trees and\wellheads, and
above of below the risers;

c) personnel accommodation should be positioned as far as possible from the-process facilities and
from the flare;

d) process|vessels, hydrocarbon storage tanks, or other items which could become a source of fiel in
the event of a fire should be located as far as possible, or otherwise protected, from wellheads and
potential ignition sources;

e) arranggments and layout of the facilities should account fog prevailing waves and winds;

f) arrangements and layout of the facilities, accommodatjons, control rooms, and lifesaving applignces
should pe such that a fire in a process area, hydrocarbon storage area, wellhead area, or ¢ther
classifigd areas does not prevent or impede the safe’exit of personnel from the accommodation and
temporary refuges along designated escape routes to boat landings or life boat locations.

6.5.2 Dedk elevation

Topsides structures shall have clearance margins above wave and/or ice conditions. Where|it is
impractical fo provide clearance margins, topsides structural component, piping or other elementy may
be designed|/assessed for actions caused by immersion/impact.

EXAMPLE Vertical water jets-diie to wave impacts.

Particular qttention shallbe paid to accommodation, temporary refuges, escape routes, evacuption
equipment, and equipment containing hydrocarbons.

The deck elgvationand air gap shall be determined for a range of hazardous events (typically including
operationalf extreme and abnormal occurrences), taking into account the values and uncertaintjes of
the site-spegifie basic variables, as applicable, including the following:

a) water depth;

b) tidesand surges;

c) crestelevation of waves;
NOTE Wave crest elevations are usually determined on the basis of point estimates of wave heights. For
a typical topsides structure, wave height statistical variability can result in wave heights up to 15 % higher
(see ISO 19901-1:2015 A.8.7). However, from a structural design perspective, these wave heights generate
only local (as distinct from global) loading.

d) wave-structure interaction;

e) sail height and shape of ice features, such as icebergs;
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f) iceberg contact, ice build-up, ride-up, or run-up;

g) motion of floating structures at operational and survival draught (e.g. the setdown associated with
floating structures);

h) initial and long-term settlements and inclination;

i) subsidence.

6.5.3 Splash zone

The

deck
troug

For

maxi

NOT

an im

6.5.4

Float

The

with
moti

safe

A m

or nj
discq

asse
asse

a)
b)
c)

6.5.5

The
esta

elevation, motions of floating structures, tidal ranges, platform subsidence, wave cres
rhs.

floating structures with draught adjustment, the splash zone shall be défined rel

mum and minimum draught expected.

B The splash zone is important in relation to inspection and maintenance considerations

pact on design for corrosion and fatigue, and the extent of marine growth,

Stationkeeping systems
ing structures shall have a stationkeeping system in accordance with ISO 19901-7.

stationkeeping system shall be designed/assessed<tormaintain position and directi

bn limits for the risers, the strength and fatigue limits of the moorings and risers, aj
bperation of the floating structure and equipnient thereon.

oring system for floating structures may be designed/assessed to be disconnecta
itigate the potential effects of severe storms or other hazardous events. If des
nnectable, all other connected systems such as risers and umbilicals shall also b
sed for safe disconnection and feconnection. Disconnection and reconnection shall
sed to be accomplished in a controlled manner, without the following:

q

ifmpairing the safety of peftsonnel on board the platform or a neighbouring infrastructy
¢ausing drift off with(possible impact to neighbouring infrastructure;

¢reating undue hanm to the environment.

Conducdter and riser systems

number, location, size, spacing, and operating conditions of all conductors and ris

oxtent of the cp]ach zone and the drninngn of cp]achnd water shall be established accounting for:

ts, and wave

htive to the

and can have

bnal control

n specified tolerances. The tolerances are typically based on operational limits, including the

nd limits for

ble to avoid
gned to be
e designed/
e designed/

Ire;

ers shall be
s should be

ll)lished prior to structural design. Where applicable, accessibility for jack-up operatioi

consjdered. This can influence overall field layout, winching arrangements for lead lines for

and

interfacing,

overall structural clearances.

Priorities for layout and configuration should be to protect the conductors and risers from damage
due to accidental and hazardous events. An alternative approach may be to mitigate the adverse
consequences of such potential damage.

6.5.6 Foundations and anchoring

Foundation requirements for steel jacket structures shall be in accordance with ISO 19901-4 and
ISO 19902.

Foundation requirements for bottom founded concrete structures shall be in accordance with
ISO 19901-4 and ISO 19903.
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Foundation requirements for jack-up structures shall be in accordance with ISO 19901-4 and
[SO 19905-1.

Foundation and anchoring for floating structures shall be in accordance with ISO 19901-4 and
ISO 19901-7. Supplementary foundation requirements are provided in ISO 19904-1 for permanently
located floating structures and in ISO 19905-3 for temporarily located mobile offshore units.

Supplementary foundation requirements for offshore structures in arctic and cold regions are provided
in ISO 19906.

6.5.7 Additional operational requirements

Further to b.3, and in addition to the operation of the platform with its facilities and equiptlnent,
requirements shall be established for the following:

a) types, sjzes and weights of helicopters;
b) types, sjzes and displacements of supply and other service vessels and mobile uits;

c¢) numbern types, sizes and locations of the deck cranes, laydown areas and gther materials handling
systems;

d) planned personnel escape, evacuation, and rescue, in accordance with emergency response glans,
see IS0 [15544[14],

7 Develgpment of design/assessment situations

7.1 Hazards

All hazards|relevant to structural reliability that are reasonably foreseeable during all phases df the
life of the stfucture, including decommissioning, shall be identified and evaluated (see A.7.1 for further
guidance).

7.2 Hazardous events

All hazardous events which can arise from the identified hazards shall be characterized and evalujated.
This is essential for determining design/assessment situations which form the basis of the degign/
assessment verification procedure (see 8.4).

Characterization of hazardous events can be performed as part of a formal risk assessment, which is a
procedure for identifyingthazards, quantifying the associated risks and determining approaches fqr the
mitigation of their cansequences.

Hazardous ¢vents’can be divided into the following groups based on the nature of the event and an
associated grobability of occurrence or return period:

a) low probability operational events, including unexpected or unintended incidents likely to occur
during the service life;

b) extreme environmental events, most typically with a probability of occurring or being exceeded of
the order of 10~2 per annum (return periods of the order of 100 years);

c) abnormal environmental events, typically with a probability of occurring or being exceeded of the
order of 103 to 10~4 per annum (return periods of the order of 1 000 to 10 000 years);

d) accidental events, typically with a probability of occurring or being exceeded of the order of 103 to
10~% per annum (return periods of the order of 1 000 to 10 000 years).

If data for low probabilities of occurrence are not adequate for a precise determination, the above
probabilities (return periods) should be considered when making judgements for what magnitudes of
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hazardous events to include when establishing design/assessment situations (see 7.4) for limit state
verification.

Very unlikely hazardous events, with a probability of occurrence less than 10-4 per annum (return
periods in excess of 10 000 years) do not require a design/assessment situation to be established.
Identifying such events can however enable operational measures to be used to further mitigate life
safety and other risks in accordance with the operator’s risk management policy.

When deciding on which events require verification of the structural design/assessment, and which
can be managed by operational measures alone, the uncertainties associated with low probability
events shall be taken into account.

If hayardous events arising from a particular hazard have a range of magnitudes and ptobabilities, or
fall ih more than one of the above groups, a hazard curve can be developed to describe the variation
(see A.7.2).

Strategies and specific measures should be considered both to prevent the gocdrrence of hazardous
evenfs and to counter or mitigate the possible consequences of hazardous evernts, such as the following:

a) planning for hazards relevant to each phase of development and operation;

b) Ilitigating the structural effects of the hazardous events by measures such as:
+ eliminating the hazard,

1+ preventing the hazardous event, e.g. by avoidance,

+— provision of passive protection such as a physi€dl barrier between hazard and strycture, or
+- by active management of the hazard.
c) providing robustness (see 5.5.2);

d) d¢ontaining the consequences;

e) dlesigning the structure to withstand actions in the corresponding design/assessment pituation.
7.3 | Exposure levels

7.3.1 General

Expdsure levels shdllybe specified prior to design/assessment. They may be revised during the life of a
strugture to account for changes in its function, location, or consequence mitigation measufes.

Stru¢tures shall be classified by exposure level L1 (7.3.2), L2 (7.3.3) or L3 (7.3.4) for in-plac¢ conditions,
basef on

a) life-safety of personnel on, or near to, the platform, and

b) damage to the environment.

Structures may be classified to a more onerous exposure level based on cost-benefit assessment of
economic losses to the operator, and other stakeholders, including society in general.

Structures may be classified using different exposure levels for different design/assessment situations.

EXAMPLE A structure can be classified to the most onerous exposure level, L1 (7.3.2), on the expectation
of being manned during collision, seismic, winter storm, sudden hurricane and sea ice events, but the second
exposure level, L2 (Z.3.3), during iceberg impact and seasonal hurricane events, provided personnel can be
evacuated or a floating structure removed from such hazardous events.

Different exposure levels may be assigned to different parts of the structure as permitted in structure
type documents.
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The exposure level for a structure that is, or will be, located adjacent to existing or planned facilities,
shall account for their possible harmful interaction during a hazardous event.

NOTE Adjacent facilities include workover platforms, local platforms, transportlines, and subsea structures.
Harmful interaction includes structure collapse or drift from location.

7.3.2 Exposure level L1

A structure shall be classified to the most onerous exposure level, L1, for all design/assessment
situations, unless it is demonstrated that the requirements for a less stringent exposure level are met.

EXAMPLE Manned non-euvacuatod cstructuroc and hioh onvirgnmontal coancoauonco nlatformsg
7 =] ~1 134

A structure may be classified as exposure level L2 (7.3.3) or L3 (7.3.4) in a design/assessment situatjion if
a) potential life-safety consequences have been mitigated, and

b) potential environmental pollution consequences have been mitigated.

7.3.3 Exposure level L2
A structure may be classified as exposure level L2 in a hazardous event if allof the following apply:

a) plans are documented to validate that the platform can be safely‘evacuated prior to the spegified
hazardqus event, including consideration of reliability of forecast data, and time and ability to
safely eyacuate the platform as the hazard approaches;

b) risks tq life-safety for the planned (design) or remaining (in-service assessment) life of the
structure are documented to be lowered by evacuation based on the plan specified in a);

c) the platform does not have high hydrocarbon flow-rates or large processing capability;

d) the platform does not have large process orgtorage inventory, unless there are documented plans
for the ;nanagement or reduction of inventery prior to the occurrence of the hazardous event;

e) all potdntially free flowing wells are .equipped with fully functional subsurface safety vglves,
manufaftured and tested in accerdance with applicable specifications. The possibility of|flow
should be considered as a resultoffailure in any part of the system including the riser/conductor;

f) plans afe documented previding evidence for immediate shut-in of oil or gas production at the
occurrence of the hazardous event;

g) pipelings that can be-affected by the hazardous event, including by the consequences of the
hazardqus event,-are limited in their ability to release hydrocarbons, either by virtue of inventory
and prefsure regime, or by subsea isolation valves located at sufficient distance to be unaffected by
the failure, aftd'manufactured and tested in accordance with applicable specifications.

Quantificatipnof qualitative descriptors such as “high”, “large”, and “uncontrolled” shall He as
determined by the operator and agreed by stakeholders, for the circumstances specific to the platform
or the design/assessment situation. The operator may align these descriptors to their in-house
classification of risk severity to confirm alignment between life safety, environmental and economic
consequences for the three exposure levels.

7.3.4 Exposure level L3

A structure that meets all the requirements of an L2 platform in 7.3.3 may be classified as exposure
level L3 in a hazardous event if all of the following apply:

a) the platform is unmanned except for occasional inspection, maintenance and modification visits;

b) visits are not planned to last more than 24 h during seasons in which pre-determined hazardous
events, for example environmental events, can occur;

20 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=b00a4539be8d9ac61d0ac83de9805734

IS0 19900:2019(E)

c) visits are not planned to last more than 24 h on bottom founded platforms in regions with seismic
zone 4 as defined in ISO 19901-2;

d) the platform has low or no oil flow rates, and/or low or no processing capability, with documented
plans providing evidence for shut-in of oil or gas production prior to the occurrence of the
hazardous event;

e) the platform limits oil storage to a minimum of process inventory and small “surge” tanks for
pipeline transfer.

NOTE A not normally manned minimal structure.

7.4 | Design/assessment situations

7.4.1 General

A degign/assessment situation shall be established for each hazardous eventor other soufce or cause
of a principal action, see 10.2.1. A design/assessment situation is established based on acfions, action
combinations, structural configuration, limit states, and other parameters. Further guidance is given
inA.V.4.

Design/assessment situations can be categorized into the following:
a) o¢perational design/assessment situations (see 7.4.2);

b) éxtreme design/assessment situations (see 7.4.3);

c) abnormal design/assessment situations (see 7.4.4);

d) 4Jccidental design/assessment situations (se€-7.4.5);

e) ¢hort duration design/assessment situdtions (see 7.4.6);

f) gerviceability design/assessmentsituations (see 7.4.7).

Sourfes or causes of principal aétions can include permanent and variable weight (see 9.2 and 9.3),
and hazardous events (see 7.2)>A principal action is combined with companion actions, sge 10.2.1, to
determine the total action forythat action type. The relevant structure type standards (sge Figure 1)
establish certain design/dssessment situations predominant for that structure type.

Design/assessment sityations shall be established for maximum and, if relevant, minimunj or reversal
of actions. Design/assessment situations shall also be established for combinations of lesser-magnitude
actions which ceuld result in greater action effects due to dynamic response, e.g. to metocefan actions.

Hazardous-ewvents which impact a structure in different ways, e.g. directionality and shapes of waves
and ice features, may be considered separate design/assessment situations.

c o with respect
to the phase of 1ts life and its actual or ant1c1pated condltlon (e. g as- bullt w1th deterioration, post-
damage).

7.4.2 Operational design/assessment situations

Operational design/assessment situations shall be established for principal actions caused by normal
operations and low probability operational events [see 7.2 a)], including incidents.

The principal action types are permanent and operational action types, see 10.2.2. Usually the
permanent actions are the same for all design/assessment situations, and therefore each operational
design/assessment situation is differentiated by the principal operational action.

© IS0 2019 - All rights reserved 21


https://standardsiso.com/api/?name=b00a4539be8d9ac61d0ac83de9805734

ISO 19900:2019(E)

If resulting in worse action effects, operational design/assessment situations shall be established
for each minimum or reversal of permanent or operational action and shall be with or without
accompanying environmental actions.

The global behaviour of the structure is essentially elastic, and a linear structural analysis is usually
adopted. However, the analysis should also account for non-linear behaviour and limited plasticity,

subject to the characteristics of the structure or structural component, so that

local stress concentrations can be modelled,

— local yielding and plasticity can be accounted for as the limit state is approached, and
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7.4.4 Abnormal design/assessment situations

For exposure level L1 and L2, see 7.3, an abnormal design/assessment situation shall be established for
each abnormal environmental event. This event causes the principal action. The principal action type is
the environmental action type, see 10.2.2.

If possible, the structure shall be designed to avoid or mitigate the effects of abnormal design/
assessment situations.

EXAMPLE The base of the deck can be raised so that interaction with the abnormal wave crest elevation is
avoided.
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System and component ductility and ultimate non-linear capacity may be taken into consideration in
determining the ultimate resistance of the structure. Non-linear structural analysis progressing to
complete loss of structural integrity, ultimate non-linear resistance, or collapse, may be used. Inelastic
behaviour of structural components may be considered (such that design resistance of individual
structural components can be exceeded and/or action effects can be redistributed to other components)
if there is sufficient ductility and if the overall structural design is adequately robust, see 5.5.2.

For abnormal environmental events when there are life safety implications, sufficient structural
integrity shall be confirmed to enable emergency response following an event which, despite satisfying
the design/assessment criteria for the ALS, causes component or local damage, see A.8.3. After any such
damage, or in anticipation of pre-defined environmental events causing such damage, further design/

asse§Sment situations should be established and veriiled. These further situations could e in any of
the cptegories described in 7.4.1, as determined by the operator or designer.

For gbnormal design/assessment situations, limit states ULS, and ALS as specifijed lin 8.3.2 and 8.3.3
shallfbe included; ULS; may also be used.

Partfjal factors of unity and principal actions having a specified probability df.exceedance, ghall be used
for dpsign/assessment verification.

Meth
accol

7.4.3

An a
caus

Systd
detel
shou

For &
confi

odology for abnormal design/assessment situations for earthquakes shall be es
‘dance with ISO 19901-2, as specified in the relevant structure type document.

Accidental design/assessment situations

ccidental design/assessment situation shall be established for each accidental event
s the principal action. The principal action type.sithe accidental action type, see 10.2

m and component ductility and ultimate neh*linear capacity may be taken into cong
'mining the ultimate resistance of the structure. Structural analysis and structurg
[d be as for abnormal design/assessmentsituations, see 7.4.4.

ccidental events when there arelife safety implications, sufficient structural integ
rmed to enable emergency response following an event which, despite satisfying

fablished in

. This event
2.

ideration in

1 behaviour

ity shall be
the design/

asses
in an
shou
in 7.4

sment criteria for the ALS, causes component or local damage, see A.8.3. After any sucl damage, or
ticipation of pre-defined accidental events causing damage, further design/assessment situations
ld be established and veTified. These further situations could be in any of the categori¢s described
.1, as determined by(the operator or designer.

For 4 .2 and 8.3.3

shall

ccidental design/dasSessment situations, limit states ULS, and ALS as specified in 8.3
be included; ULS] may also be used.

Parti hall be used

ford

al factors-of Unity and principal actions having a specified probability of exceedance, 3
bsign/assessment verification.

7.4.4 C-Short duration design/assessment situations

Short duration design/assessment situations shall be established for activities or structural
configurations with duration usually less than one year, and possibly for only a few days.

Operational, environmental, and accidental design actions may be based on data applicable for the short
duration. Environmental design actions may be based on seasonal data and probabilities applicable
during the short duration, and based on a reduced return period, if justified. Abnormal and accidental
events are usually not relevant for short duration design/assessment situations, but otherwise may
also be established.

Short duration design/assessment situations cover a range of different situations, including the
following:

a) transient design/assessment situations, such as situations during fabrication including concrete
construction, repairs in place, and decommissioning;
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b) temporary design/assessment situations, such as situations during the transportation and
installation stages;

c) post-damage design/assessment situations, such as when the structure is waiting for repairs.

The post-damage configuration or condition can include reduction in resistance due to missing
structural components, excessive deformation, change in geometric properties e.g. due to corrosion or

fatigue, and

change in material properties, e.g. due to fire.

The principal action types for these design/assessment situations are usually permanent and

operational,

or environmental.
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8 Limit state verification

8.1 General

The limit state approach shall be used for design and assessment.

The objective of the limit state verification approach is to validate that, in combination with the
provisions for construction and operation, the structure and its components have adequate integrity
with respect to defined limit states (see 8.3), in all applicable design/assessment situations (see 7.4),
dependent on the exposure level (see 7.3).
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Design/assessment verification shall be based on the limit state verification procedure specified in
8.4 and in the appropriate structure type standards ISO 19902, ISO 19903, ISO 19904-1, ISO 19905-1,
ISO 19905-3, 1SO 19906.

Alternative design and assessment approaches, such as probabilistic methods and structural reliability
analysis, may be used if justified and documented to provide reliability consistent with that implicit
in the structure type standards (ISO 19902, ISO 19903, ISO 19904-1, ISO 19905-1, ISO 19905-3, and
[SO 19906). Probabilistic analysis models should incorporate all appropriate variables and account for
all relevant uncertainties, see Clause 11.

Structural reliability analysis and optimization can also be used to determine partial action and
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Basic variables and representative values

variables shall be used to represent physical quantities such as geometricvariables (
tities), mechanical variables, material properties, soil properties, and to@epresent oth
in action and resistance models.

PLE 1
d.

rt of the limit state verification procedure (see 8.4), values'shall be assigned to basic

to vdriables calculated using basic variables, such as actions@nd resistances resulting fror
resistance models. These values are referred to as the representative values of the variable

Representative values can be either characteristic valués or nominal values, as follows:
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ominal values can include values within a range of tolerance (e.g. structural dimen§
ound values to a set of data, codified values (e.g. specified minimum yield strengt
therwise specified, derived or, in some cases, unspecified.
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Representative values assigned to specific variables can either be different for different design/
assessment situations (see 7.4) or consistent for all design/assessment situations.

EXAMPLE 2  For the basic variable wave height, a characteristic value can be selected having a 1, 10, 100,
1 000, or 10 000 year return period. Representative values for structural component strength and thickness can
be identical for all design/assessment situations.

Changes in basic variables over the total service life or the period of analysis have the potential to
influence structural integrity. In such cases, the representative values of the variables shall take such
potential changes into account.

EXAMPLE 3
can include:

The potential variability of changes during the lifetime of the structure at its anticipated locations
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climate change or other long-term effects causing changes in the frequency and magnitude of environmental

actions resulting from wave heights, ice conditions, ocean circulation, and water levels during the total
service life of the structure; and

b)

explosion which can cause variability in certain material properties or dimensions.

environmental processes such as corrosion, wear, operating conditions, or accidental events such as fire and

If the deviation of any geometric variable from its specified or described value can exceed tolerance, the
formulation of structural resistance and structural response shall take into account such deviations. If
the deviations are not corrected (see 10.3.3), modified tolerance limits for the geometric variables shall

be specified
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lapse in whole or in part.

LS design criteria include the following two groups of limit states:

— ULS;: action effects in individual structural components exceeding the resistance (in some cases
reduced by deterioration), including loss of structural stability (e.g. buckling);

NOTE

26

Resistance can include the ultimate strength or the ultimate deformation of the component
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— ULS,: loss of static equilibrium of the structure, or of a critical part of the structure, considered as a
rigid body (e.g. overturning, sinking, or capsizing).

ULS are applicable to operational design/assessment situations (see 7.4.2), to extreme design/
assessment situations (see 7.4.3), and to short duration design/assessment situations (see 7.4.6). ULS
are also applicable to abnormal design/assessment situations (see 7.4.4) and to accidental design/

asse

ssment situations (see 7.4.5).

8.3.3 Abnormal/accidental limit states

ALS for offshore structures address complete loss of integrity of the structure, or of a critical part of the

stru

of th
drift

ALS
asse
dam

NOT]H
indiv

influ

8.3.4
SLS ]

Exan

Som
pres

requ

To c

¢ture, when there 1s no rurther system ductility or reserve strength. ALS 1nclude tra

P structure into a mechanism (collapse or excessive deformation), and loss of statienk|
ng).

are applicable to abnormal design/assessment situations (see 7.4.4) and(to” accide
sment situations (see 7.4.5). As part of the design process the ALS can alse be applic
hge situations, which are included under short duration design/assessment situations

q

The additional system resistance between that when the first.component no longet
dual design/assessment criteria and that when there is complete loss of integrity (overal

¢nced by robustness (see 5.5.2).

Serviceability limit states
or offshore structures correspond to criteria governing functional use.

(ples of serviceability limit states are

I'eformations or movements that affect the efficient use of structural or non-structural
otions that cause discomfort to personnel or exceed the limitations of equipment,

¢xcessive vibrations that cause discomfort or affecting non-structural components o
:ljspecially if resonance occurs),

q

cal damage (including cracking) that affects the intended functions of structural or no
omponents, or

[(
\

orrosion that redtices the durability of the structure and affects the properties an
rariables of struetural and non-structural components.

¢ SLS limits.€éan be recommended in voluntary documents such as industry guidang

remelits'such as for durability, equipment operation, and personnel comfort.

ontrol SLS limits by design, it is often necessary to use one or more constraints (limi

hsformation
eeping (free

ntal design/
hble to post-
[see 7.4.6).

satisfies its
|l collapse) is

omponents,

" equipment

n-structural

d geometric

e or can be

'ribed by vegulation. Other SLS limits are determined by the operator based onp functional

ations) that

desc

SLS are applicable to serviceability design/assessment situations, see 7.4.7.

8.3.5 Fatigue limit states

tbeacceptable timmitseg-fordeformatiorns, acceterations, vibratiomns, amd crack widttrs.

FLS for offshore structures address cumulative damage typically due to repetitive environmental
actions. These actions cause deterioration such that cumulative damage can reach a limit defined as
“failure”, usually of a structural component.

EXAMPLE For tubular steel members, the typical fatigue limit state is first through thickness crack.

If a structural component is deemed to have failed the FLS, it can then be assessed, in its damaged
condition, for operational and short duration design situations, pending assessment of the need for repair.
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8.4 Limit state verification procedure

The limit state verification procedure shall be as specified in this subclause and in the relevant
structure type standard (see Figure 1).

Design/assessment criteria used in the verification including specified partial factors are presented
in the International Standards on offshore structures prepared by TC 67/SC 7 for the primary design/
assessment situations. The partial factors enable the influence of uncertainties and variabilities
originating from different action types and resistance or material variables to be treated separately.

The design or assessment shall be verified by determining that the total design action effect, Sy, in each
design/ass\’dsment S:tuatlen (See H‘ r‘noc‘ not aveecod tho limit ctato docian racictanca D as g!tr n in

R A L T A e R TS VA

Sa <Rq 1)

The total d¢sign action effect shall be derived from an analysis of appropriate ¢ombinations df the
different types of design actions, Fy (see 10.1 and 10.2).

NOTE Far linear systems, for which the structural response to actions is linear up:to at least the total design
action, the tptal design action effect can be determined either by summing theyeffects of individual design
actions applipd separately to the structure or by analysis of the structure for¢the combined design actionf. For
non-linear systems, the total design action effect can only be determined-by/analysis of the structure far the
combined actfions, considering also that the most severe action effects can be caused by smaller actions amplified
by dynamic rgsponses.

Each designfaction, Fj;, shall be determined from its representative value, F,, and the appropriate p3rtial
factor, y;, usjng Formula (2) as explained in Clause 10:

Fq=v¢H: (2)

Limit state design resistances, R4, can be expressed in formulations in which strengths of materialg, and
other relevdnt quantities and properties including basic variables, shall be expressed by their design
values determined as explained in 10.3.cAlternatively, the design resistance of a component or df the
structure ag a whole shall be determiped-directly from its representative value, R, and the appropriate

partial factqr, yg, using Formula (3);
Ry=—" (3)

The design|proceduresshall not be refined to a point that is incompatible with the standard of
workmanshiip likelyto)be achieved and the knowledge of the important design parameters.

9 Actions

9.1 C(lassifications of actions

Actions can be classified into different types by their source, by their variation with time, by their point
of application, and by a structure's response to them.

For the purposes of limit state verification for ULS, ALS, and SLS, actions shall be classified into four
action types, as follows:

a) permanent (see 9.2);

b) operational (see 9.3);

c) environmental (see 9.4);
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d) accidental (see 9.5).
The action type relevant for FLS is repetitive actions (see 9.6).

Actions can be further classified as either static (including quasi-static) or dynamic according to the
way in which the structure responds to the action (see also A.9.1).

9.2 Permanent actions and their representative values

Permanent actions (G) have no significant variation in magnitude, position or direction throughout a
given design/assessment situation.

Permpanent actions include actions for which variations over long periods of time are _either small in
relatjon to the mean value or attain some limiting value.

Permanent actions generally include the following:
a) gelf weight of structure;
b) veight of solid ballast and water permanently enclosed (e.g. flooded meémbers);

c) eight of topsides, fixtures, and functional equipment includingweight and pre-tensiorf imposed by
irilling, production, and export equipment such as risers, which is either permanent ot is constant
ver long periods of time (e.g. drilling equipment that can-be removed);

d) 4ctions resulting from soil pressure;

e) 4Jctions resulting from external hydrostatic pressute;

f) 4ctions or imposed deformations resulting front support and/or subsidence;
g) indirect actions, such as

1+ pre-tension in mooring lines,

1+ deformations imposed and.locked in during construction,

1+ imposed deformationsTesulting from shrinkage of concrete or distortions due to welding, and
1+ imposed deformations resulting from prestressing and lack-of-fit.

A permanent action G:hds a representative value, which applies for all design/assessment $ituations. If
the dction consistsfjthe self weight of the structure, the representative value should be optained as a
nominal value hased on the design values of the geometric variables (see 10.3.3) and the njean density
of the material:

Weights shall be evaluated based on weight and centre-of-gravity reports (see 12.4.3). Alloyvances shall
be mpde for uncertainties, for possible increases in weight, for potential changes in the centfe of gravity

ositier and for nlannnd fibien anaratianc
p HehahRarerprafhearutire-8perations:

9.3 Operational actions and their representative values

Operational actions (Q) are variable actions related to operations and functional use of the platform,
but do not include environmental actions. They can vary in magnitude, position and direction during
the period under consideration.

Operational actions generally include the following:

a) actions due to expected use and occupancy, including variable functional loads on deck areas and
lay-down areas, actions caused by crane loads, drilling hook loads, variable ballast, helicopters,
fluids (in pipes, tanks, and other vessels), and consumables;
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self weight of temporary structures and equipment;
actions caused during erection, commissioning, and testing;

all moving actions such as for movable drilling derricks;

actions caused by incidents, see 7.2 a), which can cause local damage, such as lesser impacts from

supply and service vessels, smaller dropped objects, overpressure of non-hydrocarbon tanks, and
helicopter emergency landings;

related) and spillage of refrigerated fluids;

imposed deformations resulting from thermal effects such as functional temperature changes (e.g.

b)
<)
d)
e)
f)

process
g) where 3
Operational
[SO 19902, 1
physically li

The represe
from geome

Operational

a maxiy
represe

an expe
situatio
assessn|

a compgd

with a
avalue

Design/assg
onerous for
be quantifie

Loading pat
which can a

9.4 Envirn

Environmer]
seismic. Thd

ppropriate, actions due to the weight of marine growth.

actions can be divided into long duration actions, @4, and short duration actions, @, (seq

mited actions, such as a vessel being full of fluid, can also be defined.

htative value of an operational action Q can be a characteristic or a naminal value calcu
tric and material variables and, if relevant, equipment capacity.

actions can have

hum (or minimum) value, or a low probability value in)avhazardous event, which i
htative value of a principal action,

cted day-to-day operating value which can apply fa¥;some serviceability design/assess
hs or can apply as a companion action for a_principal action in an operational de
lent situation,

nion value (see 10.2.1) which is derived-by considering the joint probability of occuri
rincipal operational action, and

for combination with other action types (see 10.2.2).

ssment situations in which the effect of a smaller action or a reversal of action is
the structure, or design/assessment situations marked by significant uncertainties,
d using both upper and‘lower representative values.

terns for operation@bactions shall include consideration of the spatial variability of act
ffect e.g. deck belamss, topsides supports, and floating stability.

onmentalactions and their representative values

tal agtions (E) are variable actions related to physical environmental conditions incly
y can be treated as individual (relevant for ULS, ALS, and SLS) or repetitive, see 9.6 (relg

also

SO 19903, ISO 19904-1, ISO 19905-1, ISO 19905-3, and ISO 19906). A furthetr'subdivision of

lated

5 the

ment
bign/

ence

more
shall

ions,

1ding
vant

for FLS).

Environmental actions generally include the following:

a) actions
b) actions
c) actions
d)

and ice;
e) actions
f) actions
30

caused by wind;
caused by waves;

caused by current;

due to the weight of accumulated snow and ice;

caused by ice features such as sea ice and icebergs;

the increase in environmental actions resulting from marine growth and/or accumulated snow
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g) environmental temperature changes as they can induce actions or affect material properties;
h) actions caused by earthquakes and other geological processes, see 6.4.
The representative value of an environmental action should be its characteristic value, see 8.2.

Depending on the specific design/assessment situation, commonly used environmental action values
for limit state verification for ULS and ALS are as follows:

— extreme value, based on an extreme environmental event (see 7.2 b), which is used as the
representative value of a principal action;

— {dbnormal value, based on an abnormal environmental event (see /.Z cJ, which js used as the
fepresentative value of a principal action;

— ¢ompanion value (see 10.2.1) which is derived by considering the joint probability of occurrence
yith a principal extreme or abnormal environmental action.

If opprational measures are planned with respect to hazardous events whichreduce the frequency of
the gvent or mitigate the actions, then the resulting representative value 0f)the action may be modified.

Envifonmental actions for limit state verification for SLS should be“determined by the operator with
referjence to the relevant structure type standard.

Design/assessment situations in which the effect of a smaller*action or a reversal of action is more
onerpus for the structure, or design/assessment situationsimarked by significant uncertginties, shall
be quantified using both upper and lower representativevalues.

9.5 | Accidental actions and their representative values

Accidental actions (A4) derive from accidentalevents [see 7.2 d)] and are used as princ]pal actions.
Accidental actions generally result from thefollowing:

a) ¢ollisions;
b) dropped objects, swinging objects, projectiles;
c) fire;

d) ¢xplosions;

e) lhelicopter crash.impacts;
f) ynexpectedflooding;
g) tunexpeeted changes in pressure differences;

h) ypexpected subsidence of the foundation or seabed, or shallow geohazards;

i) unexpected erosion, scour, or ice gouge;
j) unexpected freezing of water in closed compartments.

The representative value of an accidental action should be its characteristic value, see 8.2.

9.6 Repetitive actions

Repetitive actions can cause fatigue effects. Each repetitive action has associated magnitudes,
frequencies, and durations. Repetitive actions can include the following:

— high cycle actions, such as due to regular waves;

— low cycle actions, such as due to offloading cycles for structures with storage capacity.
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Procedures for the determination of repetitive actions shall be based on the appropriate International
Standard for the structural component or structure type, i.e. ISO 19901-7 and ISO 19902, ISO 19903,
[SO 19904-1, ISO 19905-1, ISO 19905-3, and ISO 19906.

10 Design values and partial factors

10.1 Design values of actions

The design values of actions shall be used in determining the total design action effect used in limit
state verification as shown in 8.4. Design values of actions shall be obtained from representative values

(see 8.2 and

The partial

9.1 to 9.5) by multiplication by partial action factors (y¢), see Formula (2).

hction factor for each action type depends on the design/assessment situation, the.expd

level, and the limit state considered. Partial action factors can also depend on the soutc€ of a

within an ad
limited to a

The partial
a) theunc

b) theunc

10.2 Actio

tion type. For example, the partial action factor applicable to operational actions phys
maximum value can be the same as that for permanent actions.

hction factors take account of
brtainty associated with the actions, and

brtainty in the modelling of actions.

ns acting in combination

10.2.1 Principal and companion actions for the same action type

The princip
gravity and
representat

The princip
that could 4
whole. Thes

Representat
principal ac

bl action is the action caused by the hazardous event or other source of action, su
equipment operating loads, that dominates the design/assessment situation, see 7.4.1]
ve value is quantified in accordance with Clause 9.

hl action shall be combined withrany other actions of the same action type (see Clau
ct simultaneously, in order to-calculate the representative value for the action type
e other actions of the same action type are termed companion actions.

ive values of companien actions for combination with the representative value o
Lion can be determired by analysis of data and consideration of stochastic dependen

by judgement based on available/information.

Actions that

For actions

action type
period). Thi
determine 3

are mutually,exclusive should not be combined.

modelled probabilistically, the representative value of the combined action for the relg
shall be*quantified with respect to the prescribed probability of exceedance (or rq
s cdn(be achieved by a detailed analysis of joint probabilities, if adequate data exi

sure
ction
cally

th as
. The

se 9)
as a

f the
‘e, or

vant
turn
5t, to

¢haracteristic value for the action type as a whole. Otherwise, the representative value of

the combined action can be estimated as either

expecte

d to be associated with the principal action, e.g. by applying Turkstra'’s rule [10], or

each were the principal action, which usually provides a conservative estimate.

the representative value of the principal action, combined with companion actions having values

the sum of the representative values of each action considered independently and quantified as if

If accidental actions are assumed to occur simultaneously, the annual probability level shall apply to
the combination of these actions. Unless the accidental actions are caused by the same phenomenon
(such as hydrocarbon gas fires and explosions), the occurrence of different accidental actions may be

assumed to

32

be statistically independent.
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.2 Principal and accompanying actions for specific design/assessment situations

Design values of the different action types which occur in a design/assessment situation shall be
combined in the verification of a limit state. For each design/assessment situation, one or more action
types shall be designated as principal action types, and other action types designated as accompanying

actio

ns.

The action types shall be combined so that they produce the most unfavourable effect on the structure
for the limit state considered. Combinations for operational design/assessment situations shall be both

with and without an accompanying environmental action E.
For ULSand-ALSthe al combinatic assessment
situdtions are summarized in Table 1.
Table 1 — Action types combined in ULS and ALS design/assessment.situations
D 351g13/ass-essment G 0 E A
situation
Operational Principal Principal Accompanying, or None
(see 7.4.2) None
Extreme Accompanying Accompanying Principal None
(see 7.4.3)
Abnormal Accompanying Accompanying Principal None
(see 7.4.4)
Accidental Accompanying Accompanying Accompanying Principal
(see 7.4.5)
For FLS, the cumulative effect of all repetitive actions during the life of the structure shiall be taken

into
time

10.3

10.3

Limi
of m
unce
strugq

hccount, if relevant. The combined time series of action effects can include high cycle a
variant actions which have different fatigue effects on different types of structure.

Design values of resistance

1 General

[ state design resistances,/R;, shall be expressed in formulations in which design values
hterials (see 10.3.2); 'design values of geometric variables (see 10.3.3), and appropriat
rtainties (see 10.3.4) are used. Alternatively, the design resistance of a compone
ture as a wholecan be determined directly from its representative value, R, and the

nd low cycle

of strengths
e modelling
ht or of the
appropriate

ie, f, using

partial factor, yp,{using Formula (3).
10.3|2 Design values of materials including soils
The [design value, f;, of a material property is obtained from the representative val
Forntata{4y:
fr
fa=3*
Ym

The value, y,,, in Formula (4) takes account of the following:

a) uncertainties associated with the material properties;

b) uncertainties in the modelling of resistance;

(4)

c) uncertainties in geometric variables, if they are not taken into account according to 10.3.3;
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d) uncertainties in the relationship between the properties of the material in the structure and in the
soil foundation, and those measured by tests on control specimens, for example, uncertainties in
the conversion factor or function according to Clause 11.

The value of y,,, depends on the material property, the actual limit state and, for some materials, the
component resistance formulation.

10.3.3 Design values of geometric variables

Design values of geometric variables, a,, shall be derived using Formula (5):

+Aa

(5)

ag =da,

where a, is the representative value and Aa is the deviation as described in 6.5.

icant
aken

In cases where deviations of the geometric variables are within specified tolerances, haye insignif]
effects, or where the effects are accounted for within the partial resistance factor (yg)Aa may be t
as zero.

10.3.4 Undertainties in analysis models

The uncertg f the

partial factd

inties in a calculation or analysis model are generally aceounted for by one or more d
rs. Guidance on models and analysis is provided in Clause 11.

10.4 Partial factors for operational and extreme design/assessment situations

Partial acti
assessment
ISO 19903, I

n factors for exposure level L1 for the action types in operational and extreme de
situations are specified in the document applicable for the structure type (i.e. ISO 19
S0 19904-1, I1SO 19905-1, ISO 19905-3, and1SO 19906).

bign/
1902,

from

For exposui
the L1 valu
Internations:

e levels L2 and L3, partial action factors for extreme-level actions may be reduced
bs. Information and some values ‘are provided in some of the relevant documents i
1 Standards on offshore structures prepared by TC 67/SC 7. In the absence of inform

 the
htion

for L2 or L3
any reductid

exposure levels, these values may be determined by the operator, e.g. by calibration, but

n from the values specifiedfor L1 shall be justified.

The value
accompanyi
action facto

f the partial actiod factor depends on whether the action type is a principal d
Ing action (see 10.2:2). The action types may be further subdivided, so that different p4
s can be calibrated and applied.

r an
irtial

Partial resigtance facters in operational and extreme design/assessment situations embody a m
to account fpr the variability in material properties and the uncertainties listed in 10.3. These fa
shall be in dccorddnce with ISO 19901-4, ISO 19901-7 and the appropriate document for the stru
type (i.e. ISQ 19902, 1SO 19903, I1SO 19904-1, ISO 19905-1, ISO 19905-3, and ISO 19906). These fa
do not depepd©On exposure level.

hirgin
ctors
rture
ctors

10.5 Partial factors for abnormal and accidental design/assessment situations

Partial action factors for all action types in accidental and abnormal design/assessment situations
shall be taken as 1,0. This is due to the very low probability of exceedance level used to determine the
representative value for the principal action.

For all exposure levels, information on exceedance probabilities or return periods for abnormal-level
and accidental actions is provided in 7.2 and in the relevant documents in the International Standards
on offshore structures prepared by TC 67/SC 7. In the absence of information for L2 and L3 exposure
levels, values for L2 and L3 with probabilities of exceedance greater than that for L1 may be determined
by the operator, provided these are justified by means of a site-specific calibration including verifiable
application of operational constraints.
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Partial resistance factors in accidental and abnormal design/assessment situations should be taken as
1,0 for all exposure levels, except if a structure type standard provides otherwise.

10.6 Partial factors for serviceability design/assessment situations
Partial action factors in serviceability design/assessment situations shall be taken to be 1,0.

Partial factors for materials and resistances in serviceability design/assessment situations shall be
taken to be 1,0.

Different serviceability limits can be achieved by using different values for constraints such as
acceptabtedeformations; accelerations and crack widths:

10.7 Partial factors for fatigue design/assessment verification

Partjal action factors in fatigue design/assessment verification shall be taken te be 1,0.

Design fatigue factors used in fatigue limit state verification account for the'significant un
determining fatigue endurance. These factors shall be in accordance with the appropriat
of thg structure type (i.e. ISO 19902, ISO 19903, ISO 19904-1, ISO 199051 and ISO 19905-

certainty in
e document
), and with

ISO 19901-4 for soils.

10.§ Probabilistic modelling and analysis

The partial action factors and the partial resistance faétors given in the International Standards on
offshore structures prepared by TC 67/SC 7 have heéiy established or calibrated using probabilistic
mod¢lling and analysis. They have been calibrated*on the basis of relevant test data for structural
components and full-scale offshore load monitorjngprogrammes.

tandards on
calibration.
be A.10.8 for

Partial factors different than those provided-in this clause and within the International S
offsl]‘ore structures prepared by TC 67/SC,7 ' may be used, if justified, e.g. using site-specific
Attention shall be given to ensuring thatiadequate reliability of the structure is achieved, s
further guidance.

11 Models and analysis

andards on
puter-aided
nbination of

The ptructural analytical_procedures and calculations described in the International Sf
offs}lore structures prepared by TC 67/SC 7 may be performed with the assistance of con
engineering tools, physical scale model tests, full-scale prototype model testing, or a cor
thes¢ methods.

Basig
the 1

variables’ used in models need quantification, validation and quality assurance. [Specifically,

ias and uncertainty in results from both analytical calculations and from model tests, should
be apsessed. These are generally a function of the assumptions specified and agreed yipon, of the
novelty-of the structural configuration, of the complexity of the calculations performed, ot the history
of verification and validation of the software or physical tools being used, and of the expertise and
experience of the operator or the analyst.

Models used in the analysis and the design/assessment verification of the offshore structure shall be
maintained and kept up to date throughout all phases of the structure's life cycle. The operator shall be
responsible for ensuring this.

Guidance on analyses and models used in design/assessment is provided in A.11.
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12 Quality management

12.1 General

All design, fabrication and installation of offshore structures should be performed in accordance with
a documented quality management system conforming with an agreed industry quality management

system stan

NOTE

dard such as ISO 9001[2] and ISO 29001[2.

Quality provisions relating to specific types of offshore structures are defined in the applicable

standards (ISO 19902, ISO 19903, ISO 19904-1, ISO 19905-1 or ISO 19906) and in ISO 19901-6 for transportation
and installation.

The operatd
perform cof
confirm tha

Quality plan
for the pro

r shall validate conformity with the technical requirements in the defined plan and
iformity assessment activities. Inspection and testing shall be performed as necessa
F the product and/or service delivered meet all requirements.

s and/or inspection and test plans developed as outputs to operational plahniing and co|
cts and/or services shall establish the specific controls to be implemented by the sup

d
and when a;tlplicable, sub-suppliers, to validate conformity with the specified requirements.

Conformity
L2, or L3), a
partofthes
situations fd

If a structur
the potentid
should be u
production

the structui

12.2 Insta

At the cond
appropriate
verify that 3
the specifie

Following i
conformanc

NOTE K{
and cathodic

12.3 In-se

assessment requirements shall be commensurate with the structure’s exposure leve
5 described in 7.3. If exposure level varies with design situation; the requirements for
[ructure should be commensurate with the highest exposufteéjlevel for all design/assess
r that part of the structure (where L1 is the highest).

e is one of a series built to a standard design, the extent of quality management can re
1 reduced scope afforded by commonality. As a minimum, the quality management pr

bystem weights and actions are correctly identified and are within the design capabil

[lation inspection

lusion of the transportation, and prior to commencement of installation operat
inspection shall be condueted to confirm the structure is undamaged. Inspections
11 installation aids and appurtenances have been installed and tested in accordance
| requirements, including/any manufacturer's recommendations.

e with the desigirspecifications.

y aspects include deck elevation, air gap, pile penetration, ballast, anchor positions, line ley
protection.

rvice ‘inspection, maintenance and repair

hstallation, the striucture shall be re-inspected to confirm that key aspects ar

shall
Iy to

ntrol
plier

(L1,
each
ment

flect
hcess

sed to confirm that the site-specific foundatign*requirements are accounted for, that the

ty of

e, and that the structure is fabricated to the‘quality requirements of the standard design.

ions,
shall
with

e i

gths,

Requirements for in-service inspection, maintenance, and repair shall be documented in the system for
structural integrity management.

As a minimum, an inspection strategy shall be established.

The structure shall be maintained in such a way that it can safely fulfil its intended functional use
throughout its total service life according to the provisions of this document and of the appropriate
document of the actual structure type in the International Standards on offshore structures prepared
by TC 67/SC 7.

Maintenance should be specified, accounting for the importance and function, knowledge of the
durability of the components and the redundancy of the structure, environmental conditions and the
protection against external actions.
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Structural components that are essential to the stability and resistance of a structure should, as far as
possible, be accessible for inspection.

12.4 Records and documentation of design and construction

12.4.1 General

During the design and construction phases, and especially during the fabrication, erection, load out and
installation stages, data needed for the in-service inspection and maintenance of the platform shall be
recorded as the project progresses and compiled in a form suitable for retention as a permanent record.

The Hocuments and data listed in Table 2 shall be prepared insofar as they apply tocthe particular
strug¢ture and to its exposure level. All documentation referenced in Table 2 shall be retained and shall
be adcessible for the total service life of the structure, unless noted otherwise in the projecf’s approved
quality assurance manual, and shall be made available to new operators, where appropriate.

Table 2 — Documentation requirements

. Lo Exposurd level
Documentation description

L1 L2 L3
Matgrial tracing records M M R
Engipeering drawings M M M
Shoy drawings M M R
Design calculations for construction purposes M M R
Dim¢nsional control/survey records M M R
Matgrial certificates M M R
Inspgction records M M R
Equipment operability test reports M M R
Other reports M M R
Weight reports M M M
Foundation verification reports M M M
As-bpilt drawings M M R

Key

M: Minimum requirement

R: Recommended regliizément

12.4{2 Calculations

The structiiral integrity of components and adequacy of equipment during all stages of donstruction
shalljbe-documented in calculations.

Calculations should

a) address the structure, attachments, temporary works, cranes, equipment, and rigging,
b) address structural strength and stability,

c) address all actions, stresses and deflections, and

d) reference appropriate drawings and specifications.

Calculation documentation should identify the source of calculation methods.
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ght and centre of gravity reports

Requirements on weight management shall be in accordance with ISO 19901-5.

12.4.4 Drawings and specifications

The drawings and specifications prepared through the course of the design and construction phases
should comprise the following:

ual drawings;

a) concept
b) bid drax
c) designd
d) fabricat
e) shopdr
f) installa
g) as-built
Further to

drawings d¢
procedures

and location

Further to
joint details

Further to g
accurately 1

13 Assess

13.1 Gene

........ s
Irawings and specifications;

ion drawings and specifications;
hwings;

Fion drawings and specifications;

drawings and specifications.

1) above, the contractor shall prepare and provide fabrieation procedures and asse
scribing and showing the proposed methods and order 6f aSsembly of the structure. T
hnd drawings shall include rigging components, rigging.configuration, lifting crane cap|
, temporary aids and attachments to the structure.

) above, shop drawings shall include all shop details, including material types, cuts, ¢
holes, bolts and piece numbers in accordancewith the contract drawings.

above, as-built versions of the design drawings and specifications shall be prepared v
eflect the structure as built.

ment of existing structures

ral

A fitness-for-service assessment-shall be conducted if an existing offshore structure experig

significant

damags

changed

eviations from its\basis of design, such as the following:

or deterioratien in excess of design allowances;

extensign of intended design service life, resulting in an extended service life;

in‘manning level;

mbly
hese
acity

bpes,

rhich

nces

NOTE

modifications including additional topsides equipment, wells or appurtenances;

changes in component or foundation resistance criteria;

changes in design environmental criteria;

scour, ice gouge, or subsidence in excess of what has been planned for in the original design;

changes in relevant technology.

have been agreed and incorporated.

38

The basis of design can be the original basis of design, or the updated basis of design if modifications
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If aspects of the design no longer comply with the basis of design, the assessment shall determine whether
the structure and its components are fit-for-service with respect to retaining adequate structural
integrity and performance for their remaining life, in accordance with an updated basis of design.

If operational experience shows that the acceptability of aspects of design or of structural integrity, is
uncertain, reliability shall be determined by specific assessment. If necessary, appropriate measures
shall be taken to maintain acceptable levels of structural integrity and performance.

If there are changes to the environmental design criteria, it shall be demonstrated that the structure
has adequate reliability for applicable limit states. This can involve site-specific calibration of action
factors, explicit consideration of the joint distribution of environmental actions or changes to operating
procedures—that-canrmitigate-the—effectofenvironmentat-actions—Aredtueed—partiat-enyironmental
action factor may be acceptable for exposure level L2 and L3 Ly under all
relevant design/assessment situations (see 7.4) can be demonstrated, i.e. no failureWoulf occur that
could lead to complete loss of integrity of the structure.

13.2 Condition assessment

13.2{1 General

Whe
The |

Whe
weig

documentation) shall be used instead of the values used’during the original design.

13.2

h a platform requires assessment, it shall not be assumed that-the basis of design re
platform condition (resistance) and actions shall be assessed based on current informd

h conducting an assessment, values of physical variables confirmed by consty
ht, pile penetration, material properties, and otherinformation from the as-built an

2 Service and operating requirements

mains valid.
tion.

uction (e.g.
d in-service

The pctions acting on or resulting from topsides equipment, including additional topsides, wells, or
appurtenances not included in the original design shall be reviewed and assessed to defermine any
significant changes in weights and theireéntres of gravity.

Any functional or operational changes that affect the structure shall also be accounted for.

13.2{3 Environmental condifions

The physical environmental conditions (see 6.3), including metocean, ice, geological prgcesses, and
soil properties whiclCprovided the basis for the original design situations, shall be reviewed based on
all ayailable data~The extent of any new analysis required will depend on the time elapsed and the
additional data available since the original design. The design criteria shall be modified as required and
used|in the asséssment.

Data|may ke taken from the following:

a) rmeasurementsatthesite:

b) measurements at nearby sites;

c) hindcast studies.

13.2.4 Testing, inspection, maintenance and repair history

The records of testing, inspection, maintenance and repair during the structure’s total service life shall
be reviewed to ascertain whether there are any defects or trends of deterioration that require repair or
justification through the assessment process.

If the records are insufficient or incomplete, additional inspection shall be planned in order to establish
the condition of the structure.
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13.3 Action assessment

Ifavailable, records of measured actions and responses of the structure shall be taken into consideration.

If the measured actions and responses have been correlated with the measured physical environment,
these records shall also be used in the assessment.

13.4 Resis

tance assessment

The effect of damage, material deterioration or any other modifications to the resistance of the
structure shall be taken into account.

Fatigue danage is one type of damage. Fatigue damage that has previously occurred shall be takey into
account in the fatigue evaluations. The adequacy of the fatigue life for the intended remaifing ljfe of
the structure shall be reviewed, if possible, supported by analysis or inspection, and shall-betaker into
account when planning any future inspection programme.

13.5 Component and system failure consequences

When consiglering assessment of existing structures, alimited number of failuresof individual structural
componentd, under limit states ULS; defined in 8.3.2 may be accepted if the'overall reliability, i.¢. the
reserve agajnst complete loss of integrity of the structure under ALS (s€e/8.3.3) remains acceptable.
NOTE Ag an example for space frame structures, a pushover type analysis can be used to demonstrat¢ that
the reserve qtrength of the structural system meets acceptable levels, Such action redistribution can hapye an
effect on the Jow as well as high cycle fatigue.

13.6 Mitigation

If the asseg§sment process cannot confirm that the structure and its components have adequate
reliability if its existing condition, mitigating actions shall be taken to achieve conformance with the
intent of this document. Mitigations can include(the following:

— reducing the probability of structural failure;

— change pf exposure level;

— acombipnation of both.

The probability of structuralfailure can be reduced by decreasing action effects, increasing resistpnce,
or both.

Action effeqt decreasing measures can include removing un-used risers/conductors, implementing
procedures |for removal of marine growth or in case of wave-in-deck or ice-on-deck actionp, by
increasing dir gap/or deck elevation.

Resistance increasing measures can include grouting of tubulars quignp improvement or increasing

cross section of beams or columns.

Exposure level can be changed by reducing the consequences of a structural failure in order to satisfy
the criteria specified in 7.3.3 or 7.3.4.

40
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Additional information and guidance
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E The clauses and subclauses in this annex provide additional information and guidance on the clauses
and subclauses in the body of this document. The numbering system and heading titles are consistent, for ease in

Scope

No aglditional guidance is offered.

A2

Normative references

No additional guidance is offered.

A3

Terms and definitions

No additional guidance is offered.

A4

Symbols and abbreviated terms

No additional guidance is offered.

A5

A.5.

Fundamental requirements

| General

No adlditional guidance is(offered.

A.5.

The

2 Structuralintegrity requirements

erivation of partial factors;

fying the clause or subclause in the body of this document to which it relates.

principles outlined in this document can be used for the following:

emonstration that adequate reliability is achieved using the limit state verificatioh procedure

1 h BB ) 1 4
UJCSCIIoCU IIT LIS UOCUIIICTIL,

— demonstration that adequate reliability is achieved through operational procedures such as

transportation, emergency response procedures, and ice management.

In this document, the term “reliability” is used primarily in the context of “structural reliability”, which
is one contributor to the overall safety of personnel, risk to the environment and economic/societal
risk. This document addresses reliability in the context of design and assessment of the structure for
its exposure level, not of operations, such as helicopter operations, which are not related to structural
integrity.
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Reliability can be expressed as the probability of not having a failure during a reference period, which
is generally one year. The relationship between reliability, R, and failure probability, p;, is given by

Formula (A.1):

R=1-p

f

Additional information and guidance on reliability is provided in A.10.8.

(A1)

It is important to not confuse limit state exceedance in an established design/assessment situation,
with hazardous events for which actions are determined for the purpose of verification. Target failure

probabilitie

life safety criteria, the type of event and, in some approaches, likelihood of other failure evefity.

hazardous
10-4 per an

A fundamen

vents, annual occurrence probabilities can be used, e.g. 10~2 per annum, 103 perannu
um.

tal approach to safety includes eliminating or reducing hazardous events\at source.

safety apprach can be termed inherently safer design or fail safe design and is typically permg

through the
system can
the structun

Examples i
from proceqd
loss of some]

Historically
designed, b
However, th|

total service life and inseparable from the structure or structural'eomponent. Any
be highly effective in reducing risk provided it is maintained throughout the full life cy
e.

clude specification of two bridge linked platforms separating accommodation func
sing functions, and specification of a naturally buoyantfleating structure in the evd
or all, of the mooring system.

structural engineering standards have dealt with structures which, if appropri
uilt and operated, required little or no human ‘intervention to ensure their inte
e petroleum and natural gas industries now-have some structures for which regulai

frequent human intervention is needed to ensure that-they perform as designed. Often the h

interventioi
can complic

Errors arisi

is in conjunction with computer-assistance that, whilst optimising routine perform
hte the human response to unexpected events.

can be min
together w
supervision

Typical exar
interventior

ballasti
cargo Id

position

hg from human intervention have“led to some significant incidents. Risk of human
ized by a combination of design to eliminate the need for intervention, where pos

i
ilir}]l the introduction of appropriate procedures, alert and alarm systems, training

hples of structural situations where the day-to-day operation and integrity requires hy
include:

hg operations)on floating structures,
ading and unloading at sea from floating structures,

ingdand control of tankers loading from a floating structure,

g on
For
m or

This
nent
such
cle of

tions
nt of

ately
brity.
" and
man
ance,

bITOr
sible,
and

iman

£ a—dayieia nleincrnact: o
T T OO it T CCTIUTTS;

control

ice man

i d 3 B ota
CIgTc O 0T S OpPtIt TITE CaTIIS P

shaft water management of gravity based structures, and

agement by support vessels.

Typical examples of infrequent activities where human input is critical include:

— positioning a jack-up mobile offshore unit in close proximity to a fixed platform, and

response to hazardous events.

A.5.3 Functional requirements

No additional guidance is offered.
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A.5.4 Requirements for specific phases of the life of the structure

No additional guidance is offered.

A.5.5 Requirements for durability and robustness
A.5.5.1 Durability, maintenance and inspection

No additional guidance is offered.

A.5.5.2__Robustness

Robystness implies insensitivity to small changes in conditions. The structure sheuld be relatively
insensitive to local damage and be damage tolerant, such that local damage doe€fs) not gscalate into
complete loss of integrity of the structure or a critical part of the structure~ln ‘additipn, a robust
strugture is also insensitive to small changes in actions, boundary conditions, stiffness and other
assumptions (e.g. damping).

st-damage design/assessment situations, robustness can also ensurée-that structural i
hged state is sufficient to prevent progressive collapse and as ayminimum allow a prog
own, isolation of the reservoir and a safe evacuation, where applicable.

ntegrity in a
cess system

In pd
dam
shut

onal system
assessment
1 as a whole

Ductjlity and reserve strength are important corollaries of robustness, which provide addit
resistance. When the first component reaches its ultimaté.strength (for extreme design
situdtions, with a significant margin of safety with respect to its ULS criteria), the systen
is resisting the action effects. When the system or a_critical part of the structure reaches|its ultimate
strength, the system as a whole is still resisting thetaction effects. However, some of the fomponents
will have suffered a loss of strength (due to yielding, buckling and the formation of plastic nhechanisms)
and, consequently, some of the actions they resisted will have redistributed to other compdnents.

nds on the
lulti-legged,

The |extent to which structural robustness is available and can be mobilized depe
configuration of the structure, the design/assessment situation, and the mode of failure. |

lattig
of ro
skin

e framed structures such as steél jackets and towers can be configured to achieve sign
bustness as can floaters through the introduction of multiple longitudinal bulkheadf
tructure. For failure as a rigid body (e.g. sliding of a gravity-base structure, or loss of

ficant levels
and double
stability of a

floating structure) the effectof-robustness is generally minimal.

A.6 | Basis for design/assessment

A.6.1 General

No aglditionakguidance is offered.

A

A.6.2 cPlatform location and orientation

The site for the structure in latitude and longitude should be identified at the beginning of the design
process to facilitate development of site-specific design parameters such as physical environmental
conditions, geotechnical and geophysical parameters, and seismic exposure.

Minimum clearances between any combination of surface facilities and subsea infrastructures and
components are in some cases addressed by the appropriate document for the actual structure type
(i.e. document in the International Standards on offshore structures prepared by TC 67/SC 7). For
circumstances not covered by these documents, the minimum clearance requirements should be
identified through a suitable risk assessment process.
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A.6.3 Physical environmental conditions
The need for appropriate physical environmental conditions can depend on the following:
— type of structure being designed/assessed;

— phase of life, i.e. construction (fabrication, transportation, installation), in-service (drilling,
production, and other operational activities), decommissioning and removal;

— design/assessment situation considered.

ISO 19901-1 covers metocean basic variables and representative values:

— water dppth, tides and storm surges;
— wind;
— waves;
— currents;
— marine growth;
— tsunamyjs;

— seiches;
— seaice and icebergs;

— snow arnd ice accretion.

[SO 19901-2| covers seismic actions and design/assessmeént requirements to resist earthquakes.

1SO 19906 ahd I1SO 35106[13] covers the following topics as well as supplementing some of those coyered
in ISO 19901-1, ISO 19901-2 and ISO 19901-4:

— daylight hours;

— air temperature;

— wind chiill;

— precipitjation and snow;
— ice accrgtion;

— visibilitly;

— polar lows;

— dissolved oxygen;

— seatemperature and salinity;
— seaice and icebergs;

— permafrost;

— ice gouge;

— strudel scours.

Air and sea temperatures, accumulation of snow on horizontal and vertical surfaces (thickness and
density), and the possibility of ice build-up through freezing of sea spray, rain or fog can affect the
actions on the structure and the material selection of structural components.
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Maximum, average and minimum air and sea temperatures should be determined for the field location,
fabrication site and during transport, and estimates made of the probability distributions of the air
and sea temperatures that are likely encountered during the total service life of the structure. Lowest
anticipated service temperature can be important, particularly for material selection, for determining
the temperature for impact testing of steel, and for winterization in arctic and cold regions.

In most offshore areas, marine growth can occur on submerged structural components. Marine growth
increases surface roughness, mass, and diameter of tubular components, which in turn affect actions
caused by waves, earthquakes and structural motions.

For the physical environment, evidence of climate change has been documented by various scientific

orga
App4
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suminer and the consequential retreat of the ice edge has resulted in increased-fetch for wz:
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rent effects could include changes in sea level and changes in frequency of environments

ts seem particularly noticeable in arctic regions, and include increasing annual av|
erature, and decreasing arctic sea ice extent in summer. Decreasing aretic sea i

ions, and therefore increased wave heights in summer storms.
9901-4 covers foundations, including:

ault planes,

eafloor instability,

cour and sediment mobility,

hallow gas,

eabed subsidence, and

arbonate soils.

9901-4 also covers supplementing topics, including the installation of shallow foundat
and various types of anchors, dnd the soil-structure interaction for auxiliary subsea
s and flowlines.

19901-8 covers geotechnical investigations including marine soil investigations, b
tigations or geophysicakinvestigations. Geophysical investigations will be covered by I

ly itis necessary to_éstablish several sets of conditions that take into consideration th

ay-to-day physical environmental conditions that are expected to occur frequently dut
ervice life ofthe structure: these conditions are required in order to develop environmg
issociated with particular operational, serviceability or fatigue design/assessment vey

hort duration physical environmental conditions: these conditions are required in o
iéld operations such as load-out, mating, transportation, installation, and hook-up;

ate Change.
1l events.

erage arctic
e extent in
ives in some

ions, driven
structures,

ut not rock
50 19901-10.

e following:

ing the total
bntal actions
ifications;

irder to plan

extreme environmental events and abnormal environmental events arising from physical

environmental conditions that recur with a given return period or annual probability of exceedance
or occurrence.

Periodicity of actions can cause dynamic effects. Therefore, it can be beneficial to establish the range
of possible conditions for each of the above. For example, two different sea state conditions could have
the same composite return period, but the sea state having lower wave heights or a longer or shorter
associated period could cause more severe action effects on some structures or structural components.

A.6.4 Geotechnical and geophysical conditions
The presence of shallow gas can be determined by high resolution geophysical investigations. It can

also be determined from 3D seismic data at deep water sites within certain limits assuming 3D seismic
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data are of sufficient resolution and appropriately processed, or reprocessed, for the purpose (see
Reference [12]).

Movements of the seabed can be caused by ocean wave pressures, earthquakes, weight of seabed soils,
mud volcanoes or a combination of these phenomena. Weak under-consolidated sediments can be
unstable at very shallow angles of slope. Earthquakes can induce failure of sea floor slopes that are

otherwise st

able under existing forces.

Scour is removal of seabed soils by currents and waves. Such erosion can be a geological process or can
be caused by structural components or mounds from drilling operations interrupting the natural fluid
flow near the sea floor.

A.6.5 Spe

Stationkeep

Active stat]

stationkeep

dynamic adjustment of mooring line tensions.

Passive stat

systems inc
leg and tens

The design/

engineers apd suppliers outside the structural engineering disciplines. Consequently, the interface

the relevant
and other dj

A.7 Development of design/assessment situations

A.7.1 Hazg

The test of
‘reasonably
evaluated al

Examples of
— human
unplani]

unexpe

inadeqy

cific design/assessment requirements

ing systems can be categorized as active, semi-active, semi-passive, and passive.

ng systems include dynamic positioning based on thrusters or catenary systems basq

ionkeeping systems do not require real-time or active contrpl™ Passive stationkeg
ude catenary mooring, taut-line mooring, spring buoy, catenary-anchored buoy, articu
jon leg systems.

hssessment and specification of certain key components;such as risers, can typically in

discipline engineers is particularly important and’/information needed for both struc
sciplines should be planned to be shared in a timely manner.

ards

‘reasonably foreseeable’ is required when identifying hazards. All hazards that c3

nd screened for relevance for structural design/assessment or risk management.
hazards that can he relevant for an offshore structure include

brror or negligence,

led or unexpected operational activity,

‘ted events during personnel and material transfer and movement,

ate,topsides weight management,

ionkeeping systems involve continuous or defined condition adjustments. Afctive

bd on

ping
lated

rolve
with
tural

n be

foreseeable’ should be ideifitified and documented regardless of probability, before being

systems),

environ
vessels,
objects

fires an

46

vandalism and malicious attacks,

mental conditions, such as storms, earthquakes, and ice features,
such as supply vessels and general shipping traffic,
that can drop (for topsides, substructures, and appurtenances),

d explosions,

shallow geohazards and other geological processes, and

failure of a supporting system (such as a control system to manage thruster-assisted stationkeeping
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cour and ice gouge.

Inherent or hidden defects such as possibly created during fabrication could also be considered as
within the definition of hazards. Such hazards can impact the resistance assumptions, but do not cause
actions. The extent to which they are foreseeable is usually uncertain.

A.7.2 Hazardous events

While hazards cover the full set of potential sources of harm to offshore structures, the term ‘hazardous
event’ is used to cover the subset of hazards that can be reasonably foreseeable to interact with the
structure under consideration, during any phase of the life of the structure including decommissioning.

Thug,whiteam fceberg s a ftazard to am offShore Structure, the possibie mpact of air T8

jacke
cons

Pring¢iples and strategies both to prevent the occurrence of hazardous events and-to limit
consgquences are provided in ISO 17776[41,

For hazards arising from the physical environment, a hazard curve ¢an describe the
the magnitude of the action caused by hazardous events with returmperiod or annual

of e

platfprms that are drag dominated), earthquake actions, and actions-from different types o

NOTE
vertigal axis.

In the examples given in Figure A.1, the “slope” of the hazard curve is relatively mild for se:

steej
icebe

t structure in an equatorial region is not a hazardous event with a probability suf
dered for that structure.

ceedance. Figure A.1 shows example hazard curves coveringiwave actions (for st

Hazard curves can also be presented with return period or probability of exceed

er for wave actions on drag dominated structures and significantly steeper for eart
rg actions.

berg with a
ficient to be

the possible

variation in
probability
cel offshore
fice feature.

ance on the

| ice actions,
hquake and
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Al earfhquake action, high slope, see ISO 19901-2

A2 earthquake action, low slope, see ISO 1990142

B1 waye actions representative of Gulf of Mexico, see Reference [9]

B2 waye actions representative of Central North Sea, see Reference [9]

C1 ice pctions, icebergs, Grand Banks)Canada, from data in Reference [7]

C2 ice pctions, 5 % multiyear jiee, Beaufort Sea, from data in Reference [7]

C3 ice pctions, first year iceridges, Sakhalin, from data in Reference [7]

Figure A.1 — Example action hazard curves

Very unlike
assessment
and action ¢

y hazardous events have occurrence probabilities lower than those for which a de
Kituation is required to be established, i.e. return periods greater than 10 000 years. Ac
pffects for very unlikely hazardous events are not required to be quantified. Therefq

bign/
tions
re, a

very unlikely hazardous event, for which the structure is not designed, could cause collapse. This would
be a risk event for which the risk can be assessed. The risk event can be considered for inclusion on a
risk matrix as a risk to the structure for which it is not designed.

The significance with respect to the risk profile of the structure could be an issue that the operator
chooses to assess, based on risk management policy and planning, as pertaining to the likelihood of
economic loss and other consequences. The operator in discussion with other stakeholders could choose
to determine contingency plans, equipment, processes, and resources to manage the response to the
approaching hazard and to mitigate any consequences of a very unlikely hazardous event. Care should
be taken in how reliability targets are interpreted when assessing the relative risk (see for example
References [6] and [11]).
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A.7.3 Exposure levels

Exposure level is a measure of exposure to risk events in terms of severity of consequences. Targets for
structural reliability vary with exposure level in order to take account of the consequences of structural
failure or collapse.

The philosophy for offshore structures is that manned platforms should be designed and built to
the most stringent criteria irrespective of the number of personnel accommodated. However, simply
differentiating a platform as either ‘manned’ or ‘unmanned’ is not sufficient.

For some unlikely but potentially high consequence hazardous events that can be forecast and tracked
well -adivaneeofinteractingwith the shructure ealaroe cyclonasandiceberas iisrecognized that
persopnnel can be evacuated or a floating structure disconnected and moved from its nofipal operating
locatfion, so that life-safety risk due to the potential hazardous event is mitigated. This reliesfon adequate
information, procedures, resources, and correct decision making; these factors are largely outside the
scope of structural standards. Furthermore, evacuation or relocation are not riskfree, e.g. helicopter

flights or personnel transfer onto support vessels, failure of mooring and riserdisconnect §ystems.

Consequently, a risk assessment is specified herein to ensure that any dctions triggered |n response,
suchlas evacuation or relocation, do not lead to a higher risk to the persgmmel during the total service life
of the platform than the risk from remaining aboard the platform or femaining on-site. Thif recognizes
that [the threshold to trigger a response, such as evacuation or/relocation, should be well below the
threshold likely to cause major structural failure or complete 10ss' of the platform and the likely loss of
life from the various failure scenarios.

Risk|assessment should include consideration of the follewing activities associated with [potential or
actual hazardous events, as appropriate:

a) 1isk to personnel from additional evacuation“activities (both de-manning and re-rhanning the
platform), e.g. additional helicopter flights,” or specific floating platform relocatign activities
see also Reference [8]);

b) tisk to personnel on adjacent platforim/vessel from the failed or damaged platform;

c) Trisk to temporary maintenance personnel on a failed or damaged platform during the hazardous
¢vent;

d) fisk to personnel who would typically be engaged in any activity to decommission| salvage, or
fepair a damaged platform.

Inspgction and maintenance personnel can be on otherwise unmanned platforms for exterjded periods
of tithe. Of particular’'concern could be personnel making many offshore visits to unmanned platforms.
Unlefs there aresplans for evacuation when a hazardous event is foreseeable, their risk of heing on one
specific platform during the hazardous event can be modest, but their risk of being on any one of the
platfprmsican be significant.

A.7.4 “Design/assessment situations

Each design/assessment situation is established so that the structure or structural component can
be verified to satisfy the design/assessment criteria for a specified limit state when subject to design
action effects which result from the specified actions. Various physical conditions and other criteria
can be specified for each design/assessment situation, such as the following:

— category of design/assessment situation;
— hazardous event or dominating source of action;
— applicable exposure level(s) (includes aspects such as manning and inventory risk);

— structural configuration (such as under construction and in-place, and specific component
configurations such as original or in-service defects, damage, and deterioration);
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— structural system (parts resisting event and actions);

— operational measures (e.g. ice management, disconnection criteria, evacuation and shutdown
criteria);

— facility operational configuration (e.g. drilling, temporary works);
— principal and companion actions;
— combination of action types, with partial action factors;

— partial material and/or resistance factors;

— limit stdte (specific criteria for SLS, ULS, ALS and/or FLS);
— choice df structural modelling and preferred method of analysis.

If a hazard durve has been developed for a series of hazardous events arising from thathazard, different
design/assessment situations can be selected at different points on the hazard curve{(see also A.7.).

An overview of the different design/assessment situations with a simplified sumimary of key critefia is
provided in[Table A.1.

Tablle A.1 — Simplified summary of key criteria for design/assessment situations

Category df design/ Type of Basis for value of | Typical partial | Modelling and | Limit states
assessment situation | principal principal action? factors'for analysis
action dctions
(see 9.2)
Operational Gand/or Q | Nominalb, maximum¢ y linear elasticd ULS; and
(see 714.2) or representative¢ ULS;
Extr¢me E Typically 100«yx y linear elasticd ULS; and
(see 714.3) (102 p.a)d varies with ex- ULS;
(seenn?) posure level
Abnoymal E Up to 10 000 yr 1,0 non-lineard ULS, and
(see 714.4) (to 1034 p.a.)4 — varies (or lin. elasticd) ALS
with exposure level
(see 7.2)
Accid¢ntal A Up to 10 000 yr 1,0 non-lineard ULS, and
(see 714.5) (to 10~* p.a.)d — varies (or lin. elasticd) ALS
with exposure level
(see 7.2)
Short dyration G-and/or Q, | NominalP, maximums, yor1,0 linear elasticd ULS;, ULS,,
(see 1.4.6) orE or extremed, subject to and ALS
specification of
d/a situation
Service:hﬂify G nnr‘]l/nr Q' Nominalb or 1,(\ linear elasticd SLS
(see 7.4.7) orE maximum¢

NOTE For earthquakes, see ISO 19901-2.

a  For actions based on events, see 7.2. Action frequencies in this table are expressed in terms of return period in years
(annual probability of exceedance/occurrence)

b See 8.2 and 9.2 for nominal values.
¢ See9.3 for operational values.

d  Simplification for clarity, refer to full text for details and variations.

The word 'operational’ is used for a design/assessment situation for ULS, and later to describe the action
type denoted by the symbol Q (see 9.3). This is firstly to differentiate the design/assessment situation
for ULS from normal or day-to-day operating situations, and secondly to differentiate operational
actions from environmental actions, both of which are variable. In other standards for structural and
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building engineering, both are described as variable actions, and the differentiation herein between
operational and environmental is intended to improve consistency. The word ‘operational’ continues
to be also used to describe procedures for operations, such as ice management, and for conditions
prevailing during normal or day-to-day operation of a platform.

Operational and extreme design/assessment situations include partial factors or other ratios, the
application of which result in adequate reliability for individual structural components and for the
structure as a whole.

Abnormal and accidental design/assessment situations address the avoidance of complete loss of
integrity of the structure or cr1t1cal parts of the structure based on representatlve Values with specified
smalte 7 e as a whole
or a ¢ritical part of the structure is adequate w1th appllcatlon ofpartlal factors of unity,

and similar
ve strength

An dlternative approach to ensure adequate system reliability of fixed steel offshore

strugtures in extreme metocean design/assessment situations is to calculate~the reser
ratio (RSR). This approach replaces the limit state verification method for the ULS; designfassessment
veriffcation under extreme metocean design/assessment situations only. Because the analyfis proceeds
to overall collapse, local structural failure will occur. This alternative appfoach does not repllace design/
assegsment verification in abnormal and accidental design/assessmentsituations.

Design/assessment situations involving abnormal or accidental events, such as ship collision, helicopter

accident, or iceberg impact, usually follow a two-step procedure:

¢stablishing the abnormal or accidental design/assessment situation and verifying the structure
o the ALS while estimating the relevant damage. This\¥ncludes the local behaviour of the impacted
grea, and the global strength of the structural systém against overall collapse;

nfiguration
1 in 7.4.6.

establishingpost-damage design/assessmentsituationswhichaccountforthedamagedc
f the structure, and verifying its post-damage integrity for short duration as describe

Ener]
defol

py absorption of the overall structural'system arises from the combined effect of locql and global

mation, with adequate structural.continuity.

The

structural integrity of the structural system with respect to progressive or disp
colla
with|additional resistance, for{lexample by applying partial factors greater than 1,0 for calc
design action effects and verifying the design/assessment of that component. Such partig

pse due to failure of a critical\structural component can be improved by providing that

oportionate
component
nlating local
| factors for

abnormal and accidental- design/assessment situations can be taken as those for operationall or extreme
design/assessment sitliations, or can be selected between 1,0 and the partial factors for ogerational or
extreme design/assessment situations, e.g. by calibration.

b structural
vhich one or
hents can be
nd stiffness.

Alter
integ
more
remd
Anal

natively, d post-damage design/assessment situation can be established, and th¢
rity of the/structural system can be assessed based on structural configurations for v

critieal structural components have failed or been weakened. These damaged compo
vedfrom the analysis, or appropriately modelled to simulate their reduced strength a
ysis is usually performed using linear static analysis

Short-duration design/assessment situations are intended to include all types of operational and
extreme events and actions but with representative actions suitably modified for the short duration.
If the duration, or exposure to environmental events and actions is less than one year, representative
values of actions are usually based on return periods less than (exceedance probabilities greater
than) those for the extreme environmental action. This is justified by the probability of occurrence/
exceedance over the short duration, including any seasonal variation, being similar to the annual
probability of occurrence/exceedance of the extreme environmental action. It is also possible to include
relevant abnormal and accidental events and actions suitably modified for the short duration design/
assessment situation.

Consideration of post-damage design/assessment situations is important for the design and structure
configuration. The rationale for design is that damage can develop due to a fault sequence of events,
and it becomes important to establish a barrier to stop the escalation of events. For the structure, this

© IS0 2019 - All rights reserved 51


https://standardsiso.com/api/?name=b00a4539be8d9ac61d0ac83de9805734

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Symbols and abbreviated terms
	4.1 Symbols
	4.2 Abbreviated terms
	5 Fundamental requirements
	5.1 General
	5.2 Structural integrity requirements
	5.3 Functional requirements
	5.4 Requirements for specific phases of the life of the structure
	5.4.1 Planning
	5.4.2 Construction and deployment
	5.4.3 Structural integrity management
	5.4.4 Decommissioning and removal
	5.5 Requirements for durability and robustness
	5.5.1 Durability, maintenance and inspection
	5.5.2 Robustness
	6 Basis for design/assessment
	6.1 General
	6.2 Platform location and orientation
	6.3 Physical environmental conditions
	6.4 Geotechnical and geophysical conditions
	6.4.1 Marine site investigations
	6.4.2 Seabed instability
	6.4.3 Seabed disturbance
	6.5 Specific design/assessment requirements
	6.5.1 Topsides structures
	6.5.2 Deck elevation
	6.5.3 Splash zone
	6.5.4 Stationkeeping systems
	6.5.5 Conductor and riser systems
	6.5.6 Foundations and anchoring
	6.5.7 Additional operational requirements
	7 Development of design/assessment situations
	7.1 Hazards
	7.2 Hazardous events
	7.3 Exposure levels
	7.3.1 General
	7.3.2 Exposure level L1
	7.3.3 Exposure level L2
	7.3.4 Exposure level L3
	7.4 Design/assessment situations
	7.4.1 General
	7.4.2 Operational design/assessment situations
	7.4.3 Extreme design/assessment situations
	7.4.4 Abnormal design/assessment situations
	7.4.5 Accidental design/assessment situations
	7.4.6 Short duration design/assessment situations
	7.4.7 Serviceability design/assessment situations
	8 Limit state verification
	8.1 General
	8.2 Basic variables and representative values
	8.3 Limit states
	8.3.1 Categories of limit states
	8.3.2 Ultimate limit states
	8.3.3 Abnormal/accidental limit states
	8.3.4 Serviceability limit states
	8.3.5 Fatigue limit states
	8.4 Limit state verification procedure
	9 Actions
	9.1 Classifications of actions
	9.2 Permanent actions and their representative values
	9.3 Operational actions and their representative values
	9.4 Environmental actions and their representative values
	9.5 Accidental actions and their representative values
	9.6 Repetitive actions
	10 Design values and partial factors
	10.1 Design values of actions
	10.2 Actions acting in combination
	10.2.1 Principal and companion actions for the same action type
	10.2.2 Principal and accompanying actions for specific design/assessment situations
	10.3 Design values of resistance
	10.3.1 General
	10.3.2 Design values of materials including soils
	10.3.3 Design values of geometric variables
	10.3.4 Uncertainties in analysis models
	10.4 Partial factors for operational and extreme design/assessment situations
	10.5 Partial factors for abnormal and accidental design/assessment situations
	10.6 Partial factors for serviceability design/assessment situations
	10.7 Partial factors for fatigue design/assessment verification
	10.8 Probabilistic modelling and analysis
	11 Models and analysis
	12 Quality management
	12.1 General
	12.2 Installation inspection
	12.3 In-service inspection, maintenance and repair
	12.4 Records and documentation of design and construction
	12.4.1 General
	12.4.2 Calculations
	12.4.3 Weight and centre of gravity reports
	12.4.4 Drawings and specifications
	13 Assessment of existing structures
	13.1 General
	13.2 Condition assessment
	13.2.1 General
	13.2.2 Service and operating requirements
	13.2.3 Environmental conditions
	13.2.4 Testing, inspection, maintenance and repair history
	13.3 Action assessment
	13.4 Resistance assessment
	13.5 Component and system failure consequences
	13.6 Mitigation
	Annex A (informative)  Additional information and guidance
	Bibliography

