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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may

WWW.iso

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had not.r'eceived ngtice of (a)
which may be required to implement this document. However, implemefiters are cautioned that
hot represent the latest information, which may be obtained from the patent database ayailable at

Any trad{
constitutd

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

Organizat

.pbrg/patents. [SO shall not be held responsible for identifying any or allysuch patent rightq.

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This docyment was prepared by Technical Committee ISO/TC 67, Oil and gas industries including lower
carbon en
Standard
in accord

This third
revised.

The main

align

arati

ergy, Subcommittee SC 7, Offshore structuressin collaboration with the European Committee for
zation (CEN) Technical Committee CEN/TG32, Oil and gas industries including lower carbpn energy,
ince with the Agreement on technical coepération between ISO and CEN (Vienna Agreenpent).

| edition cancels and replaces the.second edition (ISO 19901-3:2014), which has been t¢chnically

changes are as follows:
ment of terminology with that of ISO 19900;

pnal re-arrangement,of the clauses content and numbering;

adoption with modifications of IOGP supplementary requirements (S-631-04);

‘natignal or regional codes’ and ‘national or regional building codes’ have been replaced by ‘national
buildjng standards’ throughout the whole document;

‘suppprting structure’ has been replaced by ‘substructure’ and definition of ‘substructure’|has been
added to/Clause 3;

‘wave, wind and current’ has been replaced by ‘metocean’;

‘design assessment/situations’ has replaced ‘design situations’ according to ISO 19900;

5.2.1
AISC

has been updated distinguishing between ASD (Allowable strength design) associated to ANSI/
360-22 and WSD (Working stress design) associated to AISC 335-89 and API RP 2A-WSD. Further

guidance is provided for floating structures where the hull is typically designed using the WSD method.
In 5.2.2 guidance on the application of K_ is given in case of WSD method.

subclause 5.7 on critical structures has been added;

© IS0 2024 - All rights reserved
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in 6.5.2.4 the frequency range to avoid structural resonance has been changed according to NORSOK
N-004:2022, F-2-9-6;

Table 2 has been updated with the introduction of ‘restricted access for inspection, maintenance and
repair’ partial damage factors and reduction in case of full accessibility (with reference to ISO 19904-1,
NORSOK N-004,[32] Reference [30] and DNV-0S-C101[31]), Guidance in case of dissimilar materials has
been added;

subclause 6.8.2 on ductility has been introduced, adapted from NORSOK N-004:2022, 7.2;

addition of Table A.1 with typical minimum values for local, primary and global design of operational
actions (Q);

subclpuse 7.3 has been re-ordered and updated;

subclpuse 7.5 has been renamed ‘Indirect actions and resulting forces’ and updated aecord|ng to the
modifications and assumptions in 10.1 and 10.2;

wind|actions, 7.6.2 and A.7.6.2, introduction of national building standards for the evaluatjon of the
representative wind actions; alignment with ISO 19900 and ISO 19901-1 and addition of morejguidance;

alignment of minimum lateral acceleration for seismic (7.7.2 and A.7.7.2) with ANSI/API RP 2TPPI82],

all sopirces of topsides accelerations collected (7.9.9 and A.7.9.9) and aligned;

techrjical review of the accidental events (7.9 and A.7.9), with introdudction of risk-informed and reliability-
based approaches for fire and explosion in addition to the defatlt’semi-probabilistic approach

K, cofrespondence factor (8.1 and A.8.1) defined according'to an equivalent reliability prodedure for
ANSIJAISC 360-22,112] CSA-S16:19[14] and EN 1993-1-1[134;

boltefl connection (8.4.3 and A.8.4.3) have been modified according to IOGP supplementary spdcification
S-631-04;

8.5 hais been renamed as ‘Castings and forgings’, adding references to forgings;

additjon of 8.6 and A.8.6 on design for.stréictural stability in alignment with ANSI/API RP 2TQPI82] and
based on ANSI/AISC 360-22[12] and EN-1993-1-1[13] criteria;

additjon of Clause 9 dedicated te-the description of the limit state verification approaches inclyding risk-
informed and reliability-based approaches for fire and explosion (9.2, 9.3, A.9.2 and A.9.3) in addition to
the default semi-probabilisticapproach;

in10.R.1, an alternative.method (method b) for the analysis of the topsides structures has been introduced
with further guidancein A.10.2.1. The associated 6.4, 7.5, 7.8 and 10.1 and A.6.4, A.7.5, A.7.8 9nd A.10.1
have peen updated accordingly;

helicgpter landing facilities (10.5) updated according to CAP 437[21] for emergency landing angl addition
of degign 19ad combinations (Table 7) adapted from NORSOK N-004:2022, Table F.5.132] Deletfion of the
previpus, Table A.5;

crane support structure clauses, 10.6 and A.10.6 have been reviewed. Crane support structure is to be
designed according to API Spec 2C or EN 13852-1 and additional provisions reported. The simplified
fatigue method has been aligned with ANSI/API RP 2TOPI82];

Table 9 adapted with modifications from NORSOK N-004:2022, Table F.1[32] and addition of some example
figures for DC;

former 12.1 to 12.3.5 have been deleted and moved to ISO 19902:2020, Clause 18.
in 12.2 Welding requirements have been reviewed;

in 12.5 provisions for dissimilar materials have been added, adapted from NORSOK N-004:2022, F.4.4;

© IS0 2024 - All rights reserved
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— the previous Clause 12 and A.12 “Corrosion control” in ISO 19901-3:2014 has been removed because it is
now included in ISO 19902:2020; in Clause 14, reference to ISO 19901-9 has been added and the previous
Clause 14 in ISO 19901-3:2104 on “Topsides structure default inspection scope” has been removed,
being now covered by ISO 19901-9; in Clause 14 and A.14, the subclauses 14.2.2 and A.14.2.2 on “Critical
structures” have been added;

— in Annex B, updated example of K. calculations by utilization ratio for ISO 19902 and ANSI/AISC 360-
22012],

— removal of former Annex C. K_ is now reported as normative value in Table 4 for ANSI/AISC 360-22[12],
CSA-S16:19[14] and EN 1993-1-1[13],

Alist of all parts in the ISO 19901 series can be found on the ISO website.

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

The International Standards on offshore structures prepared by TC 67 (i.e. ISO 19900, the ISO 19901 series,
[SO 19902, ISO 19903, I1SO 19904-1, ISO 19905-1, ISO 19905-3 and ISO 19906) constitute a common basis
covering those aspects that address design requirements and assessments of all offshore structures used
by the petroleum and natural gas industries including lower carbon energy worldwide. Through their
application, the intention is to achieve reliability levels appropriate for manned and unmanned offshore
structures, whatever the type of structure and the nature or combination of the materials used.

[t is important to recognize that structural integrity is an overall concept comprising models for describing
actions, structural analyses, design rules, safety elements, workmanship, quality control procedures and

national
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Oil and gas industries including lower carbon energy —
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Part 3
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The actiops on topsides structure and the action effects in structural components are derived

documen{
[SO 19901
design (se
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This docyment also addresses prevention, control and assessment of fire, explosions and other

events.

e

ment provides requirements, guidance and information for the design and fabrication o
for offshore structures, including in-service, pre-service and post-service conditions.

, where necessary in combination with other International Standards)in the ISO 19901 s

e 6.7).
ment is applicable to the following:

les of fixed offshore structures;

les of arctic offshore structures, excludingwinterization (see ISO 19906).

t of the topsides structure forms part.ef the primary structure of the overall structur
ists global platform actions, the requirements of this document are supplemented with
bnts in ISO 19902, ISO 19903, ISO-19904-1, ISO 19905-1, ISO 19905-3 and ISO 19906.

parts of floating offshore structures and mobile offshore units that are chosen to be
es of a recognized classification society, the corresponding class rules supersede the 3
ents of this document.

f topsides

from this
eries (e.g.

-1 for wind actions - see 7.6.2, ISO 19901-2 for seismic actions - se€’7.7) and ISO 19902 fpr fatigue

pte structural units placed on the hull structures offloating offshore structures and mobilg offshore

al system
pplicable

governed
ssociated

hccidental

The fire dnd explosion provisions of this document can be applied to those parts of the hulls gf floating

structure]

NOTE

5 and maobile offshore units that contain hydrocarbon processing, piping or storage.

Requirements for structural integrity management are presented in ISO 19901-9.

This doc

ment applies to structural components including the following:

— primary and secondary structure in decks, module support frames and modules;

— flare

structures;

— crane pedestal and other crane support arrangements;

— helicopter landing decks (helidecks);

— permanent bridges between separate offshore structures;

— masts, towers and booms on offshore structures.
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This document provides requirements for selecting and using a national building standard with a
correspondence factor for determining the resistance of rolled and welded non-circular prismatic
components and their connections.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

API Spec 2C, Offshore Pedestal-mounted Cranes

API Spec SC, Manufacture of Structural Steel Castings for Primary Offshore Applications

API Spec 2SF, Manufacturer of Structural Steel Forgings for Primary Offshore Applications, A\editign, August
2013, reafffirmed 2020

ASTM F2329/F2329M, Standard Specification for Zinc Coating, Hot-Dip, Requirements férApplication|to Carbon
and Alloy Steel Bolts, Screws, Washers, Nuts, and Special Threaded Fasteners

ASTM F3[125/F3125M, Standard Specification for High Strength Structural Bolts and Assemblies,|Steel and
Alloy Stee|, Heat Treated, Inch Dimensions 120 ksi and 150 ksi Minimum Tensilé-Strength, and Metric Oimensions
830 Mpa qnd 1 040 Mpa Minimum Tensile Strength

EEMUA PUB NO 176, Specification for structural castings for use offshore
EN 138521, Cranes — Offshore cranes — Part 1: General-purpose-offshore cranes
EN 1993-1-8, Eurocode 3: Design of steel structures — Part 1-8¢ZDesign of joints

[SO 898-1|, Mechanical properties of fasteners made of carbon steel and alloy steel — Part 1: Bolts, sgrews and
studs with specified property classes — Coarse thread.and fine pitch thread

ISO 2631, Mechanical vibration and shock — Evaluation of human exposure to whole-body vibration|— Part 1:
General rgquirements

ISO 2631-R, Mechanical vibration and shock— Evaluation of human exposure to whole-body vibration|— Part 2:
Vibration |in buildings (1 Hz to 80 Hz)

[SO 10684, Fasteners — Hot dip galvanized coatings

ISO 13702, Petroleum and natural gas industries — Control and mitigation of fires and explosions opn offshore
productiop installations —Requirements and guidelines

ISO 17776, Petroleum and natural gas industries — Offshore production installations — Major accidgnt hazard
management during-the design of new installations

[SO 19900, Petreleum and natural gas industries — General requirements for offshore structures

ISO 19901-1 Petroleum and natural gas industries — Specific requirements for offshore structures |— Part 1:
Metocean design and operating considerations

[SO 19901-2, Petroleum and natural gas industries — Specific requirements for offshore structures — Part 2:
Seismic design procedures and criteria

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

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

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

© IS0 2024 - All rights reserved
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ISO 19903, Petroleum and natural gas industries — Concrete offshore structures

[SO 19904-1, Petroleum and natural gas industries — Floating offshore structures — Part 1: Ship-shaped, semi-
submersible, spar and shallow-draught cylindrical structures

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

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

[SO 19906, Petroleum and natural gas industries — Arctic offshore structures

[SO 20088-=

ISO 2008
exposure

-2, Determination of the resistance to cryogenic spill of insulation materials — Part 2: Vapour

ISO 20088-3, Determination of the resistance to cryogenic spillage of insulation materigls ~— Part 3: Jet release

ISO 22899-1, Determination of the resistance to jet fires of passive fire protection materials — Part [I: General
requiremdnts

SO 834-1| Fire-resistance tests — Elements of building construction — Part I\General requirements
NORSOK M-122, Cast structural steel, rev. 2, October 2012
NORSOK M-123, Forged structural steel, rev. 2, October 2012

3 Terms and definitions

For the pjrposes of this document, the terms and definitions given in ISO 19900 and ISO 1990 and the
following|apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses

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

— |EC E]ectropedia: available at https://www.electropedia.org/

3.1
active firje protection
equipmer]t, systems, and methods which, following initiation, can be used to control, mitigate, and gxtinguish
fires

[SOURCE:ISO 13702:2015, 3.1.3]

3.2
caisson
appurtengnee used for abstracting water from the sea or as a drain

3.3

critical structure

structural components, forming parts of the topsides structure, that provide support to safety and
environmental critical elements (SECE), loss of which can cause specific life-safety, environmental or
business consequences

Note 1 to entry: Subclause 5.7 provides details and examples.

Note 2 to entry: Critical structure also includes structures which support safety and environmental critical elements
(SECE) previously termed safety-critical elements (SCE), see ISO 19901-9:2019, 9.4 and A.9.4.

Note 3 to entry: SECE includes all relevant equipment and systems.

© IS0 2024 - All rights reserved
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endurance period
time estimated for evacuation as defined by the Emergency Evacuation Rescue Analysis (EERA)

Note 1 to entry: The endurance period is specified in the basis of design.

3.5

major accident

MA
hazardou

— multi

— exterfsive damage to structure, installation or plant; or

— large
loss
dam

Note 1 to gntry: In this document, a major accident is the realization of a major accident hazard.

[SOURCE:ISO 17776:2016, 3.1.12, modified — Note 2 to entry deleted.]

3.6

passive fijre protection

PFP

coating of cladding arrangement or free-standing system which) ih the event of fire, provide
protectioh to restrict the rate at which heat is transmitted to the.ebject or area being protected
[SOURCE:ISO 13702:2015, 3.1.36]

3.7

risk curvie

probabilify of consequences exceeding a defined limit during a reference period

3.8

substrucfure

structure{supporting the topsides

Note 1 to entry: The substructure can take many forms including fixed steel (see ISO 19902), concrete (see |
floating (sge ISO 19904-1 and ISO 19905-3), jack-up (see ISO 19905-1), or the various forms of arctic stru
ISO 19906).

39

ideal hinge

pinned cgnnection

idealisati

Note 1 to 4

s event that results in

ple fatalities or severe injuries; or

scale impact on the environment (e.g. persistent and severe environmental damage‘thdt d
commercial or recreational use, loss of natural resources over a wide area or seyereenvif
ge that will require extensive measures to restore beneficial uses of the environment)

bn by which'no moments are transferred

ntry: Plastic strain in an ideal hinge is typically a fraction of a percent.

an lead to
onmental

5 thermal

50 19903),
tures (see
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4 Symbols and abbreviated terms

4.1 Symbols

a acceleration

A accidental action

b spacing of stiffeners

D, equivalent quasi-static action representing dynamic response effects to the extreme environ-
mental action, E,

D, equivalent quasi-static action representing dynamic response effects to the operating environ-
mental action, E

E environmental action

E, extreme quasi-static environmental action due to metocean and ice

E, environmental action due to metocean and ice for the operator défined operating congdlitions

Fy design action

F. representative action

g acceleration due to gravity

G permanent action

1 explosion impulse

l span or length

K, correspondence factor

p instantaneous explosion overpressure

p@t) variation of overpressire with time

P probability

Q operational aetion

R resistange

Ry design value of resistance

Ry characteristic value of resistance, or value based on characteristic values of material groperties

S4 total design action effect

t time from ignition of an explosion

tq duration of positive explosion pressure pulse

T fundamental period of vibration of a component or structure

T max maximum allowable temperature in a component

1) thickness of a structural component, plate, or finite element

© IS0 2024 - All rights reserved
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Yt

YFD

ISO 19901-3:2024(en)

partial safety factor

partial action factor

partial damage design factor
partial resistance factor
deflection

critical average strain

stress

4.2 AbDI

ALARP
ALE
ALS
APoE
ASD
AVM
CFD
CoG
CTOD
DL
DLB
DES
ELE
EER
FEA
FEED

temperature
previated terms

as low as reasonably practicable
abnormal level earthquake
abnormal/accidental limit state
annual probability of exceedance
allowable stress design
anti-vibration mounting
computational fluid dynamics
centre of gravity

crack tip opening displacement
damage limitation limit state
ductility level blast

derrick equipment set

extreme level-€arthquake
escape, evacuation and rescue
finite'element analysis

front end engineering design

FPSO
FRP
IRPA
ISD
LRFD
MA

floating production storage and off-loading structure
fiber reinforced polymer

Individual risk per annum

inherently safer design

load and resistance factor design

major accident
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MPI magnetic particle inspection
MTOM maximum take-off mass

MTOW maximum take-off weight

NC near collapse limit state
NTE not-to-exceed

PFP passive fire protection
SDOF single degree of freedom
SECE safety and environmental critical elements
SLB strength level blast
SRPA societal risk per annum
SWL safe working load

TR temporary refuge

8] utilization

UTS ultimate tensile strength
VIV vortex induced vibration
WSD working stress design

5 Overall requirements

5.1 Conceptual design

Conceptupl design shall include the determination of functional requirements and design criteria t
workable|and economical topsides fayout and structure to perform its mission for a specified leng
(design sqgrvice life).

Conceptupl design shall include the development of structural and equipment layouts with due
congestiopn and confinemént, which are important factors influencing the extent and magnitude g
fire and ¢xplosion events'and actions. Configuration of the facilities should be based on Inhere
Design (I$D) principles-to eliminate or minimize the risks from hazards.

5.2 Codes and standards

o obtain a
th of time

regard to
f possible
ntly Safer

5 2 1 L e—adad | 11 lal g Jaal h
wnkan LTI SUALTO dIIU dlIUWAUIT S TOoo PIIIIUSUPIIITS

In general, the International Standards on offshore structures follow the approach of ISO 23941l and as such

are intended to be limit state design standards.

NOTE1 Limit state methods are also known as load and resistance factor design (LRFD) methods.

The intent of this document is that partial factor methods in accordance with ISO 19900, see 9.1, should
be used where possible, but, where the substructure is designed using the WSD (Working Stress Design)
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method, such as for floating structures, the WSD method may also be used for the design of the topsides
structure (e.g. AISC 335-89[721)). ASD may also be used where WSD is acceptable.

Note 2 In the more recent versions of AISC, i.e. AISC 360, ASD (Allowable Strength Design) has replaced WSD. ASD
is a hybrid design approach using factored action combinations along with a safety factor applied to the resistance.

Where WSD methodology is used for the hull design in a floating facility and where partial factor design is
used for the topsides, the appropriate partial action factors should be applied to the individual unfactored
dead, imposed/live, and metocean actions applied to the hull.

Any dynamic response should be calculated using non-factored actions, and the resulting action effects
should then be subjected to the appropriate partial factors.

y
WSD or ASD code or standard is used, the requirements for allowable stresses and ot
accordance with the selected national building standard.

shall be i

5.2.2 e of national building standards

Topsides ptructures shall be designed and fabricated in accordance with this do¢dment and suppglemented
by the spé¢cific requirements from a national building standard as specified ip-this document. Thg national
building qtandard shall be selected and agreed with the operator and regulator:

If the subgstructure is designed using the WSD method, as is often the ease with hulls in floating facilities,
and the topsides or any modules or assemblies are similarly designed using the WSD method, then no
correspondence factor shall be applied.

5.3 De¢k elevation

Air gap requirements are addressed in ISO 19901-1, ISO 19902, ISO 19904-1 and ISO 19903. No conponent of
the topsides structure or equipment shall be within thesdesign air gap unless explicitly designed to yvithstand
possible Hydrodynamic actions and to transmit such‘actions through the topsides to the substructyre. These
actions siould be communicated to the substructtire designer as early as possible.

For floatipg structures, and for ship-shaped.in particular, increasing the height of topsides modyles above
the main|deck is a trade-off between reducing the potential effects of explosion pressures, increasing
accessibilfty, and reducing stability. These floating structures can also be inundated in severe yeather if
the top of the wave crest is higherthan the deck of the structure. The inundating water, knowr] as green
water, can run along the deck andimpact equipment and structures on the deck. The actions gssociated
with posgible green water shall, be evaluated and any vulnerable topsides structure shall be dgsigned to
withstand these actions accarding to ISO 19904-1.

Deck eleyfation for platfonms in arctic and cold regions with sea ice and iceberg hazards is addressed in
1SO 19906.

5.4 Exposurélevel

The expoltre level for topsides structure shall be determined in accordance with the criterig given in
[SO 19900-Additional guidance 1s provided in [SO 19902, TSO 19903, TSO 1990%-T, SO 19905-1, ISO 19905-3
and ISO 19906.

NOTE There are three categories of exposure level: L1 structures are manned during design conditions or have
high consequences of failure; L2 structures are not expected to be manned during governing design conditions and
have medium consequences of failure; and L3 structures are normally unmanned and have low consequences of
failure. These are more fully described in ISO 19900.
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5.5 Operational requirements

5.5.1 Functional requirements

The functional requirements of the platform including drilling, process, access, safety and auxiliary
systems, shall be established and documented, and communicated to design and operating personnel. In
particular, the integrity of the structure shall conform with the platform's safety philosophy and any defined
performance standards.

5.5.2 Spillage and containment

Provision for handling spills, overflows and potential contaminants should be provided.

A deck dlrainage system shall be provided that collects and stores liquid spillages and_oyey
subsequent handling (see 10.15).

Accumulgtion of combustible liquids in containment areas and on plated decks shall be-mitigate
drainage pystems and applied in fire risk studies.

5.6 Design physical environmental conditions

flows for

1 through

The topsifes design physical environmental conditions (metocean, ice and\seismic, see ISO 1990

in the rel

duration flesign/assessment situations may adopt less onerous physicdl environmental conditions

EXAMPLE

environmgéntal conditions if an assessment of the risks and consequences of exceeding the physical envi

criteria are assessed.

5.7 Critical structure

The folloying structural components shall be identified and recorded in design documentation

structure

a) strucfural barriers, such as blast walts,'that are intended to prevent a hazardous event from

major accident, or used to provide mitigation of the consequences.

b) strucfural components that support the weight of the TR (Temporary Refuge), including anti
mourjting (AVM), structural \components that comprise the external surface of the TR, and 3

compnents that comprisé and support permanently occupied buildings;

c) strucfural components) that support equipment required for EER (Escape, Evacuation an
includling escape from the location of the hazardous event to the TR or muster location, and e
from [the TR andiniuster location during the endurance period following a hazardous event;

NOTE|1  Endurance period for environmental risk in a fire event can be much longer than that reg
persopnek evacuation (life-safety risk). In such instances, mitigation can involve measures to reduce

downl|tiine of systems containing hazardous inventories.

) for use

bvant design/assessment situations shall correspond to those ©f the substructure. Spedjific short-

The short-term installation of specific pieces of equipment can be considered with low¢r physical

onmental

hs critical

causing a

vibration
tructural

1 Rescue)
vacuation

quired for
the blow-

NOTE 2  Equipment required for EER typically includes:
— primary escape routes;

— lifeboats, life rafts, and means of escape to sea;

— fire, gas, and smoke detection in the TR;

— active fire protection (pumps and pipes);

— emergency generators.
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d) structural components that prevent escalation (including supports for hydrocarbon-containing
equipment and process safety critical piping systems, blast walls preventing escalation to the TR and
fire walls preventing escalation to the TR, dropped object protection structure, riser impact protection
structure, etc).

NOTE

3  Hydrocarbon-containing equipment typically includes:

— emergency shut-down valves/equipment (ESDVs);

— blowdown (venting and flare) equipment and piping;

— well isolation equipment;

— derrick equipment set (DES);

— h
g

— C

Other ex
conseque

— topsi
— drilli
— riser
— flare
— helid

NOTE 4

5.8 Ass

Any asses
with ISO

5.9 Reuse of topsides structure

Existing t
In such c:
(accounti

NOTE 1
plant and ¢
the platfor]

NOTE 2

drocarbon vessels and equipment (including all hydrocarbon-containing pipework and equipm
bnerators that are fed gas);

Fane pedestals.

amples of structural components critical to topside structural integrity and/or
hce are:
le deck post and brace framing into posts;

hg rig foundations;

Lop tensioner foundation;
boom foundation;

eck foundation.

Further examples of critical structure are proyided in ISO 19901-9:2019, A.9.4.

essment of existing topsides structure

sment of existing topsides structure and structural components shall be performed in a
19900 and ISO 19901-9.

opsides structure or'part of the structure can be removed and relocated for use at a new

g for exposur€level) and conditions applicable at the new location.

Topsides structures present particular challenges as access for inspection is likely to be restri
pquipment.and modifications can have been made to both the topsides structure and the equipm
m's original service life.

bnt such as

business

rcordance

 location.

ises, the structuré.shall be assessed in accordance with ISO 19900 and ISO 19901-9, and for use

ted by the
ent during

nt.

Ihraddition to survey work, all of the provisions applicable to a new design are likely to be relevg

5.10 Repairs, modifications and refurbishment

Where repairs, modifications or refurbishment of an existing topsides structure are planned, the structure
shall be assessed for the revised configuration in accordance with the basis of design and the assessment
requirements of [ISO 19901-9.
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gn requirements

6.1 General

This clause presents the overall requirements for design of topsides structure.

The topsides design shall satisfy the fundamental requirements set out in ISO 19900.

6.2 Design/assessment situations

Design/assessment situations shall be established as specified in ISO 19900. They shall include all
operational requirements, temporary conditions, physical environmental conditions, accidental conditions

and post-

Each phas
work-ove

6.3 Ma

Materials

Hamage conditions which could affect the design or assessment.

e of the life of the structure and each mode of operation of the platform, such as driling, pi
-, or anticipated combinations thereof, shall be explicitly evaluated in design/assessment §

terial selection

structurz:Jlt components. ISO 19902 gives specific requirements and guidanee for the selection

steels th
materials

6.4 Str
Particula

— interf
insta

— disto

are applicable to topsides structure. Clause 11 addresses further requirements and a
including FRP, in 11.5.

ictural interfaces
" attention shall be paid to the following:

aces between different structures in order to ensure adequate alignment when fabrig
lation tolerances are taken into account;

'tions and displacements during fabrication, loadout, transportation, installation and

conditions;

— effect

— consi

EXAMPLE
adjacent

NOTE

If a jack-u
design m¢
areas (e.g

s of relative displacements of different structures supported on one or more separate st}
stency of forces (action effeets) on both sides of interface.

The flexing of a shiptshaped floating structure can cause significant differential movement
odules supported on thehull of the structure.

Small displacements'can be tolerated by adopting ductile design (see 10.2.2).

p is to be located in close proximity to a topsides structure, its design shall ensure t
btocean and seismic conditions there is no clash with primary steelwork and potentiall
LQ, mustér areas, emergency escape routes).

6.5 Des

oduction,
ituations.

shall be selected that have a performance compatible with the design standard applicable for the

pf carbon
ternative

ation and

n-service

fuctures;

s between

hat under
y manned

jigh for serviceability

6.5.1 Serviceability limits

Design for serviceability shall include establishing design/assessment situations as specified in ISO 19900.

The serviceability of the topside structures can be affected by excessive relative displacement or vibration
(vertical or horizontal). Serviceability limit states shall be established with respect to:

a) discomfort to personnel,

b) integrity and operability of equipment or connecting pipework,

¢) control of deflection of supported structures, e.g. flare structures and telecommunication masts,
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d) damage to architectural finishes,

e) operational requirements for drainage (free surface or piped fluids).

Vibration

652 V

6.5.2.1

limits are specified in 6.5.2 and deflection limits are specified in 6.5.3.
ibrations

Sources of vibration

All sources of vibration shall be identified in the design of the topsides structure.

As a mini

i thn follavaang chall b ravginvagnd forthatw Affat A b ot a1,
ot eH—e

a) opera
b) trans

¢) wind

o Py a
TIOITT, CITCTOTTO VY Tir S STrer T eV ICYY C O TOTCIICIT TTeC T o trre-stroaccrour o

ting mechanical equipment, including that used in drilling operations;
ient fluid flow in piping systems, in particular slugging;

induced vibrations (VIV) on slender elements (see 7.4);

d) globall motions due to environmental actions on the facility;

e) earth

6.5.2.2

Design lix
the requit

The desig
ISO 2631-

6.5.2.3

Large car
but exclu
Reference

6.5.2.4

Dynamic
avoided. §

To avoid
excitation
force amp

NOTE

quake and accidental events.

Design limits on vibrations

hits for vibration shall be established from operational limits set by equipment supplid
ements for personnel comfort and health and safety:.

n limits for horizontal and vertical vibration effects on personnel shall not exceed thos
1 and [SO 2631-2. More onerous limits can be required by the operator or by the regulata

Long-period vibrations

tilevers (whether formed by simple;beams or trusses) forming an integral part of the
ling masts or booms, should be ‘proportioned to have a natural period of less thar
[L10]).

Dynamic analysis andaveidance of resonance

hnalysis shall be used-to assess the response of various parts of the topsides to ensure re
uch analysis shall'intlude unfactored static and imposed actions.

resonance, the“applicable frequency range is typically from 20 % below to 20 %
frequency\range. For each frequency, the dynamic stiffness may approximately be tal
litude divided by the displacement amplitude in the direction of the force.

207% is considered sufficient to avoid resonances based on:

rs and by

e given in
I.

topsides,
1 s (see

onance is

hbove the
ten as the

— theorefical margin to the resonance frequency to limit amplification;

— normal accuracy of actual excitation frequency compared to nominal;

— normal accuracy of predicted eigenfrequencies compared to actual eigenfrequencies;

— rotating machinery codes typically use a 15 % margin for rotor dynamic design, however, the 3 DOF rotor dynamic
system is a less complex system and some more margin is needed.

Where heavy rotating machinery is installed (such as variable speed pump skids, compressors, etc.), three-
dimensional vibration analysis should be performed. Simplified two-dimensional vibration analysis may be

used fors

tand-alone components such as cantilevers.
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6.5.3 Deflections

6.5.3.1 Vertical deflections

The final maximum defelction, 4 of any element, structural component or structure comprises three

X X max’
parts as given in Formula (1):
Amax = Al + AZ - AO [1)
where
AO isany prn_r:\mhnr (hngging) of 2 beam or element priorto the addition of any-permanent or
variable actions;
A is the deflection from permanent actions after applying the actions;
1
A is the deflection from the variable actions and any time-dependent deformations from permanent
2

actions.

The servifeability limits or maximum values for vertical deflections are given,in Table 1.

Table 1 — Serviceability limits for vertical deflections

Maximum deflection
Structural component
Amax AZ
1 1

Floor beams — —

200 300

Cantilever beams —_— [
100 150

Deck plate — 28 or b
150

~

span

deck thickness

S O

stiffener spacing

i

Whichever is smaller,

More onefous limits can be réquired by the operator or by the regulator or can be specified for jndividual
items of equipment.

Lower linjits can be negessary to limit ponding of surface fluids and ensure that drainage system§ function
correctly| Cambering-deck plating in areas susceptible to icing of any surface water can be used to avoid
ponding.

Tolerances reéquired for telecommunications equipment should be verified and maintained.

NOTE rne algnmert or telecomimunications equipiment cdan pe Critical 10T thell reliable operation.

6.5.3.2 Horizontal deflections

Horizontal deflections shall be limited to 0,3 % of the height between floors. For multi-floor modules
or structures, the total horizontal deflection shall not exceed 0,2 % of the total height of the modules or
structure. More onerous limits can be necessary to limit pipe stresses.

Higher deflections can be acceptable for cladding panels and other components where serviceability is not
compromised by deflection.
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6.6 Design for strength

Design for strength shall include establishing operational, extreme, abnormal, accidental, and short duration
design/assessment situations as specified in ISO 19900.

Methods of limit state verification are described in Clause 9.

6.7 Design for fatigue

Topsides fatigue design shall be in accordance with ISO 19902, ISO 19903, ISO 19904-1, ISO 19905-1,
[SO 19905-3 and ISO 19906, whichever is relevant, supplemented by the additional provisions given in
Clause 10, particularly with respect to actions.

NOTE
of the envi

Pre-servi

ronment of the transportation route (see A.6.7 for further guidance).

Ce (e.g. transportation) and in-service fatigue damage shall be combined to‘eyaluate

fatigue ddgmage.

Where th
suitable s

In place o

e substructure standard does not provide adequate fatigue guidance for, a-topsides struct
fandards may be applied (see A.6.7).

f more detailed assessment, the fatigue damage design factors canbe taken from Table 2

Table 2 — Partial damage design factors for topsides structure, yg,

Pre-service fatigue damage during transportation can be significant depending on the length arlld severity

the total

ure, other

co

Classifiqation of compo- | Not accessible for inspec- Restricted access for Fully accessibl
nents based on damage tion or not repairable inspection, maintenance | spection, main

hsequence and repair and repa

b for in-
enance
ir

Substantial consequences 10 3 2

Without qubstantial conse- 5 2 1

quences

NOTE 1
areas, eve

The ypp factors assume that inspectionsi@and maintenance intervals (see 6.13) are planned for all
h if restricted, however the interval.between inspections can be larger if the factor is higher.

intervals gnd inspection methods are typically considered for the design for welds that are likely to crack

roots.

NOTE 2
requiring

NOTE 3

Restricted access can be fof.example flare structures, joints under removable passive fire proted
ope access and areas with.restricted access during normal operations.

The ypp are associated to appropriate inspection intervals (see A.6.7).

When corpbining differént materials such as steel and aluminium, the cyclic thermal effect shall
the fatigule limit state to be exceeded.

NOTE 4

NOTE 5

The differént materials will expand differently due to thermal effects.

Eatigue damage for solar heating when using same material is generally negligible.

accessible
[nspection
Wt the weld

tion, areas

not cause

6.8 Robustness

6.8.1 General

Qualitative assessments to evaluate measures to improve the robustness of critical structure (see 5.7) shall
be performed before detailed analysis.

6.8.2 Ductility

All failure modes shall be ductile.

© IS0 2024 - All rights reserved

14


https://standardsiso.com/api/?name=95ea0a5675f733e454e0568dc0bff4c0

ISO 19901-3:2024(en)

Ductile failure modes ensure the structural behaviour will be in accordance with the anticipated model used
for determination of the responses. In general, all design procedures, regardless of analysis method, will not
capture the true structural behaviour. Ductile failure modes will allow the structure to redistribute forces
in accordance with the presupposed static model. Brittle failure modes shall therefore be avoided or shall
be verified to have excess resistance compared to ductile modes, and in this way protect the structure from
brittle failure.

The following sources for brittle structural behaviour shall be considered for a steel structure:
a) unstable fracture caused by a combination of the following factors:

1) brittle material,

2) a[design resulting in high Tocal stresses,
3) the possibilities for weld defects, and
4) presence of fatigue cracks.

b) strucfural details where ultimate resistance is reached with plastic deformatidnsonly in limited areas,
makihg the global behaviour brittle, e.g. partial butt weld loaded transverse\te’the weld with|failure in
the weld,

c) shell puckling, and
d) buckling where interaction between local and global buckling medes occur.
In general, a steel structure will be of adequate ductility if the following is satisfied:

— matefial toughness requirements are met, and the design avoids a combination of high local stresses
with possibilities of undetected weld defects;

— details are designed to develop a certain plastic deflection e.g. partial butt welds subjected tp stresses
transjverse to the weld is designed with excess resistance compared with adjoining plates;

— member geometry is selected such that thelresistance does not show a sudden drop in capacitywhen the
member is subjected to deformation beyorid maximum resistance;

NOTE An unstiffened shell in cross section class 4, is an example of a member that can show such an unfavourable
resistance|deformation relationship (foridefinition of cross section class see EN 1993-1-1[13]).

— local pnd global buckling interaction effects are avoided; and

— adeqtate fatigue strength/is ascertained to keep the probability of cracks sufficiently low.

6.9 Confirmation‘ef-execution of design requirements

For a new topsides, a walk-down survey shall be carried out in the fabrication yard prior t¢ loadout.
Remaining wotk which is missing from the walk-down survey and is performed post loadouf shall be
surveyed [after 1nstallat10n (see baselme mspectlon in ISO 19901 -9), but before productlon starts, in order to
confirm tha ruction.

NOTE Walk-downs are methodical, on-site, visual evaluations of existing structures and equipment as installed.

6.10 Corrosion control

Corrosion control of topsides structure and structural components shall be performed in accordance with
[SO 19902, ISO 19903, ISO 19904-1, ISO 19905-1, ISO 19905-3 and ISO 19906, whichever is relevant.

In addition, the design of structural details shall, whenever possible, avoid corrosion traps and provide for
free drainage of liquids.
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The design of corrosion protection shall be compatible with the design and operating criteria for the topsides

structure.

These criteria include:

a) the corrosion allowance (if any) used in the design,

b) the design service life and requirement for planned maintenance,

c) access for maintenance of corrosion protection systems,

d) the protection of details sensitive to crevice corrosion (e.g. bolted connections and the interface between
piping and pipe supports),

e) the protection of voids vulnerable to corrosion (e.g. by plugging vent holes in pipe supports after

f) thes

g) the aj
betw

Where st
suitable ¢

Where a ¢
in inspect

Particular

insulation

NOTE
thickness

6.11 Dey

The desig
to execut

appropria

The desig
planned d
service li
included.

The desig
to the fab

Weldllg),

ecification of requirements for corrosion protection, and

oidance of galvanic corrosion (e.g. between carbon steel framework and aluminium heli
ben carbon steel framework and stainless steel process pipework and vessels).

Fuctural components are also used for fluid storage, e.g. diesel tanks. within crane p¢
prrosion control system shall be installed.

orrosion allowance is incorporated in any component, the allowance shall be document
ion planning and assessment (see ISO 19901-9).

attention shall be paid to the prevention of water leakage and subsequent corros
and under passive fire protection (PFP) systems.

Coating breakdown typically occurs a few years after installation on painted steel deck and
hllowance can be considered as mitigation.

jign for fabrication and inspection

ners shall be familiar with or anticipate likely methods of fabrication, welding ang
e the design and shall provide a_design which accommodates these through the pr
te material thicknesses, clearances, access and stability at all stages of construction.

h shall be prepared with a clear understanding of the level of in-service inspection and ma
uring the topsides structure’s life. Where the integrity of the topsides structure during

n assumptions-with respect to in-service inspection shall be clearly recorded and comr
ricator and opévator.

ign intent )shall be followed during construction and variances shall be resolvec

sing the'design intent.

Hecks and

destals, a

d for use

on under

corrosion

erection
pvision of

intenance
its design

fe requires mandatory\in-service inspection, provision for access for such inspection shall be

hunicated

without

construction, the de51gner shall ensure that these are communlcated

NOTE
assurance

fpections.
ndards in

Requirements are given elsewhere in this document for materials (see Clause 11), quality control, quality

and documentation, welding and fabrication inspection (see Clause 12).

6.12 Design for loadout, transportation and installation

The objective of these design requirements is to ensure that a topsides structure begins its in-service life
with its designed strength and structural integrity intact.
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Installation encompasses the operations of moving the topsides components from the fabrication site (or
prior offshore location) to the substructure and installing them to form the completed platform. Clause 13
contains further details on installation procedures.

Specific requirements, recommendations and guidance for marine operations, including loadout,
transportation and installation are given in ISO 19902 and ISO 19901-6.

6.13 Design for structural integrity management
Structural integrity management shall be in conformance with ISO 19901-9.

During the design, fabrication, inspection, transportation and 1nstallat10n of the topsides structure,

sufficientrdata—shat-be—ceHeectedand—compiedfortseinpreparingin-serviceinspeetionprogrammes,
possible tpopsides modifications, etc. Where a topsides structure has fatigue-sensitive componentg or other
critical arjeas, these shall be identified and the information used in the preparation of in-ser¥icé inspection
programipes.

The design of the structures should provide access to the structural components to facilitate inspgction and
maintenapce.

6.14 Design for decommissioning, removal and disposal

6.14.1 General

Decommifksioning and removal shall be in accordance with ISO 1990146 and ISO 19901-9, with the additional
requiremgnts given in this document.

Decommifsioning and removal requirements shall be addressed during the topsides structure desjgn phase,
particulafly for fixed platforms and floating platforms.

6.14.2 Structural releases

If practicgl, secondary structures between madules and elsewhere should be designed to be suppoyrted from
one side dnly so as not to depend on temporafy supports during dismantling.

The design of module support points, anti-vibration mountings and equipment supports shall|take into
account afcess for future disconnection:

6.14.3 Lifting appurtenances

Lifting atfachments for installation of the topsides structure should be retained for subsequent yse during
decommigsioning. Where attachments are designed to be removed during installation or during the service
life of the[topsides structure, provision should be made for facilitating their reattachment or repladgement for
subsequeht removak

The design should allow for periodic access for inspection.

6.14.4 Heavyliftand set-down operations

Dynamic impact during the operation of set-down onto a transportation vessel or barge shall be assessed in
the design for decommissioning.
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7 Actions and analysis methods

7.1 General
Topsides structure design/assessment situations (see 6.2) shall include:

— maximum (and minimum) operating conditions including drilling, variable inventory, and other
operational actions;

— extreme and abnormal metocean and ice conditions, including the survival draft for floating structures;

— accidental situations including fire, explosions, ship impact, dropped and swinging objects;

— earthlquakes;

— post-flamage conditions, e.g. after abnormal or accidental events;
— fatigye: pre-installation and during the design service life;

— fabri¢ation;

— loadaut;

— transpportation;

— installation;

— decornmissioning;

— remoyal and disposal.

Each design/assessment situation comprises several types of actions such as permanent, operational and
environmlental actions, deformations, temperature éffects and accidental events, each with agpropriate
partial acfion factors.

These actjons shall include both actions directlizapplied to the topsides and also the effects of actipns on the
supportirlg structure (such as metocean, ice:and earthquakes). In addition, actions due to the motions of the
supportirg structure shall be assessed; these are particularly significant for floating structures.

Classification of topsides equipment®and structure weights shall be in accordance with 1$0 19900
supplemepted by the provisions of this document. Guidance on weight management can be|found in
IS0 19901-5. Permanent actions(&) and operational actions (Q) shall be quantified for relevant weight items.
In the earfly stages of the degign process, such as in conceptual design and the early stages of FEED, weights
are typicdlly quantified by using top-down estimates and uniform area loads (UALs), with weight reserve.
Uncertairty in these estimates is reduced during FEED as weights and associated CoG envelopes|are more
firmly esfablished from weight take-offs, combined with weight allowance and estimate-to-complgte.

Detailed ¢ngineering shall use not-to-exceed-weights (NTE weights) and associated CoG envelopeg.

NOTE 1

Detailed engineering refers to project activities after FEED when the design is typically dev¢loped and
refined to & R ERCORIOH . . i

NOTE 2  Any UALs used in detailed engineering are typically calculated to represent the NTE weight and the CoG
envelope.

NOTE3  NTE weights are described in ISO 19901-5.

A description of operational actions (Q) is provided in ISO 19900 and is further described for Q; and Q, in
7.2. Specific requirements for operational loads are provided in each relevant subclause.

Specific structural response analysis methods are provided in this clause for certain categories of accidental
actions.
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7.2 In-service actions

Action types are described in ISO 19900, with more detail provided below.

Each topside structural component shall be assessed for total design action effect, S4 resulting from the
design action, F4. The design action shall be derived from action types for which principal actions are
combined with appropriate companion actions as generally described in ISO 19900 and supplemented by

the additi

onal details of this Clause 7.

For operational design/assessment situations, design actions shall be derived for the following combinations

of actions

(see 7.3.1 and 7.3.2):

a) maximum permanent and operational actions, G;, G,, @, and Q, with and without accompanying

envir|

b) miniy
envir

For extre
actions (s

a) extre
Gl’ GZ

b) extre
Gy, Gy

where
Gy

Gy

Q1

Q2

pnmental actions E,and D,;

hum permanent and operational actions, G;, G,, @, and Q,, with and without\acco
pnmental actions E, and D,

ne design/assessment situations, design actions shall be derived for the following combi
e 7.3.3):

e environmental actions, E, and D,, combined with maximum pernifahent and operation

[ Ql;

me environmental actions E, and D,, combined with minimym permanent and operation

g Ql!

is the permanent action imposed on the topsidesstructure by the self-weight of the topsi
ture with associated equipment and other objects; in addition, any actions due to the mis
of structures, such as between the topsides structure and the substructure, are part of G

is the permanent action imposed on thé topsides structure by self-weight of equipment
objects that remain constant for long-periods of time, but which can change from one m
eration to another, or during a mode-of operation;

is the operational action imposed on the topsides structure by the weight of consumabl
and fluids in pipes, process vessels, tanks and stores, the weight of transportable tanks
tainers used for delivering supplies, the weight of ice accretions, and the weight of pers

environmental efféets, such as trim of a floating production storage and off-loading (FPS
effects of cargo.leading, including flexure of the substructure due to such effects, are pai

is the short-duration operational action imposed on the topsides structure from operatio
the lifting of drill string, lifting by cranes, weight of liquids in tanks, pipes and process ¥
hydrostatic and pressure testing, machine operations, mooring of an adjacent ship to the
andhelicopters;

mpanying
hations of
al actions

al actions

des struc-
hlignment

1

and other
bde of op-

e supplies
and con-
bnnel and

their personal effects;yin addition, any actions due to the movement of substructures ot due to

D) and the
tof Qy;

hs such as
essels for
platform,

S The extreme quasi-static environmentat action on the topsides SIructure and any environmen-
tal action effects transmitted through the substructure (see ISO 19902, ISO 19903, ISO 19904-1,
ISO 19905-1 and ISO 19906, as appropriate); in addition, any actions due to the movement of sub-
structures due to extreme environmental effects, such as roll of an FPSO, including any consequent

flexure of the substructure due to such effects, are part of E;

is the equivalent quasi-static action on the topsides structure representing dynamic response to the
extreme environmental action (see ISO 19902, 1SO 19903, ISO 19904-1, ISO 19905-1 and ISO 19906,

as appropriate);

© IS0 2024 - All rights reserved

19


https://standardsiso.com/api/?name=95ea0a5675f733e454e0568dc0bff4c0

NOTE

ISO 19901-3:2024(en)

is the environmental action on the topsides structure and any environmental action effects trans-
mitted through the substructure due to operator-defined operating environmental conditions; for
particular operations these can be the limiting environmental conditions for the particular opera-
tion (see 7.3.2); in addition, any actions due to the movement of substructures due to the operating
environmental effects, such as roll of an FPSO, including any consequent flexures of the substructure
due to such effects, are part of E;

is the equivalent quasi-static action on the topsides structure representing dynamic response to
the operating environmental action, E .

Operational actions (Q) include all variable actions that are neither environmental (including earthquakes)

nor accidental.

For all de
included.

The value
potential

Kign/assessment situations, any action resulting from associated substructure movemelllt shall be

s of G, G,, Q1 and Q, are often not well defined at early stages of the desigrnbprocess, and the
lack of accuracy shall be taken into account (see A.7.2). In a similar manner, potential{variation

of the centre of gravity of the topsides during the design process should be evaluated, particularly with

respect tq

General g

7.3 Action factors

7.3.1 Diesign actions for operational design/assessment situations in still water

Design ac
operation

Fq =1
The parti
accordan

For comp
values of

component.

design for loadout, transportation and installation of the topsides.

idance on operational actions (Q) on deck areas is provided in A.Z2;

tion, Fy, for operational design/assessment situations in still water, with maximum permpnent and
al actions only, shall be calculated using Formula\(2).

fG1°G1HYeG2 G +Yrq1 Q1+ YeQ2 Q2 (2)

hl action factors, y;, shall be the same as those used for the substructure design or assegsment, in
fe with ISO 19902, ISO 19903, IS0:19904-1, ISO 19905-1, ISO 19905-3 or ISO 19906, as appropriate.

onents where relevant, design.actions shall also be calculated using maximum and minimum
G and Q positioned spatially~in loading patterns to cause the most onerous action effects in the

7.3.2 Diesign actions for.0perational design/assessment situations with operating environiental

actions

Each opet
in which

or as the limit foxthat particular operation.

ation shallbé assessed in an operational design/assessment situation using Formulae ($) and (4),
b, and D¢ nepresent the operating environmental actions defined by the operator either{generally
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Design actions, Fy, for operational design/assessment situations on fixed structures with maximum values
of G,, Q; and @, shall be calculated using Formula (3).

Fa=Y61-Gi+7e62 Go +7eq1- @ +7eq2 @2 + ¢ .60 -(Eo +7¢p Do) (3)

If the internal forces due to minimum G, and Q; (Q, = 0) permanent and operational actions oppose those
due to environmental actions, design actions, Fy, shall be calculated in accordance with Formula (4) using
reduced partial action factors for the permanent and operational actions.

F4=0,9-G; +0,9-G, +0,8-Q1 + ¥ ko (E, +%fp Dy ) 4)

For this gheek-inte 4 atTe rH-exclude—anyactionsassoc rysessment
situationg being assessed that cannot be ensured of belng present durlng the spec1f1ed operating
environmlental conditions.

Design adftions for floating structures shall be calculated using the same formulation but ihcluding rotation
of the toppides and inertial actions due to the vessel motions.

7.3.3 Design actions for extreme design/assessment situations

Design agtions, F, for the extreme design/assessment situations for topSides on fixed structpires with
maximunj values of G, and @, shall be calculated using Formula (5).

Fy=Y61-Gi+Ye62 Go+7eq1 @+ Ve ge (Ee +7ep Do) (5)

Design adftions for floating structures shall be calculated usingthe same formulation but including rotation
of the toppides and inertial actions due to the vessel motion

The partipl action factors, y;, shall be the same as thoselised for the substructure design or assessment. See
[SO 19902, I1SO 19903, ISO 19904-1, ISO 19905-1, or ISO' 19906, as appropriate.

If the intgrnal forces due to minimum G, and @y permanent and operational actions oppose thgse due to
environmental actions, design actions, Fy, shall'‘be calculated in accordance with Formula (5) using reduced
partial adtion factors for the permanent(and operational actions as used for the substructure |[design or
assessmept (see [SO 19902, ISO 19903, 1SO 19904-1, ISO 19905-1, or ISO 19906, as appropriate).

For the cljeck involving opposing dctions, the minimum G, and Q; shall exclude any actions that fannot be
ensured df being present during the extreme environmental conditions in that design/assessment|situation.

NOTE The appropriate partial action factors for the extreme environmental action depends on the expgsure level,
the long-tgrm environment atthe offshore location of the platform, and the geometrical and structural prpperties of
the structyre.

7.4 Vorntex-inducéed vibrations

x-induced

Wind induced fatigue analysis and vortex shedding analysis shall be performed on lattice structures (e.g.
flare booms and drilling derricks) and exposed pipework.

7.5 Indirect actions and resulting forces (action effects)

Internal forces due to imposed deformations of fabrication tolerance and foundation settlement may be
neglected in the verification of limit states (excluding fatigue) when fabrication requirements (see 12.1) are
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satisfied. Internal forces due to differential temperature under normal conditions such as solar heating may
also be neglected.

NOTE1 Internal forces can be divided into two groups, those that react the external actions, and those in internal
equilibrium that redistribute and dissipate as the structural system reaches its limit state for strength.

Subclause 10.2.1 gives allowable procedures and simplifications that may be applied when determining the
internal forces without altering the global equilibrium.

Where a primary topsides structure is supported by a multi-column gravity base structure, the movements
and deformations of the column tops can result in significant indirect actions applied to the topsides
structure. For this reason, the substructure and the topsides structure should be analysed together for the
verification of the relevant limit states. If not, consistent forces on both side of the interface shall be applied.

For a floating structure the differences between essentially static behaviour due to ballast and cargo loading,
and dynamic behaviour due to environmental effects shall be assessed.

NOTE 2 |The hull of a monohull is usually much stiffer than the topsides structure and, as it sags-and hogs, significant
deformatigns can be introduced at the topsides structure level.

In case of temperature effects larger than solar expansion, the capability to expand shall be agsessed to
ensure either ability to expand or to ensure ductility of the structure.

NOTE 3 |[Sliding bearings can be an effective solution for high-temperature préssure vessels.
7.6 Metocean and ice actions
7.6.1 Wave, current and ice actions

7.6.1.1 |General

All wave, current, and ice actions on the substructure, appurtenances (e.g. conductors, risers, caisfons, etc.)
and the tqpsides shall be included in the calculation of the metocean and ice effects on the topsides.

NOTE1 [Although wave, current and ice actions mainly affect the substructure directly, there are [frequently
indirect adtions on the topsides due to the displacements and deformations of the substructure.

NOTE 2 |For the purposes of this subclause, ice means ice on the sea which includes sea ice and icebergs, ag described
in ISO 1996 for arctic and cold regions. Such ice can move both horizontally and vertically.

Where inpufficient air gap exiSts‘to prevent wave or ice run-up or ice ride up against large diarpeter legs
or columips striking the deck or when water inundates the deck of a floating facility (such as grgen water
effects), dll actions resultinig from the water or ice flow including buoyancy, inertia, drag and glam shall
be taken |nto accountsSee ISO 19901-1, ISO 19902, ISO 19903, ISO 19904-1, ISO 19905-1 or ISO [19906, as
appropridte.

7.6.1.2 [Fixedplatform

Primary tlopsides structure on fixed platforms shall be designed for:

a) reactions on the topsides due to metocean and ice actions on conductors and appurtenances;

b) framing actions due to horizontal actions on the substructure;
NOTE Wave actions on a multi-leg concrete platforms can act in opposite directions on the legs, resulting in
forces and moments applied to the topsides that can be a maximum in conditions that are less than the extreme

metocean conditions.

c) inertial actions resulting from acceleration due to dynamic response of the platform and deck during
extreme or abnormal metocean or ice conditions.
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Supports for safety and environmental critical elements (SECE) shall be designed using consistent forces for
the substructure and the SECE supports.

Cellar deck bottom of steel elevation should be set to avoid wave-in-deck or ice-in-deck actions at the
abnormal metocean or ice action probability or return period relevant for the exposure level of the structure.
Where this is not possible, topsides primary structure, supports for critical equipment, and the substructure
shall be designed for wave-in-deck or ice-in-deck actions.

Bottom of steel elevations of sub-cellar deck structures set below the abnormal wave crest shall be designed
for wave-in-deck or ice-in-deck actions.

7.6.1.3 Floating facilities

Primary topsides structure and structural supports for SECE on floating facilities shall be desigiied for:
a) inertjal actions resulting from motions (sway, surge, heave, roll, pitch and yaw);
b) rotatjon of the topsides due to roll and pitch with the consequent effects on the directions of actions;

c¢) the ag¢tions imposed due to deformation of the substructure.

7.6.2 Wind actions

The phydical environmental data for offshore wind speeds and profiles shall be in accorddnce with
[SO 19901-1. Where available, site specific wind speed data shall be uséd.

The returjn period of the wind speed shall be consistent with design of the substructure, with partial action
factors ir] accordance with the relevant standard used for the substructure (i.e. ISO 19902, I$0 19903,
ISO 19904-1, ISO 19905-1, ISO 19905-3 and ISO 19906).

Representative wind actions shall be calculated in accerdance with a national building standard selected
and agre¢d with the operator and regulator. This standard should be consistent with the nationdl building
standard elected and agreed in 5.2.2.

The calcylation of the representative wind-actions, including wind drag coefficients, shielding effects,
upward, pideward, windward and leeward factors and any dynamic effects and spatial and|temporal
coherencg¢ (by gust factors or gust duration) on the topsides shall be in accordance with the methqgdology in
the national building standard selected\for wind actions.

The time pveraged wind speed for the basic wind speeds, which is the reference wind speed that the spatial
and cohefence factors are applied to, shall be based on the national building standard selected for wind
actions.

NOTE The time averaged wind speed for the basic wind speed varies depending on the national building standard
selected. As an examplg, for EN 1991-1-4[2], the reference is the characteristic 10-minute mean wind velocity for
terrain catlegory II, whéreas for AISC/ASCE 7-22[3] it is the 3-second gust speed for exposure category C.

In the abgence‘of more accurate wind tunnel testing or CFD, the same calculation of wind actionp used for
the topsidles-should be applied in the design/assessment situations for the substructure as the| principal
action, to'efrstire-thatretevantpartsof-thesubstrueturearedesighed-toactasanadequatefoundation for
the topsides.

Wind actions shall be calculated for sufficient directions, including diagonal or quartering directions, to
ensure all governing local or global failure modes have been investigated. The calculations for each direction
shall take account of the projected area and shape coefficients appropriate for each direction.

Wind actions on items in laydown or storage areas shall also be included in the wind action calculation for
local and global effects.
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7.6.3 Cold regions effects

7.6.3.1 Snow accumulation

Snow accumulation upon the topsides shall be accounted for in accordance with ISO 19906.

7.6.3.2 Ice accumulation

In areas where icing or icing accumulation can occur, the effects of both the weight of ice accretion and the
increase in effective dimensions of components due to the ice shall be included in accordance with ISO 19906.

NOTE Increased wind actions on topsides structure and equipment due to icing can be significant.

7.6.3.3 |Effects of cold weather

The effects of cold weather on ballast water, firewater etc. which can freeze shall be taken'into gccount in
accordange with ISO 19906.

7.7 Seismic actions

7.7.1 General

The topsides structure shall be analysed and designed for earthquake conditions as part of the overall
platform ¢onsisting of the substructure with its foundation, where applicable, and the topsides in a¢cordance
with ISO 19901-2. Additional guidelines for components of the topsides are given in 7.7.2 and 7.7.3.

Topsides [structure, equipment, piping, and other deck appurtenances shall be designed and gupported
such that{seismic actions induced by the design seismic.event can be resisted and displacements can be
restrainefl so that no unacceptable damage to the equipmient, piping, appurtenances and their syipporting
structuref occurs.

Restraintp for SECE and for other piping and equipment whose failure could result in personmpel injury,
hazardouf material spillage, damage to the ‘énvironment, or hindrance to emergency respons¢ shall be
designed pppropriately.

Design acfceleration levels shall include the effects of overall platform dynamic response, and loca] dynamic
response pf the deck and any appurtenances as appropriate.

NOTE Due to the platform's dynamic response, the design acceleration levels can be much greater than the ground

motions apd hence greater than'those commonly associated with the seismic design of similar onshore processing
facilities.

7.7.2 Minimum lateral acceleration

Topsides [primarysstructure and critical structure shall be designed for inertial actions resulfing from
acceleration during a seismic event.

A minim i o apply to
topsides, including equipment and supporting framework, for all fixed structures including those in seismic
zone 0.

7.7.3 Equipment and appurtenances

Connections of equipment to the main topsides structure shall be designed for inertial actions resulting
from acceleration during a seismic event.

Where the dynamic response of the equipment is independent of the dynamic response of the deck
supporting structure, inertial actions may be calculated by the product of the deck acceleration with the
mass of the equipment.
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The inertial actions shall be calculated by a coupled dynamic analysis when both of the following apply:

a)

the equipment or appurtenance mass is greater than 5 % of the total platform mass;

b) the natural frequency of the equipment or appurtenance is greater than 50 % of the main topsides
lateral natural frequency.

NOTE 1

NOTE 2

uncoupledf

Equipment and appurtenances that typically require a more rigorous analysis include drilling rigs, flare
booms, vent and communications towers, deck cantilevers, tall process vessels, large unbaffled tanks, bridges and
cranes.

Coupled analyses that properly include the dynamic interactions between the equipment or appurtenance
and the topsides structure result in more accurate and often lower design accelerations than those derived using

Drilling a

7.8 Actions during fabrication, loadout, transportation, and installation

Design/agsessment situations for each temporary condition shall be established and relevant
shall be v
provided,

NOTE

Individu
stiffness

Topsides

acceleration during loadout and transportation.

7.9 Actions arising from accidental events

a(t support reactions during fabrication, loadout, transportation, and installation depe

| e PR B fao
TTOOT T CSPOTSCSpeetrar

brified to satisfy relevant limit states. See also 6.12. In 7.5 and 10.2.1 allowable simplific

Temporary conditions include jacking and weighing conditions.

f the topsides structure and of the supporting foundatien or supports.

structure and structural components shall be(designed for inertial actions resulf

nd well servicing structures shall be designed for earthquake actions in conformancewith API Spec
4F[22] (se¢ A.7.7.3) and shall be tied down or always restrained except when being moved.

structure
htions are

nd on the

ing from

fied, and

including

m of the

7.9.1 General

7.9.1.1 [Accidental hazards

The following accidental hazards;”including major accident (MA) hazards, shall be identj

characterfized:

a) hydrgcarbon fire or explosion due to an ignited release from topsides piping or equipment
piping on bridges);

b) hydrgcarbon fire’otr explosion due to an ignited release from a well;

¢) hydrgcarbendfire or explosion due to an ignited release from a riser;

d) hydrgcapbon fire or explosion due to an ignited release from a subsea pipeline within 500
installation;

e) non-process fire at any location on the installation;

f) non-process hydrocarbon or flammable material event;

g) collision (supply vessels, passing vessels and helicopter emergency landing or crash landing);

h) impact (dropped or swinging mass) resulting in hydrocarbon release escalating to fire and explosion or
flooding of a compartment on a floating substructure;

i) impact from collapse or displacement of adjacent structures;
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j) floodingin a floating substructure resulting in loss of stability.

NOTE1 Adjacent structures include jack-up platforms and bridge-linked platforms and structural components
such as derricks, flare towers and cranes.

NOTE 2  Adjacent structures can collapse onto and significantly damage the Temporary Refuge (TR) or its systems,
or obstruct escape and evacuation routes.

When characterising hazardous events and accidental actions, close communication should occur between
the safety engineers, the hazard expert engineers and the project structural engineers.

The probabilities of exceedance (or return periods) for determining representative values of accidental
actions for fire and explosion for each design/assessment situation and limit state shall be determined in

LAt

accordangewitirtS6-1596°0:

7.9.1.2 [Design for accidental events

Topsides ptructure shall be designed for hazardous events arising from accidental hazards as idgntified in
79.1.1.

Interactign between the topsides structure and the substructure shall be included if forces in th¢ topsides
structure|are affected by the deformation of the substructure (see 10.1 and 10.2).

Topsides $tructure shall be designed using ISD in conformance with ISO 17776 to eliminate credible fire and
explosion|MAs or to reduce their potential consequences by design measures that are inherent in the design,
being permanent and inseparable features of the facility.

Topsides $tructure shall be designed for control and mitigation-of fires and explosions in conformpnce with
1SO 13703%.

For fire and explosion hazards, the verification to limit states and determination of design controls may use
a risk-infqrmed approach or a deterministic (consequence-based) approach.

Tolerablefif-ALARP risk criteria shall be established where a risk-informed approach is used (se¢ example
Figure 5)

7.9.1.3 [Intensity of hazardous event

The annupl probability of exceedaneeof a hazardous event with given intensity should be determjned from
the hazarf curve (see Example in‘Figure 1, which is not intended for use in actual design).

NOTE The hazardous events.intensity is also known as the DAL (dimensioning accidental load).
For fire and explosion:

a) arisK-informed @pproach may be used rather than using representative actions in a semi-prgbabilistic
apprgach;

b) a detprniinistic (consequence-based) approach, based on the worst credible action, may b used to
deterjnrine the representative action.

NOTE Option b) above typically applies where the risk resulting from a hazardous event is likely to be tolerable
and ALARP; approximate and conservative estimates of the intensity of the hazardous event can be based on worst
credible consequence modelling.
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c) collision hazard curve - platform/supply vessel
X5=collision energy (M])
Y;=annual probability of exceedance of collision energy

These exdmple hazard cutrves are not to be used for design.

Figure 1 — Example hazard curves

7.9.2 Structural design for fire hazard

Design of topsides critical structure shall be based on fire scenarios and hazard curves listed in the Fire
Hazard Analysis (FHA), including jet fires and pool fires.

NOTE1 Magnitude of the fire hazard is described in terms of a hazard curve relating fire sizes to the exceedance
probability.

Where FHA is not available, approximate heat flux data for various fire types may be taken from tables 3 to
6 of Reference [4].

Data for steel yield strength and Young’s modulus (as a function of temperature) may be taken from tables 8
and 9 in Reference [4] and from References [6] and [7].
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PFP or fire walls may be used to achieve tolerable-if-ALARP risks.

A coat-back analysis may be performed to optimise the extent and length of the PFP. Further details are
provided in A.7.9.2.6. In any case the minimum coat-back length shall be 150 mm.

NOTE 2

NOTE 3
temperatu

The additional cost of removal and replacement of PFP, to allow inspection and maintenance of topsides
critical structure over the service life of the facility, can reduce the perceived cost-benefit of PFP.

Hydrocarbon fires generate peak temperatures that can exceed 1 400 °C over a large area. At these

res unprotected steelwork can collapse in a short time.

7.9.3 Structural design for explosion hazard

7.9.3.1 |General

Design of|topsides critical structure:

a) shou

Analysis, EHA);

b) may be based on industry generic overpressure values!8l;

be based on explosion scenarios and hazard curves (when available in-the Explosig

n Hazard

c¢) may lpe based on worst credible overpressure values (where the desigh ef the topsides structure is not
sensifive to such overpressure).
NOTE Representative congestion method (RCM) and, more specifically, the anticipated congestion method (ACM)
reduces the potential for overpressures determined from CFD models.todncrease during development of the topsides
design (as[the congestion increases with greater definition of the design), see Reference [104].
7.9.3.2 |[Explosion actions
Explosior actions shall be applied:
a) asatjme-varying overpressure to large flat:'surfaces (e.g. blast walls and decks);
b) as a fime-varying overpressure differénee loading on vessels, pipework, steel structures, and other
obstrjuctions of 1,0 m diameter or greater.
NOTE|1 Explosion actions on wmessels 21,0 m diameter due to the ‘out of balance loads’ and ‘peak blast
overpfessure’ are typically determined from the CFD analysis and specified in the EHA.
c) as a time-varying blast drag load on vessels, pipework, steel structures, and other obstructidns of less
than [1,0 m diameter.
Blast drag actions on thestructure, vessels, or pipework less than 1,0 m diameter shall be determjned from
Formula (|6):
Fq =04 xqqx4 (6)
where
Fy blast drag force applied to element (kN);
Cq drag coefficient (from Table 3);
qq blast drag wind pressure (kN/m?);
A projected area of element (m?2) including fire protection.
NOTE 2  In lieu of specific data from CFD analyses, the blast drag wind pressure can be taken as 1/3 of the blast

overpressure at the same location. This approximation is based on review of many CFD analyses.
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Table 3 — Drag coefficients for component shapes

shape sketch Cq

cylinder (side-on)

1,2to 2

;Ob

cylinder (end-on) =0 —) 0,82

rectangular prism (face- 2,05
on)

a
rectangular prism (edge- a 1,55
on) ==
disk (face}on) a @ 1,17
4{ B or
cube (facq-on) % 1,05
cube (edgg-on) L@ 0,80
a  Flow.
b C,appfoximately 2,0 can occur for pipes in a strong explosion with Mach-numbers@pproaching 1,0. [2!
Blast drag pressure on grating shall be applied to the total grated at'ea (not the area of the grating|bars).
NOTE 3 |Loading data for grated deck areas is typically determined from the CFD analysis (taking info account

porosity)

7.9.3.3

Overpres

the rise time is:

a) td/Z
b) zero

Where CH
model ov¢

NOTE 1
duration s

For large

Explosion
probabilit

nd specified in the EHA. FRP grating has a lower porosity'than steel grating.

Overpressure time-history

bure time-history for structural responseshall use a simplified form as shown in Figur

when within the combustion zoné);
when outside the combustion zone for explosion events that transition to a shock wave).

D is performed, the overpressure for structural design should be averaged from panels i
r an area of approximately 3 m2.

Point pressure from the CFD model is not suitable for structural design use as it incorporates
pikes that the structure does not respond to.

hreas including large blast walls, different blast loads recognizing time delays may be co

hazard curves, that plot the annual probability of exceedance of overpressure and t
y of.exceedance of impulse on critical structure, should be used to select the peak over

b 2 where

In the CFD

very short

nsidered.

he annual
pressures

(rather th

auise of deterministic worst credible values).

NOTE 2
determine

Impulse exceedance curves can also be useful in selecting the appropriate time-histories
the structural response. Impulse exceedance is included in the worked example in A.9.3.3.

for use to

Evacuation hazardous events for explosion (also known as ductility level blast, DLB, events) shall have a
minimum positive overpressure duration of 40 ms.
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Controllable hazardous events for explosion (also known as strength level blast, SLB, events) shall have a
minimum positive overpressure duration of 120 ms.

NOTE 3  Peakpressure in the positive phase is typically specified by the EHA. In addition, a range of durations of the
positive phase are typically specified in the EHA. Peak negative pressure is typically not specified in the EHA and CFD
results are not reliable for negative pressure levels. Peak negative pressure is typically between 20 % and 50 % of the
peak positive pressure.

NOTE4 Rebound of members from passing of blast wave can be a critical design condition due to unsupported
compression flanges. Rebound can sometimes produce complex load interactions as the blast duration time can be
different to the natural recovery period of the structure, resulting in a severe load combination, e.g. equipment-load
and self-weight can be additive to rebound load, vertical walls can develop membrane compression and deck beams
can have stress reversals.

p

Pmax

2ty
t
'O;SPmax

Key

timg duration
p ovefpressure
P..x Dpeakoverpressure
tq time duration of the positive overpressure

Figure 2 —Overpressure time history
Structurall design should account for probability of response severity due to probability of ovefpressure
duration.

In lieu of|overpressure duration -data provided in the EHA, Figure 3 may be used to estimate the upper,
lower, andl most probable ovérpressure duration.
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NOTE 5
constant, d

7.9.3.4
The struc
a) SDOH
b) non-l

NOTE 1
design of s

Datafors
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600

3 M aveatiaas oo

2R <X AR L1 BRI
T
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X
ressure (10° Pa) 1  approx uppeyr bound ¢, value for P, = 1,6 X
duration (ms) 2 probable & value for P, = 1,6 x 10> Pa
3 approxlower bound ¢, value for P, = 1,6 x

Figure 3 — Variability in pulse duratienversus peak overpressure

Selection of the peak pressure, pulse duration, tifie delay and area over which the pressure is app
epends on whether the blast wall acts as a single or two-way spanning.

Structural response analysis

tural response shall be determined by non-linear time-history analysis using either:
approximation with material non-linearity;

near FE dynamic analysis with material and geometric non-linearity.

SDOF for responsejto blast load is typically used for initial design of primary structure and f
econdary structure.

Leel yieldrstfength, ultimate tensile strength (UTS) and fracture strain may be taken fromn
Reference’[4] and from Reference [10] in clause 5.5, Part 3.

Structura
interactio

105 Pa

10° Pa

Foximately

r detailed

tables 16

tructural

Interaction between components shall be accounted for in the structural analysis.

NOTE 2

Figure 4 illustrates interaction between components where overpressure acting on the roof and/or floor
causes membrane tension in the wall that is additive to the bending and membrane tension in the wall due to the
direct application of the blast pressure.
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Key
1 blast
2 rebound

Figure 4 — Structural interaction between roof, wall, and floor

7.9.3.5 [Simplified design methods

Simplified methods, such as equivalent static analysis or response charts, may be used for the|design of
structurall components as described inA.7.9.3.5.

NOTE Simplified methods do not represent the non-linear response and load redistribution effects that can be
importantffor efficient design againstlarge blast loads.

7.9.3.6 [Explosion mitigation
Explosior] effects sheuld be mitigated as far as reasonably practical.

Barriers quch as.explosion walls and floors should maintain integrity after the explosion.

7.9.4 Explosion and fire interaction

Topsides design of critical structure shall include the consequences of explosion and fire scenarios with
either event occurring first.

NOTE 1 Fires and explosions can both occur during the same overall event, for example a leak can cause a gas cloud
to form which can explode when it meets an ignition source; following the resulting explosion, the original leak can

remain but as a fire. It is less likely that an explosion follows a fire (as there is little or no unburnt gas cloud in a fire
event) unless additional inventory is released due to the fire.
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Following an explosion event, the relevant critical structure risks shall be tolerable for the endurance period
in a subsequent fire event (to allow a controlled evacuation from the TR).

NOTE 2 An example critical structure risk is the risk of a fire wall collapsing during an explosion or during the
following endurance period (resulting in escalation if a fire follows the initial explosion).

NOTE 3 IS0 2369311 provides test requirements for PFP to simulate the mechanical loads that could be imparted

to PFP materials and systems by explosions resulting from releases of flammable gas, pressurised liquefied gas or
flashing liquid fuels perhaps precede a fire.

7.9.5 Cryogenic spill

Structure subjected to cryogenic spill or vapor jet shall be protected using a cryogenic spill protection (CSP)
system that is in accordance with ISO 20088-1, ISO 20088-2, ISO 20088-3.

NOTE Cryogenic liquids such as LNG or refrigerants can be present at facilities with liquefactiop modules.
Cryogenic|liquid spill and vapor jets can rapidly cool structural steel members resulting in brittle"fractyre. Design
against exjposure to cryogenic temperatures can be performed in a similar way with firespwith the difference of
adjusting material properties for low temperatures. Cryogenic spills are usually followed by.fires and typically dual-
purpose systems are specified that can function as CSP and PFP to mitigate both types of risk.

7.9.6 Actions due to vessel collision

The annupl probability of exceedance of a collision hazardous event of given intensity should be dgtermined
from the hazard curve in conformance with 7.9.1.3.

Where the risk resulting from a hazard is likely to be negligible<or broadly acceptable, approximate and
conservafive estimates of the intensity of the hazardous eventthay be used in lieu of a hazard curye.

Topsides gritical structure, as defined in 5.7, shall be designed for the inertial actions resulting| from the
collision (see 7.9.9 and A.7.9.9).

7.9.7 Artions due to dropped and swinging obhjécts and projectiles

The annual probability of exceedance of a diopped object hazardous event of given intensity phould be
determing¢d from the hazard curve in conforinance with 7.9.1.3.

Where the risk resulting from a hazard ‘is likely to be negligible or broadly acceptable, approxjmate and
conservafive estimates of the intensity of the hazardous event may be used in lieu of a hazard durve (e.g.
using thecrane operating conditions and following any restrictions on heights of lifts above decks).

Topsides fritical structure, as)defined in 5.7, shall be designed for the actions resulting from th¢ dropped
object.

Risk treatment shall.bé used to mitigate the risk of damage to topsides critical structure and sybsequent
life-safety risk or gperational risk.

Operatiorjal procedures should limit the exposure of personnel to overhead material transfer.

7.9.8 Actions due to Ioss of buoyancy
For floating structures, the minimum criteria for compartment damage (see ISO 19904-1) shall be achieved.

Topsides critical structure, as defined in 5.7, should be designed for the actions resulting from loss of
buoyancy (i.e. actions resulting from heel and trim or flooding of hull).

See A.7.9.8 for guidance.

© IS0 2024 - All rights reserved

33


https://standardsiso.com/api/?name=95ea0a5675f733e454e0568dc0bff4c0

ISO 19901-3:2024(en)

7.9.9 Actions due to topsides acceleration

Topsides primary structure, secondary structure, and structural supports for SECE shall be designed for
topsides acceleration due to:

a) wave

b) iceac

actions, including breaking waves (see 7.6);

tions, if applicable (see 7.6);

c) seismic events (see 7.7);

d) pre-service conditions, i.e. fabrication, load-out, transportation and installation (see 7.8);

f) mec

To accou

otherwisg

critical e
of anchor
facilities.

Failure on

anical equipment.

t for accidental actions transmitted to the topsides that are not specifically acco
, @ minimum lateral acceleration of 0,05 g shall be applied to the topsides,including SE
juipment and systems, piping, and supporting framework) in order to-ensure a miniy
age and connectivity for such components. This applies to topsides,on both fixed an

excessive deformation of individual components that could leadto failure of SECE shall b

See A.7.9.9 for guidance.

7.10 Oth

ler actions

7.10.1 Dyrilling

Platforms
actions cd

Drilling e
to well, a

The CoG
separate
position.

The desig
moveable
a given py
[SO 19901

Drilling w

with drilling operations contribute a variety of major actions to the topsides. Thej
used by weights, drilling operations generally, and environmental conditions.

Huipment and materials include the'derrick equipment set (DES), see 10.7, which moves

&10.5.3.3),

unted for
CE (safety
hum level
1 floating

b avoided.

e include

from well

hd the normally stationary drilling-related weights installed on the deck, separate fronp the DES,
usually OI the drilling deck level.

f the DES depends on its;position over each well slot. The variable weights installed of]
from the DES are typically stationary, but some can also change location depending o

ner should consult and coordinate with project/asset drilling engineers to identify the ap
and stationary permanent and variable actions and load combinations for each design sit
oject. [ISO~19901-5 provides guidance on typical concurrent weight items for drilling. In
-5:2024;»Annex D provides guidance on typical variable weights.

eights can be classed as follows:

the deck
h the DES

propriate
uation on
articular,

— weights of components where weight is constant but CoG varies, such as the drilling derrick itself,
typically classed as permanent actions type G, (see 7.2);

— variable weights from drilling operations, such as weight of drill pipe and casing, weight of well cuttings,
weight of consumables including drilling fluids, cement, and powders, typically classed as operational
actions, either Q; or Q, (see 7.2).
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Principal and accompanying actions shall be identified and included in design/assessment situations for the

following

conditions:

a) drilling actions with variable weights and CoG for a range of derrick positions and storage dispositions
for casing and drill pipe to ensure that all maximum action effects in the supporting structures are
identified;

NOTE

1  Atypical maximum/minimum condition is one where the DES is positioned so that the drilling derrick
is over a corner slot farthest from the wind (and wave) direction.

b) increased (maximum) action from the drilling derrick when it is pulling, including yanking and jarring,
on a stuck drill string or stuck casing. The pulling action on stuck casing is typically concurrent with
drill string stored in setback;

NOTE
on thg
string
NOTE

C) miniry
checK

NOTE
furthg

NOTE

d) actios

— h
s

e) actiol

Drilling ¢
accompal|

the erpporting topsides deck beams/girders, for sufficientlocations to identify:

drill string or casing. (i.e. repetitive shock actions such as when the drill crew attempts.tofr¢
or drill string / drill bit that has become stuck downhole).

3 The maximum action is usually based on the design rated capacity of the derrick:

num actions, with minimum variable weights and without drillingroperations occu
ing stability and uplift under reverse environmental actions);

r increasing the potential for uplift on the upstream side.

5 Setbackis the storage area or areas for drill string stacked\wertically within the derrick.

1s from skidding the derrick substructure over the skid base and from skidding the ski

orizontal frictional forces and bearing stresses, including racking actions, that can res
fuck jack.

1s caused by the temporary supparf.of the casing or drill string from the drill floor rotar

ction combinations in operational design/assessment situations shall be with ang
ying operating environmental actions.

2 Yankingand jarring occur when the drawworks are used to impose repetitive vertical impuIlse actions

be a casing

Fring (for

4 A setback full of 90 ft high drill string increases the effect of the wind overturning actiois, thereby

d base on

aximum actions resulting from all possible relative positions of the structures to be evajuated;

h1t from a

i table.

| without

Drilling ¢perational actions accompanying environmental actions in extreme and abnormall design/

assessme
or immin
hook load,

NOTE 6

operationg
where the
predicted.

ht situations may be teduced but only if drilling operations are suspended under extrem
bnt environmentahlcenditions. Typical reductions in such situations include the eliminat
where the drilbstring would be stored in setback or supported by the rotary table.

Drilling actiens can be reduced if the relevant operating procedures are documented in f
manualler) equivalent. For example, drilling-related actions are typically reduced for design
operations manual specifies that drilling be suspended whenever a storm exceeding prescribed

e forecast
jon of any

he project

situations
criteria is

Operatio

I actions accompanying accidental actions SUCT a5 dUe to dropped Objects sitait be aete

accidental design/assessment situations.

7.10.2 Conductors

ined for

Supports for conductors shall allow for (axial) movement from thermal growth (including the effects
of thermal growth of the well string) and differential settlement of the platform and conductor. Radial
movement of the conductors within the guides should be minimized to reduce the effects of lateral
movements and impacts. Actions from waves and from current and flow-induced vibrations on conductors
can be reacted at the cellar deck guide and these actions shall be considered.
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Where drilling is performed from a derrick cantilevered from a jack-up through a platform conductor, design/
assessment situations shall include forced displacements and any consequent actions on the conductor and
its supports due to the relative movement between the structure and a representative drilling jack-up.

Drilling operations can require the temporary support of vertical actions from conductors at the cellar deck.
The need to support such actions shall be identified and considered.

7.10.3 Risers

In addition to normal actions due to weight, supports for risers shall consider possible actions resulting
from waves, current, flow-induced vibrations, thermal growth and the dynamic reaction to slugs of fluid
moving in the risers. Radial movement of the risers within the guides should be minimized to reduce the
effects of fateratmovenmentsamdimpacts:

7.10.4 Chissons

In additign to normal actions due to weight, supports for caissons shall consider possiblé actions| resulting
from wavles, load variations from pump reaction and fluid contents, and the partietlar actions gssociated
with offshore erection or completion. The effects of internal/external corrosion are'a'major cause pf caisson
failure and shall be accounted for. Radial movement of the caissons within the.guides should be minimized
to reducelthe effects of lateral movements and impacts.

7.10.5 Maintenance, mechanical handling and lifting aids

Design of the structure shall take into account the actions €esulting from equipment maintenance,
operationfal actions from hydrostatic pressure testing and mechanical handling. In particular, the principal
routes anfl means for moving heavy equipment shall be identified and the supporting structures assessed to
ensure thpt these actions, in combination with those normally acting, do not result in combinatiohs that do
not satisfy design criteria. Care shall be taken to ensure that the actions from trolley wheels do ot locally
yield declk plate, resulting in ponding.

Where lifting aids (runway and lifting beams,padeyes, etc.) are attached to a primary or decondary
structuref the effects on the strength and stability of the structure shall be evaluated. These effeqts include
the potenltial negative influence on local stability of webs and flanges caused, for instance, by d|fferential
displacenjents of beam supports.

7.10.6 Byidge supports

Topsides [structure can be required to carry permanent and operational actions from bridgeg to other
structuref, including temporary construction, drilling, and other equipment.

The following potential@ctions shall be evaluated and considered as applicable:
a) variafion in point of application resulting from extreme tolerances in platform position;

b) actiofs resulting from any bridge-imposed constraints on differential displacement of linked platforms
in all|degrees of freedom, taking into account in-phase and out-of-phase wave actions at diffefent wave
periodssincluding increased friction over time due to degradation of hearing coatings;

c) actions from the differential constraint of any pipework carried over the bridge;

d) anyjacking actions that can be applied during maintenance operations, such as bridge-bearing change-
out.

When active or passive motion compensated temporary bridges or gangways are used for transfer of
personnel or goods from floating support vessels to a topsides structure the designer shall use data from
the vendor of a representative bridge or gangway to determine the representative values of actions on the
topsides during installation, operation, and removal of the bridge or gangway.
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8 Strength and resistance of structural components

8.1 Correspondence factor K,

A corresp

ondence factor, K, shall be applied to the partial resistance factors in the national building

standard selected for the limit state verification, in order to realize a similar reliability to that implicit in

[SO 19902

, consistent with 8.2 and 8.3.

Partial resistance factors (yg) to be used in the strength and stability equations of the national building
standard shall be in accordance with Formula (7):

ZR=T7 — (7)
R Kc
where
YR code 1S the partial resistance factor from the selected national building standard;
K. is the correspondence factor for the selected national building standard.
K. value§ in Table 4 shall be used for all code checks of structural compouents, (e.g. tension, compression,
shear, benjding, and combined compression and bending) to the national pliilding standards listed
Table 4 — Values of correspondence factor K,
National building standard correspondence factor ( K. )
ISJ 19902 ANSI/AISC 360-22[12] EN 1993-1-1[13] CSA S1:19[14]
J1LLOO 1,05 0,95a.b 1,00
2 The vallue of K, is based on using the values of partial resistahce factors ¥;;; recommended in EN 1993-2[15], in hccordance
with the regcommendation in EN 1993-1-1[13] for structuresnot covered by the code, such as offshore platforms;
b The vallue of K, listed for EN 1993-1-1 is based on the second-generation Eurocode, i.e. EN 1993-1-1:2022. The lodal buckling
criteria forfwelded box sections in the first generatior.code, i.e. EN 1993-1-1:2005 are unconservative, see Reference [[L6].

National

implicit if) ISO 19902.

A.8.1 proyides guidance on K.caleulation if required.

8.2 Design of cylindrieal tubular sections

The desi

a) shou

b) may ¢onform to the selected national building standard with K.where applicable.

uilding standards other than listed in Table 4 shall apply a K. based on a similar reliabiljty to that

of cylindrical tubular sections:

conferny'to ISO 19902;

NOTE

For conical transitions and tubular joints, see 8.4.1.

8.3 Design of non-cylindrical sections

8.3.1 Rolled and welded non-circular prismatic members

Design for the strength and stability of rolled and welded non-circular prismatic members shall conform to

the select
factor K.

ed national building standard with its partial resistance factors modified by the correspondence
in accordance with 8.1.
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8.3.2 Plate girder

Design of plate girders shall conform to a suitable standard or code of practice (see A.8.3.2).

Plate girders shall have web thicknesses of not less than 1,25 % of the web depth or 6 mm, whichever is
greater, unless the design is justified otherwise based on the procedures and guidelines in the applicable
national building standard.

Specific issues that shall be addressed in design include:

Stiffened
following

a) web penetrations exist (unless designed by non-linear FE analysis);

b)

Plate girders shall be designed for fatigue and fracture at locations where stress concentrations e
as abrupt

Stiffening
achieve r¢

8.3.3 Bpxgirder

Design of
attention
facilitate

Specific is

the effect of high local bending forces;

warping;

disto
disto

the ef

the n
throu

the ef

warppng;

disto
disto

the ef

rtion;
rtional warping; and
fect of shear lag upon the distribution of elastic stresses.

plate girders, designed based on developing tension fields in the web, shall'not be used
apply:

bcessary anchorages at the ends of plate girders do not exist(e.g. due to lack of plating ¢
gh legs).
changes in section, penetrations, jacking slots, etc,

the web penetrations (coaming) with pipe sleeves or plate should be used where neg
duction in stress concentrations and/or sufficient girder strength.

box girders shall conform to a‘suitable standard or code of practice (see A.8.3.3).
shall be paid to internal stiffening of the box girder with diaphragms or other comp
h cost-effective fabrication afid to mitigate the effects of welding and stress-induced dist

sues that shall be addressed in design include:

fect of high local bending forces;

rtion;

rtional warping; and

where the

ontinuity

xist, such

essary to

Particular
onents to
prtions.

fect of shear lag upon the distribution of elastic stresses.

8.3.4 Stiffened plate components and stressed skin structures

Design of the webs of longitudinally stiffened plate girders and box girders shall conform to an appropriate
standard (see A.8.3.4).

Stressed skin structures may be designed on the basis that the plating resists shear forces only and that all
axial forces are carried by the framing (see 10.2.1 and A.8.3.4). If the stressed skin structure is exposed to
cyclic actions, the possible detrimental effects shall be evaluated.
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8.4 Connections

8.4.1 General

Connections shall be designed in accordance with the selected national building standard using the same
correspondence factor K, except for cylindrical to cylindrical tubular joints and conical transitions, where
the provisions of ISO 19902 shall apply.

Connections in the primary structure should be designed to transfer the full strength of the adjoining
members unless structural releases are part of the design. Detailing of the joint should avoid brittle failure
modes, see ductility requirements in 6.8.2.

8.4.2 Restraint and shrinkage

Design ddtails shall minimize any constraint of ductile behaviour and excessive concentration of welding.
Details shall allow simple access for the placing of weld metal.

Connectigns shall be designed to minimize, insofar as practicable, stresses due to the contractjon of the
weld metal and adjacent base metal upon cooling. Care is required where shrinkage-strains in thg through-
thickness|direction can lead to lamellar tearing in highly restrained connections. See A.8.4.2.

8.4.3 Bplted connections

8.4.3.1 |Design and installation requirements
Bolted cohnections shall be designed in accordance with the natienal building standard (see A.8.4.3.1) with

partial resistance factors modified by the correspondence factor K, and the additional provisiond reported
in this clause.

8.4.3.2 [Connections classes

Structurall connections shall be assessed against:consequence of failure in conformance with Tablg 5.
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Table 5 — Connection class - CC

Connection class

Consequence of failure

Examples

Ccc1

Catastrophic:

Failure can cause fatalities, environ-
mental damage, or loss of production.

Primary steel trusses or steelwork.
Primary steel girders and cantilevers.
Lift points.

Escape routes and assembly and/or embarkation
areas.

Support steelwork for equipment on the Master
F'nlnilr_\mnhf List

Pre-installed sub-cellar deck assemblieq.

Riser supports on the seaward side of the
Emergency ShutDown Valve (ESDV).

Critical:

Failure can cause major injury, envi-
ronmental damage, or asset damage.

Secondary steelwork (stairs and walkwjys).

Support steelwork for minor equipment support
steelwork.

Access platforms.
Towers:

Structural designed supports for hydrocprbon and
safety critical piping (e.g., fire water).

Structural designed major supports fof services
(i.e., piping greater than 12” NB and/or dable trays
greater than 300 mm (12 in) nominal width.

Cantilevered walkways (except escape rputes).

Retrofitted sub-cellar deck assemblies.

Marginal:
Failure can cause injury, environmen-
tal damage, or asset"damage.

Supports for services (piping up to 12” NB and/or
cable trays up to 300 mm (12 in) nomingl width.

Minor:

Failure is not)serious enough to cause
injury, environmental damage, or asset
damage;but could result in unsched-
uledimaintenance or repair.

Temporary steelwork (e.g., temporary bijacing that
is permanently removed after installatfion of the
topsides by a controlled disassembly opg¢ration).

Purpose designed demountable strucfures that
have controlled disassembly and/or |assembly
operations (e.g., access platforms disasgembled to
permit maintenance).

Supports for services for field routled, small
diameter, non-hydrocarbon, and mnon-safety

critical piping and/or cable trays 150 mm (6 in)
nominal width or less.

Non-load bearing structural steelwork.

Connection Class 1 (CC1) - connections in Greenfield or Brownfield projects should be welded. When a bolting
is selected, a rigorous procedure shall be followed (e.g. see NORSOK M-101:2011/A1:2022, Annex H[24),

NOTE 1

Bolted connections can be safe and efficient but have historically been avoided in the design of new primary

topsides structure because of concerns about crevice corrosion. Where structures are not exposed to direct contact
with sea spray, and where welding is undesirable, bolted connections can be satisfactory.
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NOTE 2  Bolted connections can be extremely simple and cost-effective for the modification of existing topsides.
Bolted connections can be preferable to welded connections on production platforms if designed to the national
building standard and with pre-load application and corrosion protection in conformance with the provisions below.

SIM for bolted connections CC1 and CC2 shall be prepared.
Connection Class 2 (CC2) - connections in Greenfield projects should be welded.

Connection Class 2 (CC2) - connections in Brownfield projects may be bolted provided connections are
assessed for reliability and lifecycle costs on an individual basis.

Connection Class 3 (CC3) - connections in Greenfield or Brownfield projects may be bolted provided
connections are assessed for reliability and lifecycle costs on an individual basis

Connectign Class 4 (CC4) - connections in Greenfield or Brownfield projects may be bolted.

Bolted copnections for CC1 to CC4 shall be high-strength friction grip bolted connections) i-e. EN 1993-1-
8 categorly C or E, or RCSC joint type SC - slip critical or PT - pretensioned, for connections ekposed to
dynamic ¢r cyclic loading.

The shap¢ and size of the bolt holes shall be in conformance with the following Table 6.

Table 6 — Nominal clearance for bolts and pins (allowable additional hole diameter)

Type of] Nominal bolt or pin diameter d (mm) Connection clags

hole | 742 T 14 [ 16 [ 18 | 20 [ 22 | 24 [27t036[390072] cc2 cC3 cc4
Normal 1 be 2 3 Allowed Allowed Alllowed
round
holes 2
Oversize 3 4 6 8 8 Not al- Allowed Allowed
round lowed
holes
Short slot 4 6 8 10 - Not al- Allowed Allowed
ted holes lowed
d,e
Long slot- 1,5d - Not al- Not al- Alllowed
ted holes lowed lowed
d,e

a2  Forapplications such as towers and tnusses, the nominal clearance for normal round holes shall be reduced by 0,5|mm unless
otherwise ppecified.

b For cojted fasteners, 1 mm nofninal clearance may be increased by the coating thickness of the fasteners.
¢ Bolts With nominal diameters of 12 mm and 14 mm, or countersunk bolts, may also be used in 2 mm clearance holes.

d  For bolts in slotted holes, the nominal clearances across the width shall be the same as the clearances on diamet¢r specified
for normalfround holges:

¢ Therepistancéof'bolted connections with oversize round holes or with slotted holes should be reduced as given in EN 1993-
1-8:2005, 3.6.

High-streketh—trietHen—grip—boted—eontectons—shat-bewsed—whenever—the—eonnection—is—expected to
experience significant and sustained fluctuating stresses. All surfaces of high-strength friction grip
bolted connections that are in contact after assembly should be surface treated and corrosion protected in

conformance with EN 1090-2 or AISC 325.

Bolts in conformance with ISO 898-1 Gr 4.6 or ASTM A307 shall not be used.

Bolt designations with strengths higher than ISO 898-1 Gr. 10.9 or ASTM F3125/F3125M A490 Type 1 shall
not be used.

NOTE 3  Bolting materials with actual yield strength exceeding 950 MPa or with hardness exceeding 34 HRC/325
Hv10 can be increasingly subject to hydrogen embrittlement.
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NOTE4  Bolt failures due to hydrogen embrittlement can occur when exposed to corrosion following coating
breakdown. Coating breakdown can be as low as 5 years for Hot Dipped Spun Galvanising (HDSG) depending on
regional areas, joint configuration (e.g. water ponding), and quality of coating application.

Bolts on floating structures shall be preloaded (see also A.8.4.3.1).

NOTE5 The intent is to avoid lateral movement and the associated effects of reversal of shear forces on the bolt to
minimize fatigue of the bolt and to prevent the nut from loosening. This is particularly applicable to floating facilities
where oscillating movements commonly occur. This can decrease the maintenance cost and increase the fatigue life.

A.8.4.3.3 gives further guidance.

When bolted connections are used, the following provisions apply:

a)

NOTE|6  Maximising the effective length of preloaded bolts (between the underside of the(head and the nut)
will mpinimize the loss of tension in the bolt due to embedment. Also, the dynamic axial stréss-is lowdr in a long
bolt than in a short bolt, resulting in a longer fatigue life.

b) aredyction in pretension of 20 % over the life of the bolted connection (20 to,50yyears) shall bg assumed
for bo¢lts due to creep of the protective coating applied to the bolt and bolted*surfaces if not faken into
accoynt by the national building standard;

c) for rdpair clamps with a grout annulus or an elastomer liner, additional losses due to long-térm creep
shall pe accounted for in deriving the residual bolt tension;

d) strength check of net section and fatigue check shall be perféermed on members where bolt|holes are
applied;

e) strucfural bolts should be tensioned using one of the follewing:
1) tprn of nut method pretensioning (see ANSI/AISC 360-22)/combined method (see EN 1090-2);
2) cplibrated wrench method pretensioning-{see ANSI/AISC 360-22)/Torque method (see EN|1090-2);
3) hyydraulic tensioning method.

f) bolts[shall be re-tightened at a minimum of 40 mins after the initial tightening (to recover ldss in pre-
tensipn due to embedment);

NOTE|7 Direct tension indicdting devices/direct tension indicator method (see EN 1993-1-8).

g) the npit should be preverited from loosening due to vibration due to high frequency vibrating gquipment
or adjacent impact actions (e.g. conductors impacting guides barrels). Methods may includ¢g chemical
bondng of the nutte the bolt thread, wedge-locking, or other proven methods;

h) washgrs shallbetused beneath the bolt head and the nut to minimize coating damage;

i) bolt hole edges shall be rounded as required for coating application. The inside of bolt holes shall be
coatedthe same as for adjacent surfaces.

Preloading to develop slip-critical connections is an effective way of precluding the effects of reversal of
shear forces on the bolt, which can arise from vessel movement. For bolted connections on a floating
structure where the inertia from the ship is insignificant compared with the static variable actions, a non-
preloaded solution may be adopted.

NOTE8 Anexampleisbolting of handrail supports where bolts are not influenced by the ship inertia but dominated
by the live load on the handrail. It is emphasized that the fatigue life on a non-preloaded connection is less than for a
preloaded connection.

Nuts shall be tightened in a non-preloaded connection as given in national building codes, e.g. see EN 1090-
2:2018, 8.3[23],
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8.4.3.3 Corrosion protection

Corrosion protection of bolted connections shall be assured by the adoption of corrosion resistant alloy or
high durability coating or metallizing.

Bolt grades with strengths up to ISO 898-1 Gr 8.8 or ASTM F3125/F3125M A325 type 1, shall be hot dip spun
galvanised (HDSG) in conformance to ISO 10684 or ASTM F2329/F2329M.

Bolt grades with strengths greater than ISO 898-1 Gr 8.8 or ASTM F3125/F3125M A325 type 1 and up to
ISO 898-1 Gr 10.9 and ASTM F3125/F3125M A490 type 1:

a) should be hot dip spun galvanised (HDSG) in conformance to ASTM F2329/F2329M or ISO 10684, and
shall minimise the time to remove surface oxides via acid pickling (see Reference [112]);

b) may be coated with a liquid applied Zn/Al based coating system in conformance with ASTM F1136/
F113pM Gr3, ASTM F2833 Grl or ISO 10683. After final assembly, accessible parts of thebol{s shall be
overdoated with an organic coating system to match the surrounding structure.

NOTE 1 |[Liquid coating typically results in shorter time to coating breakdown than HDSG
Cadmium}plated bolts shall not be used as they can emit a lethal toxic fume whenhéated.

SS316 or[Super Duplex Stainless Steel (SDSS) bolts may be used for topsides applications but phould be
solution gnnealed for external applications.

NOTE 2 [Solution annealing provides the optimum resistance to Stress.Corrosion Cracking (SCC) for [corrosion-
resistant glloys (CRAs) in a marine environment. Structural applications/typically result in ambient temperature
conditions| that are typically below solution annealed SCC threshold temperatures. Strain hardeneql material
conditions|{can lower the threshold temperature for the onset of SCG;

Regular Ispection of bolted connections should be specified over the service life.

Structur
10.5.2.

details where steel is connected to aluminitim should be made according to provisionfs given in

8.5 Casgtings and forgings

Castings may be used in place of otherwise complex fabricated components (e.g. padeyes, spipporting
structurep, transition components, et¢:). The design of complex geometries requires the use df suitable
numerical analysis and specifications for both design and manufacture shall be prepared. The spegifications
shall addfess acceptance criteria‘for stresses and for the extent of plastic strain in regions above nominal
yield, differentiating between.stresses within and outside bearing areas. In complex castings |subjected
to signifi¢ant fatigue actipiis;”an evaluation of the local peak stress shall be made to evaluate the fatigue
performapce of the component.

The matefial properties of the casting or forging shall be compatible with the adjacent materialsjto ensure
weldability and aveidance of corrosion. Weldability tests shall be undertaken prior to the casting pr forging
being manufactured.

The maniifdcture and testing of castings, including qualification of welding shall be in accordgnce with
EEMUA PUB NO 176, API Spec 2SC, or NORSOK M-122, unless operator requirements indicate otherwise.

The manufacture and testing of forgings, including qualification of welding shall be in accordance with API
Spec 2SF, or NORSOK M-123, unless operator requirements indicate otherwise.

8.6 Design for structural stability

Design for structural stability of the components of topsides structure, including the interface with the
substructure, shall be in conformance with the national building standard selected for design of the topsides
structure (see 5.2.2).

NOTE1 National building standards typically allow use of alternative methods for design for stability.
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The method chosen from the selected national building standard for stability design of the topsides

structure

a) shall be a rigorous 2nd order structural analysis with elastic or inelastic material model and explicitly
modelled imperfections when ¢. <3 or B, > 1,5, e.g. ANSI/AISC 360-22: Appendix 1, 1.2 (elastic) or 1.3

(inelastic)[12] Direct Method with Member Imperfections (DMMI) or EN 1993-1-1:2022, 7.2.2(7) b)[13]
method M4 or EN 1993-1-1:2022, 7.2.2(8) [13] method M5;

b) should be a rigorous 2"d order elastic structural analysis when 3<ea, . <10 or 1,1 < B, < 1,5, e.g. ANSI/

AISC 360-22, C2[12] Direct Method (DM) (based on a rigorous 214 order structural analysis); stability
design to 8.6 a) or 8.6 c) may be used as an alternative;

¢) shou
and

(ELM

Appe
and [
an alt

where

ey 1

—

B,

NOTE 2
structures

topsides s
22112 ELM

depending

Initial im]
and c) for

NOTE 3
analysis c4

Guidance

9 Limi

9.1 Limit state.verification approach

The defay
the semi-

if the smallest eigenvalue obtained from an eigen bifurcation bucklinganalysis of the struc

oments when «. 210 or B, <1,1, e.g. ANSI/AISC 360-22: Appendix 7, 7.2 Effective Lengt

cr —

), or EN 1993-1-1:2022, 7.2.2(9)[13] Equivalent Member method (EM). ANSI/AIS

M but it is based on a calibration for B,=1,5 only. Stability design to 8.6 a) or 8.6 b) may
ernative.

nctored actions have been applied (i.e. ;G +7,Q+7VgE );

A, /Ay where A, and A; are the second order and firsterder bay deflections (inter-stoy
he frame respectively.

Guidance, including values of ¢, is provided in A.8(;for example offshore structures. Typic

cr’
with braced frames have o . 2 10 or B, > 1,1 so that8.6 c) is generally sufficient for the stabilit]

ructure, i.e. amplifying the forces and momentg from a 15t order structural analysis (e.g. ANSI
or EN 1993-1-1:2022 [13] EM). Where the deck-Or top of jacket has unbraced frames, 8.6 a) or 8.6 b|
on the magnitude of ¢ . (or B,).

perfections, for system out-of-plumb.and member out-of-straightness, shall not be applie
offshore structures with lateral\a¢tions E.

If 8.6 a) is used, the eigenyéctor corresponding to the smallest eigenvalue from a bifurcatio
n be used to apply the initialimperfections for system out-of-plumb and member out-of-straight

is given in A.8.6.

t state verification

It-approach for limit state verification of topsides structure and structural component

of forces
h Method

360-22:

hdix 7, 7.3[12] First Order Method (FOM), can also be used and can give results comparzlble to EM

e used as

ure when

y drift) of

hl offshore
y design of

AISC 360-
can apply

in 8.6 b)

h buckling
hess.

s shall be

brababilistic :\pprn:\r‘h ncing the parfi:\]_f::\r‘fnr method in accordance with ISQ 1Qan, as

Formula (8):

Sq4< Ry
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Ry
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is the total design action effect (typically the internal stresses) calculated from action combina-

tions using the representative values of the actions, G, Q, E and 4, see 7.2, each factor

ed by the

appropriate partial action factor (7 ) from the relevant standard (i.e. ISO 19900, the ISO 19901

series, ISO 19902, ISO 19903, ISO 19904-1, ISO 19905-1, ISO 19905-3 and ISO 19906);

is the design value of the resistance.

Ry is calculated from Formula (9):

9.2 Linpit state verification for fire and explosion events

Verificatipn of critical structure exposed to fire or explosion events’shall be performed for the folld
limit stat¢s:

a) the Damage Limitation (DL) limit state, in which the action effects do not exceed the corrg
resistance of structural components;

is the representative value of resistance;

correspondence factor, see 8.1, or from ISO 19902, see 8.2. Correspondence factors g
limit state verification arising from accidental hazards.

9

is the partial resistance factor from the relevant building standard médified if necessary, by the

re 1,0 for

wing two

sponding

b) the Near Collapse (NC) limit state, in which str@icture does not exceed specified deformatjon limits

beyomd which it can be considered as collapsed.

NOTE|1  These two limit states are relatedto severity of loss as follows:

1.

DL limit state is the state where ,onhe or more components have sustained little or no damagg

representative resistance.

NC limit state is strainbased where the critical structure can sustain local damage provided
cpllapse causing loss of life and/or major environmental damage does not occur.

. This can

be conservatively approximated, as the resistance at which the component strength is based on the

structural

Representative values and-feturn periods of accidental actions due to fire and explosion associated to the

two limits states DL and-NC are given in 9.5.3.

NOTE 2

Level Blasf (SLB),'and the NC limit state typically occurs at the Ductility Level Blast (DLB). Reference [17
further infornfation.

NOTE 3

For design of critical structure to resist explosion actions, the DL limit state typically occurs at th

e an 1mit states are similar to the an periormance levels in A

states are one and the same for a structure with zero redundancy.

9.3 Approaches for limit state verification for fire and explosion events

The approach to be used for limit state verification:

e Strength
] provides

hese limit

a) should be the semi-probabilistic approach for design/assessment situations where uncertainty and
consequence are within the range typically used to determine the exceedance probability or return
period of the accidental actions;

NOTE1 The Semi-Probabilistic approach for fire and explosion hazards implicitly accounts for u
and consequence. 9.5 provides further detail.
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b) may be the Reliability-Based approach for design/assessment situations where the target reliability is
determined explicitly;

NOTE

2 The Reliability-Based approach for fire and explosion hazardous events implicitly accounts for
consequence and explicitly accounts for uncertainty. A.9.3.2 provides further detail.

¢) may be the Risk-Informed approach for design/assessment situations where the risk is determined
explicitly.

NOTE

NOTE 4

3  The Risk-Informed approach for fire and explosion hazardous events explicitly accounts for
uncertainty and consequence. A.9.3.3 provides further detail.

The three approaches above conform to ISO 2394[1 and ISO 10252.[18] Reliability-Based and Risk-Informed

approach

9.4 Ris

Topsides
to achievg

NOTE 1

NOTE 2
The degre

Tolerable

risk for whhich structure is designed) shall be determined by the rore onerous of the operator or

requirem

NOTE 3
measures

Targets fq

the probability of exceedance of the consequences, P(consequences), and the severity of the cons

S(consequ

NOTE 4
event and
magnitude

NOTE 5
more oner

NOTE 6
individual
fraction of]

£E. H 1l H
Cdll UIITT ITIUI'T TLUIIUIITICAl ucalsu.

k and risk targets

Critical structure exposed to any of the accidental hazard groups listed in 7914 shall be
individual and societal risks (IRPA and SRPA) that are tolerable if ALARP:

Reference [4] provides guidance on the philosophy for managing the risk due te fire and explosid

Risk is the product of a given degree of loss with the probability of exceedance of that given deg|
e of loss can be expressed by repair cost, time to remediate environment, or number of fatalities.

if-ALARP risks (i.e. tolerable life-safety risk, tolerable envirtonmental risk and tolerablg

Pnts.

For risks where the structure cannot be designed toesult in tolerable risks, mitigation by d
hnd emergency response planning can be applied.

r tolerable-if-ALARP risks shall be determined from the project risk matrix (or risk cu

lences), as inputs.

designed

n hazards.

ree of loss.

business
regulator

perational

've) using
equences,

Figure 5 shows an example (not asrécommendation) of a project risk matrix with risk targets

SRPA (Societal Risk per Animum) also known as group risk, has a maximum tolerable value defi
bus of the operator’s opregulator’s F-N curve for all life-safety risks on the platform.

IRPA (Individual Risk Per Annum) is the sum of the life-safety risk probabilities from all hazaj
is exposed to while“at work, including helicopter travel risk and occupational risk of the individy
the year the ipdividual is on the facility times the risks from all hazards that the facility is expos

or a single

for the summed risk from all hazards. Targets for the risk from single events are typically gn order of
less than targets for the summed risk from all hazards (accidental, metocean, seismic, ice and geohazards).

ed by the

ds that an
al plus the
ed to.
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range of degree of loss (life-safety) resulting from a hazardous event
annual
bability of
pr:XCaeeldliily ’ ll lz- 16
he | 8 recordable lost time >50
the loss injury injury fatalities fatalities fatalities
frequent between
0,25and 1
ional between
oceasional | 301514025
; between broadly
infrequent 102 and 101 acceptable
. between broadly broadly
107 and 10° acceptable acceptable
very rare between broadly broadly broadly broadly
y 10*and 103 acceptable acceptable acceptable acceptable
improbable between broadly broadly broadly broadly broadly
P 105 and 10™* acceptable acceptable acceptable acceptable acceptable
1,E+00
1,E-01
1,E-02
S8 ~
~ ~
1,E-03 = s
3 &~
~
~
1,E-04 S\ S
~
~
~
) ~
~
1,E-05
1,E-06
1 . C»l 0 100 10p0
\J
Key C)
X degrep ofloss (N fatalities%O —_ SRPA onsite unacceptable (inc risk avgrsion)
Y annugl probability of e \ling a given degree ofloss ........ SRPA onsite unacceptable
1  unacceptable riskrégion ... SRPA onsite broadly acceptable
2 R2P2)point (re ce point used by UK HSE, [ ] IRPA unacceptable
Refer¢nce [9 ucing risk protecting people])

Figure 5 — Example risk matrix and example risk curve (based on UK HSE terminology and limits)

Tolerable-if-ALARP group risk from a single hazard type, as listed in 7.9.1.1, at original design should be an
order of magnitude less than tolerable-if-ALARP group risk summed for all hazard types (i.e. the risk from

ble;(?fARP region (between shaded regions)

3  toler - SRPA offsite unacceptable
4 branI@yoazceptable risk region SRPA offsite broadly acceptable

IRPA broadly acceptable

all hazard types listed in 7.9.1.1 plus the risk from all environmental hazards).

If the risk is unacceptable, critical structure shall be redesigned. Alternatively, the hazard intensity, for a

given probability of exceedance, shall be reduced.
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Risk treatment should be applied by design iterations where the risk is “tolerable-if-ALARP” to further
reduce the risk or avoid the risk where practicable.

When the risk is in the tolerable-if-ALARP region (see Figure 5), ALARP shall be achieved when the
level of risk is reduced to the point where the economics of further reduction measures become grossly
disproportionate to the additional risk reduction obtained.

NOTE 7  The UK HSE defines a mitigation as grossly disproportionate if the implementation cost is greater than 6 to
10 times the resulting cost benefit (see Reference [109]).

Critical structure design should be adopted if the risk is “broadly acceptable”.

Robustness shall be incorporated in the design of critical structure to ensure the life-safety risk is broadly
acceptablfor tolerable-it- azardous
event, is qubsequently exposed to environmental hazardous events in the period prior to repain

9.5 Limit state verification for fire and explosion events by semi-probabilistic apprgach

9.5.1 DL limit state verification
The semi{probabilistic approach for verification of the DL limit state shall use(Formula (10):
Sq<R4 (10)

where

Sq is the total design action effect (typically the internalstresses) calculated from action conjbinations
using representative values of the actions (NTE v@lues of the actions G and @, combined with 4);

A is the representative value of the accidentalaction with a probability of exceedance |or return
period, see 9.5.3;

Ry is the representative resistance based'on the yield stress for strength or buckling of the §tructural
component (i.e., only localised regions can have stress above material yield).

Partial aftion factors, partial resistance” factors, and correspondence factors shall be set fto 1,0 in
Formula (|10).

NOTE 2 [Verification of the DL limit state demonstrates that the business risk due to damage of critical sfructure is
tolerable, §hat typically requires little or no repair costs when the structural component is exposed to SLB loading.

9.5.2 N[ limit state verification

The semiiprobabilistie*approach for verification of the NC limit state shall use Formula (10) bu§ with the
resistance defined\as follows:

R, is'the design value of the resistance at the specified deformation limit (strain limits as flefined in
Reference [19] with 7y =1,0).

Partial action factors, partial resistance factors, and correspondence factors shall be set to 1,0 in

Formula (10).

NOTE1 The strain increases rapidly as the NC limit state is approached, thus the action magnitude is not sensitive
to uncertainty in fracture strain and ), =1,0 applies.

NOTE 2 A conservative strain limit of 5 % can be used in lieu of the strain limits in Reference [19].

NOTE 3  Verification of the NC limit state (similar to abnormal/accidental limit states) demonstrates that the life-
safety risk due to collapse of critical structure is tolerable-if-ALARP, and typically requires no escalation of the blast
or fire event when the structural component is exposed to DLB loading.
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9.5.3 Representative values of accidental actions

The representative value of accidental actions for use in Formula (10) for the verification of the DL limit
state (i.e. the SLB overpressure) shall have an annual probability of exceedance no greater than 10-2.

The representative value for SLB action may be based on a less frequent event for the verification of the
DL limit state, based on the business disruption risk. e.g. an overpressure of either a) overpressure with
annual probability of exceedance of 10-3 or b) overpressure of DLB/3 (i.e. if reasonable practicable and cost
effective, design for a less frequent event results in reduced business risk).

The representative value of accidental actions for use in Formula (10) for the verification of the NC limit
state (i.e. the DLB overpressure) shall have an annual probability of exceedance no greater than 10-4.

The repr¢sentative value for DLB action may be based on a less frequent event for the verification of the
NC limit 4tate, based on the life-safety risk for catastrophic events where life-safety by evactiatipn cannot
be demor]strated. e.g. overpressure with annual probability of 10-5 (i.e., if reasonable practi¢abl¢ and cost
effective, design for a less frequent event results in reduced safety).

10 Struftural systems
10.1 Topsides design

10.1.1 Geeneral

The topsidles shall be investigated for all appropriate design/assessment situations and load cases. Permanent
and operdtional actions may be treated as a series of discrete action combinations representing the range of
anticipatgd platform operations, taking account of variable area actions and skid beam reactions.

Structurall analysis of the topsides shall be based on criteria and assumptions which are consigtent with
those of the substructure to ensure equilibrium. Any, consistent disposition of forces can be cpnsidered
provided [that both topsides and substructure have sufficient capacity for the internal forceg. Various
approaches are acceptable. For example, it is possible to model the sequence of construction|stages in
successivg design/assessment situations to fake account of locked-in stresses and changes in gtructural
configuration. However, it is acceptable to\use a linear analysis of the topsides including envijonmental
forces by|simulating fixed boundaries provided that the reaction forces at the substructure int¢rface are
consistenfly applied to the substructure.

10.1.2 Tppsides on concrete substructures

In analysfis, particular attention shall be paid to the interaction between steel topsides and| concrete
substructjures (see 7.6.12J-Depending on the details of this interface, the deck can comprise part ¢f a portal
frame resfisting envir@nniental actions and can be subject to internal actions due to differential mpvements.
In general, the substructure designer should design the steel to concrete connection, and an ovierlapping
interface [within_the body of the primary topsides structure should be agreed between the topsides and
substructjure designers.

actions if
applicable. The magmtude of any fatigue-inducing actlons 1ntroduced into the top51des shall be assessed.
The subdivision of a topsides structure into small modules can reduce wave-induced stresses.

Concrete exhibits significant creep under sustained actions and has an elastic modulus that varies
significantly with time. The topsides designer should therefore seek specific advice from the substructure
designer on the values of elastic modulus that should be used in any analyses.

The assumptions shall be communicated to those subsequently responsible for platform operations such
that significant variations in the actions shall be cause for assessment.
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10.1.3 Topsides on floating structures

Particular attention shall be paid to the interaction between topsides and hull structures for mobile and
floating structures. Deformations of the hull under environmental actions and varying cargo and ballast
conditions can be significant and shall be evaluated and taken into account in the design of supports. The
use of sliding or elastomeric bearings at the topsides/hull interface can be required.

10.1.4 Equipment supports

Equipment supports that are subject to uplift shall be mounted directly on the supporting steelwork and not
on deck plate unless the plate and the associated welds are designed accordingly.

E 1 +chounld notrbha st d oty o gratin g
quipmentshouid-netbemounted-directyonpgrating

10.2 Topsides structure design models

10.2.1 G

Internal

eneral

structural analysis methodology.

Design/as
construct]

Limit stat
methods:

a) lineal

sessment situations shall be established for each phase of the, design life and for eac
ion (see ISO 19900).

e verification of each design/assessment situation shall-be/performed by either of the

" elastic analysis using manual calculation or analysis'models (see ISO 19902:2020, cl. 12

b) amethod allowing redistribution using manual calculation or analysis models.

NOTE 1

NOTE 2
lighter str

NOTE 3

The struc
— negle
— assujy
— usenj
— negle

— negle

Manual calculation can be an effective method to demonstrate equilibrium on simple systems.

Method b) can result in different magnitude of member forces but typically results in a more ef]
icture.

Nonlinear analysis can be used for method b).

fural analysis model for méthod b) may be configured with any or all of the following simpl
ct any plate panels axial stiffness (typically called stressed skin);

he an ideal hinge’even in a stiff connection;

odified cross~séction on a beam or plate panel properties (thickness of plate or stiffener
ct the inCreased stiffness in the joints;

ct effect of doors or windows on a panel when determining the internal forces;

forces in structural components shall be derived using an indeterminate, three-difnensional

W stage of

following

3);

ficient and

fications:

— negle

ctweb opening In a beam when determining the internal rorces;

— neglect the sequence of prior stages of construction, including neglecting any effects of modules being
installed at different times with different stiffness.

NOTE 4

In method b) the redistribution of forces and strains are determined for the design situations as opposed to
simply adding the results of the forces and strains in the prior situations or in any prior sequential situations.
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NOTES5 These simplifications are based on there being adequate ductility of material and structural components,
and on the substructure having sufficient capacity for internal forces to be redistributed. It is therefore not necessary
to consider the effects of substructure stiffness on the distribution of internal forces within the topsides structure.
For each design/assessment situation, total actions are applied to the actual structural configuration for that design/
assessment situation disregarding the history of stress or strain from previous design situations. See A.10.2.1 for
more guidance.

Verification of the design shall, however, take account of effects arising from the simplifications above. For
example, reduction in component capacity due to web openings shall be evaluated even if internal forces are
determined without modelling this opening.

Relevant assumptions made when determining the internal forces shall be applied when the design of the
structural components is verified. For example, applying an ideal hinge between a beam and a column will
influence[the buckling length as no moment fixation can be included in the design verilication.

The above¢ simplifications are not applicable for design for fatigue that shall be in accordance\with|6.7

Connectigns shall be designed to be ductile, avoiding brittle failure modes, regardless of any agproaches,
type of anjalyses and assumptions, see 6.8.

NOTE 6 [Applying the simplifications listed above does not impact the ductility requirement in 8.4.1 or make them
stricter, arjd not using the simplifications will not ease the ductility requirements.

The allowfable simplifications are further discussed in A.10.2.1.

10.2.2 Syubstructure model for topsides design

The subsfructure shall be modelled for the topsides structure design in one of the following two options:
a) in sampne manner as used for modelling and analysis of thésubstructure itself;

b) simplified by applying boundary conditions tovrepresent the substructure (for instapce fixed
bounglaries).

If option p) is selected, reaction forces from the topsides analysis shall be used as the basis for|verifying
substructjure capacity.

Regardlegs of which option is selected above, on a floating structure the effect of hogging and sagging shall
be evaluafed.

10.2.3 Tppsides model for topsides design
The topsifles structure may-be’'modelled as more than one independent structure.
Topsides $tructure shall'be modelled and analysed using one of the following two options:

a) the aftual sequence of construction, for which the interaction between structures and djfferential
defle¢tions are assessed;

b) neglecting construction sequence, see 10.2.1.

Where the model is used to represent pre-service conditions (fabrication, loadout, transportation, and
installation), appropriate boundary conditions and consistent forces across the interface shall be applied to
represent the stiffness of the supports. For loadout, transportation, and installation conditions, appropriate
accelerations and displacements shall be applied.

Eccentricities in primary steel joints shall be modelled to account for shear resisted by the chord web
between the adjacent braces and/or columns.
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10.2.4 Modelling for design of equipment and piping supports

Interconnecting pipework between equipment or between modules and its supports shall be checked for the
effects of interaction.

NOTE1 Relative displacements and deflections between pieces of equipment or between modules could affect the
integrity of the interconnecting pipework.

Piping bridging between modules shall also be checked for deflections due to environmental, accidental and
seismic actions.

NOTE 2  Local supports for piping and individual items of equipment can generally be analysed in isolation.

3 b= i A | 1 1 111 dall | 1 yn ) dadel - 1 pa | dedel 1 1 des
Equ1pm61 T SKIOS O pacrRagessnat o moaenca st tiat tne Nrass s ampeaat tirerocar vertrc nl CoG for

conditionf subject to lateral accelerations.

NOTE 3 |For explosion analysis of piping systems, integrated modelling approach can be used to feduce the
conservatism due to decoupled analysis (see Reference [20]).

Dummy nembers shall not add stiffness or mass to the model and it shall be documented that they work as
intended py verifying that the forces are neglectable.

10.3 Substructure interface

10.3.1 Responsibility

All assunjptions at the interface between the topsides and substructures shall be documented [to ensure
that the designs are not compromised by any differences in@ssumptions. Forces (and moments) used for
design eafh side of the interface shall be consistent. This camrbe achieved by modelling the bounddry for the
topsides gt the interface and ensuring that the reaction forces are then applied for the substructurg analysis.
Alternatiyely, the substructure itself may be modelled.for determining the internal forces in the tppsides. If
this alterpative is selected, the forces (and moments).at the interface shall be consistent with the|forces for
which thq substructure is designed.

10.3.2 Sfrength design

Care shall be taken to ensure that the.governing conditions for the connection of the topsides to the
substructjure are correctly identified:*The governing case for this connection can be the requirement to
ensure glpbal integrity for the whole’platform under accidental actions or seismic actions. The dgsign shall
be checkdd to ensure that simplifying assumptions at the interface do not mask the most onerous|condition
for the cophnection.

10.3.3 Fatigue design

A fatigue Janalysiséshould be undertaken where the internal forces in the connection between the topsides
structure{ and the*substructure vary. The structural models to be used for fatigue analyses shpll reflect
all stiffnegsses, dt their expected values. Stiffnesses from non-structural components (e.g. piping,|cladding)
should be{included in the model.

For floating and compliant substructures, the fatigue analysis shall include the effects of the distortions of
the substructure, the stiffnesses of the supporting points and the changes in the direction of actions due to
the motions and deformations of the substructure.

10.4 Flare towers, booms, vents and similar structure

This subclause gives requirements that apply to separate structures where varying actions constitute a
major proportion of total actions.
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Flare towers, booms and other structures can be susceptible to global and local resonant responses due to:
— global and local wind actions;

— thermal actions from the flare including thermal cycling;

— seismic actions;

— accidental actions;

— effects of icing; and

— the indirect effects of metocean and ice actions on the substructure.

Global mides of vibration can be due to vortex-induced vibrations of major components of the, $tructure,
or pipework supported by it, or both. The structures shall be checked to establish the natutal|modes of
vibration|of the structure as a whole and of critical structure. Guidance on such structures is given'in A.10.4.
See also ¢.5.2.4.

Snow and|ice actions shall be combined with actions generated by wind.

NOTE1 |[The static and dynamic behaviour of such structures can be substantially-influenced by accumplations of
snow and jce. Both wind actions and operational actions can be increased by such aecumulations.

NOTE 2 |Return period of wind actions is typically 10 years when combined with maximum snow and ice actions.

The thicknesses and densities of snow and ice accumulations shall be determined from sife-specific
environmlental data. Simplified build-up profiles for calculation purposes may be applied.

The supp¢rt of the access platform at the top of the flare tower/boom shall account for thermal expansion of
the platfoprm relative to the primary steelwork of the flare toWer/boom.

Flare tower/boom design shall account for the effects,ofthe flare header filling with liquid.

The designer of the flare tower/boom and the designer and manufacturer of the flare tip should liaise to
ensure compatibility between their designs and maintainability of the flare tip.

10.5 Helicopter landing facilities (helidecks)

10.5.1 General

Regarding the design, including helideck layout and plan dimensions, users shall be awafe of the
requiremgnts of the regulatoty authority for aviation in the region in which the platform is to be ipstalled.

The helicppter landing and take-off area and any parking area provided shall be of sufficient size and
strength find laid out.te accommodate the design helicopter. The design helicopter is that with thg greatest
size, weight and greatest dimensions of any helicopter anticipated to be used.

The helideckstructure shall be designed to resist, without disproportionate consequences, the imjpact from
an emergpney landing of a helicopter anywhere within the designated landing and take-off area] Whether
or not a g P
anywhere on the accessible helideck surface.

Environmental conditions around the helideck, particularly wind flow and turbulence affected by adjacent
structures, equipment and process plant, can influence the actions on, and controllability of, helicopters
during landing and take-off and shall be evaluated (see A.10.5.1).

In this document the term MTOW (maximum take-off weight) is equivalent to the term MTOM (maximum
take-off mass) as used in some aviation standards. The operator may require a weight reserve on the MTOW
to allow for changes in the design helicopter weight.
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10.5.2 Construction

The helideck and its supporting structure may be fabricated from steel, sea water resistant aluminium alloy
or other suitable materials and shall be designed and fabricated to appropriate standards. Where differing
materials are used, the detailing of the connections shall be such as to avoid galvanic corrosion (see 12.5.3).

10.5.3 Helideck design verification

10.5.3.1

Design/assessment situations

Design/assessment situations, see 6.2, shall be established for the following conditions:

— helic
— aheli
— empt

— post-

pter landings (emergency and neavy normal landings) (se€e 10.5.3.3);
copter at-rest (see 10.5.3.4);

y deck (see 10.5.3.5);

lamage (see 10.5.3.6).

Design/agsessment situations shall include helicopter actions as appropriate, applied together wit

combinat

The desig

10.5.3.2

The supp
skid actio

Helicopte

ons of permanent, operational and environmental actions.

n of the structure shall be verified for the limit states relevant tg'each design/assessment

Design requirements

brting structure, deck plate and stringers shall be désigned to resist the effects of loca
Ins, acting in combination with the other permanerit; variable and environmental actions

I skid or wheel locations shall be positionedsen the deck to maximize the internal for

componeit being designed.

Under he

icopter emergency landing deck platé.and stiffeners shall be designed to limit the p

deflection (deformation) actions to no more.than 2,5 % of the clear width of the plates between su

Slender s
vibration

10.5.3.3

The acti
actions.

fructural elements forming part-of the supporting structure shall be checked for win
5 (see 7.4).

Actions for helicopter'landings

The following actionssshall be included in design/assessment situations for helicopter landing situ

a) Heli

pter dynamic actions (undercarriage local actions)

The dyfiamic helicopter landing action for accidental events (emergency landing) shall be taksg

h suitable

situation.

wheel or

res in the

ermanent

pports.

1 induced

values and multipliers in this subclause are specified to obtain representative valijies of the

htions:

nas2,5x

MTOW:

The dynamic helicopter landing action for an operational incident (heavy normal landing) shall be taken
as 1,5 x MTOW.

The action shall be increased by a structural response factor to account for the dynamic response of
the helideck structure. The factor to be applied for the design of the helideck framing depends on the
natural frequency of the deck structure. Unless values based upon particular undercarriage behaviour
and deck frequency are available, a minimum structural response factor of 1,3 shall be used.
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Permanent and operational actions on the helideck structure and fixed appurtenances

The self-weight of the helideck structure and fixed appurtenances supported by each structural

component concerned shall be evaluated for application as permanent actions.

A general area-distributed operational action of 0,5 kN/m2 shall be applied to allow for minor e
left on the helideck.

quipment

Concentrated horizontal imposed actions equivalent in total to half the MTOW of the design helicopter
shall be applied at the locations of the main undercarriages and distributed in proportion to the vertical

actions at each point. These shall be applied at deck level in the horizontal direction that wil
the most severe load case for the structural component being evaluated.

1 produce

Envifonmental actions
1) ind actions on the helideck

Wind| actions on the helideck structure shall be applied in the direction which,, tégether
horizpntal imposed actions, produces the most severe load case for the structural component ¢

The wind speed shall be taken as:

— apcidental event (emergency landing): 1-year return period wind spéedor the speed used f]
dnding if higher than the 1-year return period wind;

—_—

— ﬁlgerational incident (heavy normal landing): wind speed.festricting normal (non-er
licopter operations at the platform (i.e. 31 m/s[21]),

Vertigal (up or down) action on the helideck structure duejto the passage of wind over and
helid¢ck shall be evaluated.

Only horizontal wind actions during landing shall be applied for topsides on floating structurgs.

2) Smnow and ice

In th¢ absence of more onerous site-specific data during landing, actions due to snow and i
may be assumed to be within the 0,5:kN/m?2 general area-distributed action specified in 1|
Snow]and ice weight shall be excluded-in wind uplift situations.

Inertfial actions due to platformmotions

The ¢ffect of accelerations,and“dynamic amplification arising from the predicted motions of th
floating platform shall be:evaluated and the actions arising shall be included for the following c

— apcidental event{emergency landing): a storm condition with a 1-year return period;

with the
valuated.

pbr normal

hergency)

inder the

ce weight
D.5.3.3 b).

e fixed or
bnditions:

period. If
e may be
) inertial
rm under

addition take

10.5.3.4 Actions for helicopter-at-rest

The action values and multipliers in this subclause are specified so as to obtain representative values of the
actions.
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The following actions shall be included in design/assessment situations with the design helicopter-at-rest.

a)

b)

d)

Helicopter static actions (undercarriage local actions)

All parts of the helideck accessible to helicopters, including any separate parking or run-off area, shall
be designed to support an operational action equal to the MTOW of the design helicopter at any location.

This shall be distributed at the undercarriage locations in proportion to the position of the

centre of

gravity of the design helicopter, taking account of possible different positions and orientations of the

design helicopter.

Area-imposed actions

To allow for personnel, freight, refuelling equipment and other traffic, snow and ice, rotor downwash,

etc., d general area 1imposed operational action of 2,0 KN/m# shall be included.
Self-weight of helideck structure and fixed appurtenances

Self-weight of helideck structure and fixed appurtenances shall be included.
Environmental actions

Envirjonmental actions shall be applied in accordance with the relevant-design/assessment
includling the actions from the helicopter.

1) Wind actions on the helideck

Verti¢al (up and down) actions on the helideck due to the passage of wind over and under th
shall pe evaluated.

Only horizontal wind actions during landing shall be applied for topsides on floating structuregs.

2) Snhow and ice

Snow| and ice, if relevant, shall be taken into agcount for helideck primary and secondary s
Snow|and ice weight shall be excluded in wind uplift situations. Snow and ice actions may bg
for the landing area of heated helidecks.

3) (Green water actions

Green water actions, if relevant, shall be included in relevant design/assessment situations ac
likelihood.

Inertfial actions due to platform motions

The dffect of accelerations and dynamic amplification arising from the predicted motions of th
floating platform shall be evaluated and the actions arising shall be included.

Platfgrm accglerations induce longitudinal (ax), transverse (ay), and vertical (az) inertij
acting on the centre-of-gravity of the helideck based on the motions of the platform under th
envirpnmehtal conditions. The accelerations for floating facilities shall in addition take into ad

situation,

b helideck

ructures.
excluded

rording to

e fixed or

| actions
b relevant
count the

effect ofroll, pitch, and yaw.

If it is likely a helicopter can be present at rest during abnormal environmental conditions (e.g.
helicopters are normally stored at the facility), an abnormal design/assessment situation shall be
included. Otherwise, the abnormal design/assessment situation is addressed with empty deck.

10.5.3.5 Actions for empty helideck

The actions specified in 10.5.3.4 b), c), d) and e) shall be included in design/assessment situations with an
empty helideck.

Empty deck situations shall include checking the helideck structure for maximum uplift forces.
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10.5.3.6 Actions for post-damage situations

In the design phase, design/assessment situations shall be established for damage scenarios specified by
the operator. The actions to be included shall be consistent with the damage scenarios and can be with or
without a helicopter.

For assessment after an emergency landing, design/assessment situations shall be established to include the
post-damage structural condition and configuration. See also 10.5.4 regarding minor local deformations.

Depending on the damage scenario and the operator’s post-damage plans, design/assessment situations
with and without a helicopter can be established. Damage scenarios which include a helicopter should
include both at rest and heavy normal landing conditions for a helicopter which may be lighter or smaller
than the design helicopter.

In additign to permanent and helicopter gravity actions, the following actions should be included in post-
damage design/assessment situations:

— genetlal area imposed operational action for helicopter landing or at rest;
— desigh environmental actions for the short duration;

— inertjal actions due to platform motions for the short duration.

10.5.3.7 |Combinations of actions

As a minimum, load cases with combinations of actions shall be applied for design/assessment sitpations in
accordange with Table 7 for landings, at-rest, and empty deck conditions.

The repr¢sentative actions of each type shall be factored and combined in accordance with th¢ relevant
standard [used for the substructure (i.e. ISO 19902, ISO 19963, ISO 19904-1, ISO 19905-1, ISO 19905-3 and
ISO 19904).

Table 7 — Combinations of actions

Heavy nor- | Emergency N~

Actions mal landing| landing " b Atrest Empty deck
Design/agsessment | Operational | Accidental Operational | Extreme | Abnormal Extreme | Abnormal
situation ¢ategory See 10.5.3.4
Helicopte Heavy nor- | /Emergency Atrest Atrest Atrestor None None

mal none
Vertical helicopter 1,5x 2,5% MTOW MTOW MTOW NA NA
actions 1,3% 1,3x
MTOW MTOW
Horizontdl helicop- | ;5x MTOW | 0,5x MTOW NA NA NA NA NA
ter action§
Inertial aqtions See 10.5.3.3 | See 10.5.3.3 |See 10.5.3.4¢) See See 10.5.3.4 €) See Sele 10.5.3.5
a, a, a, d) d) 10.5.3.4 10.5.3.5
’ y' e)

Permanent actions X X X X X X X
X = actions to be included
NA = actions are not applicable.
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Table 7 (continued)
Actions Heavy nor- Emerg.e ney Atrest Empty deck
mal landing| landing

Area imposed 0,5 kN/m? 0,5 kN/m? 2,0 KN/m? 2,0 kN/ 0,5 kN/m? 2,0 2,0
actions on landing m?
platform
Operational actions NA NA X NA NA NA NA
on walkways and
staircases
Environmental See 10.5.3.3 |See 10.5.3.3 ¢) |See 10.5.3.4d)| See |See 10.5.3.4d) See See 10.5.3.5
actions ) 10.5.3.4 10.5.3.5

o)
X = actions|to be included
NA = actiog}s are not applicable.

Combinatjions of actions based on Table 7 shall be developed for the damage scenarios defin

operator,

Combinatjions of actions relevant to design verification for serviceability shall also be applied in serv

design/as

10.5.3.8

Strength
and with

10.5.3.9

see 10.5.3.6, and applied in short duration (post-damage) design/assessment’situations.

sessment situations.

Strengths and resistance of structural components

hnd resistance of structural components shall be in aceordance with Clause 8 for steel
11.4 and A.11.4 for aluminium materials.

Safety net arms and framing

Safety nefts for personnel protection shall be installed around the landing area except where
structural protection against falls already exists.

pd by the

iceability

helidecks

adequate

The safetly net shall be strong enough to withstand and contain without damage a 125 kg weight being

dropped f

Where la
arranged

10.5.3.10

Sufficient
areais de

These sh
design/as

They shalll take into account the inertial forces resulting from any movement of the platform (see ]

rom a height of 1 m.

eral or longitudinal supporting bars are provided to support the net structure, these
and constructed to avoid causing serious injury to persons falling on them.

Helicopter tie;down points

signed.

uld be se-located and be of such construction as to secure the design helicopter in th
sessmentsituations (see 10.5.3.4).

flush fitting tiesdown points shall be provided for the types of helicopter for which th

should be

e landing

b relevant

0.5.3.4).

Advice on recommended safe working load requirements for tie-down points for specific helicopter types

should be

obtained from the helicopter operator or manufacturer.

10.5.4 Reassessment of existing helidecks

Alternative requirements and criteria to those specified in 10.5.1 to 10.5.3 for the type of helicopter
governing the design may be adopted, provided they are approved by the regulatory authority for aviation
in the region in which the offshore platform is located.

Any alternative requirements and criteria shall be derived from a suitable engineering assessment using
information from the manufacturer of the design helicopter.
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An updated range of potential landing conditions shall be identified and evaluated.

Provided the helideck was originally designed and constructed to appropriate standards, and if accepted by
the appropriate regulatory authority, minor local deformations of the deck plate and stiffeners as a result
of emergency and other heavier-than-normal landings that do not affect helicopter safety can be permitted
during service, as long as the structural integrity of the helideck as a whole remains intact and no significant
pools of flammable liquids (e.g. aviation fuel) can be expected to form in any deformed deck plating.

10.6 Crane support structure and crane boom rest

10.6.1 General

The crang support structure comprises the crane pedestal and its connections to the topsides stfucture. It
does not ipclude the slew ring or its equivalent, or the connections between the slew ring and the'ppdestal or
the pedesital adaptor (transition between the slew ring and the pedestal).

Design reguirements for the crane boom rest are given in 10.6.8.

10.6.2 sign requirements

Design of|offshore crane support structure shall be in accordance with either-the crane specificdtions API
Spec 2C of EN 13852-1, except where specifically noted otherwise in 10.6¢

Material fequirements are given in Clause 11.
API Spec 2C or EN 13852-1 are mutually exclusive and shall not be interchanged at any stage with the other.

NOTE Where API Spec 2C or EN 13852-1 are referenced in the following, the requirement relates spefcifically to
that document; otherwise, the requirement applies either to API'Spec 2C or EN 13852-1.

The crang support structure reactions shall be included in the calculation of design actions, as ¢lefined in
7.2 for th verification of the topsides structure in‘each of the design/assessment situations degcribed in
10.6.3.2 and using the appropriate action types as reported in 10.6.3.1.

The crang support structures shall be included in the analytical model of the primary structure as their
stiffness ¢an have a significant effect on léad distribution.

Crane sugjport structure shall:

a) eithef (preferred method) be.-attached at an intersection of topsides structure primary framing with
minimpal eccentricity, and be' connected to a minimum of two main deck elevations, or

b) wherg this is not practicable, be adequately reinforced to have sufficient strength and stiffness to meet
the provisions of the\crane specification and of 10.6 (see also A.10.6.2).

The maxijnum deflection at the top of the crane support structure (typically the pedestal) should rjot exceed
the value$ shown.in Table 1 for the cantilever.

The designeryshould consult the crane manufacturer on designing the crane pedestal to minimize|excessive
crane motion during operations within the serviceability design Imits (6.5.2.2) related to the operational
limits and to the personnel comfort.

NOTE Additional stiffness can be required to prevent excessive motion of the crane and operator. Excessive
motion can cause the operator discomfort even if the strength requirements are satisfied. See for further guidance
A.10.6.2.

Specific requirements are given below, as follows:

— static design, 10.6.3;

— fatigue design, 10.6.4;
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— seismic/earthquake design, 10.6.5;

— dynamic design, 10.6.6;

— fabrication, 10.6.7.

10.6.3 Static design

10.6.3.1

Design actions types

Actions on the crane support structure shall be categorized in accordance with 7.2.

NOTE

Raolavuant onarational Sotioac iatad offlaad
eV t St oHa T etohRSs ate o6t eat

Design ac

The desis
communi

10.6.3.2
The folloy
a) opera

b) extre

1) in-place out-of-service conditions (10.6.3.4);

2) s
c) abnot

1) s

2) abnormal metocean events;

d) accid
e) servi
For each ¢

a) maxi
below

b) maxi
below

A dynami

o n
T OpPTT A=

tions are then calculated using the equations in 7.3.

rner should interface with the crane manufacturer to ensure the various(erane ag
rated in such a manner that they can be assigned to the correct action type,

Design/assessment situations and actions
ving design/assessment situations shall be assessed:
tional design/assessment situations: in-place operating conditions (10.6.3.3);

me design/assessment situations:

bismic/earthquake ELE events (10.6.5);
mal design/assessment situations:

bismic/earthquake ALE events (10.6.5);

bntal design/assessment situationis: crane collapse failure/gross-overload conditions (10}

Feability design/assessment situations: see deflection limits in 10.6.2 and 6.5.3.

lesign/assessment situation the following conditions shall be evaluated:

mum overturninginoment with corresponding vertical action plus a horizontal action, as
b, applied simultaneously to the boom head sheave;

mum verticdl action with corresponding overturning moment plus a horizontal action, as
b, applied.simultaneously to the boom head sheave.

c coefficient shall be applied to the vertical action referenced in a) and b) as follows:

tions are

6.3.5);

described

described

1) for API Spec 2C, C,, together with a pedestal factor;

2) for EN 13852-1, @,

The vertical dynamic coefficient, C, or @, (as applicable) shall be applied to SWL.

Both the aforementioned vertical and horizontal actions shall be computed as described in the crane
specification, including any applicable supply boat and/or crane motions.

The representative (unfactored) actions to be imposed on the crane support structure should-be provided
by manufacturer.
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Further, the pedestal structural engineer shall ensure that the information provided by the crane
manufacturer for crane support structure design includes the effects of the dynamic coefficient, C,, as well
as of the pedestal factor, PF, as described in API Spec 2C or the dynamic coefficient @ for EN 13852-1.

In case of alarge boom (as defined in 10.6.4), even in static design analysis the effects of the vertical dynamic
coefficients (Cy or @,) shall be applied to the boom weight.

In absence of information from the crane manufacturer, the preliminary crane support structure reactions
should include:

f) the combined moment calculated based on the largest combination of target SWL times radius with a
load factor in the range 3,9 - 5,2;

NOTE|1  Therange coversa C, or @, of 1,5 to 2,0; higher factors are typically seen for offboard liftinjg in higher
seastdtes and/or from floating structures. The minimum safety factor for any crane component)over the safe
workilng load times the radius is assumed to be 2,0.

g) the akial thrust calculated based on 10 % of the combined moment, disregarding the uhits.

The above¢ reactions are only to be used for preliminary analysis. This will perhaps-tésult in a rough order of
magnitude to the final crane support structure design.

NOTE 2 |For robust cranes with a higher factor of safety to collapse, the preliminary factors can be uncorjservative.

10.6.3.3 |In-place operating conditions

Design/agsessment situations for in-place operating conditions in%dlve actions due to onboard and offboard
lifts along with the associated operating condition parameterssand the applicable environmentpl actions
(wind, ice, and/or seismic/earthquake actions).

The desigpn situations to be analysed shall include, in accordance with 7.3:
a) In-plgce situations with permanent and variable'dctions only (7.3.1);
b) In-plgce situations with operating environmental actions (7.3.2).

In-place dituations shall include the full operating cycle from picking up the load, slewing and|set-down
including|transient operating situations.and the related actions due to accelerating or decelerating phases
during starts and stops.

If the crape pedestal is used for{storage, actions and internal corrosion protection shall be based on the
nature of|the liquid to be stofed and the maximum levels and pressures under normal operating, test or
failure of Jevel control conditions.

NOTE Under certain,circumstances, it could be advantageous to utilize crane pedestals for diese] or water
storage.

The in-plgce actiehs’shall be included in the in-place design action evaluation with the in-place partial action
factors ag desckibed in 7.3.

10.6.3.4 In-place out-of-service conditions

Design/assessment situations of the pedestal shall include the crane in stowed condition and the applicable
environmental actions (wind, ice and/or seismic/earthquake actions).

The out-of-service actions shall be included in the in-place design action evaluation with the proper in-place
partial action factors for extreme and abnormal metocean actions as described in 7.3.3.

NOTE1 The out-of-service actions affect the design of the crane boom rest structure.

The vertical reaction force shall be calculated based on the weight of the crane boom (including any added
ice and vertical environmental effects) multiplied by a minimum 1,1 uncertainty factor.
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The horizontal reaction force shall be calculated based on the maximum of:

a) the horizontal component of the crane boom weight (including any added ice and horizontal

environmental effects) multiplied by a minimum 1,1 uncertainty factor.

b) the wind actions provided in ISO 19901-1 (including any horizontal environmental effects).

NOTE 2  The horizontal component of the crane boom weight (including any added ice load reactions) is based on

the tilt of the crane support structure.

10.6.3.5 Accidental design/assessment situations - Gross overload condition/Crane collapse failure

condition

Design/agsessment situations for gross overload/crane collapse conditions are intended to coverufexpected

events sufh as the crane hooking a supply boat, as described in the crane specification.

NOTE This situation is typically included to ensure that in event of a gross overload of the crane, causi
of any parf of the crane structure (most commonly the boom or A-frame), the crane support stpueture is no
and progr¢ssive collapse is prevented.

The crang manufacturer’s failure curves, for all crane conditions, shall be used to assess the
conditionf in accordance with the crane specification.

It shall bgd assumed that the maximum lower-bound failure moment of th&weakest component wi
upper boynd on the forces and moments to which the pedestal can besubjected.

The design moment for the crane failure condition shall be taken as the lower-bound failurg
described above, multiplied by a safety factor of 1,3.

The design action type shall be @, as defined in 7.2.

The partifl action and resistance factors shall be set to. 830 as for accidental situations (see Clause P

10.6.4 Fatigue design

The crang¢ support structure shall be checKed for resistance to the crane foundation fatigue
complian¢e with ISO 19902 and the applicable S-N curves therein, as well as with the partial damg
factors prfovided in 6.7.

The fatigye design shall be in accordance with the crane specification.

Fatigue should be based on:

ng collapse
damaged,

overload

| place an

moment

D
—

hctions in
ge design

a) ifavaflable, a realisticload spectrum, including a full rotation of 360° around the pedestal flange, with a

complete reversalofaction occurring on upper and lower faces of the flange during each rotat

NOTE|1 Thedpectrum factor for actions is typically provided by the crane manufacturer and this
depenjdent offithe specification for the design of the crane.

ion.

s typically

NOTE|2_~ The number of expected crane rotations is typically determined from the expected g
1€ £1l

perational

2 IR |
freqU\.u\,y artHree et Tire- ot tratnt:

b) ifnotavailable, a minimum of 1,000,000 cycles under the following conditions (see A.10.6.4):

1) aload of 2/3 SWL (not factored by C, and PF or @) at the boom position and crane orientation

producing maximum stress in each component of the crane support structure.

NOTE 3 The boom weight or the effect of any accelerations is not typically added to the requirement

of 0,66 of SWL, since this load level encompasses these considerations in the context of fatigue ass

essment.

NOTE 4 The assumptions in point b) are typically unconservative for large boom cranes. Fatigue
cracks have been observed in pedestal butt welds in some large boom cranes checked according to the

assumptions in point b).
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2) the bending stress due to large boom cranes combined with the associated stress produced by 2/3

0

NOTE 5
the design

f SWL.

Typically, a boom crane is defined as large when the moment due to boom weight is greater than 30 % of

moment.

The stress range used in the above point b) approach should be the difference between the stress caused by

the above

loading and the stress calculated with the boom in the same position but unloaded.

When a dynamic analysis is required the associated dynamic effects should be included in the fatigue life
calculations for the pedestal structure.

All connections in the pedestal shall be designed to minimize stress concentration factors that are likely to

result in 4

Off-lead a

to the fatigue analysis. Nevertheless, this shall be assessed on a case-by-case basis.

In case o
structure

NOTE 6

added dirgctly. In many cases, the topside is transported over long distances, wlieh causes dynamic str
acceleratiqns and consequently contributes to fatigue damage.

10.6.5 S

Design/agsessment situations for seismic events and associated seismic design actions shall be in a
with 7.7 ajnd the additional guidelines of 7.7.2 and 7.7.3.

Owing to
crane bei

reduced drane load acting simultaneously with the design seismic event:

a) ifacr
perfo|

1) 4

b) in abgence of such a study:

1) a

The design/assessment situdations for seismic events shall include also:

c¢) then
NOTE
d) theb

signiricant reduction or the ratigue endurance or the pedestal.

nd side-lead actions, wind and other environmental actions are typically insignificant wi
[ floating structures special attention shall be given to any environmentahaction effe

that can cause fatigue damage to the crane support structures.

Fatigue damage from waves and operation are independent processes; and damage can th|

pismic/Earthquake design

the very low probability of simultaneous occurrence of a design seismic event at the tj
Ing used for a maximum rated lift, design/assessment situations to be analysed may

rmed:

load equal to 90 % non-exceedance, not less than 1/3 of the rated capacity.

load producing 2/3 ¢f'the rated crane overturning moment capacity.

b-hook load &ase;

Suchtanalyses help identify components governed by uplift.

bormhin its stowed condition load case.

h respect

ts on the

erefore be
bsses from

rcordance

me of the
include a

ane study to identify typical offloading¥oads that regularly occur during the life of the platform is

10.6.6 Dynamic design

Where the dynamic response of the crane-pedestal system is independent of the dynamic response of the
deck supporting structure, the dynamic response of the crane-pedestal system may be determined by
applying the stiffness of the deck at the pedestal connection points as a boundary condition.

The dynamic response of the crane-pedestal system shall be calculated by a coupled dynamic analysis when
both of the following apply:

a) the mass of the crane-pedestal system is greater than 5 % of the total topsides mass;
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b) the natural frequency of the crane-pedestal system is greater than 50 % of the main topsides lateral
natural frequency.

10.6.7 Fabrication

Special attention should be given to the fabrication tolerances and surface finishing required for correct
mechanical coupling of the interfaced structures as described in A.10.6.7.

10.6.8 Crane boom rest design

Design/assessment situations for the crane boom rest structure shall be established in accordance with 6.2.

Actions sl

a)

b)

9

The vertical and horizontal reaction forces _shall be taken as acting simultaneously on the 4
structure

In absencg of information from the crane ntanufacturer, the preliminary crane boom weight may bg
as 20 % of the total crane weight andwused as the input to 10.6.8 a).

NOTE 3
reasonabl¢ approximation to the weight to be used for the final boom rest design.

10.7 Derrick equipment set

The DES
substructjure and.derrick move at 90 degrees to the skid-base. Design/assessment situation
establish¢d fortall possible positions of the DES.

NOTE 1

the weight of the crane boom:

iy

impa¢t forces - the load factors used (for both preliminary and final desigh) in order to
representative values of the actions shall be:

1)
2)

the wind actions applicable for the design/asses$irent situation.

including a weight allowance reflecting the uncertainty in the weight of the crane boom|
termined, and including any added ice accretion weight and any inertial aceelerations.

25 factor for the vertical reaction force (comprising factors of 1,0, +1,5).
1,5 factor for the horizontal reaction force (comprising factorsof 1,0 + 0,5).

NOTE 1 The 1,0 factor accounts for the reactions calculated at a) 1) above. The 1,5 and
Ccount for the impact forces of the boom landing in the rest:

o8]

=

OTE 2 The horizontal component of the crané“boom weight (including any added icg
eight reactions) is based on the tilt of the crane support structure.

=

The preliminary crane baom weight is only to be used for preliminary analysis. This normally

] on:

if not yet

calculate

),5 factors

accretion

oom rest

assumed

provides a

moves between well slots. Typically, the skid-base moves in only one direction while the derrick

shall be

The DES comprises the derrick, derrick substructure, skid base, and associated equipment that moves

with the derrick from well to well. Associated equipment typically includes rotary table, setback, and catenaries
(drag chains), and can also include items such as mobile mud and cuttings cleaning equipment.

NOTE 2

Provisions for drilling derricks can be found in API Spec 4F[22],

Details for the drilling operations at a specific platform (including the various configurations of moveable
and stationary equipment and materials) should be developed in coordination with project/asset drilling
engineers. Background information on drilling can be found in Reference [23].

© IS0 2024 - All rights reserved

64


https://standardsiso.com/api/?name=95ea0a5675f733e454e0568dc0bff4c0

ISO 19901-3:2024(en)

The reactions and connections details at the base of the derrick should be passed to the designer of the
derrick substructure and skid base. Subsequently the reactions and connections details at the skid base
should be passed to the topsides designer.

NOTE 3  This will ensure that forces are consistent across interfaces.

The possibility of uplift or collapse of the derrick structure should be assessed by the derrick designer.
Connections between components shall be designed for all conditions including abnormal seismic and
metocean conditions.

The consequences of impulse actions such as jarring and vibration due to drilling operations on SECE,
protective coatings, and similar sensitive materials and equipment shall be assessed.

10.8 Bridges
Bridges syipports shall be fitted with longitudinal, lateral or rotational bearings, arranged g both
— constfrain the bridge from movement relative to supporting structures, and

— minirpize the transmission of forces into the bridge from displacements of the'support points (including
statid and fatigue).

The locat{on, level and depth of bridge structures shall take due account, of potential hazards to helicopter
and supplly boat operations.

Where brjidges accommodate escape routes, enclosed fire-rated escape tunnels can be required.|Any such
escape tuhnels shall be explosion-rated for credible far-field explosion effects and suitably ventilated during
fires.

Bridges that accommodate escape routes shall be suitablysited, or protected from falling objects gnd debris
during acfident conditions, or both.

Bridges that can be subjected to explosion events and actions shall be provided with suitable resfraints for
both lategal and vertical action effects. Both initial action effects and rebound action effects shal|] be taken
into accoynt.

Actions, whether direct or indirect, applied to the bridge that can result in vibrations of the brfdge or of
equipmer]t and piping on the bridge shall be taken into account.

Where brjdge collapse is allowable 'during or after certain specified accidental events and actions|including
fire, the structural arrangement shall be such that the potential collapse modes do not endanger structures
and systemns that are required-to survive these events.

Local support arrangements shall be detailed to accommodate longitudinal movement, including thermal
expansion due to firesiifapplicable.

10.9 Bridge bearings

Bridge bearings shall be designed to accommodate all events and actions under all relevapt design
assessmentsituations:- At focations where Tetative movenent between bridge amd supportstructure is to be
accommodated, the following shall be included:

— fatigue and wear due to fluctuating actions and movements;

— maximum displacements in extreme, abnormal, and accidental design/assessment situations, including
the effect of displacements on assessed actions;

— maximum actions in extreme, abnormal, and accidental design/assessment situations;
— the most severe combination of both translational and rotational tolerances of the bridge supports;

— installation inaccuracies and tolerances.
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Design and fire protection of bearing systems shall take account of needs for inspection and change-out of
bearing components in service, including the provision of jacking and lifting points, as necessary.

10.10 Anti-vibration mountings for modules and major equipment skids

Where modules or equipment skids are supported on anti-vibration mountings (AVMs), these shall be
designed for the most unfavourable combination of actions and displacements in extreme, abnormal, and
accidental design/assessment situations, including fire.

Where the AVMs themselves cannot accommodate certain actions, supplementary guidance and restraint
systems shall be provided and these shall be dimensioned to withstand the same actions.

, ction and
change-ofit of components in service.

10.11 System interface assumptions

The design of the topsides involves complex interfaces with process equipment and.plant. Liaison with the
other technical disciplines shall be undertaken as part of the design process; in parficular, the asgumptions
made by ¢quipment suppliers about the behaviour of the structure shall be verified.

Interfaceg with significant potential to compromise structural design assuniptions, which can affgct design,
material dnd fabrication (welding), can include:

a) theldcation of continuous trough drains penetrating deck plate€an compromise lateral support of beam
flanggs;

b) unconptrolled attachments of minor equipment or utilitieS.to fatigue-sensitive structures can increase
poterftial fatigue damage;

c) penefrations in decks or walls can compromise menibrane action required to resist accidental actions;

d) the cfiticality of components of the topsides structure can depend on their interface with the process
plantfwhere the consequence of failure can result in the release of hydrocarbons and consequgnt fire or
explofsion;

e) complonents supporting plant or pipework can be exposed to extremely low temperatures from process
operdtions or blow-down in an emergency situation;

f) spillage of damaging fluids, for example liquid nitrogen, is likely to cause cracking of steel |plate and
undeflying supporting steelwork.

The design process shall'ensure that interfaces are monitored and the results of this process are clearly
recorded.

10.12 Fire protection systems

Fire prot¢ction is used to protect personnel and safety-critical structure and equipment from thefeffects of
heat for shfficient time to allow evacuation of personnel from the area Critical structure shall helidentified
and is likely to include any primary structure that cannot be shown to be structurally redundant, as well as
structures supporting walkways, decks and muster areas, etc. that can be used for evacuation.

Active fire protection (water deluge or foam spray) or passive fire protection — PFP (intumescent coatings
flexible jackets or fire-resistant panels) shall be specified depending on location and use.

Where active fire protection is specified, the effects of possible enhanced corrosion rates on structures
subjected to wetting during testing shall be taken into account.

Where the PFP can be wetted, the PFP shall be sealed to prevent water ingress and corrosion of the substrate.
Where PFP is likely to be wetted frequently or for long periods, the top (weather) coat shall be designed to
withstand such conditions.
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The PFP shall be designed to withstand the effects of any direct radiation to which it can be subjected, both
during normal or upset operating (blow-down) and accidental situations.

Where protection from pool fires and jet fires is required, PFP products shall be tested in accordance with
[SO 22899-1 or ISO 834-1 as appropriate.

PFP that produces toxic fumes in fires to an intolerable concentration shall not be used.

Coat-back lengths for secondary members attached to PFP protected primary members shall be determined
to avoid potential system weaknesses (see 7.9.2).

Further information can be found in ISO 13702.

10.13 P¢netrations

Penetratipns and access openings may be included in structural components provided the componegnt retains
adequate|capacity. Openings shall be included to allow access for inspection of the surrfounding ytructure,
includingfstiffeners and reinforcement, where necessary.

Where pdnetrations are required through safety critical barriers, penetrations shall be designed|such that
the perfoymance objectives of the barrier are not impaired.

Detailingfat penetrations shall minimise stress concentrations and corrosion-development.

The effecks of penetrations and cut-outs on both static and fatigue Strength shall be assessed.|Openings
may be prjovided with reinforcement (e.g. lips, single- or double-sidéd rings), as necessary, designed to carry
the internal forces around the opening. Alternatively, the reinforcement can be designed by reference to
experimehtal or numerical data.

10.14 Djfficult-to-inspect areas

Provision| shall be made at the design stage for accéssibility to all parts of the structure for ipspection,
cleaning @nd coating by appropriate positioningand detailing of structural components in relatjon to the
adjacent dtructure and equipment.

10.15 Drainage

Areas where ponding can occur shall'be minimized and adequately drained. Where there is a potential for
such areds to be fouled with oil,(ad€quate provision shall be made for drainage to a closed-drain system.
Arrangenjents for cleaning to eliminate or reduce any hazards to the environment and to health 3nd safety
shall be ihplemented before@ny discharge to the sea. In areas susceptible to freezing weather, the possibility
of ponding on decks and walkways shall be avoided to prevent slipping hazard.

10.16 Strength reduction due to heat

Any possjble reduction in the strength and stiffness of structures sited near heat-producing|facilities,
such as flarés.and exhaust ducts shall be aV01ded Where it is not reasonably practlcable to relocate the
vided and

the resultant effects on the structure taken into account.

10.17 Walkways, laydown areas and equipment maintenance

Walkways and access ways shall be designed to support an operational action for personnel access of 5 kN/
m? for the design of the grating or plating and for the design of the supporting structure, but the total
allowance for the operational actions due to personnel, their personal effects and hand tools need not exceed
1,5 kN per individual of the maximum number of persons on the platform.

If access is for inspection and repair, only walkways and access ways may be designed for 3 kN/m?2 (further
guidance is provided in A.7.2).
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In addition to the grating itself, the connections of sub-cellar deck grating to the supporting structure shall
be designed to accommodate wave loads and ensure the grating remains fully functional and in place under
the applicable design/assessment situations consistent with ISO 19900.

Laydown areas for the storage of containers and other equipment transported to the platform shall be
designed with sufficient capacity to support the functioning of the platform. The total laydown requirement
and arrangement is dependent on the size, functions and manning of the platform. A laydown control system
shall be operated to ensure that no laydown area can become inadvertently overloaded. Each laydown area
shall be designed to withstand impact from a dropped or swinging object, the impact energy of which shall
be derived from the lift height and the maximum capacity of the cranes serving the laydown area; it shall be
assumed that all the impact energy is applied at one point.

Maintenapce-areas-shall be provided adjacent-to any equipment likely to reguire hea maintenance. The
size and Wyeight capacity of the maintenance area depends on the nature of the equipment and thg size and
weight offany components that can be required to be removed and replaced.

All laydoyn and maintenance areas shall be clearly marked with signage to show the ntaximun} laydown
capacity gnd such information shall also be presented in the platform operating manual:

Heavy-dufty handrails should be used in laydown areas.

10.18 Muster areas and lifeboat stations

In additign to the uniform allowance for operational actions on walkways and access ways] a higher
allowancg¢ can be required at muster areas, lifeboat stations and ©ther locations at which perspnnel can
congregate during an emergency. The total operational action for‘personnel in these areas should allow for
at least twyice the number of persons for which the muster area, lifeboat station or other escape equipment is
intended.|Lifeboat supports should be designed to withstand the full capacity of the lifeboat davits or other
supporting system.

Dynamic mpact factor applied to the loaded weight of the lifeboat can be subject to regulatory reqyirements.

11 Materials

11.1 GeIeral

Most offshore platforms have topsides'structures fabricated from carbon steels and this practice i expected
to continpie. However, stainless (steel, aluminium, fibre-reinforced composites and timber havg all been
successfullly used in offshore sfructures.

ISO 19902 provides detailed requirements for structural steel for offshore use.

Where a few material<hat has not previously been used for a particular function is considered, |t shall be
carefully pvaluatedwith, as a minimum, the following issues being addressed:

a) strength,toughness, stiffness and durability;

b) behaviour at elevated
combustion products;

d and toxic
¢) behaviour at low service temperatures, if applicable (see ISO 19906 and ISO/TS 35105[24]);

d) resistance to environmental degradation, including various forms of corrosion;

e) compatibility with other materials (e.g. the risk of galvanic corrosion for a specific application);

f) consequential effects on other parts of the topsides, e.g. increased deflection resulting in higher pipe
stresses;

g) resistance to fatigue;
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maintenance requirements;
weight;

whole life-cycle cost;

certification.

11.2 Carbon steel

availability of material of consistent quality conforming to recognized standards supported by reliable

The selection of carbon steels for the topsides structures shall be in accordance with the requirements of
ISO 19902 _for materials

Two methods are presented in ISO 19902 for determining the steel specifications required-togdther with
associatefl welding, fabrication and inspection requirements. These two methods are referred’to 4s
— the nlaterial category (MC) method;
— the de¢sign class (DC) method.
For both methods, the requirements for welding, fabrication and inspection{ of carbon steel in [SO 19902
shall be fqllowed.
The lowept anticipated service temperature (LAST) shall be established taking into account all phases
(including construction) of the life of the structure.
NOTE Topsides to be installed in warm geographical areas whichare built in cold regions can have fabrication
and weldinjg problems.
For the nlaterial category method, the minimum strength\group and toughness classes for comgonents of
the topsides structure shall be in accordance with Tablé&8.
For the design class method, the minimum steel quality level (SQL, described in ISO 19902:2020f 19.6.3.2)
and inspgction category shall be in accordance‘with Table 9. Figure 6 to Figure 8 show typica] material
selection for topsides according to the designcclass method.
Table 8 — Material.category — Material selection for topsides
Toughness class?
Component location\in topsides Strength &
group MC1 MC2 MC3
Connectionsp to 50 mm thick I1 Cv2z Cv2z cvd
Connections greater than 50 mm thick 1l CV2ZXb CV2Ze cvad
Deck colujnns
) I Ccv2 CVlorC NT
Elsewhere (away from the connections)
I1 Ccv2 Cv1 Ccv1
I — NT NT
Chords II Ccv2 CV2orCV1 Cv1l
Deck truss$ Tt cV2 — —
. I CV2orCV1l | CV1orNT NT
Diagonals
I1 CV2orCV1 Ccv1 CVlorcC
a2 Where two toughness classes are given, the higher class should be used for tension structural components greater than
25 mm thick
b CV2ZXincludes mandatory crack tip opening displacement (CTOD) testing if greater than 50 mm thick.
¢ For connections greater than 75 mm thick, consider CV2ZX.
d  Specify steel with a low sulfur content below 0,006 %.
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Table 8 (continued)
Component location in topsides Strength Toughness class?
group MC1 MC2 MC3
i ) 11 CV2ZXb CVv2Z cvad
Flange at connections and panel points
11 CV2ZXb CVv2Z —
Girders I Ccv2 CV1orNT NT
Other flange, web, stiffeners 11 CvV2 CV1 CV1l
I1 Cv2 Cv2 —
fjrcgndary struc- Bracing and floor beams (redundant) III é\f; ll‘jz Ez
Crane pedestal 1l CV2ZXb CV2Z cvd
Lifting pojnts Padeye main plates and attachment points 11 CV2ZXb Cv2z cvad
a2 Wherg two toughness classes are given, the higher class should be used for tension structural components greater than
25 mm thidk
b CV2ZXlincludes mandatory crack tip opening displacement (CTOD) testing if greater than 50 mu.thick.
¢ For copnections greater than 75 mm thick, consider CV2ZX.
d  Specify steel with a low sulfur content below 0,006 %.
Table 9 — Design class approach — Typical minimum selec¢tion for topsides structurges
Joint/component Design class (DC) SSCL Inspectlog cptegory
Primary Structure
Lift-nodep (complex)
Butt weldp in tension 1 I AorH
Butt and ffllet welds in shear or compression C
Lift node$ (non-complex), support nodes and othernodes
Butt weldp in tension AorH
Butt and ffllet welds in shear or compression 2 tordl C
Columns pnd diagonals to lift nodes
Butt weldp ) I Aor}l
Butt and ffllet welds in shear or ¢ompression C
Cans & cohical transition 2 [ A
All other columns and diagenals
Butt weldp in tension 4 . B or (
Butt and ffllet welds in'shear or compression B
Cans & cohical transition 2 [ AorH
Deck stryctures
Plate Girder, Box Girder and Rolled beams 1n main gridlines Z Tor 11 AorB
Plate Girder, Box Girder and Rolled beams in other gridlines 4 I11 BorC
Crane pedestal and pedestal support 1 [ AorB
Flare chords and members 2 II B
Stiffeners 4 I BorC

NOTE For welds in tension, the most severe inspection category applies.

a2 SQLIto be selected when joint strength through-thickness ductility is required.
b Inspection category allocation shall be based on I1SO 19902:2020, Tables F.2 & F.3.

¢ Elements and connections sensitive to fatigue (e.g. rotating equipment supports) should have a DC2 and SQL I or II.
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Table 9 (continued)
Joint/component Design class (DC) SBCL InSpECthlbl category
Bulkhead connection to deck girders
Butt welds with high restraint and triaxial stresses 3 | 11 | BorC
Secondary Structure

Horizontal bracing/transverse
Butt welds BorC
Fillet and longitudinal welds * i C
Deck stryctures
Beams/Gifders/Transverse
Blast/Expllosion and Fire walls
Equipment and piping major support structures (>10 t)
Piperack 4dnd large pipe supports
Deck plat¢ and stringers

4 111 B or (
Lay-down|
In-deck tank support beams
Crane bogm rest
Walkwayg and Stair towers
Mezzaning decks and large access platforms
Equipment and piping minor support structures (<10 t) 5 II C
Runway Beams and lift lugs
work limifload >10 t 2 Torll AorH
work limifload <10 t 4 II B or (

Tertiary Structure

walkwayq & access platforms

5 v D-E
stairways] handrail, ladders

Installation aid structure

Seafasten|ng 2 lorll Aor}k
Spreader beam 2 [orll AorH
Grillage apd skidway 4 I B or (
Tuggerling padeyes 4 I C
Installatign bumper and guide 5 1Y D
NOTE For welds in tension, the most severe inspection category applies.
a  SQLItp be sélected when joint strength through-thickness ductility is required.
b Inspecfiomcategory allocation shall be based on I1SO 19902:2020, Tables F.2 & F.3.

¢ Elements and connections sensitive to fatigue (e.g. rotating equipment supports) should have a DC2 and SQL I or II.
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Figure 6 — Main deck - example
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fiffeners

Figure 8 — Node detail - example

inless steel

11.3.1 General

Stainless
However,

bteels generally exhibit excellent corrosion resistance and this is the main reason for their
these steels can be subjeCt)to corrosion under certain conditions although this can be n

by paying attention to grade sele¢tion and detailed design. The risk of galvanic corrosion of (

materials

The stain
steels. Th
corrosion

particularly with cdrbon steel, shall be taken into account.

Less steels used ‘effshore generally retain higher strengths at elevated temperatures th
y can also provide exceptional ductility and energy-absorbing characteristics. The avoi

as a struqtural material. Typical offshore applications include cable trays and ladders, ventilatio
floor pangls, fire'and explosion walls, ladders, walkways and module cladding.

Product gvailability, particularly for shapes, is such that greater use is made of cold-formed, 1

extruded

selection.
hinimized
onnected

hn carbon
Hance of a

allowancetand low maintenance requirements can lead to the economic selection of staimless steel

h louvers,

velded or

sections.

11.3.2 Types of stainless steel

There are many types of stainless steel and these fall into five main groups, classified according to their
metallurgical structure (i.e. the austenitic, ferritic, martensitic, duplex and precipitation-hardening groups).
Not all of these are suitable for structural applications, particularly where welding is required. The austenitic
stainless steels are the most useful group for offshore structural applications. The most common alloy used
is 17Cr 12Ni 2Mo steel (more usually referred to as 316 steel with the low-carbon variant 316L steel).

Austenitic steels can be strengthened by work hardening. Welding and heat treatments will partially anneal
such strengthened materials resulting in some loss of the strength enhancement.
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Compatible fastenings shall be selected to avoid corrosion problems. Bolting materials are covered in the

[SO 3506 series![23].

11.3.3 Material properties

The density of stainless steel is dependent on the properties of the alloying elements but may be taken as

8 000 kg/m3 for grade 316 steels.

As a first approximation, Young’s modulus may be taken as 195 000 N/mm?2.

Austenitic stainless steels have lower thermal conductivity, but higher thermal expansion than ferritic
steels including structural carbon steels The effects of differential thermal expansion shall be accounted

tainless-

..............

or
steel com ponents even where careful ]1gg1ng is used durlng fabrlcatlon
11.4 Alyminium alloys

11.4.1 General

Not all aluminium alloys are resistant to marine corrosion and careful material selection is

required.

corrosion|f when combined with other materials, including structural steels, stainless steels a

d copper

Appropriate alloys have excellent corrosion resistance in marine environments, but are liable t{ galvanic

alloys. Elgctrical isolation is generally required, often obtained by using insulating packers at conngctions to

carbon stgel.

The prop¢rties of aluminium alloys can be severely degraded by:welding and this shall be allowed|
design of connections.

Aluminium loses strength and stiffness rapidly when subjécted to heat.

Aluminium alloys have found successful applicatignis in the construction of living quarters
helidecks| crane boom rests and general decking.

11.4.2 Types of aluminium

The two fnost common types of alumjnium alloy used for offshore structures are the heat-treatj
series, specifically 6082, and the nen-heat-treatable 5XXX series, specifically 5083, which o
increased strength from work hardéning. Both materials are susceptible to loss of strength in
affected 7one of a welded connectien.

For welded structures, alloysshould be used in the annealed condition and should be selected from
with a strfength not exceeding 130 N/mm? at the specified 0,2 % strain.

Alloys with a strength-exceeding 130 N/mm? may be used for non-welded construction.

11.4.3 Material'properties

for in the

modules,

ible 6XXX
btains its
the heat-

materials

Typical pitoperties of aluminium alloys are as follows:

— density: 2700 kg/m3
— Young’s modulus: 7 x 104 N/mm?
— yield strength (6 082 alloy): 250 N/mm?2

— yield strength (5 083 alloy): 110 N/mm?

Aluminium has a high heat conductivity and specific heat. It melts at 550 °C and loses 50 % of its strength at

225 °C. Its thermal expansion is twice that of steel.
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11.4.4 Thermite sparking

Thermite (aluminium-iron oxide) sparking can occur when iron oxide (rusty steel) comes into contact with
aluminium. When thermite sparking occurs in combination with an explosive gas/air mixture it represents
a hazard with appreciable energy.

When aluminium is used for structural applications, the operations manual or other documentation shall
contain warnings and advice that precautions should be taken to prevent thermite sparking, and the
structure itself shall be labelled with warnings.

NOTE Thermite sparking is also called frictional sparking and incendive sparking.

11 5 Fi ra . rainforcead nalvuvmarce (FRDD)

e T CTIIIITUT CCOPUTYy IIICT O (1 IsL

Fibre-reifjfforced polymers (FRP) can be produced with a wide range of properties, including-high|strength.
A wide rapge of resin binders and fibres are used, and the technology has been developing rapidly,

Due to th¢ large variation in material properties, there is a lack of design codes or standards for uqge of these
materials|and their suitability is usually determined by type-testing to meet perforfmance criteria

FRP have[been successfully used in the production of floor grating, hand railing.and ladders, lightweight fire
and expldsion-resistant panels, and for reinforcement and repair of carbon steel sections.

FRP shalllbe assessed as an alternative to steel for floor grating, hand railing and ladders, lightweight fire
and explosion-resistant panels, and miscellaneous access platform.

Examplesd| of specific design and material aspects that can be uséd to assess and select FRP elements are
listed in 4.11.5.

In addition to the grating itself, the connections of sub-celar'deck grating to the supporting strudture shall
be designpd to accommodate wave loads and ensure the\grating remains fully functional and in plpce under
the applidable design/assessment situations consistentywith ISO 19900.

NOTE Grating at the sub-cellar deck or other lgwer levels of the platform can be subject to occasjonal wave
loading.

Primary ¢scape routes and access to safetyscritical active fire protection devices (e.g. water deluge or foam
spray) shall not use FRP grating.

For locations where FRP does not ‘satisfy the functional requirements, suitable steel componentjs shall be
specified.

FRP are [often electrically\non-conductive, and any conductive and metallic objects attached to FRP
ComponeIts should be independently earthed where necessary.

In fire conditions, FRP-can give off toxic fumes and the risks from such fumes shall be assessed.

11.6 Timber

The use oftimberin offshore topsides structures has genera been restricted tothe protection df weather
decks from dropped objects and damage from pipe handling. It has been found effective against dropped
objects when sandwiched between two steel sheets.

Because timber is generally flammable, a problem exacerbated by its ability to soak up hydrocarbon spills, it
shall not be used in confined hazardous areas.

Timber properties are highly variable and anisotropic. Design should be undertaken in accordance with
appropriate codes and standards.
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12 Fabrication, quality control, quality assurance and documentation

12.1 Assembly

12.1.1 General

The requirements for fabrication, quality control, quality assurance and documentation given in 1ISO 19902
shall be followed for steels, with the additional requirements given below.

Fabrication for all materials, other than welding, shall be in accordance with a national building standard for
fabrication that complements the design standard. Fabrication tolerances shall be compatible with design
assumptions. In some situations, tighter than normal tolerances are required and these shall be documented
on the drgwings.

12.1.2 Grating

Joints in grating shall occur only at points of support, unless other appropriate details-atre specifief.

12.1.3 Landing and stairways

Landing ¢levations and landings and stairway locations shall be withinn50 mm in plan of th¢ drawing
dimensiofis unless required to align with other access ways or equipment;.in which case the mismatches in
elevation fand alignment shall not exceed 4 mm.

12.1.4 Temporary attachments

Any temporary attachments to the topsides structure (including crane pedestals), such as scaffolding, and
fabrication and erection aids, can create a localized stressit‘aisers (even after removal) and should Qe avoided
where practicable. When these attachments are necessaty, the following requirements apply:

a) tempprary attachments shall not be removed by-hammering or arc air gouging. Attachments shall be cut
to 3 mm above parent metal and mechanically’ground to a smooth flush finish with the parenf metal.

b) attachments on all areas that are to be-painted shall be removed as above, prior to any painti:'lg.

oved and

c) attachments to aid in the splicingtof legs, braces, sleeves, piling, conductors, etc. shall be re
the syirface ground to a smoothflush finish.

d) the pprent steel shall be tested by magnetic particle inspection (MPI) following removal of tpmporary
attachments.

nt can be

b) the design of highly constrained joints should be avoided in order to minimise net residual stresses.

c) the use of automatic welding machines on large areas of deck plate or in the fabrication of girders or
grillages can significantly increase heat-induced distortion which can result in unacceptable deflections
in deck steelwork. Welding procedures shall be assessed for their potential to cause such distortion and
modified if necessary.

d) partial penetration and fillet welds shall be sized based on the tensile strength of the weakest element
connected to the weld unless sufficient ductility is documented.
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e) Fillet welds between webs and flanges may be designed equal to the shear capacity of the web unless
loaded attachments are welded to the flange (e.g. web to web connections and plate girder web to flange
connections).

f) in seam welds connecting different thicknesses, full penetration weld should be avoided by tapering at
1:4 or lower.

12.3 Fabrication inspection

The requirements for quality control and fabrication inspection shall be in accordance with the applicable
clauses of ISO 19902.

12.4 Quality control, quality assurance and documentation

The requErements for quality control, quality assurance and documentation, includingdraw

specificat

Drawings
informati
inspectio

All engin
available
topsides1
and the t
operation

12.5 Corxrosion protection

1251 C

The appljcation of coatings shall conform to the manufacturer’s recommendations and to an]

standard

12.5.2 Under deck areas

Splash zo
specified

ions, given in ISO 19902 shall be followed for the topsides structure.

and specifications shall clearly and unambiguously show the intention of the design.
pn shall be given to define the materials and any special construction methods, t
h requirements and operational constraints.

bering information necessary for the safe use of the topsides structure shall be mag
and transmitted to those personnel operating the platform~Such information shall
pbad plan defining the maximum carrying capacity of areas uséd for storage, access and ma

of the structures shall be identified.

patings

specified by the operator or by the designer.

he protection, such as monel'wrap, steel plate wrap, corrosion allowance, etc., shall be in
and shall cover not less'than the areas indicated on the drawings or in the specifications

12.5.3 IIssimilar materials

Where di
corrosion|

Fasteners

fering materials are used, the detailing of the connections shall be such as to avoic

for belted aluminium support structures and clamps for the helideck decking shall have

rings and

Sufficient
blerances,

le readily
include a
intenance

ptal maximum topsides weight. Areas requiring periodicsinspection to ensure the continued safe

I suitable

stalled as

galvanic

a) class

A4=80 bolts;

b) type 316 SS washers under both the bolt head and nut;

c¢) washers coated with a 2-layer PTFE coating with a minimum thickness of 20 pm;

d) corrosion protective paste of type Molycote P-40 or equivalent applied on the bolt threads and shank.

Dissimilar materials (e.g. stainless steel cable trays and aluminium helidecks) shall be segregated from each
other with non-metallic shims with a thickness of minimum 2 mm. The shims shall have sufficient creep
resistance to maintain dimensional stability under the loads from the bolted connection. The non-metallic
shims and washers shall have an excess protrusion onto the aluminium surface to ensure sufficient distance
to prevent galvanic corrosion.
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To prevent ingress of water, contact surfaces (including the bolt and rivet holes), shall prior to assembly be
cleaned and receive a sealing compound extending beyond the contact area.

12.6 In-service inspection, monitoring and maintenance of corrosion control

In-service inspection, monitoring and maintenance of corrosion control of topsides structure and structural
components shall be performed in accordance with ISO 19901-9.

13 Loadout, transportation and installation

The methodology for loadout transportatlon and 1nstallatlon shall be agreed between the de51gn fabrication,

transportg
The requi

Any strugd
the requii

tural components required for loadout, transportation and installation shall be‘designed
ements of this document in conjunction with all factors from ISO 19901-6.

D

ements given in ISO 19901-6 for loadout, transportation and installation shall be followed.

following

Installatigpn aids that are planned to be removed shall be designed taking into~account methods and

sequencesg

Requirem

The quay

for their safe and easy removal.

ents for removal of temporary attachments are provided in 12.1.4:

accounti

g appropriately for all structural stiffnesses and relative displacements.

soil, the barge grillage/structure and its supports as well as the structure itself shall be verified

Deflections of the topsides structure during pre-service (fabrication, loadout, transportation and injstallation
operationls) shall be evaluated for each relevant phase to yerify equipment and piping servicea
strength are in accordance with 7.8, 10.2.3 and:10.2.4. Simplifications from 10.2.1 may He applied.

structura

14 In-sq

ervice inspection and structural infegrity management

14.1 General

The requ
with ISO
topsides §

tructures given in 14.2.

14.2 Requirements applying to topsides structures

14.2.1 C
Corrosion

NOTE

prrosion protection systems
protection'systems shall be suitably maintained to retain their effectiveness.

Fownyahy parts of topsides structures, corrosion, rather than fatigue or accidental damage,

be the pr :Ilmpal cause of deterloratlon Topsides structures are generally protected by paint and coating

1CO 100090

pility and

rements for in-service inspection and structural integrity management shall be in corfformance
19901-9 for all topsides structure covered by this document, as well as the provisions applying to

s likely to
Eystems to

reduce the

TACC Ul COTTOSTOTT LDCC TOU T7JUZT"

14.2.2 Critical structures

Inspection frequency, inspection methods and access for inspection shall be determined for critical
structures as listed in 5.7 taking account of degradation mechanisms and other possible damage conditions.

14.2.3 Control of hot work (e.g. welding and cutting)

Hot work in-service to attach appurtenances, pipe supports, cable trays, etc., or to cut access holes, shall be
carefully controlled to prevent damage to the integrity of safety-critical parts of the structure. Hot work
shall be minimized as far as possible by considering possible future requirements at the design stage.
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14.2.4 Accidental events and incidents

Arrangements shall be made in drawing up the structural integrity management plan for the topsides
structure to inspect, assess and implement any necessary remedial measures and evacuation procedures as
quickly as possible after an accident or incident.

14.2.5 Change control

Any changes, or the cumulative effect of changes, that can significantly affect the actions on and structural
response of safety-critical structural components, or of the entire structural system, shall be assessed at the
planning and design stages of the proposed alterations. As-built inspections shall be undertaken to assess
the impact and extent of any potential modifications.
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Annex A
(informative)

Additional information and guidance

A.1 Guidance on scope

No guidanw fsoffered:

A.2 Gujdance on normative references

No guidarnce is offered.

A.3 Gujdance on terms and definitions

No guidance is offered.

A.4 Gujdance on symbols and abbreviated terms

No guidarpce is offered.

A.5 Gujdance on overall requirements

A.5.1 Copnceptual design

No guidarce is offered.

A.5.2 Codes and standards

General procedures for the design(ofi fixed steel structures were originally developed and docur
the Amerjican Petroleum Institute’in earlier versions of API RP 2A-WSDI26]which is only conce
componeits formed from cylindrical tubular sections. Topsides, however, are constructed from

structural sections so APL.RP/2A-WSDI2¢] provides little design guidance relevant to topsides. A
different [countries adopted a variety of national building standards to effect such designs, §
AISC 360{22 in the USA,the so-called “Eurocodes” in Europe and CSA-S16:19[14] in Canada. The
were natiiral, being the building codes for the countries concerned. Only one, however, has beer
adapted for offshore practice. This is ANSI/AISC 360-22, which was calibrated as AISC LRFDI2
API RP 2[A-LRED!28] with resistance factors derived for consistency with the reliability implig
CSA-S16:19H%Nwas calibrated against land-based steel building practice and the resistance fac

hented by
med with
W range of
5 a result,
.8. ANSI/
e choices
formally
/] against
it in APL
fors were

determin

A.5.3 Deck elevation

For fixed platforms, for jackups and for some floating platforms, a safety margin or air gap is

required

between the crest of the design wave (or design iceberg) and the lowest point (structural component,
equipment or fixing) of the lowest deck of the platform such that abnormal wave crests (or ice) do not
impinge on the deck or equipment. This is necessary since very large actions can occur if a wave hits the
deck. If there is insufficient deck elevation, wave (or ice) impact can reduce the reliability of the structure.
The determination of the air gap should account for uncertainty in water depth, structure settlement, sea
floor subsidence, sea level rise, storm surge and tide, and abnormal wave crest elevation (or iceberg shape).
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Further guidance is given in ISO 19901-1, ISO 19902, ISO 19903, ISO 19904-1, ISO 19905-1 and ISO 19906, as
appropriate.

A.5.4 Exposure level

No guidance is offered.

A55 O

perational requirements

No guidance is offered.

A5.6 D

For most

A5.7 C

esign physical environmental conditions

burposes a relatively simple wind model suffices (see ISO 19901-1).

ritical structure

No guidarnce is offered.

A5.8 A

ssessment of existing topsides structures

No guidarnce is offered.

A.5.9 Reuse of topsides structure

No guidance is offered.

A.5.10 Repairs, modifications and refurbishment

No guidance is offered.

A.6 Gu

A6.1 G

jdance on design requirements

pneral

The design of all systems of a topsidées should be undertaken by competent engineers and dra
appropridte training and qualifications that as a team has sufficient design and on-site experience

A.6.2 D

esign/assessmentsituations

No guidarce is offered.

A.6.3 Materials selection

Material
reference
etc.).

belection and fabrication of equipment packages supplied by specialist suppliers can u
d standards and specifications (e.g. derrick system, crane system, rotating equipment

ters with

e agreed
packages,

A.6.4 Structural interfaces

No guidance is offered.

A.6.5 D

A.6.5.1

esign for serviceability

Serviceability limits

No guidance is offered.
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A.6.5.2 Vibrations

A.6.5.2.1 Sources of vibration

Vibration control is best achieved during design. The specification of equipment so as to minimize out-of-
balance energy and the isolation of vibration at source by the use of AVMs at points of support should form
a part of the design philosophy. Where AVMs are specified the flexibility requirements and potential for
damage to services bridging between the equipment and topsides structure should be assessed.

Because of the complex interaction between structural components and various actions within a
topsides, the accurate calculation of the natural frequency of individual components is extremely difficult
(particularly so for torsional modes in open sections). Where an analytical solution is sought, the supporting
structure[should be designed to tave a naturat {[requency ngher tham or fower tham principat joperating
frequency with 20 %. Where this cannot be achieved, the amplitudes should be assessed andyshpwn to be
within acfeptable limits. A dynamic forced response analysis should be performed to satisfy reqiirements
for accelerations in various areas.

The majofity of resonant response can be avoided by conforming to the specified deflection limits| With the
possible gxception of the beams directly supporting large rotating equipment thatyis not isolated|by AVMs,
resonancg¢ can be identified by monitoring performance during commissioning“and controlled py locally
modifying stiffness or mass where any problems are identified.

A.6.5.2.2| Design limits on vibrations

ISO 263141, ISO 2631-2 and ISO 6897[29] present methods of deterthining, and guidelines on, the|effects of
vibration$ on personnel. Vibration can contribute to

a) motiqn sickness,
b) discomfort,

c) noise
d) health disorders, and
e) fatigye.

The accefjtable accelerations depend«emnthe duration of the exposure. With regard to comfort, accglerations
of less thgn 0,315 m/s2 are not likely to be uncomfortable and those in the range
0,315 m/42 to 0,63 m/s2 can be a'little uncomfortable. Further guidance from ISO 2631-1, ISO 2631-2 and
[SO 6897]29] should be followed' where expected accelerations are greater than 0,63 m/s2.

A.6.5.2.3| Long-period vibrations

The natufal period-limit of 1 s should restrict movements from occasional resonant response td platform
operationfs (drillihg’and crane operations). Where this cannot be achieved, the system should be analysed
to demorjstrate~satisfactory performance in both serviceability and limit-state conditions. In areas of

significarjtSeismic activity, lower natural period limits apply and an analysis should be performed unless
previous WWWW i TS -

A.6.5.2.4 Dynamic analysis and avoidance of resonance

No guidance is offered.

A.6.5.3 Deflections

The deflection limits in 6.5.3 are derived from EN 1993-1-1:2022 [13] but have been simplified. In EN 1993-1-
1:2022,[13] the intention is to limit damage to finishes, but the same values are appropriate to limit stresses
in pipework.
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To avoid disruptions to communications, rotation at the top of telecommunications masts should not exceed
0,01 rad. Microwave communications require particularly well-aligned dishes.

A.6.6 D

esign for strength

No guidance is offered.

A.6.7 D

esign for fatigue

Based on experience, a transportation duration above 21 days can result in significant fatigue damage.

Even if flare nodes are accessible for inspection and repair, a minimum fatigue partial damage design

inspectio

The fatig

1 or repair.

e partial damage design factors given in Table 2 have been modified compared to th

in ISO 19902 for the substructure. The change allows smaller design fatigue factors(ypp) f
topsides Jomponents, the table is better aligned with other industry standards such as Reference
0S-C101,[B11 NORSOK N-004[32] and also I1SO 19904-1. For components which can’tbe inspected, |
Yrp factoys are maintained. For other components, a split has been introduced bétween readily
joints and joints with restricted access. The design fatigue factors for acceSsible components
aligned with NORSOK N-004[32] and those not accessible for inspection o¥Fepair are similar t
ISO 19904-1.

A suitablg recommended practice for design for fatigue in cases wherxe the substructure standar

provide a

A.6.8 R

The robu
ISO 1990

Robustne|

Hequate guidance for some structural components of topsidés is DNV-RP-C203[33],

pbustness

btness concept is closely related to resisting and mitigating the effects of hazardous e}

5s is achieved by considering the abnormal and accidental design/assessment situa

evaluate fhe structural effects of hazards.

Ideally, al
in many

[l such likely hazards should bé identified and quantified by means of rational analyses.
ases, it is possible, based-on: experience and engineering judgement, to identify and r

quantify the most important hazardeus events to establish design/assessment situations. They wi
those fromn ship impact, dropped objects, explosions and fires.

The design should conform with ISO 19900, which uses the following approach:

— caref

1] planning ef’all phases of development and operation;

— avoidling the Structural effects of a hazardous event by either eliminating the hazard at soy
bypassingand overcoming the hazard;

— mini

— desig

ose given
r certain
30], DNV-
SO 19902
hccessible
ave been

those in

| does not

rents (see

) arising from accidental, abnormal and seisniic hazards, consequences of human error, and failure
of equipnient. Robustness is also important in the event of serious but unidentified fatigue damagg.

ions that

However,
basonably
| often be

rce or by

izing the consequences;

ning for each hazardous event.

Hazardous events should be assessed independently, with only one occurring at a time.

When the structural effects of a hazardous event cannot reliably be avoided, the designer has a choice
between minimizing the consequences (i.e. the consequences of losing a component due to a hazardous
event), or designing for the hazardous event (i.e. making the component strong enough to resist the resulting
actions). In the first case, the topsides structure should be designed in such a way that all primary structural
components and critical structure that can be exposed to hazards have redundancy such that the action
effects they carry can be redistributed within the topsides structure. In the second case, primary and critical
structure that can be exposed to hazards are made strong enough to resist the resulting hazardous event.
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Robustness requirements do not imply that all structures should be able to survive removal of any structural
component if no hazardous events are likely to occur. The starting point is a hazardous event that is more
unlikely to happen than the usual design situations, but not unlikely enough to be neglected. If there is no
hazardous event, then there is no requirement in relation to robustness.

A.6.9 Confirmation of execution of design requirements

A walk-down is not just a physical inspection of a topsides, but encompasses all the steps necessary to
demonstrate the adequacy of the components under assessment. These include the initial identification of
SECE, whether a structural component and its anchorages appear able to withstand the applied actions,
whether the component and its supports appear able to exhibit ductile behaviour under extreme actions,
and whether there are likely to be any interactions with nearby equipment or structures. The review of the
support SfTUCTUTes and access piatforms to eqUIpMent 15 based 0N KNOWIedge (rom previous expelience and
identification of possible load paths during different loading situations.

A.6.10 Corrosion control

No guidarce is offered.

A.6.11 Design for fabrication and inspection

No guidarce is offered.

A.6.12 Design for loadout, transportation and installation

No guidarce is offered.

A.6.13 Dpsign for structural integrity management

Further guidance can be found in NORSOK Z-001[341,

A.6.14 Design for decommissioning, removal and disposal

A.6.14.1 General

A detailed design or analysis is not specifically required for platform decommissioning and remgval, but a
conceptugl study should be carried-out to ensure no major or unusual problems exist and to deinonstrate
that a cos|-effective and environmentally sound method exists.

A.6.14.2 Structural releases

No guidarnce is offered:

A.6.14.3 Lifting appurtenances

Where lifting.attachments are removed, attention should be given to their reinstatement with¢gut undue
constraint on the removal schedule (i.e. avoidance of marine spread waiting while attachments are
reinstated). The method of lifting-attachment reinstatement should address possible load paths, with
attention being given to shear connections and avoidance of lamellar tearing.

A.6.14.4 Heavy lift and set-down operations

The dynamic factors associated with placing a module on a transportation barge in open seas can be greater
than those associated with their placement on a platform offshore or on the deck of the crane vessel (see also
ISO 19901-6).

© IS0 2024 - All rights reserved

85


https://standardsiso.com/api/?name=95ea0a5675f733e454e0568dc0bff4c0

ISO 19901-3:2024(en)

A.7 Guidance on actions and analysis methods

A.7.1 General

No guidance is offered.

A.7.2 In-place actions

During the design of a topsides, the structure is usually analysed and dimensions of components defined
before the design of the process plant and other equipment is completed. Usual practice is to use a weight
database that is updated periodically during the design process. Weight allowances and weight reserves
are included in the weight database to ensure that the structural design is sufficient for the weights at the

conclusio
as the de
reserves
database

Potential
an additid

N of the topsides design. These weight allowances and weight reserves are progressivel
ign matures. The values of G;, G,, @4, and Q, should include these weight allowanceés'a
intil the conclusion of the design. See ISO 19901-5 for further guidance on maintaining
hnd on weight allowances and weight reserves.

nal factor based on the potential variation of reactions due to shifts of the\centre of grav|

the envelgpe.

The asses
possibly ¢
of the we
ensure w

In the ab
statedin’

sment of existing structures can be required when the understanding of the weight
ue to the loss of original design data. In such cases, efforts should be made to improve t
ght database, for example by undertaking a weight audit, and by including weight alloj
bights are not underestimated.

[able A.1 (adapted from ISO 19904-1) may be used in the structural design of the topsides

Local action effects resulting from these actions should bé‘combined with the corresponding glo

effects fol

the structural components in question.

 reduced
hd weight
a weight

chifts of centre of gravity can be addressed by developing a centre-of-gravity.envelope and applying

ty within

s is poor,
e quality
vances to

ence of specific requirements, operational local actions (Q) for local, primary and global design

btructure.
bal action
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Table A.1 — Typical minimum local actions for topsides structure

Local design? Factor to be applied to distributed action
for
Area . . . . . . .
Distributed action Point action Primary designP Global design°®
kN/m? kN

Storage area q 1,5¢q 1,0 1,0

Laydown area q 1,5¢q f

Lifeboat platform 9,0 9,0 1,0 d

Area between equip- 5,0 5,0 f d

ment

Walkway,[stairway and |5,0 5,0 f d

platform

Walkway pnd stairway 3,0 3,0 f d

for inspection and re-

pair only

Roof acce§sible forin- [1,0 2,0 1,0 d

spection gnd repair only

q shall be ejvaluated for each case as follows:

— stofage areas for cement or wet or dry mud should be 13 kN/m? or pgH, whichever'isthe larger,
where,
p is the mags density (in kg/m3),

g is the accpleration due to gravity (m/s2), and
H is the stojrage height (m);

— layflown areas are not normally designed for less than 15 kN/m#:

fis equal tq either 1,0 or (0,5 + 3/4%5), whichever is the smaller, where 4 is the action area, expressed in square metref (m?2).

Wheel actipns shall be added to distributed actions where relévant (wheel actions can normally be considered actingon an area
of 300 mm|x 300 mm).

Point actiops shall be applied on an area 100 mm x 100-.mm, and at the most severe position, but not added to whee| actions or
distributed actions.

For actiongon floors in accommodation and office'séctions, see ISO 2103.
Handrails ghould be designed for 1,5 kN/m,acting horizontally.

a2 Desigr of deck plates and stiffeners:

b Design of deck beams and deck €olumns.

¢ Design of deck main structure (and substructure). Global action cases should be established based upon “Worst case”,
representafive variable action €ombinations, conforming to the limiting global criteria to the structure. For buoyant tructures,
these critefia are establishedby requirements to the floating position in still water, and intact and damage stability requirements,
as documented in the macine operational manual (MOM), considering variable actions on the deck and in tanks.

d  Allowdd to be igiiered.

A.7.3 Artion'factors

A.7.3.1 Design actions for operational design/assessment situations in still water

No guidance is offered.

A.7.3.2 Design actions for operational design/assessment situations with operating environmental
actions

Environmental actions can add to or subtract from still water actions. For the platform generally, operating
environmental conditions representing normal conditions, which occur relatively frequently at the platform,
can be defined by the operator.
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Some platform operations can be performed only in environmental conditions which are less than the general
operating conditions. The combination of the principal operational action with the lesser environmental
conditions which limit the operation could govern the design of parts of the structure.

NOTE 1

NOTE 2

Different operating environmental limits can be set for different operations.

Examples of operations that can be limited by environmental conditions include:

— drilling and workover,

— Crane

— Crane

transfer to and from supply ships,

operations on deck,

— deck4
— deckd

— helico

A.7.3.3

No guidarnce is offered.

A7.4 V
DNV-RP-(

For indiv

guideline

a) meml

b) meml
D
D/ <

wher

c) stres

A.7.5 Iy

In generall, the ultimate-strength of ductile structural systems is not sensitive to internal ford

imposed
internal
to deforni
deformat
establishe

dtressing ofyby deformation-controlled phenomena like uneven settlements. Internal f]

nd over-the-side working,
ccess, and

pter operations.

Design actions for extreme design/assessment situations

prtex-induced vibrations
205,361 References [37] and [38] provide information forlattice structures and exposed

idual cylindrical tubular structural components in<a* wind-sensitive structure, the
5 can be used to avoid the necessity for a rigorous analysis:

per length-to-diameter ratios not exceeding 40;

per diameter-to-thickness ratios should beless than 33, i.e.

33

b § is the member thickness;

b concentration factors atthe end connections of members should not be greater than 5.

i direct actions and vesulting forces (action effects)

deformations) ‘For ductile failure modes, the resistance is not affected by the initig

ations €an become important when subsequent loading is cyclic and can cause repeat|
on. In,such cases, it should be shown that the structure, after the initial plastic def]
sd stable condltlon after Wthh the cychng takes place in the llnear domaln This proces

pipework.

following

es due to
1 level of
prces due
ed plastic
prmation,
s is called

shake-doy

A.7.6 Metocean and ice actions

A.7.6.1 Wave, current and ice actions

A.7.6.1.1

General

No guidance is offered.
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A.7.6.1.2 Fixed platform

No guidance is offered.

A.7.6.1.3 Floating facilities

No guidance is offered.

A.7.6.2 Wind actions

National building standards for wind actions that are typically used with ISO 19900 include
EN 1991-1-4[2] and ASCE/SEI 7-22.[3] Other standards may also be applicable.

When usihg ASCE/SEI 7-22,[3] the additional guidance on wind actions provided in Reference [39}
used.

When gugt durations are not specified in the national building standard selected for wind-actions
in accordance with the type of structure and the nature of the structure’s response can be
ISO 19901-1.

For the mpst onerous wave loading condition, the wind actions are the companion values, which c
areductign in gust duration or wind speed.

A.7.6.3 [old region effects

No guidance is offered.

A.7.7 Seismic actions

A.7.7.1 [General

ic zones 0 and 1 (see ISO 19901-2), the design of topsides for earthquake actions remair
In areas where the design horizontal spectral acceleration for the extreme level earthquake does 1
0,10 g, thd design of fixed platforms for stormconditions generally produces substructures that are
to resist imposed seismic design conditions;module support frames, deck structure, and appurten
be exceptiions to the foregoing. For fixed platforms in these seismic zones, the ductility require
topsides qtructure may be waived and:the tubular joints designed only for the calculated joint force
of structyral component yield or buekling forces), provided the topsides structure meets the streng
requiremgnts using ground matifon characteristics established for the rare, abnormal level eg
(ALE). Hqwever, even though-the provisions do not require further earthquake analysis of the
structuref the designer shoild consider the seismic response when configuring the topsides str
providing redundancy and Tecognizing the implications of abrupt changes in stiffness or strength,
by applyihg engineeringjudgement in the design of structures of unusual configuration.

ion of the vertical overall platform response has been found to be a problem when th
periods of beamrs'or cantilever trusses are close to a vertical mode of the overall platform. Couple
can be nefessary in these circumstances.

should be

guidance
found in

an lead to

s limited.
ot exceed
adequate
ances can
ments for
S (instead
th design
rthquake

topsides
Licture by
as well as

e natural
1 analysis

The ELE requirements are intended to provide a topsides that is adequately sized for strength and stiffness.

This is to ensure that no significant structural damage is sustained. The ALE requirements are

intended

to ensure that the topsides has sufficient reserve capacity to prevent its collapse during rare, intense
earthquake motions with an annual probability of exceedance of 10~4. These rare earthquake motions can

result in inelastic behaviour and structural damage as long as there is no progressive collapse.

Additional guidance on seismic design is given in ASCE/SEI 7-22[3] and EN 1998-1[40],

A.7.7.2 Minimum lateral acceleration

A minimum lateral deck acceleration of 0,05 g for topsides on fixed platforms recognizes that the topsides

are a particularly sensitive part of the platform in that they are not designed for wave action
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requirement provides additional protection for inertial forces from accelerations due to minor vessel
impacts.

A.7.7.3 Equipment and appurtenances

The method of deriving actions for the seismic design for equipment or a deck appurtenance depends upon
its dynamic characteristics and the framing complexity. There are two analysis alternatives.

First, through proper anchorage and lateral restraint, most deck equipment and piping are sufficiently stiff
that their support framing, lateral restraint framing, and anchorage can be designed using static actions
derived from peak deck accelerations associated with the extreme level earthquake.

To provide-assurance that the equipmentorappurtenanceissufficiently stiff to meetthiseriterion, the
lateral arld vertical periods of the equipment or appurtenance should be very different from|the main
periods of vibration of the topsides structure. Additionally, the local framing of the deck that stpports the
equipmer]t or appurtenance should also be rigid enough not to introduce dynamic amplification pffects. In
selecting design lateral acceleration values, the increased response towards the corners,of the deck caused
by torsional response of the platform should be taken into account.

Second, ih cases of more compliant equipment or appurtenances - such as drilling and well [servicing
structureg, flare booms, cranes, deck cantilevers, tall free-standing vessels, unbaffled tanks with|free fluid
surfaces, [long-spanning risers and flexible piping, escape capsules, and wellhead/manifold int¢raction -
additiona] forces can be caused by dynamic amplification, or differential displacements, or bdth. These
forces can be estimated through either coupled or uncoupled analyses:

Uncouplefl analyses using deck floor spectra are likely to producéarger design actions on equipinent than
those derjved using a more representative coupled analysis, patticularly for more massive Compo]Eents and
those with natural periods close to the significant natural peridds of the overall platform. API RP 2A-LRFD[28]
and ASCH/SEI 4-16[41] describe coupled procedures, and unééupled procedures that attempt to a¢count for
such intefaction.

If coupled analyses are used on relatively rigid commponents that are modelled simplistically, the design

acceleratiﬁns derived from the modal combination procedure should not be less than the peak deck
accelerations.

Walk-down inspection by experienced personnel of equipment and piping on existing platforms |n seismic
areas car] identify equipment and pipework supports that should be improved (see 6.9). The agldition or
deletion qf simple bracing, or supppxts, or both, can significantly improve the behaviour of equigment and
pipework|during an earthquake.

The use df higher partial action/factors can be appropriate for designing deck supported structyres, local
deck franping, equipmentsupports, and lateral restraints under ELE actions. Higher partial actipn factors
are intended to providean ddditional margin of safety in place of performing an explicit ductility apalysis. In
areas whgre the ratig of rare, abnormal ground motion intensities to extreme level ground motion iptensities
isknown fo be greatef than 2,0, adjustment to partial action factor can be appropriate. In addition, for certain
equipmerlt, piping;appurtenances or supporting structures, the use of different (i.e. higher) partial action
factors fof the ELE or a full ductility analysis can be appropriate, depending on the component’s apticipated
performahce,under abnormal earthquake ground motions and the degree of redundancy, consequences of
failure ant/orcharacteristics of theretatturgy-

A.7.8 Actions during fabrication, loadout, transportation and installation

Damage to intumescent PFP can be caused due to deflection and deformation during loadout, transportation
and installation. PFP vendors can provide deflection limits that, if exceeded, can result in damage to the PFP.
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ctions due to accidental hazards

General

The capacity of the topsides structure is designed, as a minimum, to limit the risk of harm (life-safety,
environmental and business) to a tolerable level, provided the risk is also ALARP and in addition, to a risk
level as low as reasonably practicable. Robustness and inherent safety are important design considerations.
Provision of adequate structural strength and a ductile structural response provide an inherently safer

design of

critical structure than where critical structure fails in a brittle manner.

Structural engineers designing for accidental events typically have knowledge of the following design
approaches (EN 1990:2020[43] Clause C.3 and ISO 2394[1):

— semiJ[Jrobabilistic design (such as partial factor approach);

— perfo

— risk-i

mance-based design (i.e. simplified reliability-based design);

hformed design (design situations where both the uncertainties and the consequences a

common ranges).

ISD of top

a) elimi
hazai

b) subst]
recog
c¢) mode
impa
d) miniry
durat

side facilities uses the following strategies:

hate or avoid - eliminates risk of harm by eliminating the hazards‘er'removing the expos
ds by design;

itute - reduces severity of harm by replacing hazardeuis) materials with safer mate
nize other trade-offs);

't of a release of hazardous material or energy;

ion of exposure;

e outside

lire to MA

rials (but

rate — reduces severity of harm by using less hazardous conditions, or facilities that mirjimize the

hize — reduces probability of harm by reducing the hazardous inventories or the frequency or

e) simplify - reduces probability of harm by-geducing complexity and make operating errors lesq likely.

The resid

1al risk of harm following ISD is(further reduced by barriers as shown in Figure A.1.

PreventiT barriers prevent occurrence of MAs or reduce their likelihood of occurrence.

Mitigatio
from MAS{

barriers limit the extent and duration of any MAs that occur and/ or limit the severit
that occur and allow effective emergency response.

y of harm
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——[ eliminate hazards where possible by ISD

!

reduce severity of harm by ISD ]

!

reduce probability of harm by ISD

!

apply passive (hardware) barriers

!

apply active (hardware) barriers ]
J

. —

Certain Ig
subject to
be scrutiy

Where ern
than that
reduce th

A range d

have manE potential sources of gasileak and ignition, different detection equipment and different

to detecti
explosion

A.7.9.1.1

No guidarnce is provided.

A.7.9.1.2

!

[ apply procedural (human) barriers ]

are ISD goals
achieved, risks tolerable
and minimised?

[ design finalised ]

Figure A.1 — ISD and barrier steps for risk-based design

cations of the deck, such as crane loading areas and areas near the drilling rig, are li
dropped and swinging objects. The locatipfi’of equipment and facilities below these are
ised so as to minimize potential damage.from these causes.

vironmental protection is a particular priority, the required fire endurance can be my
required for personnel escape (life:safety). In such instances, mitigation can involve mg
e blow-down time of systems containing hazardous inventories.

f hazardous events for each*accidental hazard should be evaluated. For example, gas €

n (e.g. deluge on gas detection); all these can affect the location, magnitude, and probal
The explosion hazard curve defines the annual probability of exceedance of overpressu

Accidental hazards

kely to be
as should

ch longer
asures to

xplosions
responses
ility of an
Fe.

Design for accidental events

No guidance is provided.

A.7.9.1.3

Intensity of hazardous event

If a risk-based approach to the assessment of major hazards is adopted, the risk can be expressed as a
frequency of exceeding a certain level of consequence per annum. The risk calculation requires:

a) a hazard curve (i.e. the probability of exceeding a given intensity measure of the hazard). Examples
include the frequency of exceeding a certain blast overpressure at a certain location per year (e.g. at the
TR or blast wall or other SECE); or the frequency of exceeding a certain fire size per year at a location
of a SECE after a certain time of exposure; or the frequency of exceeding a certain level of damage per
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year. The location is typically chosen to be the key SECEs of interest that are required to meet a certain
survivability criteria. The results are project and layout specific and cannot be copied to other cases.

A vulnerability curve (i.e. the level of consequence conditional on a hazardous event of given intensity
having occurred).

A.7.9.2 Structural design for fire hazards

A.7.9.2.1 Fire design situations

The factors relevant to the assessment of the effects of a fire include

the fi
theh
the p

the clharacteristics of any fire protection systems (active and passive).

The fire s
between

The locat
while the
and equip
engulfed.

The heat
calculate

unprotected components engulfed in flames is dominated by convection and radiation effects, wh
temperatfire of protected components engulfed in flamies is dominated by the thermal conductiy
insulating material. The amount of radiant heat arriving at the surface of a component is determi
a geometfical configuration or view factor. For engulfed components, a configuration factor of 1,0

The therrhal and mechanical properties of the'structural materials at elevated temperatures are
The therthal properties (specific heat, density and thermal conductivity) are required for the c

€ SCenarto, mctuding durationr,
bat flow characteristics from the fire to unprotected and protected steel structuralcomp

roperties of the material at elevated temperatures, and

cenario establishes the fire type, location, geometry, and intensity. Thefire type will d
h hydrocarbon pool fire, a hydrocarbon jet fire, or other, generally less significant, typ
on and geometry of the fire determines the relative position of the heat source to the
intensity (thermal flux) determines the amount of heat emanating from the heat source.
ment engulfed by flames are subjected to a higher rate of thérmal actions than those th
The fire scenarios can be identified during process hazard analyses.

of the ma
modulus)

Actions induced by thermal expansion or contraction can be significant for highly restrained co

and shou
cooldown
P-A momé
structure

A.7.9.2.2

Calculatig

to determine the temperature of each component as a function of time. The tempg

are used to verify that the original design still meets the strength and serviceability requ

phase. Also, gravityinduced deformations can continue after the fire event thus incré
nt which can lead to collapse. Continuing the analysis to simulate the post-fire responsg
becomes stable'or collapses can be used to obtain the total endurance time

Fire actions

n methods for the temperature of topsides structure in a fire include:

onents,

stinguish
es of fire.
structure,
Structure
at are not

flow from the fire into structural components (by>rradiation, convection, and condpction) is

rature of
ereas the
ity of the

ned using

is used.

required.
hlculation

erial temperature. The mechanical properties (expansion coefficient, yield strength and Young'’s

irements.
mponents

d be taken into account! Contraction of members can result in connection rupture during the

asing the
e until the

statis
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empirical models;

zone (phenomenological) models;

comp

utational fluid dynamics (CFD), or

field models[44]-

Empirical models can yield accurate and reliable predictions provided that conditions are similar to those
in the underlying experiments. Examples of empirical models are the standard temperature-time curves
for cellulosic fires and hydrocarbon fires. Zone models represent more of the governing phenomena, but the
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equations are limited to one dimension (the equations express the conditions in each zone and the fluxes
present on the boundaries between the zones). Neither the empirical nor the zone models have the capability
to model and predict the combustion process. CFD models analyse the problem in three dimensions, in
either a steady-state or transiently, by applying basic principles such as conservation of mass, momentum
and energy, supplemented by models for turbulence generation and dissipation, soot formation and the
chemical reactions associated with the combustion. Suitable models for fire prediction are applicable for
well-defined fuels or burning materials such as gas and oil, but less suitable for materials for which the
combustion process is not well established (e.g. wood, building materials, etc.) The outcome of a CFD analysis
is, in this context, radiative and convective heat flux to surrounding structures, and also smoke production
and movement.

CFD analysis provides the most fundamental understanding of the processes involved and has the greatest
potential pputts—verychattenging-withrrespecttobothrdenmardfor computer resources—ammdmathematical
modelling. Significant progress has been made in recent years and the scope of successful\application
expands. [Simplified methods and FEA can be used where appropriate. Where PFP is applied| rigorous
modelling of a numerical solution can be computationally challenging due to the thermal properties of the
structurall material and PFP differing by an order of magnitude, and limitations of available PHP data to
simulate fhermal properties. An equivalent heat transfer coefficient can be used to)simplify the process
using fire[test results and or certification data.

Exampleg of the effects on the stress/strain characteristics of ASTM A36/A36M[42] and ASTM A633/
A633MI49) Grade C and D steels at elevated temperatures are presented in Table A.2 (see Reference|[102]) for
temperatyires in the range 20 °C to 1 200 °C.

The interpretation of these data to obtain representative values of temperature effects on yield strength
and Young’s modulus should be performed at a strain level consistent with the design approach usgd:

— for a flesign approach that does not permit some permanent set in steelwork after the fire loagl case has
been fremoved, a strain of 0,2 % should be assumed;

— for a|design approach that allows some permanent'set in steelwork after the fire load case|has been
remoped, higher values of strain can be appropriate (0,5 % to 1,5 %).

At temperatures above 600 °C, the creep behaviour of steel can be significant and should be thken into
accountlé}

This docyment does not include any thermal data for other structural materials (see Clauses 10 and A.10).

Table A.2 — Yield strength reduction factors for steel at elevated temperatures
(ASTM A36/A36MI[43] and ASTM A633/A633MI4¢] Grades C and D)

Templerature Strain Strain Strain Stralin
°C 0,2% 0,5% 1,5% 2,0 o

100 0,940 0,970 1,000 1,090

300 0,847 0,946 1,000 1,090

300 0,653 0,854 1,000 1,090

400 0,600 0,798 0,956 09711

500 0,467 0,622 0,756 0,776

600 0,265 0,378 0,460 0,474

A.7.9.2.3 Transient heat transfer analysis

The flow of heat from the fire into the structural component (by radiation, convection, and conduction) is
calculated in a transient heat transfer analysis. The analysis can be performed by

— simplified methods (see EN 1993-1-2[48]), or

— finite element analysis (FEA).
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The thermal properties of the structural material, specific heat, density and thermal conductivity are
required for the calculation of its temperature. Temperature-dependent properties or equivalent constant
values can be used (see EN 1993-1-2[48]), Internal radiation from warm to cold surfaces should be evaluated
for hollow sections and open sections with significant mutual-view factors. The effect of PFP should be
included in the transient heat transfer analysis. Rigorous modelling of PFP is numerically difficult, due to very
different thermal diffusivity of PFP and the structural material and the often-complex physical behaviour of
the PFP. Instead, the performance of PFP can be described by an equivalent heat transfer coefficient. The
equivalent heat transfer coefficient can be derived from fire-proofing tests. It depends on the product used,
is thickness-dependent and represents the average protection offered by the PFP (regardless of the physical
processes involved) in the steady-state condition. The type of PFP and the thickness of application are
specified for both the type and intensity or the fire and the duration for which the PFP is designed to remain
effective; if the fire is still burning after this duration, the PFP should be assumed to be ineffective.

Large strpins can be acceptable where permanent deformations can be allowed. For a componlent—based
design approach, the effective yield strength can, for carbon steel, be taken as equal to the yield sfrength at
2,0 % strgin. In nonlinear FEA-based design, in place of more accurate values, the yield strength should be
assumed fonstant from 2 % strain up to the ultimate strain limit.

A.7.9.2.4]| Creep

At temperatures above 600 °C, the creep behaviour of steel can be significant:The yield strength freduction
factors implicitly take some degree of creep into account. If fire duration.is relatively short, the explicit
evaluatiof of creep may be omitted in most situations. However, if a vital)compression component in a non-
redundanjt structure is close to its critical temperature for a subsfantial time (significantly lajrger than
20 min), the effect of creep should be explicitly evaluated.

Structurall analysis can be performed on different structural ecemponents or systems including
— indivjdual structural components,

— subagsemblies, or

— an enfire system.

The assessment of action effects and mechanical response due to fire should be based on either
a) simple calculation methods applied to individual structural components,

b) nonlipear FEA, or

¢) aconjbination of simple ardynonlinear methods.

Simple calculation methods,‘can give overly conservative results. Nonlinear FEA allows simulatjon of the
fundamental processestin a realistic manner. Assessment of individual structural components py means
of simple| calculation,methods can, for example, be based upon the provisions given in EN 19p3-1-2.[48]
Assessment of ultimate strength of carbon steel is not needed if the steel maximum temperatur¢ does not
exceed 4(0 °C.

A.7.9.2.5| Nonlinear finite element analvsis for response to fire actions

A.7.9.2.5.1 General

Structural analysis methods for nonlinear ultimate strength assessment can be classified as:
— distributed plasticity formulation, or

— lumped plasticity formulation.

Distributed plasticity represents nonlinear material behaviour at a fibre level. Lumped plasticity represents
nonlinear material behaviour by closed-form solutions for interaction equations for cross-sectional forces
and moments.
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A.7.9.2.5.2 Material modelling of carbon steels

In stress—strain-based analysis of carbon steel structures, the temperature-dependent stress-strain
relationships given in Reference [6] or EN 1993-1-2[48] may be used.

For stress-resultant-based design, the temperature reduction of the elastic modulus may be taken from
EN 1993-1-2.[48] The yield strength temperature reduction can be taken as equal to the yield strength at 2 %
strain (see Table A.2).

A.7.9.2.5.3 Initial out-of-straightness

In nonlinear FEA, the model should contain an initial out-of-straightness of members of sufficient magnitude
to trigger A1l alayzan tlaocaland olobal foiliien o dncthat o bhacaan crti o] Qoo bl At A fF “”aightness

TIT T CICVOTIIT 10O oIt STODTT rairal CIotTo oot Tl oCCoOTICCrrortan ot oo oot oot

can be infroduced by distorted coordinates or induced by functional actions. Eigenmodes detefmined in
linear bu¢kling analysis do not necessarily provide sufficient imperfections for all requiréd, fodations. In
place of njore accurate information, the out-of-straightness should be taken as

— 1,0 tines fabrication tolerance levels if cross-sectional temperature gradients are-accurately imulated,
or

— 2,5 times fabrication tolerance levels if cross-sectional temperature gradients are not gccurately
simulated.

The initidl out-of-straightness should be applied on each physical structiiral component. If the cpmponent
is modell¢d by several finite elements, the initial out-of-straightness.should be applied as displaded nodes.
The initidl out-of-straightness should be applied in the same diréetion as the deformations cauged by the
temperatyire gradients. Alternatively, a small lateral load (e.g:a.fraction of wind load) can be applied to
vertical miembers to introduce imperfections.

A.7.9.2.54 Local cross-sectional buckling

If shell mpdelling is used, it should be verified thatthe software and the modelling is capable ofgredicting
local buckling with sufficient accuracy. If necessary, local shell imperfections should be introduced in a
similar mpnner to the approach adopted for lateral distortion of beams in A.7.9.2.5.3.

If beam nfodelling is used, local cross-sectional buckling should be explicitly evaluated.

In place [of more accurate analysis;*cross-sections subjected to plastic deformations should satisfy
compactrjess requirements:

— Class|1: locations with plastic hinges (approximately full plastic utilization);
— Class|2: locations withZyield hinges (partial plastification).

If this criterion is net satisfied, the effects of plastic deformations should be explicitly evalupted. The
strength Will be rédiiced significantly after the onset of buckling but can still be significant. A corjservative
approachfis to remove the component from further analysis.

Compactness requirements for Class 1 and Class 2 cross-sections can be disregarded providedl that the
component develops a significant membrane tension as It undergoes 1inite displacements.

A.7.9.2.5.5 Strain limits

The ductility of beams and connections increases at elevated temperatures compared to normal conditions.
Limited information exists. In place of more accurate analysis, the provisions given for structural
components subjected to explosions should be followed in addition to the following.

a) Tensile members

In place of more accurate analysis, an average elongation of 5 % of member length for a reasonably
uniform temperature may be assumed unless shown to be higher through tests. Local temperature

© IS0 2024 - All rights reserved

96


https://standardsiso.com/api/?name=95ea0a5675f733e454e0568dc0bff4c0

ISO 19901-3:2024(en)

peaks can localize plastic strains. Using critical strains for steel under normal temperatures is generally
considered conservative. Triaxiality factor adjusted membrane strain limits can be applied for a refined
assessment[49]-

b) Conn

ections

In place of more accurate calculations, the strength of the connection at a temperature 6 may be taken
as in Formula (A.1):

(A1)

Rg =ky 6 Ry
where
Rf  isthe strength of the connection at the maximum temperature, 6;
R is the strength of the connection at normal temperature;
klp istheyield strength reduction factor for the maximum temperature, 6{in the conne

A.7.9.2.5,

In view @
response,
actions af

functionall actions, it can be considered that the structure has.sufficient global resistance again

effects. In
NOTE

For the 6
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6 Accuracy of fire thermal and response analyses

f the uncertainties implicit in the fire process, the transient-heat transfer and the m
the robustness of nonlinear FEA calculations should be_checked by increasing the f
the most critical time during the fire. If the structure remains intact for a 10 % incre

other cases, a more rigorous analysis, such as elasto:plastic, should be undertaken.
Other criteria can be governing.

lasto-plastic method, a maximum allowable ‘temperature in a steel component is de
the stress level in the component prior te the fire, such that, as the temperature incr

performed to verify that the structure does not collapse and still meets the serviceabilit]

Fire mitigation

nt of a fire, the consequénces can be mitigated by active and passive fire protection s
at the maximum allowable component temperatures are not exceeded for a designatg
b and passive fire protection systems can also inhibit escalation of a fire. The designat
fion should be based on either the fire's expected duration or the required evacuatig
[ is shorter, andis‘used to specify the materials and thicknesses of application.

brials comprise various forms of fire-resistant insulation products that are either
individual/structural components or are used to form fire walls that contain or exclude]
lentsjsescape routes and safe areas. Ratings for different types of fire protection are
ng using a set time-temperature heating curve and are presented in Table A.3. These r

ction (see

echanical
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hse of the
bt the fire

termined
pases, the
" analysis
y criteria.

ystems to
d period.
ed period
n period,

used to
fire from
obtained
htings are

applicabl

te’PFP materials subject to pool fires

Particular attention should be given to the application of PFP materials for jet fire service (see ISO 22899-1).

It has been a common practice to apply PFP also on the secondary stiffeners from the joint to a certain
length. Coat-back analysis should be performed to determine the minimum coat-back length (protection
given to components that can be exposed to the fire but that are not primary structure, measured from
the connection with the primary component). The extensive application of coat-back can be very costly and
tedious process. Particular attention should be given to ensuring adequate protection to beams supporting
gratings and to the supports to SECE[201[51][52][53],
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Table A.3 — Summary of fire ratings and performance for fire walls

Period required for stability and . . . .
. . . Period required for insulation
. integrity performance to be main- C .
PFP rating? tained performance to be maintained
min min
H120¢ 120 120
H60 120 60
HO 120 0
A60 60 60
A30 60 30
A15 60 15
A0 60 0
B15P 30 15
BOP 30 0

a2 The clgssification system consists of two elements. The first element is a designation of the type©ffire: “H” for a hydrocarbon
fire; and “4” and “B” for cellulosic fires. The second element describes the required minimum pretection time, in mjnutes. The
intensity of the “H”, “A” and “B” fires are described in Reference [4] and ISO 834-1.

b A “B” rpting is not commonly used on offshore platforms, except on some occasions with-acCommodation units. “Bf’-rated fire
barriers arf not required to prevent the passage of smoke.

¢ Some ¢lass societies and PFP vendors use different notation for pool fire rated PEP to indicate less than 120 njinutes fire
rating and p maximum steel core temperature of 400 °C.

Active fire protection can be provided by water deluge, foam and;in some instances, by fire-suppressing gas
that is delivered to the site of the fire by dedicated equipmeritpre-installed for that purpose. Hoyever, the
effect of dctive fire protection systems on jet fires is known o be limited and no credit is typically taken for
those cases.

Maintaining stability and integrity requires that th&”passage of smoke and flame be preventefl and the
temperatfire of load-bearing components not exceed 400 °C. Higher steel core temperatures can bg justified
through fanalysis for assessment of existing, structures. Maintaining insulation performancel requires
that the gverage and maximum temperatur€ rise of the unexposed face be limited to 140 °C ard 180 °C,
respectively, for the specified period.

A.7.9.3 PStructural design for explosion hazard

A.7.9.3.1| General

For the ipitial and concéptual design stage of a project, overpressures, and impulses in certjain areas
on a plafform can bg)estimated using the simplified computational fluid dynamics (CFD) apalysis or
phenomenological medels by competent engineers. The effects of likely interaction between |explosion
actions and the response of the structure should be evaluated. These can include the effects of deformation
or other thovement of the equipment and structural components when opening up vents, producihg impact
or shock lpading, increasing local actions, load shedding, load redistribution and displacement and dynamic
amplification, for example.

A.7.9.3.2 Explosion actions

Drag actions are caused by explosion-generated wind from the flow of air gases and combustion products
past an object, produced either from unburned fuel mixture being pushed in front of the blast wave, or
burned gas following behind. The drag actions on small, isolated obstacles (e.g. pipes up to 0,3 m in diameter)
are a function of gas velocity squared, gas density, drag coefficient, and the cross-sectional area of the object
being analysed. Critical piping, equipment and other items exposed to explosion wind should be designed to
resist the predicted drag actions.

References [54], [20] and [55] provide further background on structural design of piping and equipment
subjected to vapor cloud explosions.
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In the case of larger obstacles and grouped obstacles, drag actions can be increased by other effects such
as inertial effects in an accelerating flow, turbulence, vortex-induced vibrations and flow stagnation at high
Mach numbers. In such circumstances, actions should be calculated directly by computing the pressure
differential between upstream and downstream sides or by using drag coefficients that suitably account for
these factors[20][56].

In addition to directly applied explosion actions, concurrent actions such as self-weight and variable and
operating actions should be applied to the structure. Environmental actions may be neglected in an explosion
analysis. Any mass that is associated with in-place actions should be included in a dynamic analysis.

Congestion due to small structural components, piping and equipment can be a significant factor. Explosion
pressures and the nature of the explosion's behaviour cannot be accurately assessed without accounting for

representative congestionin the geometry model used to :\n:\]ycn the fnpcir‘]nc concept All pipin down to

25 mm in|diameter and small structural components should be represented in such studies.

A.7.9.3.3| Overpressure time-history

Explosior] actions result from increases in pressure due to expanding combustion pfeducts. Thefe actions
are chararterized by a simplified pressure-time curve; an example is given in Figure 2. Explosions actions
can govern the design of many components such as explosion walls, floors, and roofs. When simpliifying the
pressure-time curve, the important characteristics should be maintained. Such characteristics iiclude the
rate of pr¢ssure rise, peak overpressure and the area under the curve. For dynamic or quasi-staticjactions, it
can be nefessary to include the negative pressure portion of the curve.

A.7.9.3.4| Structural response analysis

A.7.9.3.4]1 General
The strucftural response to explosion actions can be determined by:

— simple calculation models based on SDOF analogies’and elasto-plastic methods of analysis (see]A.7.9.3.5),
or

— nonlihear dynamic FEA (see A.7.9.3.4.3).

Analysis pf design situations based on an”SLB are much easier and quicker to perform in a pro¢ject time
scale thajp an assessment to DLB, and\design change and evolution can be handled more easily.|A further
advantageg is that the code check aspett of an SLB assessment is an effective screening tool for all components
of the strificture, which will not necessarily be matched by nonlinear FEA. Therefore, an SLB assespment is a
recommehded step for all structure designs.

In design|situations basedZon an SLB, the structure should not be permanently damaged by an ¢xplosion;
however, the ultimateaceéptance of the topsides structure should be based on the DLB.

The ultimlate acceptance based on the DLB should demonstrate that

a) there|is no'sudden or progressive collapse of the overall topsides structure,

H 0 3z Iza 2T [« WAl n e—laxz Lot o dC1] 1o aaad o laxat: o £ +1
b) theI‘C TS IO CACCS STV COaTiTagC—tO- oL GL, ChEr Oy lllllltl TS u\,AA\,\.tluuo arrt— aCCCICT atluu OT tu\, otructure

(avoidance of escalation potential), and

c) thereis no structural damage that significantly affects subsequent fire endurance.

For SLB design situations, SDOF analysis or quasi-static analysis are typically performed, using a linear FE
model, controlled by code checks to ISO 19902 or the national or regional building standard.

For DLB design situations, SDOF methods can still be applied, providing that ductile deformation limits can
be determined for the structural components and an overall characteristic load-deflection curve can be
established for the topsides structure. For ductile deformation limits, literature references based on test
data can be used, where available.
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It can be difficult to determine the ductile deformation limits and overall characteristic load-deflection
curve for complex structures, hence nonlinear FEA is often applied for a DLB assessment.

The type of structural analysis to be performed should be based on the nature of the explosion and the
duration of the explosion pressure pulse relative to the natural period of the structure or component. Low
overpressures can be satisfactorily modelled with a linear-elastic analysis using factors to account for
dynamic response. High overpressures can require more detailed analysis incorporating both material and
geometric nonlinearities. The complexity of the structure being analysed will determine if a single- or a
multiple-degree-of-freedom analysis is required.

If nonlinear dynamic FEA is used, all major effects described in A.7.9.3.4 and A.7.9.3.5 should either be

implicitly covered by the modelling adopted or be subjected to particular attention, whenever relevant (e.g.
local buck ]lhﬂ' finite r‘]nr‘hllfv cfrnnofh of connections interaction with ndmr‘nnf cfrnr‘hn‘n\ The choice of

FEA tool type e.g. exp11c1t/1mp11c1t program should be appropriate to the problem being studled

A.7.9.3.42 Dynamic analysis

The presqure-time curve generated by a CFD analysis as part of the assessment process in 7.9.3 and A.7.9.3
can be applied to the structure or structural component to model more precisely theeffects of the ¢xplosion.

In simple[calculation models based on SDOF analysis, the structural compongnt is transformed o a single
mass-spring system exposed to an equivalent pressure pulse by means‘“of suitable shape functions to
determing the displacements in the elastic and elasto-plastic range.

For any drbitrary pressure pulse, the maximum response for the"SDOF model is generally obfained by
numerical step-wise integration of the differential equation orlby Duhamel integration. Provjiided that
the tempgpral variation of the pressure can be assumed to be triangular, the maximum displagement of
the comppnent can be calculated from design charts for the SPOF system[3Z1[39] as a function of pressure
duration [versus fundamental period of vibration and eq@ivalent explosion pressure amplitufle versus
maximun} resistance in the elastic range. The maximum“‘displacement for both the primary and rebound
response should conform with ductility and stability requirements for the structural component. For charts
for reboupd response, see Reference [10].

The resppnse of a structural component canlLconveniently be classified into three categories pccording
to the dufation of the explosion pressure pulse, t;, relative to the fundamental period of vibratjon of the
component, T.

— In th¢ impulsive domain, t4/T 0,3, the maximum displacement is governed by the explosiof impulse,

see Formula (A.2):
¢
1=[]"p(t)dt (A.2)

— Inthq dynamic domain, 0,3 <t4/T < 3, the response is solved from integration of the dynamic eduilibrium
equafions.

— In thq quaSi=static domain, 3 < t4/T, the maximum displacement is governed by the peak presqure, p,..,
and the rise time of the pressure relative to the fundamental period of vibration of the strjucture or
struckufal-componentundereconsideration—H-therise-timeistarge et/ Fismueh-greaterthan 3, the
maximum deformation of the component can be solved from static equilibrium. If the rise time is small,
i.e.if t4/Tis closer to 3, a dynamic magnification will be present.

In the near field the gas explosion pressure impulse has a finite rise time, typically 30 % to 70 % of the
impulse duration, but in the far field the pressure rise is usually instantaneous.

Further guidance on structural design for explosion can be obtained from References [10] and [60]. Guidance
on design of equipment for explosion actions is given in References [61] and [62].
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3 Nonlinear finite element analysis

Where nonlinear FEA is used for dynamic analysis, the type of program selected (implicit or explicit) should
be suitable for the type of structure being analysed and the potential local and global actions expected. Due
to the practical limitations of modelling large complex structures in sufficient detail, the equivalent of a full
code check, as used in linear-elastic analysis, is not normally carried out within the nonlinear FEA code. In
many instances, it is necessary to perform additional code checks according to the recognized national or
regional building standard, using forces and stresses generated from the nonlinear FEA code. Undertaking
analysis of complex structures using nonlinear FEA requires a detailed understanding of the potential
failure modes of the structure and the contribution of coexisting operating actions to component utilization.
In nonlinear FEA, overall modelling accuracy can be checked by comparing this case with the results of the
same case in the linear-elastic analysis.

The nonli
local and
induced b
sufficient
should be

In conjun
allow tors

When pe
duration
undertak

The docu
the allow

y functional actions. Eigenmodes determined in linear buckling analysis do not always a
imperfections at all the required locations. In place of more accurate information, imp
based on fabrication tolerances.

ction with the modelling of imperfections, it should be ensured that the-modelling of b
ional buckling behaviour.

-forming nonlinear FEA, a sufficient number of explosion load cases and sufficient s
thould be included to ensure that the envelope of explosion scenarios is covered by thg
.

mentation of the nonlinear FEA work should include the results of code checks and a st3
bd permanent explosion damage (if any), so that struetural input to fire response analy

consisten{[ with output from the explosion analysis.

Further i

A.7.9.3.4,

Where st
force or 1
by Formu
resistanc
satisfy th

Fd =1

Sq<l

where

formation on the use of nonlinear FEA technigues can be found in ISO 19902.

4 Strength limit

rength governs the design, failuré.is defined to occur when the design value of th
homent due to the design actiofi_exceeds the design resistance. The design action is dg
la (2) by setting the partialiaction factors to 1,0 and adding any accidental actions. T|

e combination of these two-equations as described in Formula (A.3).
,06+1,00+1,04
Rk tode
b =K X——
d c 10

hear FEA model used should contain initial imperfections of sufficient magnitude to trig%er critical
global failure modes. Initial displacements can be introduced by using distorted(codrdiinates or

ccount for
brfections

eams can

imulation
analyses

tement of
5is can be

b internal
termined
he design

P is determined by Formula.f9) with the partial resistance factor set to 1,0. Strength design should

(A.3)

Fy
G

s thedesigmvatue of tireactiom

is the permanent action;

is the operational action;

is the action resulting from an accidental event;

is the design value of the internal force or moment due to Fy;

is the design value of the resistance;
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is the correspondence factor (see 8.1);

Ry code Isthe representative resistance of the structure or component.

A.7.9.3.4.

5 Deformation limit

Permanent deformation can be acceptable following an accidental event. In such cases, the following should

be demon

strated:

a) no part of the structure impinges on critical operational equipment;

b) the deformations do not cause collapse of any part of the structure that supports critical equipment, the

safe gresevacuationroutesormuster-stations; acheckshoutd-beperformedtoensurethatimtegrity is

main

c) thed
shut-

Deformat
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compone

It should
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stress cofcentration, e.g. at structural connections, welds, and eut-outs. Membrane action in pl
Ing so, can

stiffened
cause bud
unfavour
deflectior

Survival

deformat
structure]
overpress

See Refer

A.7.9.3.4,

Generally
strain cag
be requir

For typic
limited in

The critid

fained if a subsequent fire occurs;

eformations do not cause escalation of the event (e.g. by damaging riser integrity or e
Hlown valve control).

jon limits can be based on the strain at fracture as discussed in A.7.9.3.4.6¢

m displacement can be dictated by the ductile bending and rotation, capability of the ¢
ts.

be demonstrated that the structural component being consideted can accept the defleq
ons without failure due, for example, to local buckling ort6 rupture initiated at poin

plating can lead to increased compression in primary structural components and, by doi
kling of these primary structural components. In fléating structures, stresses in the de

under explosion or fire actions.

f deck-mounted SECE can dictate lower dugtility limits for the structure in order to limi
ons and acceleration of equipment supports. Similarly, the overall resistance of thg
against explosions can be reduced when the wind actions associated with peak
ures reached at the ductile limit of the structure exceed the resistance of SCEs.

bnces [10], [60] and [61] for more information on deformation limits.

6 Strain limit

structural steels used offshore have sufficient toughness and are not significantly
ability at the high'strain rates associated with explosion response. Reductions in strain
bd for cold weather applications or for steel that has low fracture toughness.

h] structural-steel grades, the strain from a nonlinear finite element analysis (FEA)
conformance with DNV-RP-C208[12],

nergency

tructural

tions and
s of local
ating and

'ks due to

ible distributions of ballast or cargo can lead to.feductions in ductile strength and out-of-plane

L imposed
topsides
explosion

imited in
imits can

should be

al.Strain for plastic deformations of sections containing defects should be determined

based on

fracture meéchanics methods. Welds normally contain defects and welded joints are likely to achieve lower
toughness than the parent material. For these reasons structures that undergo large plastic deformations

should be designed in such a way that the plastic straining takes place outside the weld. In ordinary full
penetration welds, the overmatching of weld material strength relative to the parent material will ensure
that minimal plastic straining occurs in the welded joints, even in cases with yielding of the gross cross-
section of the structural component. In such situations, the critical strain occurs in the parent material and

is depend

ent on

— stress gradients,

— dimensions of the cross-section,

— presence of strain concentrations,
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— material yield to tensile strength ratio, and

— material ductility.

Simple plastic theory does not provide information on strains. Therefore, strain levels should be assessed
by means of adequate analytical models of the strain distributions in the plastic zones or by nonlinear FEA
with a sufficiently detailed mesh in the plastic zones

A.7.9.3.5 Simplified design methods

A.7.9.3.5.1 Design of structural components

2)

3)

4)

5)

esign explosion pressure strength than the girders that support them;*a‘wide spatial v4
ekplosion pressure in an area can be expected, so average pressures (applicable for the des
eck girder) will be less than the local peak pressures (applicable.to)the deck plating an

esign).

Where deck plating and stringers are expected to fail prierito the girders that support
impact of the failure modes of the stringers should béaken into account when asse
strength and ductile deflection limit of the girders.

Tlhe combined effect of these factors is that a traditién has grown in some countries (e.g. Nd
eck plating and stringer arrangements with at least two to three times the quasi-static
pressure resistance of the girders that suppert them. This leads to a deck design with
reserve ductile deformation capability and-improved performance in fire.

Hlasto-plastic resistance can be fairlywell determined from elastic and rigid-plastic me
plates continuously loaded over sevéral spans, clamped boundary conditions can be assu
allways conservative to assume ne_véstraint against inward displacements. If the beneficia
nembrane forces is taken into.account, the ability of the adjacent structure to anchor the n
prces should be demonstrated. The flexibility of the adjacent structure can delay the b
nembrane forces. A simplified method to quantify the effect of this flexibility on the
pllate strip analogy is/given in DNV-RP-C204.163] Finite ductility should be taken into a
nost cases, plate reSistance is not the limiting factor, the stiffeners will collapse before t
reaches its critical-deformation.

OWS:

riation in
ign of the
 stringer

them, the
ssing the

rway) for
explosion
enhanced

hods. For
med. It is
| effect of
nembrane
uild-up of
basis of a
ccount. In
he plating

or plate strihgers, a beam-type idealization is often appropriate. It is, however, to be dempnstrated
that the stririger does not undergo significant tripping undermining its bending resistance

Provided

that theseorinections and the adjacent structure can anchor the generated forces, the benef
of membrane forces in the large deflection range can be accounted for, so long as the re(

cial effect
Juction in

b) Beam or girder

1) Resistance relationships of beams for the elastic, elasto-plastic, and rigid-plastic domain, based on
SDOF models can be found in DNV-RP-C204.[03] Check beams and girders with slender cross-sections
for local failure in shear and bending. The tension field concept can be used to determine ultimate
resistance. Although resistance in the post-ultimate region can be significant, information to allow
the engineer to make use of this effect is limited. Shear deformations can have a significant impact

on the response for beams and girders with small length/height ratios and clamped
conditions.
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Deck girders often act with associated deck plates as a composite section, which causes an upward
shift in neutral axis position. While this increases section modulus, it can also alter the section
class and ductile bending resistance. Similarly, membrane forces in adjacent deck plating can cause
axial compression force in girders. This can reduce bending moment resistance. Other effects, such
as transverse deck stringers and cut-outs for transverse stiffeners can stabilize the compression
flange against torsion and can affect section class and ductile bending resistance.

In hogging moment regions, lateral stabilization of the bottom flange is required at suitably frequent
intervals to prevent lateral buckling prior to development of the full section moment resistance. In
offshore topsides, deck girders can be subjected to lateral explosion wind actions.

Where glrders act as p1pe supports lateral actlons due to explosmn Wlnd on the supported pipes
: ' . If time-

Reference [10] gives guidance and worked examples on deck girders designed by manual|methods.
Reference [44] gives some limited guidance on the analysis of deck girders by-nenlinear FEA.

A.7.9.3.522 Ductile deflection limits and local buckling

on the co

pressive side or by fracture on the tensile side of cross-sections undergoing finite rotation. If the

The maxiFum deformation the structural component can undergo is ultitmately limited by loca] buckling

structura

component is restrained against inward axial displacement, any local buckling occurs before the

tensile stfain due to membrane elongation overrides the effect of thelcompressive strain induced by rotation.
If local byckling does not occur, further deflection can occur until fracture is assumed to occur,{when the
tensile stfain due to the combined effect of rotation and membiane elongation exceeds a critical value. To
ensure thpat structural components with small axial restraint maintain sufficient moment resistarjce during
significarft plastic rotation, cross-sections should be prgportioned to class 1 requirements as defined in
Referencds [10] and [60]. Ductility limits for beams proportioned to class 1 are limited by the onsget of local
buckling (for further guidance, see Reference [64]).:Simplified formulae extracted from Reference [64] are
contained in Reference [10].

The effective flange of the stiffened deck plating should be evaluated to allow calculation by SDOF|methods.
DNV-RP-(204[63] gives recommendations-oireffective deck plating, depending on whether the plate field
is elastic [shear lag effect) or can undergo-buckling (effective width concept for post-buckling regsistance).
Initiation|of local buckling does not necessarily imply that the resistance with respect to energy djissipation
is exhausjted, particularly for class 1'and class 2 cross-sections. The degradation of the crosstsectional
resistance in the post-buckling range can be considered where this information is available. Altgrnatively,
for beams and plates with full or partial restraint, the limiting deformation at tensile fracture is given in

DNV-RP-(204163],

A.7.9.3.5]3 Supportsreactions, beam releases and non-fixed connections

To prevept structural component failure in shear at the supports preceding ductile bending failure,
design supporfreactions for structural components should be enhanced by a minimum of 20 % gompared
to theorefieal‘values to allow for the structural component resistance being higher than assunjed in the

response aadlysis-

Non-fixed joints at stringer connections to girders should not generally be specified where the stringers are
otherwise continuous across the girder (i.e. there is no strength continuity in the bottom flange). However,
such moment releases can be useful for enhancing the pattern of load distribution in deck structures,
especially at overall deck deflections beyond the elastic limit. Deliberate releases can indicate lower
tolerance for ductile rotation in regions of sagging moment.

A.7.9.3.5.4 Material properties for design

Strain rate affects yield strength and flow stress. Reference [20] gives the relationship between strain
rate and strength enhancement for a range of carbon and stainless steels. Strain-rate-induced strength
enhancement is beneficial in terms of increased strength but can be detrimental in terms of section class
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and ductile deformation capability. It is important to use appropriate values of strain rate and enhancement.

Reference [20] gives some typical straining rates for different structural situations.

For design of new topsides, a minimum specified yield strength is normally used, but “probable’

strength can be used in place of specified minima, where such data exists. The strength values

" material
should be

based on material tests for each component (e.g. mill certificates) or, where these are not available, the 90 %

exceedance values from appropriate generic mill data should be used.

A.7.9.3.6 Explosion mitigation

Explosion effects can generally be minimized by

J— makl afai tha "Innt Hea-as largo ac naccihla

A CA e A e e 7

— makihg sure the vent area is well distributed,
— concgntrating on the layout, size, and location of internal equipment, and
— using blast walls.

Walls and floors can be designed as explosion barriers to separate parts of a‘topsides, so an
within one area will not affect adjacent areas. This approach requires that.the explosion walls 3
can withqtand the design overpressures without being breached. Failure ef-these structures cary
primary grojectiles and result in possible escalation.

Explosiorf walls and floors generally double as fire walls and floors{ Any passive fire protection af
the wall gr floor should function as intended after an explosion; alternatively, the loss of such fir
should be{accounted for in the design.

In an explosion, pressure waves radiate out from the immediate area of the explosion becoming
waves that can affect persons and facilities in the far field. Such waves are typically of short duf
very dyndmic with significant under pressure phases?Where explosion waves are reflected, preg
be augmehted increasing applied actions and mortality and injury rates for persons in such zones||

Where ap
and tempprary refuges in the far field. Guidance can be obtained from Reference [4] and Referencg

Further guidance on design of explosign mitigation systems, including explosion relief panels, car
in Reference [57] and Reference [58}

A.7.9.4 [Explosion and fire interaction

A.7.9.4.1| General

The design strategy'for fire can affect the design for explosion and vice versa.l4] For example, {]
strategy for fire eould be segregation of the topsides into small zones using fire walls to contai
However, [this segregation will likely result in an increase of overpressure if an explosion occurred.
explosion|overpressures, the confinement should be reduced. This requires open modules with uno

explosion
nd floors
generate

tached to
eproofing

explosion
ation and

sures can
] [44].

licable, the actions due to explosionwaves should be evaluated and used for the design of facilities

[47].
be found

he design
n the fire.
To reduce
pstructed

access to
identified and resolved when designing the topsides.

Fire and explosion assessments should be performed together and the effects of one on the other

should be

should be

carefully evaluated. It is more likely for an explosion to occur first and be followed by a fire. However, it is

possible that a fire could be initiated, which then causes an explosion.

The following subclauses describe practical considerations for designing a structure to resist fire and

explosion actions.
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A.7.9.4.2 Deck plating

During fire and explosion actions, deck plating can impose lateral forces rather than restraint on deck
structural components. Care should be taken in structural modelling of deck plates.

In general, the deck should be analysed as a series of beams. The effective width of deck plates can affect
the calculation of deck natural period and should be included. Plated decks can generally be allowed to
deform plastically in the out-of-plane direction provided that adequate performance of the primary support
structure is demonstrated.

A.7.9.4.3 Blast walls and fire walls

Designs shed

a) member shortening under large lateral displacements can impose severe actions on topland bottom
conngctions, and

b) the rgtational capacity of the end connections should be sufficient, without prior rupture.

Piping, el¢ctrical or heating, ventilation, and air conditioning (HVAC) penetrations.should be locat¢d as near
as possible to the top or bottom of the wall at locations of low predicted deformations (strains). However, for
explosion|pressures, reinforcement of any penetrations can be appropriate toensure that wall strength and
deflection capability are not compromised.

A.7.9.4.4|] Beams

Structurall components acting primarily in bending can experience significant axial actions in fire and
explosion|situations. These axial actions can affect the strength and stiffness of the structural cgmponent.
Any additional bending moment caused because of the axial‘action and lateral deflection should b¢ included
in either ¢lastic or plastic analyses.

Axial resfraints can result in a significant axial foree’ in the member caused by transverse actipns being
partially farried by membrane action. The effectsyof these actions on the surrounding structure should be
considergd.

Under th¢ temperature effects of fires, beams can change from resisting actions through bending and
shear to fjesisting the actions by displacing and developing tension. This effect can be exploited to provide
significartly greater resistance by designing connections to withstand membrane behaviour. Copnections
should be|designed to the ultimate plastic capacity of the beam under the fire and explosion loading scenario
in bending as well as in axial compression or tension.

Both local and overall beamstability should be evaluated when designing for explosion actions. Jor lateral
buckling, [it is importantthat compression flanges be supported laterally. An upward action on a foof beam
can put a pormally unteéstrained bottom flange into compression.

NOTE Explosionactions can act in reverse direction from the normal design actions.

A.7.9.4.5| Slender structural components

Slender members can be prone to premature buckling during fire actions. If used, suitable lateral and
torsional restraint should be provided.

Deck plating during fire and explosion actions can cause lateral actions rather than restraint.

NOTE The classification of members and parts of members as “slender” is controlled by the slenderness ratio and
by the ratio of yield strength to Young's modulus.

A.7.9.4.6 Pipe and vessel supports

Pipe and vessel supports can attract large lateral actions due to explosion wind, or thermal effects, or both.
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Vessel supports should remain integral at least until process blow-down is complete. The supports for
vessels containing flammable liquids should remain integral for sufficient time to allow platform evacuation.

Stringers to which equipment is attached can have significantly different natural periods than the
surrounding structure. Their dynamic response should be assessed separately. Further guidance can be
obtained from References [61] and [62].

A.7.9.5 Cryogenic spill

No guidance is offered.

A.7.9.6 Actions due to vessel collision

The vessd
event. Th
following

1y
2)
3)
4)
5)
6)
7)

The struc
simplified
absorb th
energy arn

The parameters influencing the collision analysis include:

overy

field

damdge level of vessel collision;

collis
proba
indiv

poten]

mass

added mass depending on thewvessel impact direction;

impa
locati
locati

bow 5

1 collision analysis evaluates both the frequency of the risk and the consequence oftli
e overall approach for conducting the vessel collision frequency analysis sheuld”in
steps:

iew of historical vessel collision information;

related traffic vessels reviews;

on frequency;

bility of vessel collision
dual risk calculation, and;
tial loss of life calculation.

tural consequence of an accidental vessel collision to an offshore asset is predicted usin

approach (if applicable) or non-linear static or dynamic FE analysis. Damage should be 4
P impact energy when designing for life{safety risk. If the offshore structure can absorb t
d damage caused by the vessel impact.is acceptable, no action is required.

and stiffness of vessel and-platform structures;

't speed and direction;
on of impacten,the vessel and platform;
on of centreé of mass and rotation of the vessel;

hape\fbulb/no bulb) in bow collision or side/stern geometry for broadside/ stern impact

coefficient of friction:

p collision
volve the

g either a
llowed to
he impact

4

damping (structural and hydrodynamic);

platform deck mass and location of CoG;

steel stress-strain curve and rupture strain and fracture properties;

strain rate effects;

analysis methodology and assumptions including; e.g. buckling, and post-buckling behavior;

finite

element model details and assumptions;
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— platform foundation;

— platform fendering or collision protection design;

— damage acceptability criteria;

— mesh refinement and the selection of the time increment in the nonlinear analysis.

Reference [65] provides further background.

A.7.9.7

Actions due to dropped and swinging objects and projectiles

In general, design for dropped and swinging objects and for projectiles involves the following stages:

— deter
dime

hsions, masses, and velocities of objects;

— detedting the most likely progressive collapse mechanisms that can be caused by,a swinging

objec

L (e.g. global structural collapse, local impact on high-pressure pipework, etcy;

— checling whether the object has sufficient energy to trigger a collapse mechanism where 1

struc

—  wher
by th
betw

fures exist;

b there are barrier structures, checking whether the object isksufficiently arrested or
e barrier to avoid triggering a collapse mechanism, and checking the load transfer mg
ben the barrier structure and the topsides primary structure;

— checHing if any damaged structure can resist the functionabactions and the environmental act
a retyirn period reflecting the time to allow a repair to be-affected: in place of other inform

furth

A.7.9.8

Since the

br analysis, a 10-year return period environmentakevent should be used[©3],

Actions due to loss of buoyancy

industry has experienced several abnotimal hull-heeling incidents involving semisubmg

is recomrpended that a check be carried out td-ensure that topsides on semisubmersibles (and p
other flodting structures) can survive the-thaximum heeling angle for which the platform remai

This angl

e typically corresponds to the lesser of:

a) the apgle for which the area under the righting moment curve is equal to or greater than 1,3
1,40 times the area under th€ wind overturning arm curve, as defined by the governing clas
society rules, or

b) 25°.

The purppse of this cheeKis to ensure that the topsides can survive an accidental event where the

to an abnjormal apgle up to a maximum value determined by the lesser of 1) or 2) above. In thij

survival

neans.that the topsides will not be damaged to the extent that it is on the verge of

Performing such-a check is viewed as part of the operator’s ALARP process.

A.7.9.9

mining scenarios for possible dropped and swinging objects and projectiles, incl]lding the

or falling

)0 barrier

retarded
chanisms

ions with
ation and

rsibles, it
pssibly on
ns stable.

D times to
sification

hull heels
5 context,
collapse.

ACUO0IIS due 10 topslides acceleraton

Acceleration can propagate from the site of an initiating event through the structure to affect other parts of
the topsides, such as the flare boom, drilling derrick and helideck, living quarters and the platform's safety
systems and components such as flanges on pipework and risers. Acceleration can cause damage due either
the resulting inertial actions causing overload or the oscillatory response of the structure causing low cycle
fatigue. Safety systems that can be vulnerable to damage from acceleration include emergency shutdown
systems, emergency power supplies and communications, fire and gas detection systems, fire protection
systems and evacuation, escape, and rescue equipment.

Control equipment, including computers and microprocessors, and telecommunications equipment, can be
particularly susceptible to high-frequency vibration.
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Strong vibration is a shaking of the topsides structure of a platform. There can be a large overall movement
of the topsides from side to side. The effects can be evident as shock damage. In the case of a gas explosion
on a topsides module, for example, venting through one side of a module can cause a large out-of-balance
action on the topsides structure leading to large horizontal deflections, together with accelerations of local
structures, possibly including the accommodation and helideck. Even if there is no significant overall effect,
significant vibration of the topsides can occur in the higher modes.

During an earthquake, a fixed offshore structure can move vertically as well as horizontally. The structure
is initially at rest, apart from movements due to waves and normal operations, until the movement of the
ground begins to shake the base of the legs. Ground movement can continue for 20 s or more. Earthquakes
have little effect on floating structures and can generally be discounted; however, vertical ground
accelerations can affect TLPs and possibly FPSOs with taut leg moorings.

For topsides gas explosion or ship collision events, the acceleration or impact will be at a higherlgvel in the
structure} and the duration of the applied action will be shorter. For explosion actions, the pressufe pulse is
likely to last for less than 1 s, although a structure can continue to vibrate for some time after the|initiating
event.

Safety-critical systems can include auxiliary diesel generators, emergency fire pumps and firewater ring
mains, elgctrical control panels and cabling. Vibration mountings for equipment have limited abilitjy to resist
strong vilpration actions, which can result in large lateral displacements.

A.7.10 Other actions

No guidarnce is offered.

A.8 Gujdance on strength and stability of structural components

A.8.1 Correspondence factor K,

A.8.1.1 (K. determined by equivalent reliability

A rigorous approach to determine K is by equating the probability of failure for a critical memper in the
primary fruss of a topsides, based on U=1for the required national building standard, with the pfobability
of failure ffor a critical member in a jacket, based on U=1 for ISO 19902. Examples of the procedure|are given
in Reference [111] and in EN 1990:2020; Annex C.

The K. vqlues in Table 4 were caloulated based on members subject to combined axial comprefssion and
bending with a typical reductién)in axial capacity due to bending of 10 % to 20 %. (i.e. typical of a conpression
brace in g truss that is subject to reverse curvature bending from deformation-induced momenits arising
from the braces in the trusSbeing welded to the chords rather than pinned).

The axialf force in the‘topside brace was assumed to have contributions from permanent topsife action,
variable tppside a¢tion and Metocean (wind) action acting on the topsides.

The axial|force(in the jacket member was assumed to have contributions from permanent topside action,
variable tppside action and Metocean (wave) action acting on the jacket.

The axial force in both the jacket member and the topsides brace was assumed to have a fixed ratio where
axial force due to variable action was 1/3 of the axial force due to permanent action
P
ie. Py =—).
(e Po=—3

The ratio of axial force due to metocean action was varied from 0 % (i.e. entirely gravity actions) to 100 %
(i.e. entirely Metocean actions).

The total axial force in the jacket member and the topsides brace was assumed to equal 1 unit of force
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The above assumptions lead to Formula (A.4):

where
i
Py=—%
e 3

Pe=r 0<r<1
r=0 reprgsents—axtatforceduetogravity actiomrentirety andr=trepresents—axtat-forceduetoMetocean
action enfirely.
So, Formyla (A.4) results in Formula (A.5):

3 1

Pax=PG+PQ+PE=Z~(1—r)+z-(1—r)+r (A.5)

wherg 0<r<1
The limit{state equation (see 9.1, Formula (8)), for the case where U=1 becomes Formula (A.6):

or Formula (A.7):

Rrep
Yload |Sd = (A.7)
TR
or Fofmula (A.8):
Rrep
7/G'PrepG(r)"'YQ’PrepQ(r)+7E'PrepE(r): ¥ (A.8)
R
or Fofmula (A.9)
3 1

Reep (F)=7r" VG'Z‘(l—r)+7Q'Z'(1—")+7’E"“ (A9)
Limit-stafe equations (s€e)9.1, Formula (8)) for three situations were used, each with the U set to 1}0:
a) still yater situation;
b) 1-yealr operating situation;
c¢) 100-year extreme situation.

The probability of failure is calculated from the following Formula (A.10):

Pynnum (DZC) =Pynnum (C_DSO)
where
C is a capacity random variable;
D is a demand random variable, and
C-D  is the safety margin.
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The random variable for demand is Formula (A.11):

D(r):PrepG (r)'XG +PrepQ (r)'XQ +PrepE (r)’XE ’XW (A11)
where
Pepg (r)  is the axial force in the brace due to the representative (mean) permanent action;
X is a normal distribution with mean =1, and CoV=8 %;[66]
Pepq (r)  is the axial force in the brace due to the representative (mean) permanent action;
Xq 1S a normal distribution with mean =1 and CoV=1% %{cct;
Pepg[r)  is the axial force in the brace due to the representative (100-year) Metocean-actior;
Xg is alognormal distribution fitted to the Generalised Pareto Distribution hazard curyes for the
wave or wind actions such that:
Xz =1when P(Xg >1)=10"2 and
E E
Xg =% when P| X > 10k |=107*
100 100
Xw is a normal distribution with bias of 1,0 and 8 % CoV to represent the epistemic urcertainty
in wave action (see Reference [67]).
A.8.1.2 (K. determined by utilisation ratio
K. for ndtional building standards not covered in Table*4.can be determined approximately by ytilisation
ratio in li¢u of an equivalent reliability calculation.
The procgdure is:
a) select a typical size of cylindrical tubular-tiember for a primary component of a topsides struicture, e.g.
1 000 mm external diameter, 30 mm wall thickness and 20 m length;

b) assuy

c) deter

apprq
relev

1y
2)
3)

4) cpmbined bending and compression.

re tension;
re bending;

re compression;

he end fixity conditions for the element;

mine (by trial and errOryor other means) the following types of member forces that
ximately a set of member forces for the element that give approximately 90 % utilizatio
hnt design situatiofy;

result in
ns for the

d) calculate the utilization of the member for each type of member force following the requirements of
ISO 19902 (U;99¢;) for the relevant design situation;

e) calculate the utilization of the element for each type of member force following the requirements of the
selected national building standard (U_,4.) for the relevant design situation;

f) determine K. as the minimum ratio of U.y4. / U19902-

An example calculation is given in Annex B.
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A.8.2 Design of cylindrical tubular sections

No guidance is offered.

A.8.3 Design of non-cylindrical sections

A.8.3.1 Rolled and welded non-circular prismatic members

Suitable codes for the design of rolled and welded non-circular prismatic members for offshore topsides
structures include ANSI/AISC 360-22,[12] CSA-S16:19,[14] EN 1993-1-1:2022 [13],

A.8.3.2 Plate girder

Suitable dodes for the design of plate girders for offshore topsides structures include ANSI/AISC 360-22,[12]
CSA-S16:19,[14]1 EN 1993-1-5,[68] and API Bulletin 2V,[2] DNV-RP-C201[29],

A.8.3.3 Boxgirder

Suitable cpdes for the design of fabricated box girders of the size and type normally’associated with offshore
topsides $tructures include ANSI/AISC 360-22,[12]1 CSA-S16:19,[14]1 EN 1993-1<5[66] and API Bulleftin 2V,[69]
DNV-RP-(201[20],

A.8.3.4 Btiffened plate components and stressed skin structures

Suitable ¢odes for the design of stiffened plating for offshore topsides structures include CSA-§16:19,[14]
EN 1993-1-5,[68] API Bulletin 2V,[62] DNV-RP-C201[201,

Care shoyld however be taken with the design of stiffened¢¢ompression flanges since many dedign codes
are written for flanges in uni-axial compression. Generally, flanges with significant biaxial stress can be
designed fo API Bulletin 2V[62],

A.8.4 Connections

A.8.4.1 [General

No guidarnce is offered.

A.8.4.2 Restraint and shrinkage

Advice on restraint and shrinkage is given in AWS D1.1[70],
A.8.4.3 Bolted connéctions

A.8.4.3.1| Designand installation requirements

Suitable godes for design of bolted connections are AISC 325[2¢] and EN 1993-1-8.

Preloading to develop slip-critical connections is an effective way of precluding the effects of reversal of
shear forces on the bolt, which can arise from vessel movement. For bolted connections on a floating
structure where the dynamic actions due to the inertia of the vessel are insignificant when compared to
varying static operational actions, a non-preloaded solution can be used. An example is bolting of handrail
supports where bolts are not influenced by the ship inertia but dominated by the live load on the handrail.
It is emphasized that the fatigue life on a non-preloaded connection is less than for a preloaded connection.

A.8.4.3.2 Connections classes

No guidance is offered.
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Corrosion protection

No guidance is offered.

A.8.5 Castings and forgings

No guidance is offered.

A8.6 D

A.8.6.1
Offshore

sidesway
relatively

The magrfitude of B, or ¢, quantifies the stability of the structure and is used, asi@dgscribed in 8.4

the appro
aCI‘
buckling

bottom of
or partial
topsides.

reduces t

Symbols
criteria i
standard.
Stability ¢
2202] in
stresses.

ANSI/AIS
to that in

a) thein

b) 2ndd
22[12]
the fd

The AISC
Column M

A.8.6.2

valugs for typical fixed lattice steel offshore structures have been“calculated by eigen b

esign for structural stability

General

that are notably stiffer than unbraced onshore structure. Such structuresctypically
small second order displacements compared with their first order displacements.

[priate stability design method.

hnalysis and are listed in Figures A.3 to A.7. Figure A.3 shows an example of a portal bay
deck and top of jacket, which is common in the Gulf of Mexico. Figures A.5 and A.6 show
|y braced topsides, while Figure A.6 shows an unbraced gortal to allow floatover installa
Module support frames for topsides equipment are ocgasionally designed without brag
neir stability.

.. and B, are used by EN 1993-1-1:2022 [13] annd ANSI/AISC 360-22[12] respectively, hoy

lesign to EN 1993-1-1:2022 [131,7.2.2 (2) b) can produce unconservative results, see ANSI
part due to EN 1993-1-1:2022 13l ot requiring a reduction in stiffness to account fo

[ 360-22: Appendix 7, 7.2,[12k3e. ELM, as recommended in 8.6 ), is a similar stability desig
AISC 316-89172] except that

teraction equations are bi-linear and linear respectively;

rder amplificatioR is applied in the code check equation in AISC 316-89[72] while ANSI/

rces and moments from a 1st order structural analysis.

B16-89172] stability design method is also similar to the EN 1993-1-1:2022[1317.2.2 (2) ¢) B
ethod.

Ftructures are designed for pre-service conditions, including for various stages of fqbrication,
transportjation and installation. Some of these conditions, and the in-service/in-place conditidg
significarft metocean actions, which typically for steel framed structures result in structures‘bracq

n include
bd against
undergo

, to select

furcation

r between
unbraced
ion of the
es, which

wever, the

8.6 a), b) and c) can be used to choose the stability design method from other nationadl building

AISC 360-
 residual

n method

AISC 360-

either expligitly'includes amplification by a rigorous 2nd order structural analysis or by amplifying

quivalent

Braced and unbraced frames

The concepts of sway (unbraced) and non-sway (braced) frames are fundamental to understanding stability
design. Sway or unbraced frames are also known as portal or moment frames. Figures A.3 to A.7 show steel
framed offshore structures with various combinations of braced versus unbraced bays or levels.

A braced frame is one where all framing levels are braced. Knee braces, which extend over only a portion
of the height of a bay or between levels and not effectively over the full height of the bay, do not provide
adequate bracing. Furthermore, the designer should minimize, to the extent reasonable, the distance
between the bottom of bracing under the lowest deck level and the top braced level of the substructure to
minimize any portal frame effect in this area - see Figure A.2. Unbraced major framing levels are likely to

govern th

e structure’s stability.
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Figure A;2 — Braced topsides
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Figure A.3 — Unbracedportal frame between lowest deck and jacket
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Figure A.4 — Unbraced portal frame at intermediate deck level
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1  main fleck 4 %EL top of jacket
2 prodyction deck 53" MWL
3 cellar|deck 6  mudline

7  unbraced portal frame between main legs
Bracipgs in cantilever is not necessarily sufficient to adequately minimize frame sidesway and second-order effects

Figure A.5 —Unbraced portal frame between main legs
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[Figure A.6 — Unbraced portal frame associated with float over deck configuration|

A.8.6.3 |P-A and P-8 second order effects frames

Figure A.Y illustrates the differencésybetween P-A effects and P-§ effects. P-A effects, illustrated dn the left,
are the effects of actions on the displaced location of joints or nodes in a structure. P-§ effects, illugtrated on
the right, jare the effects of actions on the deflected shape of a member between joints or nodes.

P-A effects and P-§ effects—can be represented in a rigorous 2"d order structural analysis by uge of non-
linear gedmetry and by,updating nodal displacements after every load increment. A physical member can be
representled by a single beam element when based on stability shape functions or by a subdividedl member
comprisefl of say.3 or 4 beam elements when based on isoparametric shape functions. With respect to the
latter, it i$ recomimended that an even number of elements be used so that a joint/node is positioned at the
midspan pf the'parent member where the software will display force-displacement and momenjt-rotation
results ugdefal in evaluating the member’s 2nd order behaviour. In general, such modelling is only rjeeded for
members comprising unbraced portal bays where the 2nd order effects could be more noteworthy.

Beam elements based on engineering strain (i.e. small strain) are used in a first order structural analysis
and moment amplification is used to account for the P-A effects and P-§ effects, e.g. amplifying the 15t order
bending moment by using B; and B, as defined in ANSI/AISC 360-22,l12] Appendix 8 or using k factors as
defined in EN 1993-1-1:2022,8.3.3.
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Configurdtions other than the braced structure (Figure A.2) experience P-A effects of varying m
The greatfer the instability the more the need to apply rigorous analysis because, the greater the i
the effective length method suffers from limitations and approximations indetermining effective

the more
length.

If a frame

Figure A.7 — P-A and P-8 second order effects

is braced against sidesway (Figure A.2), the P-A effects associatedwith sidesway are mi

the P-§ effects are included using a 1st order analysis and the AISC ELM or EE3 ECM.

A.8.6.4
methods

The speciffic requirements of ANSI/AISC 360-22[12] stability dnalysis methods are described and

in Table A.4.

The spec
Table A.5

Specific requirements of ANSI/AISC 360-22[12] and EN 1993-1-1[13] stability analysi

agnitude.
hstability,

himal and

T

compared

fic requirements of EN 1993-1-1113] stabilityvanalysis methods are described and corppared in

Table A.4 — Description and comparison of ANSI/AISC 360-22[12] stability analysis methods

bab)

8.6a) elastic

8.6a) inelastic

displaced from their nominal loca-
tions (system imperfections) - only
applies if E (wind + wave) < 0,2 % x
(G+Q)

i.e. still water condition and operat-

Yes, explicitly,
by eigenvector or
by notional
lateral load

ing condition in benign regions.

yes, explicitly,

by eigenvector
scaled to max fab-
rication tolerance

Options Included in the structural 8.6¢)
analysif for the stability design | ANSI/AISC 36022, | 6052“'23_1‘(“5;1 dix | ANSI/AISC 360-22: |, A0 KAliﬁ dix
methodslin clauses 8.6a), 8.6b) and O c2M12] 1 '2[3 Appendix 7.212] 1';[?_2%
8.6 _ Q™ DM-elastic DMMI-elastic ELM (B,<1,5) DMMI4inelastic
Axial, flexjure, and shear member
deformatipns plus connectipn‘defor- yes yes yes yes
mation
Torsional member deformations no yes no yes
es, €s,

Second orfler P-A éffects (system) or see}El) below yes or see}El) below yes
Second orfér-P-§ effects (member) or see}ﬁi'below yes or see}ﬁ;'below yes
Second order twisting effects o os o os
(open sections only) y y
Effects of initial imperfections due
to points of intersection of members yes

by notional
lateral load for
G+Q conditions
only

yes, explicitly,

by eigenvector
scaled to max fab-
rication tolerance
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