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Foreword

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

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

It is 1mportant to recognlze that structural 1ntegr1ty is an overall Concept comprlslng models for

describ

proc
aspe
strugd
relat

The

wide
innoy

This
num
strug
the fi

This
to N
of fix

prog

This
strug
the n
partj

=dures and nat10nal requlrements all of Wthh are mutually dependent The modifig
Ct of design in isolation can disturb the balance of reliability inherent in the gveral
tural system. The implications involved in such modifications, therefore, need-to’be c
jon to the overall reliability of all offshore structural systems.

International Standards on offshore structures prepared by TC 67\are intended

Uation. Sound engineering judgement is therefore necessary in the‘use of these documg

document was developed based on experience gained from the design, execution 4§
ber of fixed concrete platforms, in particular from morec«than 40 years of experieng
tures in the North Sea. The background documents uséd for developing this docums
bllowing types:

national regulations and other requirements from.the authorities;

fegional standards;

ational standards;

Iperator's company specifications;

q

cientific papers and reports;

feports from inspection of-structures in use.

document applies the-concept of a reference standard for design. The text that previou

ed offshore conerete platforms, has been amended in this document, since, as part of t
ramme, NS 3473)E has been withdrawn and is no longer maintained.

document\fiow draws on the experience gained with fixed and floating concrsg
tures..This experience shows that concrete offshore structures perform well and ar|
narineenvironment. These structures are all unique, one-of-a-kind structures, purposg
cular location and a particular set of operating requirements. This document reflects, i

ation of one

| concept or
bnsidered in

to provide

latitude in the choice of structural configurations, materials and fechniques withoyit hindering

ents.

nd use of a
e with such
nt are from

sly referred

3473.E, the former.Norwegian standard for concrete design that was widely used for the design

he Eurocode

bte offshore
e durable in
b-made for a
h particular,

Maevats) aand+ha ~cond ancinthao Naorth Caa o d +hn noct oot AfCands S d +h

lanc 11
the \'Al.l\'l ICTICO dITU TIIU CUIITUILIVIIO 11T TIIT ' IVUT LI Uvd dIlTu tIIv CAdol LUdOoLT Ul'uwdiliidud, aIiiu viic

and

practices used there, but is intended for worldwide application.

design rules

In order to provide a standard that will be useful to the industry, a comprehensive treatment of some
topics is provided where there is currently no other relevant reference. For such well-known topics
as the design formulae for concrete structural members, this document is intended to be used in
conjunction with a suitable reference standard for basic concrete design (see 8.1.1). The designer can
use suitable national or regional design standards that provide the required level of safety.
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INTERNATIONAL STANDARD

ISO 19903:2019(E)

Petroleum and natural gas industries — Concrete offshore
structures

1 Scope

This document specifies requirements and provides recommendations applicable to fixed, floating and

This
disci

2

The
cons
undg

ISO 4
orga

ISO 1
ISO 1

ISO
Part

ISO
Part

ISO
Part

he design, construction, transportation and installation of new structures, including r¢
or in-service inspection and possible removal of structures,

he assessment of structures in service, and
he assessment of structures for reuse at other locations.

document is intended to cover the engineering processes needed for the major
plines to establish a facility for offshore operation.

Normative references

following documents are referred to in the téxt in such a way that some or all of t
Fitutes requirements of this document. Fori/dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

1463-1, Measurement methods for buflding — Setting-out and measurement — Part 1: }
nization, measuring procedures, geceptance criteria

6204, Durability — Service life design of concrete structures
9900, Petroleum and natural gas industries — General requirements for offshore structu

19901-1, Petroleum-and natural gas industries — Specific requirements for offshore s
1: Metocean designand operating considerations

19901-2, Pettoleum and natural gas industries — Specific requirements for offshore s
D: Seismic-desSign procedures and criteria

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

structures
is document

pquirements

engineering

heir content
applies. For
hts) applies.

Planning and

res

fructures —

tructures —

tructures —

ISO 19901-4, Petroleum and natural gas industries — Specific requirements for offshore structures —
Part 4: Geotechnical and foundation design considerations

ISO 19901-5, Petroleum and natural gas industries — Specific requirements for offshore structures —
Part 5: Weight control during engineering and construction

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

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

[SO 19902, Petroleum and natural gas industries — Fixed steel offshore structures
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ISO 19904-1, Petroleum and natural gas industries — Floating offshore structures — Part 1: Monohulls,
semi-submersibles and spars

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

ISO 22966, Execution of concrete structures

3 Terms

and definitions

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

[SO and IEC

ISO Onl
IEC Eleq

3.1
abnormal d
design situg
used to miti

Note 1 to ent|
typically 10~

3.2
abnormal 1
ALE
intense eart
suffer comp

Note 1 to enftry: The ALE event is comparable to the*abnormal event in the design of structures whic
S0 19901-2 and ISO 19902. When expeosed to the ALE, a manned structure is supposed to maintain

described in
structural an

3.3
accidental

design situaltion involving exceptional conditions of the structure (3.51) or its exposure

EXAMPLE

3.4
action

external loald appliedt0 the structure (3.51) (direct action) or an imposed deformation or acceler

(indirect acf

EXAMPLE

maintain terminological databases for use 1n standardization at the following address

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

tropedia: available at http://www.electropedia.org/

esign situation
tion in which conditions exceed conventionally specified design‘eonditions and whi
pate against very remote events

y: Abnormal design situations are used to provide robustnessagainst events with a probabi

F per annum or lower by avoiding, for example, gross overloading:

bvel earthquake

ete loss of integrity

d/or floatation integrity for a suffieient period of time to enable evacuation to take place.

lesign situation

Impact, fire, explosiof, local failure or loss of intended differential pressure (e.g. buoyancy).

ion)

A imposed deformation can be caused by fabrication tolerances, differential settle

SEH

ch is

ity of

hquake of abnormal severity under the action of which the structure (3.51) should not

h are

htion

ment,

temperature
[SOURCE: IS
3.5

chahge or moisture variation. An imposed acceleration can he cansed by an earthquake

019900:2019, 3.3]

action effect
result of actions (3.4) on structural components or on the structure

EXAMPLE
[SOURCE: IS

Internal force, moment, stress or strain; deflection rotation

0 19900:2019, 3.4]
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addition
finely divided material used in concrete (3.12) in order to improve certain properties or to achieve
special properties

Note

1 to entry: This document deals with two types of inorganic additions:

— nearly inert additions (type I);

— pozzolanic or latent hydraulic additions (type II).

3.7

admfxture

matgrial added during the mixing process of concrete (3.12) in small quantities related.to|the mass of
cemgnt to modify the properties of fresh or hardened concrete

3.8

aggriegate

granpilar mineral material suitable for use in concrete (3.12)

Note [l to entry: Aggregate can be natural, artificial or recycled from material previously used in copstruction.
39

air cpshion

air piimped into underbase compartments of the structure (3%51)

Note [l to entry: The air cushion is normally applied in order toteduce the draft and increase the fregboard of the
strucfture and/or to alter the structural loading.

3.10

atmospheric zone

part of the load-bearing structure (3.51) thatds above the splash zone (3.50)

3.11

caisson

major portion of concrete (3.12) ,offshore structure (3.51), providing buoyancy whilst afloat and the

poss

Note
inter
and s|

3.12
cond
mate
incol
the d

bility of oil storage within the'structure
1 to entry: The caisson is.generally divided into watertight compartments, which can be su

fommunicating cells for structural reasons. The caisson can also be filled, or partly filled, with
plid ballast (3.49).

rete
rial formed by mixing cement, coarse and fine aggregate (3.8) and water, with or

emeént

bdivided into
ballast water

without the

poratien of admixtures (3.7) and additions (3.6), which develops its properties by hydration of

3.13

condition monitoring
evaluation of the condition and behaviour of the load-bearing structure(s) (3.51) in service using data

from

3.14
cons

design, inspection (3.29) and instrumentation (3.31)

truction afloat

fabrication, construction and related activities taking place on a structure (3.51) that is afloat, normally

atan

© ISO

inshore location and restrained by a temporary mooring system
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deck mating
marine operation (3.35) in which the platform topsides (3.55) is floated into position and connected to
the substructure

Note 1 to entry: This operation is normally conducted by ballasting and deballasting of the substructure.

3.16
deep water
site for cons

Note 1 to ent

construction site
truction of the structure (3.51) while afloat

yv-The use ofa deep water site might notalwayshe required, depending on the construction method.

It might or m

3.17
design rule
rule in accol

Note 1 to ent

3.18
design wavj
determinist

Note 1 to enf
characteristi

the desig
the wavd
— thetype

Note 2 to ent
are quasi-sta

[SOURCE: IS

3.19
dynamic ar
ratio of a dy

Note 1 to en
simulate the

3.20
extreme ley

the geometry of the structure;

ght not be the same location as that where mating of topsides (3.55) to the substructure takes

dance with the chosen reference standard for concrete (3.12) design

"y: See 8.2.

e
ic wave used for the design of an offshore structure (3.51)

ry: The design wave is an engineering abstraction. Most often it is a periodic wave with su
Cs (e.g. height H, period T, steepness, crest elevation). The choice of a design wave depends on:

In purpose(s) considered;

environment;

of action(s) (3.4) or action effect(s) (3.5)\pursued.

ry: Normally, a design wave is only_compatible with design situations in which the action effi
fically related to the associated,wave action on the structure.

0 19901-1:2015, 3.5]

nhplification factor
namic action (3:4)effect to the corresponding static action effect (3.5)

try: An appropriately selected dynamic amplification factor can be applied to static actio
bffects ofddynamic actions.

rel-earthquake

blace.

table

ect(s)

ns to

ELE
earthquake

with a severity which the structure (3.51) should sustain without major damage

Note 1 to entry: The ELE event is comparable to the extreme environmental event in the design of structures
which are described in ISO 19901-2 and ISO 19902. When exposed to an ELE, a structure is supposed to retain its
full capacity for all subsequent conditions.

3.21
execution

activities carried out for the physical completion of the works (3.55), including procurement, inspection
(3.29) and documentation thereof

Note 1 to entry: The term covers work on site; it might also signify the fabrication of components off-site and
their subsequent erection on site.
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3.22

exposure level

classification system used to establish relevant criteria for a structure (3.51) based on consideration of
life-safety and of environmental and economic consequences of failure

Note 1 to entry: The method for determining exposure levels is described in ISO 19900. An exposure level 1
platform is the most critical and an exposure level 3 the least. A normally manned platform that cannot be
reliably evacuated before a design event will be an exposure level 1 platform.

[SOURCE: ISO 19900:2019, 3.20, modified — “consideration of life-safety and of environmental and
economic” has been added to the definitions and the Note 1 to entry has been added.]

3.23
finite element analysis
analysis method whereby a structure (3.51) or a part thereof is subdivided into small [elements of
known or assumed behaviour, then analyzed by numerical matrix methods to determine|action (3.4)
effects, static or dynamic

3.24
fixed concrete offshore structure
concrete (3.12) structure (3.51) designed to rest on the sea floor

Note|l to entry: Sufficient structural stability can be achieved through'its own weight, or in combination with
suctipn in skirt compartments, or founding of the structure on pilesiinto the seabed. It includes the mechanical
outfifting of the structure.

3.25
fixed structure
strudture (3.51) that is bottom founded and transfetis most actions (3.4) on it to the seabed

[SOURCE: ISO 19900:2019, 3.24, modified — "all*has been changed to "most".]

3.26
floating concrete offshore structure
conctete structure (3.51) where the full weight is supported by buoyancy

3.27
float-out
trangfer of a major assembly ffom a dry construction site to a self-floating condition

Note [l to entry: Typicallyyit'is the transfer of the lower part of the concrete (3.12) structure (3.51) fitom a flooded
dryd¢ck.

3.28
globpl analysis
detefmination of a consistent set of either internal forces and moments or of stresses fof a complete
strudtureN(3.51) usually resulting from the finite element analysis (3.23).

3.29

inspection

conformity evaluation by observation and judgement accompanied, as appropriate, by measurement,
testing or gauging to verify that the execution (3.21) is in accordance with the project work
specification (3.44)

3.30

installation

marine operation (3.35) in which the platform is positioned and set down on the sea floor at the offshore
site (3.38)

© IS0 2019 - All rights reserved 5
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3.31

instrumentation

outfitting of a concrete (3.12) offshore structure (3.51) with instruments for data measurement and
recording

3.32

interface manual

document defining all interfaces between the various parties and disciplines involved in the design
and construction, ensuring that responsibilities, reporting and information routines, as appropriate,
are established and maintained

3.33
lightweight aggregate
aggregate (3.8) of mineral origin having an oven-dry particle density 2 000 kg/m3 or a loosé even-dry
bulk density 1 200 kg/m3

3.34
local analysis
determinatipn of a consistent set of internal forces and moments, or stresses,(in a cross-section of a
structural component, or in a subset of structural components forming part.ofithe structural system,
that are in ejquilibrium with the boundary conditions

3.35
marine opdration
planned and controlled vertical or horizontal movement of a structure (3.51) or component thereof|over,
in or on water

3.36
method statement
document s{ating the methods and procedures (3.42) used to perform the work (3.56)

3.37
normal-wejght aggregate
aggregate (3.8) with an oven-dry particle dénsity between 2 000 kg/m3 and 3 000 kg/m3

3.38
offshore sitfe
offshore locption where the structure’(3.51) is installed for its operational life

3.39
operations(manual
document gliving the reqéirements and restrictions related to a safe operation of the concrete (B.12)
structure (3]51) and all\its systems

3.40
owner
representatlve-of the companies which own a development

Note 1 to entry: The owner will normally be the operator on behalf of co-licensees.

3.41

primary structure

all main structural components [concrete (3.12) or steelwork] that provide the structure’s (3.51) main
strength and stiffness

3.42

procedure

document that describes a specified way to carry out an activity or a process, the detailed sequence and
interrelationships required for the completion of a particular task

6 © IS0 2019 - All rights reserved
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3.43
project specification
document giving the overall technical requirements provided by the owner (3.40)

3.44

project work specification

information and technical requirements necessary for the execution (3.21) of the works (3.56), including
documents and drawings, etc., as well as references to relevant regulations, specifications, etc.

3.45

quality plan
docupre eet s-the-proceditres rd-associated-resourees-to-be-apphedandby whom and
wher, covermg the entire pI‘O]eCt or deflned parts of the pr01ect and all relevant produgcts)processes or
contracts

3.46
secopdary structure
strugtural components that do not contribute significantly to the overall strength and stiffness of the
strudture (3.51) but which support individual items of equipment, transferring the actions (.4) thereon
onto|the primary structure (3.41)

3.47
shaft
compartment extending from the caisson (3.11) of the concrete’(3.12) offshore structure (3.51) to the
topsides (3.55)

Note|l to entry: A shaft is generally used to house and support the wells (drill shaft), mechanical syptems (utility
shaft) and risers and J-tubes (riser shaft). The part of a shaft extending above a caisson is also oftgn referred to
as aleg.

3.48
skirt
strugtural component constructed in c@ncrete (3.12) and/or steel that is part of the fouhdation and
peneftrates into the seabed

Note [l to entry: Skirts are used to increase the capacity of the foundation to resist vertical and horizontal actions
(3.4) Jand improve erosion resistance. Skirts can also be needed to form compartments facilitating the under-
base grouting.

3.49
solid ballast
non-$tructural maferial added to a structure (3.51)

Note |l to entry: Solid ballast is normally applied in order to increase the self-weight of the structufe or to lower
the cg¢ntre ofigkavity for floating stability purposes.

3.50
splashzene
area of a structure (3.51) that is frequently wetted due to waves and tidal variations

3.51

structure

combination of physically connected structural components designed to withstand actions (3.4) and
provide adequate rigidity

[SOURCE: 1SO 19900:2019, 3.53, modified — added text from "designed".]

3.52
submerged zone
part of the structure (3.51) that is normally submerged and exposed to the constant influence of sea water
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subsidence
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part of the settlement of the structure (3.51) that results from extraction of reservoir hydrocarbons and

factors othe

3.54
summary r

r than the weight of the structure

eport

document including the most important assumptions on which the design, construction and installation

(3.30) work
3.55

is based with regard to the load-bearing structure (3.51)

topsides
structure (3]
to provide s

Note 1 to ent
[SOURCE: I

3.56
works
constructio]

3.57

works cert
mill certifig
document is

test mef
all releyf
certifics
all nece

Note 1 to enf
accepted cerf

51) and equipment placed on a supporting structure (3.51) (fixed (3.25) or floating (3
pbme or all of a platform’s functions

y: A separate fabricated deck or module support frame is part of the topsides.

0 19900:2019, 3.54, modified — Notes 1 and 2 to entry have been omitted]

1 work described in the project work specification (3.44)

ficate

Cate

sued by the manufacturer or a testing institute certifying the materials delivered, and g
hod, specifications and criteria (e.g. test standard used),

ant test data,

ition that the tests have been carried\éut on samples taken from the delivered productg

ssary information for identification of product, producer and purchaser.

ry: A works certificate is norfmally required for construction materials that are not subject
ification scheme.

.20))

iving

,and

to an

4 Symbogls and abbreyiated terms

4.1 Symbols

A accidental action

A, actual surface area to be protected

a mass content of the active addition (type II)

C, total current capacity of the anodes

c cement mass content

c, current capacity of an anode

D action due to imposed deformation

d depth from the compressive side of the cross section to the centre of the tensile longi-
tudinal reinforcement on the opposite side
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E environmental action

E°, design closed-circuit anode potential

E°, design protective potential

fe coating breakdown factor for any coated surfaces (f, = 1 for bare steel)

Fo characteristic compressive strength of concrete

F., nominal compressive strength of concrete

Fyx characteristic strength of steel

G permanent action

I anode current output

Ly initfal initial current output

L findi final current output

I, current demand

I¢ avetage average current demand

L. finagl initial current demand

L. final final current demand

I, design current density

k factor which takes into account the activity of a type Il addition

L lap length

%X’ﬁfx']\lyxy’ six force components giving stresses in the plane of the member
x Yy Hxy

m effective-water/cement ratio

mry tatalnet anode mass

n number of anodes

Q variable action

R radius

R, anode resistance

t thickness

te design life of the cathodic protection system

u utilization factor of the anode

w water mass content in concrete

X distance from the support

Ya partial factor for accidental actions

© IS0 2019 - All rights reserved 9
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b partial factor for actions resulting from imposed deformations

YE partial factor for environmental actions

Yr partial factor for action taking account of model and geometrical uncertainties

Ye partial factor for permanent actions, also accounting for dimensional variations
™M partial factor for material resistance properties taking account of material, model

and geometric uncertainties

)/Q lJCll tla} faLtUl fUl vdl icl]U}C aLtiUllD
€ anode material’s electrochemical efficiency
\Y Poisson’s ratio

4.2 Abbreviated terms

ALS accidental limit state

CFD computational fluid dynamics
FLS fatigue limit state

GRP glass-fibre reinforced plastic

HAZOP hazard and operability analysis

HVAC heating, ventilation and air conditioning
MIC microbiologically induced corrosion
ROV remotely operated vehicle

SLS serviceability limit state

SRB sulphate-reducing bacteria

ULS ultimate limit state

5 General requirements

5.1 Genefal

Felhase FRPTE DY SRR TP Lo 4d ignad in o rd o wath ICN 10000 +h o A Braent on
Concrete Of STHOTCStrattur CS—Star ot e STENCO T attoTGanCC Wit TOU— 1T 7 U Ut S GO CUTIcTIT auj the

requirements given in the project specification.

The structure shall be designed, constructed, transported and installed in such a way that
— theinstalled structure meets the intended reliability level, and

— all functional and structural requirements are met.

General principles for the verification of the reliability of the structure shall be in accordance with
ISO 19900.

This document assumes that the owners will operate an organization that supervises and monitors the
project, and will ensure that an appropriate level of independent verification of design and construction
is performed.
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This document is intended to be used in conjunction with a suitable reference standard for basic
concrete design. The designer may use suitable national or regional design standards that provide the

requ

5.2

ired level of safety and structural reliability.

Overall planning requirements

5.2.1 General

A concrete offshore structure shall be planned in such a manner that it meets all requirements related
to its functions and use, while at the same time providing adequate levels of structural safety, reliability

All f
layoy
basig
oper
layoy

Site-
suffi

Inveq
soil
carri
and ]

5.2.2

The
quot

All W
with
plan

The
deve
that

5.2.3

The
requ

oo

inctional requirements, including operational issues and environmental conditiens g
t and design of the structure, shall be established in a clear format such that ‘these g

htional design situations, as well as robustness against accidental situatiofsthat can i
tand the structural design, shall be considered. The exposure level shalllbe-defined accqg

bpecific data, such as water depth, environmental conditionsCand soil properti
Fiently known and documented to serve as a basis for the design

onditions and environmental conditions including seadoevand icebergs, as appropri
ed out in accordance with the requirements of ISO 19901-1, ISO 19901-2, ISO 19901-4,
SO 19906.

Quality system

quality system shall conform with the requirements of ISO 19900 and the specific r¢
bd for the various engineering disciplingsin this document.

ork performed in accordance with.this document shall be subject to quality control in
an implemented quality plan. There can be one quality plan covering all activities o1
with separate plans for the various phases and activities that are performed.

quality plan shall ensure_that all responsibilities are defined. An interface manug
oped that defines allinterfaces between the various parties and disciplines involved,
Fesponsibilities, reporting and information routines are established as appropriate.

Qualifications of personnel

qualifications of personnel shall conform with the requirements of ISO 19900 j
rements:quoted for the various engineering disciplines in this document.

5.2.4

ffecting the
an form the

for the engineering process and the structural design. All functional requirements in tefnporary and

hfluence the
rding to 6.6.

bs, shall be

tigation of site-specific data, such as seabed topography, geo¢hazards (shallow gas, boulders, etc.),

hte, shall be
[SO 19901-8

pquirements

accordance
one overall

1 should be
and ensures

ind specific

Documentation

Documentation shall be prepared for all activities that are performed in the engineering, design,
construction, transportation, installation and possible removal of concrete offshore structures.

This documentation shall be sufficient to give complete information about the structure including the
following:

i

© ISO

nvestigations establishing data on which the design is based;

engineering reports, design reports and calculations;

drawings, specifications, etc.

2019 - All rights reserved
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Documentation shall also be prepared showing records of all inspection and control of materials
used and execution work performed that has an impact on the quality of the final product. This
documentation shall be in accordance with the requirements in ISO 22966. ISO 22966:2009, Annex A
provides guidance to the project team to determine the minimum list of documents and content of
execution specification required from contractors and suppliers.

Necessary procedures and manuals shall be prepared to ensure that the construction, transportation,
installation and in-service inspection are performed in a controlled and safe manner in full conformity
with all assumptions of the design.

The assumptions on which the design, construction and installation work is based with regard to the
load-bearingstruettresshatbepresentedirastmmaryreport—The-stmmaryreportshattbeavajlable
b P yIepP y TP

and suitable for use in connection with operation, maintenance, alterations and possible repair wark.

An operatiops manual shall be prepared giving all necessary information for the safe operdtion df the
concrete offshore structure including all systems.

5.3 Functfional requirements

5.3.1 Genleral

The enginegring of a concrete offshore structure shall be performed jn$uch a way that all functjonal
and operati¢pnal requirements relating to its safety and its operation@s\an offshore platform are njet.

The functiopal requirements affect the layout of the structure.as well as the design situation| that
shall be conpidered in the design of the structure. The functional requirements are related both tp the
site-specifiq conditions and to the structure as a productien or storage facility for the productipn of
hydrocarbons, or any other activities in the operation of atfield.

5.3.2 Posjtion on site

The structufre shall be positioned and oriented(on site taking into account the reservoir, construftion
requirements, other platforms in the vicinity, operations, accessibility by ships and helicopters} and
safety in cage of fire or leakages of hydrocarbons. Position tolerance shall be defined by the owner

5.3.3 Environmental considerations

There shall |be a site-specific, évaluation of all types of environmental conditions that can affeqt the
layout and design of the structure, including rare events with a low probability of occurrence.

The deck elgvation shall'be-determined such that it provides an adequate air gap or clearance, bas¢d on
site-specifid data, allowing the passage of wave crests higher than the design wave crest and icelpergs
or sea ice, iff accordance with ISO 19901-1 and ISO 19906, as appropriate.

Green water effeets on the deck of floating structures shall be in accordance with ISO 19904-1.

Due account shall be taken of wave crest modifications caused by the structure, caisson effect, local or
regional features of the sea floor, storm surge, uncertainty in water depth including platform placement
tolerance, wave diffraction by nearby structures, and wave run-up along the shafts.

It can be impractical to set the deck elevation to avoid impact from wave run-up along the shafts of
multi-leg structures or up the sides of caissons. Potential detrimental effects of wave run-up along
shafts of multi-leg structures or up the sides of caissons may be mitigated by use of wave deflectors or
other structural components that can resist those actions.

The water depth used in establishing layout and in design shall be based on site-specific data taking
due account of potential settlements, including subsidence, etc.

A wave model test early in the design phase may be used to determine the air gap.
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5.3.4 Platform operational requirements

The functional requirements related to the production system shall be determined by the owner and

coul

d include the following:
design life;

layout of production wells, risers and pipelines, etc.;

storage volume, compartmentalization, densities, temperatures, etc., in the case of stored products;

safeguards against hydrocarbon spillage, leakage and contamination;

ccess requirements, both internal and external, for operation, inspectionjati
onitoring, etc.;

interface to topsides;
fequirements for supply boats and other vessels servicing the platform;
future tiebacks;

lhydrocarbon loading or offloading systems.

All hpzards (fire, explosions, loss of intended pressure differextials, flooding, leakages, ruy
systdms, falling objects, ship impacts, etc.) that can be reasonably foreseen during operati
estahlished and evaluated.

5.4

Structural requirements

5.4.1 General

Stru

tures and structural members shall- perform satisfactorily during all design situ

respect to structural strength, ductility, durability, displacements, settlements and vib

stru
and

¢ture and its layout shall be such-that it serves as a safe and functional base for all the
other installations that are needed for it to operate. Adequate performance shall be de

in dejsign documentation.

5.4.2 Structural conceptrequirements

The

structural coneept, details and components shall be such that the structure fulfils t}

requjrements:

lhas adequate robustness (reserve strength, ductility) where local damage (dropped oh

¢amrbe constructed in a controlled and efficient manner;

¢ollision) will neither impair overall structural integrity nor hydrocarbon containmentj;

1 condition

ture of pipe
ons shall be

htions, with
rations. The
mechanical
monstrated

he following

jects, vessel

)

is adequately protected from corrosion and other degradation throughout the design li
is suitable for condition monitoring, maintenance and repair, if required;

fulfils requirements for decommissioning and removal, if required;

fe;

maintains deflections and motions within acceptable limits both during floating conditions and at

permanent location;

meets water/oil leak-tightness requirements.

© IS0 2019 - All rights reserved
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5.4.3 Materials requirements

The selected materials shall be suitable for the purpose and meet requirements of the design standard.
The material properties and the verification that these materials fulfil the requirements shall be
documented.

It shall be ensured that the specified quality of the materials, all structural components and the physical

structure itself is maintained during all stages of construction.

5.4.4 Execution requirements

Requiremer
specified or

ts—forexecution, testing amdinmspection of the various parts of the structure—sh
the basis of the significance of the various parts with regard to the overall safety.qg

completed and installed structure as well as to the structure in temporary phases.

5.4.5 Temporary phases requirements

The structu
unless othel
those consti

For all floa
reserve bud
basis of an
compartmel
compartmel

Weight con
documented
ISO 19901-5

operations.
5.5 Desig

5.5.1 Gen

The structu
with this da
defined in I

The design
assumption

The design
applicable.

e shall be designed for all phases with the same intended reliability as.forthe final cond

uction phases when the structure is afloat.

Fing phases during marine operations or construction, sufficient positive stability

hccurate geometric model for each condition. Adequate freeboard shall be provided.
it damage stability should normally be provided..For short transient phases, the
1t damage stability may be waived, provided this can be justified by a risk analysis.

rol required for temporary phases should e performed by means of a well-def
, robust and proven weight control method. Procedures shall be in accordance
The system should provide up-to-date weight reports containing the necessary data f

n requirements

eral

ral design of a concrete offshore structure and its foundation design shall be in accord
cument. The desighrshall be performed according to the principles of limit state desi
0 19900.

5 made areconformed with.

bf structural steel components shall be in accordance with ISO 19902 and ISO 19901

1l be
f the

ition

'wise agreed. This applies also to temporary moorings or anchorage-systems used during

and

yancy shall be ensured. Both intact and damaged stability shall be evaluated on the

One-
one-

ined,
with
or all

ance
b as

shall provideladequate strength and serviceability in all design situations, such that the

3, as

5.5.2 Des

The represe

ign actions

ntative values of actions shall be selected according to 6.2.

The partial factors for actions shall be chosen with respect to the limit states and the combination of
actions concerned. Values are given in 6.4.

5.5.3 Des

ign resistance

The characteristic resistance of a cross-section or a member shall be derived from characteristic values
of material properties and nominal geometrical dimensions.

14
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The design resistance is obtained by amending the characteristic values by the use of appropriate
partial factors for materials.

5.5.4 Characteristic values for material strength

The characteristic strength of materials shall be determined according to the relevant design standards
and recognized standards for material testing.

For concrete, the 28 days characteristic compressive strength F,, is defined as a 5 % fractile value (5th
percentile) found from statistical analysis of testing 150 mm x 300 mm cylindrical specimens.

NOTE+®

trang
value

Ill SUIIIC btdllddl db, d llUlllilld} LUllllJl CbbiVC btl Cllstll Fcn ib ubUb‘l, VV}liLll ib ltibb tlldll Fck, U
ition of test strength into in situ strength and ageing effects due to high sustained stresses.f
is used for the calculation of design strength, reduced partial factors for materials reflectin

his considers
this nominal
g this can be

appligd.
NOTHE 2 In some design standards, limits are placed on the upper characteristic strength, whigh can reflect
local construction practice. Such limits can be relaxed if adequate justification can beprovided, including testing

of thd

Forr]

ky

Valug
effec

For
as a
unle
refer
a saf
desig
envil

Whe
the d
strug
prob|
for c

5.5.5

The
refern

For
resis

concrete mix and aggregates, where appropriate.

einforcement steel, the specified minimum yield stress shall be taken as the characterij

1o flor prestressing, the 0,1 % proof stress may be applied.

s for geotechnical analyses shall be determined in accordange with ISO 19901-4. Any d
ts during the operation design situation shall be taken.into consideration.

he fatigue limit state (FLS), the characteristic material strength shall be determined
5 % fractile for reinforcement, prestressingrassemblies, couplers, welded conng
s other values are specified in the reference stanidard for design. For concrete, normj
ence strength shall be used. For other matetials, acceptance criteria shall be specified
bty level equivalent to that of the requirements in this document. The reference stand
n should give key fatigue parameters‘for concrete, reinforcement and prestressing in
onment.

Fe high resistance of a member issdnfavourable (e.g. in weak link considerations), an uj
haracteristic resistance shall\bé used in order to give a low probability of failure of t
ture. The upper value sliall' be chosen with the same level of probability of exceed
ability of lower values Being underscored. In such cases, the partial factor for materia
hlculating the resistange that is used when actions are applied on adjoining members.

Partial factors for structural materials

partial facters for the materials in reinforced concrete shall be chosen in accordar
ence stahdard for the design and for the limit state considered.

ctriactural steel members in the mechanical outfitting, embedment, skirts, etc.,
tahce factor shall be in accordance with ISO 19902.

tic strength

eteriorating

statistically
ctions, etc,,
nlly a design
which offer
ard used for
the marine

per value of
he adjoining
ance as the
shall be 1,0

ce with the

the partial

5.5.6 Design by testing

Where actions acting on a structure or the resistance of materials or structural members cannot be
determined with reasonable accuracy, model tests should be considered.

Characteristic resistances of structural details, structural members or parts may be verified by a
combination of tests and calculations.

A test structure, a test structural detail or a test model shall be sufficiently similar to the structure to
be considered representative of the actual structure. The results of the tests shall provide a basis for
a reliable interpretation in accordance with a recognized standard. Scale effects shall be taken into
account where relevant.
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6 Action and action effects

6.1 General

6.1.1 Classification of actions

In accordance with ISO 19900, actions are classified as the following:

environ

perman

mental actions (E) (6.2);

ent actions (G) (6.3.1);

variable
acciden

Although IS
this docums

The actiond

actions (Q) (6.3.2);
Fal actions (4) (6.3.4).

D 19900 defines actions resulting from imposed deformation (D) as perymanent actiol
nt they are treated differently (see 6.3.3).

shall include the corresponding external reactions. The representative actions

NS, in

shall

be chosen according to the design situation under investigation. The following design situationp are

distinguished:

— operatipnal situations;

— temporary and transient situations including construction (dry-dock and deep water |site)
transpdrtation, and installation;

— accidental and abnormal situations;

— damaged situations;

— decomnpissioning situations.

6.1.2 Detprmination of action effects

Action effecfs shall be determined by means of recognized methods that take into account the variation

of the actiorn] in time and space, the configuration and stiffness of the structure, relevant soil conditions

and the limjit state that is undérJconsideration. For floating structures, reference may be magle to

ISO 19904-1 for the determinatien of action effects.

Dynamic or|non-linear action effects shall be considered where appropriate.

Hydrodynamic and @érodynamic actions, and the associated action effects, shall be determingd by

methods which take*the kinematics of the liquid or air into account. For hydrodynamic actiong, the

interaction petween liquid, structure and soil shall be considered. For calculation of overall agtion

effects from wind, simplified methods normally suffice.

Seismic actions shall be considered in accordance with ISO 19901-2 and 7.5.7.

When determining the soil reactions used in the calculation of action effects in the structure, the soil-
structure interaction shall be accounted for. An appropriate range of design parameters should be used
to ensure that all realistic patterns of action effect distribution are included, considering long- and
short-term effects, unevenness of the sea floor, degrees of elasticity and plasticity in the soil and, if
relevant, in the structure.
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6.2 Environmental actions

6.2.1 General

Wind, wave, tide and current are important sources of environmental actions (E) on many structures
located offshore. In addition, seismic actions (see 6.2.4) and ice actions (see 6.2.5) can be significant
actions, depending on location.

The determination of actions due to wind, wave and current requires an appropriate description of
the physical environment in the form of sea state severity and direction, associated wind speed and
direction, and relevant current descriptions in terms of current velocity profiles through the depth and
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dered and appropriate combinations of actions shall be determined to define design s
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6.2.2 Waveactions

6.2.2.1./\General

Wave actions shall be determined by means of an appropriate analysis procedure and supplemented
by a model test programme, if required. Global actions on the structure and local actions on various
appurtenances, attachments and components shall be determined.

Impulsive global and local wave actions shall be considered, e.g. slamming. These action effects can be
significant for structures where the water depth above the caisson is small compared to the wave-height.

The appropriate analysis procedure for computing wave actions generally depends on the ratio of
wavelength to a characteristic dimension of the structure, such as the diameter of a cylinder or caisson.
For ratios less than approximately five, a procedure that accounts for the interaction of the structure
with the incident wave-field, such as diffraction analysis, shall be applied. For higher ratios, a slender-
body theory, such as the Morison equation, may be used. Where drag forces are important in global
actions, both procedures should be applied in combination. In some cases, such as in the computation of
local actions on various external attachments to a structure, both procedures can be required.
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Model testing and CFD analyses should be considered for supplementing analytical results, particularly
in cases where it is anticipated that non-linear effects can be significant, or where previous experience
is not directly applicable because of the configuration of the structure.

6.2.2.2 Slender-body theory

The Morison equation can be appropriate for application to determine wave actions on slender members.
The local wave kinematics are considered to be unaffected by the presence of the structural component
under investigation, but local kinematics can be significantly influenced by adjacent structures.

The required inertia and drag coefficients for application in the Morison equation shall be based on
recognized procedures, such as those given in ISO 19902Z.

The Morison equation shall be applied:
— with a fegular (single-period) design wave;
— with irrfegular sea states in the time domain;

— with spectral representations in the frequency domain using appropriate’linearization of the
drag tefm.

The Morison equation may also be applied to calculate local actions fropmi‘the kinematics around a global
structure d¢rived from diffraction theory.

The Morison equation does not account for various non-linear.os higher order interactions between
wave and stfucture, such as slamming or ringing.

6.2.2.3 Diffraction analyses

6.2.2.3.1 (eneral

Global actiofis on large-volume bodies shall generally be determined by applying a validated diffraption
analysis procedure. In addition, the design_of various appurtenances shall be evaluated, inclyding
incident kinpmatics, diffraction and (if necessary) radiation effects.

The fundamental assumption of diffraetion analysis is that the fluid is inviscid and that the oscillatory
motions of poth the waves and of the structure are sufficiently small to permit the assumptipn of
linearity. THe hydrodynamic interaction between waves and a structure can then be predicted hased
on linearized three-dimensional potential theory.

CFD analysip proceduresqnay be employed on shallow water structures, on surface-piercing structures
that will be| overtopped by the progressing wave or on structures with significantly varying coss-
section negr the <waterline, within the likely wave-affected zone. The CFD analysis may dither
complement or replace the diffraction analysis.

6.2.2.3.2 ethods

Diffraction procedures shall generally be implemented through well-verified computer programs,
typically based on source/sink (Green’s function) panel methods or similar procedures.

6.2.2.3.3 Special considerations for panel methods

Diffraction analysis using panel methods shall be executed with an adequate grid density to provide a
solution with the required accuracy.

Diffraction models shall be combined with Morison models in the assessment of various relatively
slender attachments to large-volume structures. Diffraction methods provide the required kinematics
field, the Morison equation may be applied to compute resulting actions on slender attachments.
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The proximity of additional relatively large-volume structures shall be included in assessing actions.
Disturbances to the kinematics field around two or more structures can interact and this interaction
shall be accounted for in the analysis.

Careful consideration shall be given to possible pressure fluctuations on the underside of a structure
during the passage of a wave. If the foundation conditions are such that pressure fluctuations are
expected to occur, then such pressure fluctuations shall be included in the analysis.

Diffraction analysis programs may be used to determine coefficients required in the evaluation of

various non-linear effects, typically involving sum and/or difference frequencies.
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4 Additional requirements for dynamic analysis

ses where the structure can respond dynamically, the additional effects associat
bns of the structure shall be determined. Typically, these additional effects-shall be
ional inertia and damping terms in the dynamic analysis. Structures canf for exam
mically in the as-installed situation due to wave or seismic actions, or in‘fleating situg
or wind actions.

pffects of motions of the structure on internal fluids, such as ballast water in tanks,
ated. Sloshing in tanks generally affects the pressures, particularly near the free surfact

.5 Model testing

.5.1 Role of model testing

] testing should be considered in the following ¢ircumstances:

Verification of analytical procedures: to confirm the results of analytical procedures,
or cases with structures of unusual shape, for structures in shallow water with steep
aves, for the assessment of potential*for sea-bed scouring or for any other case w,

imitations of analytical procedures@re present.

[omplementing analytical procedures: where various effects, such as ringing, w
iotential occurrence of slamming are suspected, or in cases where the higher order te
eglected in analytical procedures can be important.

.5.2 Scaling of model tests

de scaling is noymally appropriate for typical gravity-driven processes, such as wav
-volume structures. However, in any decision to apply Froude scaling, the possible
sity and Reynolds number effects should be considered.

.5.3_Y'Validation of model tests

bd with the
captured in
ble, respond
tions due to

thall also be
b of the fluid.

particularly
or breaking
here known

ave run-up,
'ms that are

Ps acting on
influence of
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6.2.2.5.4 Estimation of actions

ons or with

Sufficient data shall be gathered to perform reliable statistical analysis to determine wave actions. Data
can include the following:

the time history of the local instantaneous air/water surface elevation at various locations;

local particle kinematics;

global actions, such as base shear, vertical load or overturning moment, as well as loc
the form of the pressure distribution on individual components;
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— structural response, such as displacements and accelerations, particularly if dynamic response occurs.

Model test data shall be converted to full scale by appropriate factors consistent with the physical
scaling procedures applied in the test programme.

6.2.2.5.5 Limitations of model testing

Analogous with analytical procedures, model test results have inherent limitations that shall be
considered in assessing the validity of resulting actions. The primary sources of inherent limitations
include the following:

— Surfaceenstonreffects—thesearemotatowed-forimmodettest programmredefinitiomringemeral and
can be dignificant, particularly where large-scale factors are applied.

— Viscous| effects: the Reynolds number is not accurately scaled in general, and these effectp are
importgnt where viscosity is significant, such as in the prediction of drag or damping effects.

— Air/watler mixing and air entrainment: various actions that are influenced by this phenom¢non,
such as plamming actions, will not be accurately scaled in typical Froude-scalesbased model tests in
general

The influenge of particular effects on actions determined in model tests shall be assessed and steps
shall be tak¢n in the testing programme to reduce or minimize them. Such effects can be as follow:

— wave reflections from the ends of model test basins;
— scattering of waves from large-volume structures;

— reflectipn of spurious scattered waves from model basin sidewalls interfering with target design
wave cdnditions;

— breakdgwn of wave trains representing the target design wave due to various instabilities leading
to an inpccurate realization of design wave ¢énditions;

— difficulties in the inclusion of wind or cirrents in association with wave fields.
6.2.3 Curfent actions

6.2.3.1 Ge¢neral

Currents, irfcluding directiopality over the water column, shall be combined with the design ave
conditions.

The disturbpnce of the)incident current field due to the presence of the structure shall be accounte(d for.

6.2.3.2 Mepthods

Current actions shall be determined using recognized procedures. Typical methods are based on the
use of empirical coefficients accounting for area, shape, shielding, etc. Such empirical coefficients shall
be validated. Model tests or analytical procedures or both shall be considered to validate computed
current actions.

Analytical procedures based on CFD may be used in the evaluation of current actions or other effects
associated with current. Only well-validated implementations of the CFD procedure shall be used in the
computation of current effects. The method can provide a more economic and reliable procedure for
predicting drag forces than physical modelling techniques.
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6.2.3.3 Local effects

Disturbances of the incident current field lead to modifications in the local current velocity in the
vicinity of the structure. Actions on local attachments to the structure shall be computed based on
the modified current field. The possibility of vortex-induced vibrations on various attachments shall be
investigated.

6.2.3.4 Scour around the base

The presence of water motions in the vicinity of the base of a structure can lead to scour or sediment
transport around the base. The potential for sediment transport shall be investigated. Typical
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eering fields) that can be consulted for additional insight into sediment tran§port proce
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.5 Wind action

| actions on a concrete offshore structure consist of two parts:
vind actions on the topsides;

vind actions on the concrete offshore structure above.sea level.

hl wind actions shall either be determined bas€d on the appropriate design wind
ination with recognized calculation procedures‘or by wind tunnel testing. In a typical
action may be estimated by simplified procediires, such as a block method.

s type of procedure, wind actions may be based on calculations that include empiricall
mple shapes for which data are available, an appropriate exposed area and a press
ion of the square of the wind speed(normal to the exposed area.

vind action on the exposed part of the concrete offshore structure is normally small
/ind action on the topsides and to wave actions. A simplified method of applying the ef
b concrete structure is using the wind actions on the topsides only.

For a more complete description of wind actions, see ISO 19901-1 and ISO 19902.

h1 dynamic effect$of wind action shall be investigated if relevant. By way of example
s afloat or inra‘temporary condition during the construction, transportation or install
be susceptible to wind dynamics. An appropriate description of the wind field, suc
frum, shallbe included to determine global dynamic effects of wind action.
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Procedures for the determination of seismic actions and minimum return periods are provided in
[SO 19901-2 at two levels, ELE and ALE. For the ELE event the structure shall meet the ULS requirements.

Seismic actions at ALE level may be considered as an abnormal design situation.

The action factors for ELE and ALE are specified in Table 1.

6.2.5

Ice actions

The computation of ice actions (sea ice and icebergs) and action effects, such as vibration or impact, is
highly specialized and location-dependent and shall be in accordance with ISO 19906.
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6.3 Other actions

6.3.1 Permanent actions

Permanent actions (G) are actions that do not vary in magnitude, position or direction during the time
period considered. These include the following:

— self-weight of the structure, including topsides;

— weight of permanent ballast;

—  weight pfpermarenthy-instaHed partsefmecharestontfitbinetneladingrisersetes
— externall hydrostatic pressure up to the mean water level;

— prestressing.

The expected variation in the centre of gravity position shall be accounted for.

NOTE Pitestressing can alternatively be considered as actions from imposed deformations.

6.3.2 Varjable actions

Variable actiions (Q) change on magnitude, position and direction during the time period considered.
They includ¢ actions from the following:

— personyjel;

— temporgry equipment, any mechanical outfitting and\structure planned to be added or removed
during the operational design situation;

— weight ¢f gas and liquid in pipes and process pldnts;

— stored goods, tanks, etc,;

— weight §nd pressure in storage compartments and ballasting systems;

— temperdtures;

— actions caused by drilling, wiorkover or enhanced oil recovery operations, etc.;

— low enefgy boat impactdendering and mooring;

— tidal variation aboutdirean water level;

— external hydrestatic pressure experienced due to heave, pitch and roll in floating conditions.

NOTE Vdrijable'actions from temperatures can also be considered as actions from imposed deformatiofs.

The assumptions that are made concerning variable actions shall be reflected in the summary report
(see 5.2.4) and shall be conformed with in the operations. Possible deviations shall be evaluated and, if
appropriate, shall be considered in the assessment of accidental actions.

6.3.3 Actions from imposed deformations

Certain actions, which can be classified as either permanent or variable, may be treated as resulting
from imposed deformations (D). Action effects caused by imposed deformations shall be treated in
the same way as action effects from normal actions or by demonstration of strain compatibility and
equilibrium between applied actions, deformations, and internal forces.

Potential imposed deformations are derived from sources that include the following:

— thermal effects;
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prestressing effects (including effects of prestressing sequences, etc.);
creep and shrinkage effects;
differential settlement of across the foundation;

locked-in deformations due to construction stages.

6.3.4 Accidental actions

6.3.4.1 General

Accidental actions (4) can occur from abnormal environmental events, malfunction, ‘m
or a¢cident. The accidental actions considered in the design shall be based on,an e
the ¢perational conditions for the structure, due account being taken of factors stch 4
qualifications, operational procedures, facilities and equipment, safety systems dngcontrol
Evalfiations of risk related to fire and explosions are covered in ISO 13702.

Primlary sources of accidental actions include the following:

dbnormal environmental events;
fires;

gpillage of refrigerated liquefied gas;
e¢xplosions;

flooding;

dropped objects;

¢gollisions;

tinintended changes in pressure differences.

6.3.4.2 Abnormal environmrental events

Abngrmal environmentaleyents include events such as the 10 000-year return period wav

whe

appropriate, and the ALE seismic event.

6.3.4.3 Fires

The principakfire and explosion events are associated with hydrocarbon leakage from fla
equipment Seals, nozzles, etc.

The follewing types of fire scenarios shall at least be considered, where relevant:

hl-operation
baluation of
s personnel
procedures.

re condition,

hges, valves,

burning blowouts in wellhead area;

fires related to releases from leaks in risers, manifolds, loading/unloading or process equipment, or

storage tanks, including jet fire and fire ball scenarios;
burning oil on sea;
fires in equipment or electrical installations;

pool fires on deck, in shafts or on the sea.

The fire action intensity may be described in terms of thermal flux as a function of time and space or,
simply, as a standardized temperature-time curve for different locations.
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The fire thermal flux may be calculated on the basis of the type of hydrocarbons, release rate,
combustion, time and location of ignition, ventilation and structural geometry, using simplified
conservative semi-empirical formulae or analytical/numerical models of the combustion process.

6.3.4.4 Spillage of refrigerated liquefied gas

Where relevant, leakage of refrigerated liquefied gas from process or equipment onto the concrete
structure shall be considered during design in accordance with international standards for liquefied

natural gas storage tanks, ACI 376, EEMUA 207[1¢],
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plosion events that result from the safe scenario of released combustibles and ign
ssumed to occur at the same time, ile. to be fully dependent. The fire and blast ana
brformed by taking into account théeffects of one on the other.

e to the fire protection by amexplosion preceding the fire should be considered.

poding

"'wise mitigated, fléoding of compartments in temporary and operational design situa
sKidered in the désign. When the structure is afloat, the effect on tilt and waterline sh{
[f mechanical systems are used to minimize the structural effects, these systems shg
operate under the relevant conditions.

ropped-objects

to-dropped objects should include the following types of incidents:

ition
[yses

kions
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111 be

cargo dropped from lifting gear;

falling lifting gear;

tionally swinging objects;

loss of drilling equipment, pipes, etc.

The impact energy from the lifting gear shall be determined based on lifting capacity and lifting height,
and on the expected weight distribution in the objects being lifted.

Unless more accurate calculations are carried out, the actions from falling objects may be based on
the safe working action for the lifting equipment. The action shall be assumed to be due to objects
falling from lifting gear from the highest specified height and at the most unfavourable place. Sideways
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movements of the dropped object due to possible motion of the structure and the crane hook should be
considered.

The trajectories and velocities of objects dropped in water should be determined on the basis of the
initial velocity, impact angle with water, effect of water impact, possible current velocity and the
hydrodynamic resistance.

The impact effect of long objects, such as pipes and drill stem equipment, shall be subject to special
consideration.

6.3.4.8 Collisions
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ffect of a vessel impact shall be evaluated if the annual probability of collision is gneaty
ch an evaluation, the nature of all vessel operations in the platform vicinity shall b
int. These can include the following:
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lankers loading at the field;
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hips and fishing vessels passing the installation.
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e appropriate, impacts from sea ice or icebergs and ffom aircraft servicing the field shall be
ed in the same manner as impacts from vessels.

The most probable impact locations and impact geometry shall be established, based on thg dimensions
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eometry of the structure and vessel. This shallaccount for tidal changes, operational se
bns of the vessel and structure in free vibration modes. Potential vessel impact on th¢
rline members, risers and external wells-shall be considered. Effective operational
pssel approach sectors can limit the exposure to impacts in some areas of the struc
detailed investigations are done forthe relevant vessel and structure, the impact zor
ls may be considered to be between 10 m below lowest astronomical tide (LAT) and
st astronomical tide (HAT). Barge bumpers, boat landings and other external fende
as protection.

nding on the risk of collision and the consequences for the structural integrity of the §
sis of vessel impact(conditions can be required. Irrespective of whether an analysis
stness in relationsto/vessel collisions should be incorporated into the design by ind
as the following:

ivoiding weak elements in the structure;
electing'materials with sufficient toughness;

bnsuring that critical components are not placed in vulnerable locations.
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Impact actions are characterized by kinetic energy, impact geometry and the relationship between
action and indentation. In a rigorous impact analysis, if required, accidental design situations shall be
established representing bow, stern and beam-on impacts on all exposed components.

Two energy levels shall be considered:

a) Low energy level: representing the frequent condition, based on the type of vessel which would
routinely approach alongside the platform (e.g. a supply boat) with a velocity representing normal
manoeuvring of the vessel approaching, leaving or standing alongside the platform.

b) High energy level: representing a rare condition, based on the type of vessel that would operate in

the platform vicinity, drifting out of control in the worst sea state in which it is allowed to operate
close to the platform.

© IS0 2019 - All rights reserved 25


https://standardsiso.com/api/?name=c6661ba88d582abc696a325adb9d2e9b

IS0 19903:2019(E)

Level a) shall be checked for SLS and ULS. The owner can set their own requirements based on practical
and economic considerations. Level b) shall be checked for ALS where progressive collapse shall
not occur. In both cases, the analysis shall account for the vessel’s mass, its added mass, any special
characteristics (e.g. ice-class vessels), orientation and velocity. The possibility of leaks due to damages
in the impact zone and flooding shall be assessed.

The collision energy can be determined on the basis of relevant masses, velocities and directions of
vessels that can collide with the structure. All traffic in the relevant area shall be mapped and possible
future changes in vessel operational patterns shall be accounted for. Design values for collisions are

determined

based on an overall evaluation of possible events.

Th f 1 1 1o 11 L. [oMAYAYANP N 1 REyYy i 1 L i PRLY S I N |
€ Mass oI supPpry-vessers snotra ot o o ou toMmes eSS aatrrerent varaecanpejustrreauasea

the vessels
for sideway,

velocity of O
vessel whild
a vessel veld

with signifi

bperating in the area and accepted by the owner. A hydrodynamic (added) mass,0f)4
5 and 10 % for bow and stern impact can be assumed. For low energy impacts;a v
,5 m/s is commonly used, representing a minor “bump” during normal manoeuvring ¢
loading or unloading or while standing alongside the platform. For high enérgy condit
city of 2 m/s is commonly used, representing a vessel drifting out of control in a sea
ant wave height of approximately 4 m.

6.3.4.9 Unintended changes in pressure difference

Changes in
use of, sepa

equipment {

Unintended
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Floating str
correspondi

Adequate g
considered
the tilted co

6.3.4.11 Cq

Where acci
combinatior
as hydrocar
to be statist

NOTE W
10-2, or one
probability lg

intended pressure differences or buoyancy caused for instance by defects in, or w
ration walls, valves, pumps or pipes connecting separateyeempartments, as well as s
0 control or monitor pressure, shall be considered.

distribution of ballast due to operational or technieal'faults shall also be considered.

pating structures in damaged condition

ng abnormal variable and environmental actions shall be considered.

n the damage stability check, as Well as tightness or ability to handle potential leakag
ndition.

mbination of accidental actions

lental actions oecur simultaneously, the annual probability level (10-4) applies t
of these actiaens:-“Unless the accidental actions are caused by the same phenomenon,
bon gas fires.and explosions, the occurrence of different accidental actions may be assy
ically independent.

hile, inprinciple, the combination of two different accidental actions with exceedance probabi
ht 103 and the other at a 10-1 level, corresponds to a 10-4 event, individual accidental action

ictures that experience buoyancy loss or, flooding have an abnormal floating position{

pon
0 %
lessel
f the
ions,
state

rong
hfety

The

lobal structural strength shall>be documented for the abnormal floating condifions

esin

the
such
imed

ity of
sata

velof 10-4 will normally be most critical.

6.4 Partial factors for actions

Partial factors that shall be applied with representative actions, according to Table 2, are given in
Table 1. The factors should be adjusted, as required, for consistency with the reference standard used

to provide a

In cases for

n equivalent level of safety.

ice actions, the partial factors in ISO 19906 shall be applied.

The ULS shall be checked for two sets of combinations of actions, ULS (A) and ULS (B) (see Table 1).
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Table 1 — Partial factors y for actions for different limit states

Classification of action

Limit state

4 Yo VE 145

ULS (A)

1,3 1,3 0,7b 1,0

ULS (B)

1,0 1,0 1,3b 1,0

SLS

1,0 1,0 1,0 1,0

FLS

1,0 1,0 1,0 1,0

ALS

1,0 1,0 1,0 1,0

a

b

for aj

1 £0.£ ool O + £, o Ll ot 1 i ' i 1. Llo o 1 <l ' ik A
varacoroTorapar crar ractorror-actronsTreanstnat cncacttromr S otapprreapreto e aCSIgiSteaations

A factor of 0 should also be investigated if deemed more unfavourable. The tabulated values may have

eas with long-term distribution functions that differ from those for North Sea conditions.

o be adjusted

The

phys
that
by aj
situdtion in the ALS or shall be treated as part of the ordinary designsituations included
Such
to b

For

facto
Whe

acti

presgure difference shall be multiplied by the partial factor for action. The pressure differg
taken as no less than the smaller of either one terth of the highest pressure or 100 kPa, if n

doc

Pres
shall
cons

A pa
calcu

For ¢
the fi

a)

b)

actions shall be combined in the most unfavourable way, provided that-the con
jcally possible and permitted according to the action specifications.-Gombination
are physically possible, but not intended or permitted to occur in operations shall
sessing their probability of occurrence and shall be accounted for either as an accid

conditions may be omitted in cases where the annual probability.of occurrence can be
less than 10~4.

¢xternal hydrostatic pressure, and for internal pressurés resulting from a free surfag
r of 1,2 may be used, provided that the action effect;¢can be determined with norm
e second order effects are important, a partial factor for action of 1,3 shall be use

is the result of the difference between independerit and counteracting hydrostatic pr

ented. This does not apply when the pressure is balanced by direct flow communicat

[ressing actions may be considered as-actions resulting from imposed deformations.

ervative value of 0,9 or 1,1 shall be' used as a partial factor for action in the design.

Irtial factor for action of A;0"'shall be applied to the weight of soil included in the §
lations.

alculation of the soil-capacity during cyclic actions, the design action effect shall be det
bllowing two cases:

[
q

Jsing a partial” factor for action equal to 1,0 for the cyclic actions and 1,3 for
bnvironmental action.

|
ineluding the greatest env1ronmenta1 action. Approprlate values of the partlal factc

be taken of the time-dependentieffects in calculation of effective internal forceg.

hbination is
5 of actions
be included
ental design
in the ULS.

determined

e, an action
al accuracy.
1. Where an
essures, the
nce shall be
t otherwise
ion.

Due account
The more
reotechnical

ermined for

the largest

Jsingia-partial factor for action larger than 1,0 on the cyclic actions throughout the Joad history,

r for action

actlon history.

ith the cyclic

The load history shall represent the wave conditions affecting the pore pressure build-up in a design
storm, with respect to the distribution of load cycles, and their magnitude and number, prior to the
time considered in the analysis. When the method in case b) is employed, a partial factor for action of
1,15 has been considered appropriate in a number of cases.

6.5

Combinations of actions

Table 2 gives a more detailed description of how actions shall be combined. When environmental and
accidental actions are acting together, the given probabilities apply to the combination of these actions.
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Refer also to ISO 19901-2 that sets minimum requirements for annual probability of exceedance for ELE
and ALE, which may differ from the values in Table 2.

The consideration of companion environmental actions with ice actions shall follow ISO 19906.

For temporary design situations, where a progressive collapse in the installation does not entail the risk
of loss of human life, injury, or damage to people or the environment, or of significant financial losses,
areduced return period for environmental actions may be considered in accordance with [SO 19901-6.

Table 2 — Representative actions and combinations of actions

Operational- designsituations
Serviceability Fatigue . Accidental limit state (ALS)
limit state limit state Ultimate Ab 1 sit
(SLS) (FLS) limit state (ULS) nor:?(?n SIUA™ | hamaged situgtion
Per_manent Representative value
actions
Variable furjc- Specified value
tional actions
. L Dependent on . |Annual proba- Annualb proba- Annual proba-
Environmen- : Representative | .. s s
- operational . . bility of exceed- bility of exceed- bility of exceed-
tal actions . action history _1n2 -\ _4n-2
requirements¢ ance = 10 ance’s 10 ance = 10
Deformation .
. Representative extreme value
actions
Accidental Not applicable A_npual proba- '
. bility of exceed- Not applicable
actions 4
ance = 10
Temporary and transient design situations
Serviceability Fatigue X Accidental limit state (ALS)
limit state limit state g:ltlliltn:t?te (ULS) |Abnormalsitua- |Damaged sitya-
(SLS) (FLS) tion tion
Per_manent Representative value
actions
Variable furc- g
. . Specified value
tional actions
EnvironmeL- Depen(_ient oh Representative
. operational . : Dependent on measures taken?
tal actions : action history
requirementsc
Deformation .
. Represéntative extreme value
actions
Accidental . . . .
actions Not applicable Dependent on operational requirements | Not applicable

faYay 0
07

a See ISO 1996

b When an abnormal environmental load is applied in ALS as accidental load, the annual probability of exceedance for an
ALE shall be agreed with relevant authorities; typically 10~* has been used for fixed concrete offshore structures in low to
moderate seismic areas.

¢ Environmental actions equivalent to 50 % of those generated by events with an annual probability of exceedance of
10-2 may be taken instead of particular requirements stipulated by the owner.

6.6 Exposure levels

The exposure level applicable to a structure, as described in ISO 19900, shall be determined by the
owner. Regulations might apply. Three exposure levels are considered, which relate to the intended
service of the structure, see Table 3.
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Structures in exposure level L1 shall be designed in accordance with the requirements of this document
for permanent, variable, environmental, deformation and accidental actions. Inspection of execution
shall be according to inspection class 3 (extended inspection, see 8.5.3).

For structures in exposure level L2, the same requirements apply as for L1 structures except that
inspection of execution may be performed according to inspection class 2 (normal inspection, see 8.5.3).

For structures in exposure level L3, the same requirements apply as for L2 structures except that
accidental actions with a probability of less than 103 may be disregarded. Additionally, a reduction
of the factor for environmental actions of not more than 15 % may be considered, if permitted by the
project specification.

Table 3 — Determination of exposure level

Exposure level (L1 to L3)

Life-safety category Consequence category

Low cons
L1
L1 L2 L2
L1 L2 L3

The exposure levels, life-safety categories and consequence categories‘are defined in detail in ISO 19

High consequence
L1

Medium consequenge
L1

equence

Man
Man
Unmjanned
NOTE

hed-non-evacuated

hed-evacuated

D00.

N

7 $tructural analyses

7.1 | General

Appr]
Thes|
with

Stru
calcy
instr

Comj
If re

opriate structural analyses shall be performed to determine the action effects within
e analyses shall define the responses:gfithe structure during each stage of its life in
Clause 6.

tural analysis refers to calculations based on numerical techniques includin
lations and/or computer-based methods. The development of action effects by model {
umentation of other similarstructures is not precluded by this document.

blex or unusual structural types can require forms of analysis not described within thi
uired, these shallCbe” performed in accordance with the principle that a sufficien

suitable analyses are(carried out to accurately assess all significant action effects within th

7.2

7.2.1

General principles

Planning

In or

der to ascertain that nnn]ycic of a concrete offshare structure is successful the fd

a structure.
accordance

i longhand
esting or by

s document.
L number of
e structure.

llowing are

required:

— All necessary analyses shall be performed on the basis of an accurate and consistent structural
model that defines the structural system to the appropriate level of detail and enables the required
corresponding actions on the structure that is assessed.

conditions and shall be of suitable type.

or reassessment.

These analyses shall be performed using appropriate methods, shall have relevant boundary

Suitably verified results in the form of action effects shall be available in due time for use in design

Interfaces with structural designers, topsides designers, hydrodynamicists, geotechnical engineers
and other relevant parties shall be set up. The schedule of supply of data on actions (including

© IS0 2019 - All rights reserved 29


https://standardsiso.com/api/?name=c6661ba88d582abc696a325adb9d2e9b

IS0 19903:2019(E)

reactive actions) shall be determined and monitored. Interfaces shall ensure that these data are in the
correct format, cover all necessary locations, and are provided for all required limit states and for all
appropriate stages in the lifetime of the structure.

7.2.2 Extent of analyses

Sufficient structural analyses shall be performed to provide action effects suitable for checking all
parts and all structural components of the primary structure for the required design situations and
limit states. At least one analysis should normally represent global behaviour of the structure during
each relevant stage of its life.

The numbe
of the stru
service con
documented
the structuy
component.

and extent of the analyses performed shall cover all parts and all structural compomhents
cture through all stages of its life, i.e. construction, transportation, installatiof), in-
litions and removal/retrieval/relocation. However, if it can be clearly demonstrated and

that particular stages in the life of the structure will not govern the design of a pdrt of
e or of a structural component, such stages need not be analyzed explicitly:for this pdrt or

)

The simulatfion of a part of the structure or of a structural component shall, as.a/minimum, com
a three-dimlensional representation of the stiffness of all primary structuré:In general, the stif
of secondary structures may be omitted from structural analyses, althouglt significant action efffects
due to secopdary structure shall be incorporated. Secondary structuré«an provide such restraint to
the primary|structure that additional sectional forces are developed<Such effects shall be assessed and
included where necessary.

prise
ness

their

Secondary (
integrity an
Such analys
deformatior

If present, t
analyses in 4
from the toy
and concret
paths and ag
response.

Where appit
simulated b

7.2.3 Ana

All structur
the planned
actions and

omponents of the structure shall be assessed, by analysis if necessary, to determine
d durability, and to quantify their contribution<to*action effects in the primary strud
es may be performed separately from analysis of the primary structure, but shall in
s of the supporting primary structure, whefe relevant.

he stiffness of the topsides and other steel primary structure shall be simulated in g
ufficient detail to adequately represent the interface with the concrete, such thatall ac
sides are appropriately distributed to the concrete structure. The relative stiffness of
e structures shall be accurately simulated where this has a significant effect on global
tion effects. Particular attention shall be paid to relative stiffness when assessing dyn

opriate, the analysi§ shall include a representation of the foundation of the strug
y stiffness elementsor by reactive actions.

lysis requirements

bl analyses required for the design of the structure shall be carried out in accordance
analysis schedule using the most recent data on geometry, materials, boundary condit
ptheér relevant information.

ture.
clude

lobal
tions
steel
load
amic

ture,

with
ions,

The structure shall be analyzed for appropriate actions during each stage of its life. Where simultaneous
actions are possible, these actions shall be applied in combination in such a way as to maximize action
effects at each checked location. The actions that contribute to these combinations shall include
appropriate partial factors for action, as specified in Clause 6, for each limit state being checked.

Appropriate analysis types shall be selected to provide accurate action effects covering all requirements
of the design or assessment process of the concrete listed in Clause 8. Requirements for typical analyses
that shall be performed on a concrete offshore structure and its structural components, including
the selection of appropriate analysis types and execution requirements for each design situation,
are included in 7.5. Execution of an analysis for a particular stage in the life of the structure shall be
performed in accordance with the specific requirements of the relevant clause.
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7.2.4 Calculation methods

Various calculation methods may be used for the determination of action effects in response to a given
set of actions. These include, but are not limited to, hand calculations and computer methods, such as
spreadsheets or finite element analyses.

Where assumptions are made to simplify the analysis to enable performance of a particular calculation
method, these shall be clearly recorded in the documentation or calculations. The effects of such
assumptions on action effects shall be quantified and incorporated as necessary.

Analysis of the global structure or local components is normally performed by the finite element

meth

inter

national standard on quality, such as that given in ISO/IEC/IEEE 90003, or shall bexy

its intended use prior to the start of the analysis. Element types, action applications, nreshir

analy

Whe
the ¢
Valid
thec

Hang
strug
meth

sis types used in the structural analysis shall all be included in the validation.

Fe finite element analysis is performed, consideration shall be given to th&inaccuracy
lement formulation, particularly where lower order elements or coarse element mesh
ation and “benchmark” testing of the software shall be used to identify element lim
omputer modelling shall be arranged to provide reliable results.

calculations are generally limited to simple structural members{beams, regular panel
tures, etc.) under simplified actions (i.e. uniform pressute, point or distributed a
odology used shall reflect standard engineering practicewith due consideration for th

od anpllfnr software used to pnrfnrm a finite element an:\]ycic shall conform with g recognized

alidated for
g limits and

inherent in
es are used.
itations and

5, secondary
ctions). The
e conditions

of equilibrium and compatibility. Elastic or plastic design principles may be adopted dependent on the

limit|

Com
the s

state being checked and the requirements for the analysis being performed.

hme requirements. Where such spreadsheets:do not produce output showing the meth

formulae used, adequate supporting calculationsshall be provided to verify the results of cor

test
used

Spec
but {
civil
refen
calcy

Non-
the
the s
shall
simil

7.2.5

problems. Sufficient checks shall be provided to verify all facilities in the spreadsheet]
for the structural component being asséssed.

al forms of analysis for concreté structures, such as the strut and tie approach, may 4
hall conform with contempaorary, accepted theories and shall adhere to the general |
structural engineering. Unless the method is well-known and understood throughout {

lations.

linear finite elemeént analysis may be used to demonstrate ultimate strength of the
trength of complicated 2-D and 3-D regions. Software used for this purpose shall b
ame validation-fequirements as above. Validation of non-linear analysis software useq
include at)east one comparison with experimental results or with a reliable worked §
ar detaik

Verification of analysis results

buter spreadsheets are electronic methods of pérforming hand calculations and shall lpe subject to

pdology and
nhprehensive
that will be

Iso be used,
brinciples of
he industry,

ences to source material\for the method being used shall be provided in the docunpentation or

structure or
e subject to
| in this way
bxample of a

Structural analyses shall be thoroughly verified to provide confidence in the results obtained.
Verification is required to check that input to the calculations is correct and to ensure that sensible
results have been obtained. This verification is in addition to the validation of computer software
described in 7.2.4.

Input data for a particular structural analysis shall be subject to, at least, the following checks:
— the structural model adequately represents the geometry of the intended structure or structural part;
the specified material properties have been used;

sufficient and correct actions have been applied;

suitable and justifiable boundary conditions have been simulated;
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— an appropriate analysis type and methodology have been used for the analysis.

Verification of the results of an analysis will, in general, vary depending on the nature of the analysis.
Typical output quantities that shall be checked include the following:

— individual and summed reactions, to ensure that these balances the applied actions;

— deformations of the structure, to verify that these are sensible and that they demonstrate
compatibility between structural components;

— natural

periods and mode shapes, if appropriate, to verify that these are sensible;

— load pa
require

7.2.6 Dod

Successful e
and conclus

Each structyiral analysis shall be thoroughly documented to record its extentyapplicability, input

verification
document e

— the pur
— referen

— theassy

— materia|l properties used in the analysis;

— Dbounda
— the sum

— pertine

accordance with 7.2.5;

— aclear
design ¢

Results of 1]
designed to
include the {

— displacq

ments.

umentation

xecution of an analysis shall be recorded, and pertinent parties shall be informed of re
ons so that implications for the design process are formally recognized.

and the results obtained. The following information shall be(ptroduced as a minimu
hch analysis:

bose and scope of the analysis and the limits of its applicability;
fes to methods used and the justification of any assumptions made;

med geometry, showing and justifying any deviations from the current structural geom

'y conditions applied to the structure orstructural component;
med magnitude and direction ofall*actions;

ht results from the analysis ‘and cross-checks to verify the accuracy of the simulatig

presentation of the results of the analysis that are required for further analysis, struc
r assessment.

he analysis will normally take the form of action effects, which the structure shg
withstand,. Fypical action effects required for the design of concrete offshore struc
ollowing:

mentgand vibrations, which shall be within acceptable limits for operation of the platf

— section

[hs, bending moment diagrams, stress levels, etc., to check that these satisty equ111blrium

sults

data,
m to

etry;

n, in

tural

1l be
ures

orm;

Al Fnrr‘nc, from which the r:\pnr‘ify of concrete sections and necessary reinforce

ent

requirements can be determined;

— sectional strains used to determine crack widths and water-tightness.

7.3 Physical representation

7.3.1 Geo

metrical definition

Dimensions used in structural analysis calculations shall represent the structure as accurately as
necessary to produce reliable values of action effects. Changes in dimensions as a result of design
changes shall be monitored both during and after the completion of an analysis. Where this impacts the
accuracy of the analysis as described in 7.2.1, the changes shall be incorporated by reanalysis.
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Nominal sizes and dimensions of the concrete cross-section in structural analysis may be considered,
provided that tolerances are within the limits set out for the construction and appropriate partial
factors for material are used. Geometrical and material tolerances considered in this document are
defined in Clause 8. These are consistent with the partial factors for materials defined in 5.5.5.

Where as-built dimensions differ from nominal sizes by more than the permissible tolerances, the effect
of this dimensional mismatch shall be incorporated in the analysis. The effect of tolerances shall also
be incorporated in the analysis where action effects and hence the structural design are particularly
susceptible to their magnitude (imperfection bending in walls, implosion of shafts, etc.).

Concrete cover to nominal reinforcement and positioning of prestressing cables may be provided where

thesgare-definredexphettty-rdetateddocatanalysts—4A qiu, thists-stibjecttoeonstraetion tolerances
P y y g ]

being within the specified limits and appropriate partial factors being applied to compenent material

propgrties.

The pffects of wear and corrosion shall be accounted for in the analysis where velevant and where
adequate measures are not provided to limit such effects.

It will normally be sufficient to consider centre-line distances as the~support spacing for beams,
panells, etc. In certain circumstances, however, face-to-face distances @an be permitted with suitable
justification. The effect of eccentricities at connections shall be ¢onsidered when evaluating local
bending moments and stability of the supporting structure.

7.3.1 Material properties

Matdrial properties used in the analyses of a new design shall reflect the materials gpecified for
consfruction. For existing structures, material properties may be based on statistical observations of
matdrial strength taken during construction or derived from core samples extracted from the concrete.

For mnost limit states, it is normally acceptable*to simulate the concrete by equivalent ljnear elastic
properties. Unless a different value can be(justified, the modulus of elasticity (E-modulus) of plain
concfete may be used as the modulus of reinforced concrete in such an analysis. The value ysed shall be
in acfordance with the reference standard to concrete design in use. For actions that resultfin very high
straip rates, the increase in concretesmodulus of elasticity should be considered in the anplysis of the
corr¢sponding action effects. Thetapplicability of linear elastic analysis is discussed in 7.4.1.

Age pffects of the concrete(may be included, if permitted by the design rules in use. Effects of the
durafion of actions and resultant creep of the concrete shall also be considered, where relepant. Where
actions can occur over @significant period in the life of the structure, the least favourable irjstance shall
be cqnsidered in detérmiining age effects.

for dynamic andlysis, and for simulations that incorporate steel components, such as the topsides or
conductor framing. Consideration shall be given to the expected range of concrete stifffiess in such
analyses; including the effects of any cracking.

AccgEate evaluation of concrete stiffness can be particularly important for natural frequencies and

Non-linearanalysistechniqtes-are-oftenapphed-tolocal structural-components—Itis—+hen typical to
discretely model concrete, reinforcement and prestressing tendons in such simulations. Where this is
the case, each material shall be represented by appropriate stress-strain behaviour, using recognized

constitutive models.

The density of reinforced concrete shall be calculated based on nominal sizes using the specified
aggregate density, mix design and level of reinforcement, with due allowance for design growth. For
existing structures, such densities shall be adjusted on the basis of detailed weight reports, if available.
Variation in effective density through the structure shall be considered where relevant.

Unless another value is shown to be more appropriate, a Poisson’s ratio of v = 0,2 shall be assumed
for uncracked concrete. For cracked concrete, a value of v = 0 may be used. A coefficient of thermal
expansion of 1,0 x 10~5 per degree Celsius shall be used for concrete and steel instead of other
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information. Where the design of the concrete structure is particularly sensitive to these parameters,
they shall be specifically determined for the materials in use.

7.3.3 Soil-

structure interaction

The representation of the foundation of a fixed concrete structure will depend on both the type
of analysis and the type of foundation. For static analysis, the soil should ideally be modelled in an
integrated analysis together with a realistic representation of the foundation structure and the seabed-
structure contact. Alternatively, an estimate of static reaction stresses on the foundation can be
made with due consideration of potential seabed variations across the foundation base and potential
variations in load distribution between skirts and base. The magnitude and distribution of the reaction

stresses sha
soil resistarn
response in
Reactive act]
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with Clause
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medium by
with the ley
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of foundation modelling requirements for specific analysistypes are given in 7.5.
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NOTE
(see 9.4).

R¢

Consideratipn shall'also be given to the unevenness of the sea floor or soil layers in the seabed, W
lly cause high local reactive actions. Foundation unevenness may be considered as ac

can potentid

11l be governed by equilibrium and should consider possible failure surface geome
ce and soil-structure interaction. Sufficient reaction stresses shall be applied to-resis
pach direction of motion of the structure in the dominant directions of loading and resp
ions on the structure from the foundation, derived either from distributed stresses or
oil-foundation model, shall be based on general principles of soil mechandes-in accord
9. In addition, the development of hydraulic pressures in the soil and;passible free
nsidered where appropriate.

to provide suitable stiffness. For stiff foundations, it is often sufficient to represent th
uncoupled soil springs that are computed based on rigid base assumption and consi
el of shear strains expected in the soil. Alternatively, the rion-linear soil response cg
by non-linear force-displacement functions. For largefoundations, the added dynami
n large and should be included in the model. For flexible foundations, one should conj
bn the foundation from a suitable finite element.m@del of the soil-structure system. In
blified representation of the concrete structure and the topside is sufficient. Further d¢

iral response is sensitive to soil-structure-interaction effects, the computations shall rq
nties inherent in soil parameter values:"While characteristic soil parameters are suffi
es of structure for the ALE event, lew and high estimates of soil parameter values shou
for the ELE event. The range of $oil parameter values depends on the quality and extg
stigation. If the soil data arewot sufficient to establish a narrow band for the soil streg

h estimate profiles should-hot be taken less than 150 % of the characteristic soil pn
estimate case, the effect of pore-pressure generation on the soil stiffness and strg
ue to cyclic loadingshould be taken into account.

commendations about the definition of the characteristic soil profile are provided in ISO 19

resulting fr(
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and seismic analyses, an elastic or inelastic representation of the foundation will normally
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DI 1mposed deformations in subsequent de51gn checks in accordance w1th Clause 6. (

to counteract all other factored actlons

icient

The analyses shall include intermediate conditions during installation, such as initial contact and skirt
penetration as well as the fully grouted permanent condition, where relevant. Disturbance of the seabed
due to the installation procedure should be considered in calculating subsequent foundation pressures.

High estimate of soil resistance should be considered during analysis of the removal of the structure.

7.3.4 Other support conditions

Other than direct support from the seabed, a structural component can be supported by the following:

externa

34

1 water pressure, while floating;
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— other components of the structure;

an air cushion;
— any combination of the above, together with the seabed.

The action of water pressure to support a structure while floating shall be evaluated by suitable
hydrostatic or hydrodynamic analysis and shall be applied to appropriate external surfaces of the
structure. Water pressure considered in this way is a reactive action. In order to maintain the waterline
in the correct position the action and the reaction shall both be scaled with the same action factor(s) to

maintain equilibrium.

NOTIH
facto
wate
cond

Repr
from
supp|

In tH
strug

To scale the reaction by the buoyancy actions to correspond to the applied action ing
s in order to maintain equilibrium can be seen as scaling the unit weight of water in order
[line and load the actually wetted areas. This is not physical, but an accepted way of)simul
tions while accounting for the uncertainties covered by the partial factors.

esentative boundary conditions shall be applied to the analysis of a structural pa
the global structure. These boundary conditions shall include possible'settlement or 1
orts, based on a previous analysis of the surrounding structure.

e absence of such data, suitable idealized restraints shall he\applied to the boun
tural part to represent the behaviour of the surrounding structure. Where there is
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e components of the structure are not fully'restrained in all directions, such as condu
s and bearing surfaces for deck and bridge structures, allowance shall be made in the
bment at such interfaces.

Actions

ns shall be determined byyrecognized methods, taking into account their variation
e, in accordance with Clause 6. Such actions shall be included in the structural analysis
her, representing the(magnitude, direction and time variance of such actions.

anent and variable actions shall be based on the most likely anticipated values at thd
sis. Consideration shall be given to minimum anticipated values as well as maximum

luding action
o respect the
nting floating
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analysis for
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in a realistic
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valugs. The former govern some aspects of the design of gravity-based structures.

Hydt
Hyd
as pi
diffe

ostatie;pressures shall be based on the specified range of fluid surface elevations and densities.
ostatic pressures while the structure is afloat shall include the effects of trim and fheel as well
tch-and roll of the structure, due to influences such as intentional trim, wind heel, wdve action or
FENCes IN Stable attitude of the structure when damaged.

Prestressing effects shall be applied to the model as external actions at anchorages and bends, or as
compatible internal strain effects. In both cases, due allowance shall be made for all likely losses in
prestressing force. Where approximated by external actions, relaxation in tendon forces due to the
effect of other actions on the state of strain in the concrete shall be considered.

Initial prestressing forces at lock-off will normally have only local effect but should be considered in
analysis if relevant.

Thermal effects are normally simulated by temperatures applied to the surface and through the
thickness of the structure. Sufficient temperature conditions shall be considered to produce maximum
temperature differentials across individual sections and between adjacent structural components.
The temperatures shall be determined with due regard to thermal boundary conditions and material
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conductivity. Thermal insulation effects, e.g. due to insulating concrete or drill cuttings, shall be
considered if present.

Wave, current and wind actions shall include the influence of such actions on the motion of the structure
while floating. In cases where dynamic response of the structure can be of importance, such response
shall be considered in determining action effects. Quasi-static or dynamic analyses shall be used, in
accordance with 7.4.

Uncertainties in the centre of gravity of the topsides and in built-in forces and deformations from the
transfer of the topsides weight from barges to the concrete structure shall be represented by a range of
likely values, the structure being checked for the most critical value.

7.3.6 Mags simulation

A suitable re¢presentation of the mass of the structure is required for the purposes of motjon predigtion,

for actions due to accelerations of masses while floating, and for dynamic analyses. The fiass simulation

shall includ¢ relevant quantities from at least the following:

— the mags of all structural components, both steel and concrete, primary and(secondary;

— the mags of all intended equipment, consistent with the design situatioribeing considered;

— the estijnated mass of temporary items, such as storage, lay-downyetc.;

— masses [of any fluids contained within the structure, including.equipment and piping contents, oil
storage| flooding, etc.;

— the mags of solid ballast within the structure;

— the mags of snow and ice accumulation on the structure, where relevant;

— the mags of drill cuttings or other deposits on the structure;

— the mags of marine growth on the structure;

— added water mass;

— added spil mass.

The magnitudes of masses within the structure shall be distributed as accurately as necegsary

to determine all significant_miodes of vibration (including torsional modes) and all actions dfie to

accelerations of masses fop-the structural analysis being performed. Particular attention shall be|paid

to the height of topsides€qguipment or modules above the structural steelwork.

For quasi-static analyses it is normally only necessary to consider the maximum mass associated|{with

a given desjgn situation for the structure. However, for dynamic analyses this does not necesgarily

produce thg worst response, in particular with respect to torsional modes, and a range of values of

mass and c¢ntre of gravity shall be considered. For a fatigue analysis, the variation in the history of

actions shall be considered. If appropriate, an average value over the life of the structure may be used.
In such cases, it is reasonable to consider a practical level of supply and operation of the platform.

Calculation of the added mass of water and entrained water moving with the structure shall be based
on best available published information or suitable hydrodynamic analysis. Instead of such analysis,
this mass may be taken as the full mass of displaced water for small submerged members, reducing to
40 % of the mass of displaced water for larger structural members. Added mass effects may be ignored
along the axial length of prismatic members, such as the shafts.
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7.3.7 Damping

Damping arises from a number of sources including structural damping, material damping, radiation
damping, hydrodynamic damping and frictional damping between moving parts. Its magnitude is
dependent on the deformation levels of structural members and soil.

NOTE

analysis, see 7.5.7.3.

7.4

Types of analysis

Typical values for damping will be in the range from 1 % to 3 % of critical damping. For seismic
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linear analysis.
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par analysis preserves equilibrium between externally applied actions and internal fd
ions are thus'always equilibrium states. The equations of a linear system need to be
and thesolution results may be scaled to any level of actions. Hence, a solution is alwa
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NOTE

Experience has shown that the use of a structural analysis representing all actions as unit load cases

that afterwards can be scaled in magnitude and added to represent complete load combinations, i.e. loading
scenarios, is very effective. It is, however, important to ensure equilibrium between actions and reactions in
such a way that there are no unbalanced reactions at the model support boundaries, for example, by creating
equilibrium groups that are afterwards scaled and combined to represent the loading scenarios.

7.4.2 Dynamic analysis

7.4.2.1 General

Fixed structures with global natural periods greater than 2,5 s can be susceptible to dynamic response
due to wave action during in-service conditions, at least for fatigue assessment. Structures in shallow
water or subject to waves can exhibit significant dynamic response at lower natural periods due to the
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higher frequency content in shallow water or unusually steep waves. Dynamic response to ice actions
shall be calculated for cases where significant interactions from sea ice and icebergs exist.

For floating structures, rigid body motions shall be taken into account in design of the structures,
mooring and components. Based on metocean or generic criteria, a quasi-static global analysis will
provide the basis for retrieving accelerations for relevant return periods, associated with concurrent
environmental local loading, as applicable, in accordance with 6.5; see also ISO 19901-1. Higher order
wave actions can be of importance as they might interact with rigid body modes of the entire floater,
and this should be considered. Design of the mooring systems should include relevant, local and global,
and dynamic effects to ensure that the capacity is sufficient for all relevant load conditions.
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uirements are presented in 7.4.2.2.

hmic effects are relatively insignificant, a quasi-static analysis of the structure (
may be performed, and dynamic effects may be included in accordance with 7.4.2.3.
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mic response is likely to be relatively important, a full dynamic analysis shall be perfo
uch effects. Appropriate mass and damping simulations shall be applied to the structy
atural modes-of vibration to be determined with accuracy.

alysis will‘normally require a linearized simulation of the soil stiffness for in-se

on.Specific requirements for seismic analysis are presented in 7.5.7.
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dynamic response. The relative phasing between different actions shall be rigorously applied.
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Harmonic or spectral analysis methods are suitable for most forms of periodic or random cyclic
excitation. Where significant dynamic response is associated with non-linear excitation or non-linear
behaviour of the structure, of a structural component or of the structure’s foundation, then transient
dynamic analysis shall be required.

Where modal superposition analysis is being performed, sufficient modes to accurately simulate
structural response shall be included. Otherwise, a form of static improvement shall be applied to
ensure that static effects are accurately simulated.

For impulsive actions, such as those due to ship impacts, slamming or explosions, dynamic amplification
effects may be quantified by the response of single- or multi-degree of freedom systems representing
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the stiffness and mass of the structural components being analyzed. Transient dynamic analysis will
normally be required.

7.4.2.3 Quasi-static analysis

Quasi-static analysis refers to any analysis in which the influence of structural accelerations is small
enough that dynamic actions can be represented approximately by a factor on static actions or by
equivalent quasi-static actions. Both approaches are only appropriate if static and dynamic action
effects give an essentially similar response pattern within the structure, but differ in magnitude.

For the former approach, dynamic amplification factors shall be used to factor static-only response.

Such[factors will, In general, vary throughout the structure to reflect the differing magnity
and dynamic response. For columns or shafts of a structure, appropriate local values of bend
should be used. Base shear, overturning moment and soil pressure are representative respd

des of static
ing moment
nses for the

strugture’s base.

incremental

considered
tion history
DS.

For the latter approach, additional actions shall be applied to the structure to represent the
effects due to acceleration of masses. All actions applied in a quasi-static analysis may bq
consfant over time except in the case of non-linear response, where knowledge of the excita
can lje important, and the excitation should be applied to the simulation-in appropriate stej

manent and
r action for
5e, normally
bn shall be

Factgred dynamic results shall be combined with factored static effects due to per
varidble actions, etc., in accordance with the limit states being thecked. Partial factors f
dynamic actions should be consistent with the excitation that causes the dynamic respon
environmental. The most detrimental magnitude and.’direction of dynamic excitati
consjdered in design combinations.

ffects in the

here significant regions of cracking occur in a structure such that global load paths afe affected;

here such regions of crackifg affect the magnitude of the actions effects (imposed dé¢formations,

ynamic response, thermadl effects, hydrostatic effects etc.);

vhere the structurall@emponent depends on significant non-linear material behavioyr to resist a

riven set of actions{-such as in response to accidents or abnormal level seismic events;

4

yhere slender<miembers are in compression and deflections can cause significant a¢tion effects

imperfectionbending or buckling).

Non- |1 be carried

out f

linear solutions cannot be superimposed. This implies that a non-linear analysis sha
br every design situation for which a solution is required.

inear qnn]vclc of components to determine their ultimate erpnofh may be nernrmt

Non- ¢d, provided
that the model can approprlately cover all failure modes (e.g. bendlng, axial force shear, compression
failure affected by reduced effective concrete strength) and that the concrete tensile stresses are
covered by reinforcement. If one analysis is not sufficient to verify all failure mechanisms, separate
additional verifications should be carried out. Material properties used in non-linear analysis should
be reduced by appropriate partial factors for material, in accordance with 5.5.5. Where components of
the structure rely upon non-linear or ductile behaviour to resist abnormal or accidental actions, such
components shall be detailed to permit such behaviour, in accordance with 8.1.

Complex non-linear analysis of discontinuity regions (see 7.4.6 and 8.1.10) using finite element methods
should not be used without prior calibration of the method against relevant experimental results.
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7.4.4 Probabilistic analysis

It is generally acceptable to base in-service structural analysis of a concrete offshore structure
subjected to wave action on the principles of deterministic analysis, predicting responses to specific
events. However, where stochastic or probabilistic methods are more appropriate for a particular limit
state these shall be substituted as needed.

Probabilistic methods typically require linearization of action effects. This can restrict their use
where non-linear response of the structure or structural component is significant. If non-deterministic

analysis methods are used, time domain response to transient excitation can be necessary.
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practice and by agreement between all parties involved.

rontinuity region analysis

forms of analysis can be required in “D” or discontinuity regions, such as joints, transit
d support areas, embedments, penetrations, prestressing anchorages, etc. These mef]
the strut and tie approach, possibly coupled with*a local elastic analysis of the assoc
inear finite element analysis including cracking and crushing models may also be us
S.
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h] analyses perfornied shall simulate, with sufficient accuracy, the response of the stru
1 parts for the limit state being considered. This can be achieved by appropriate sele
5is type with-due regard to the nature of applied actions and the expected response (
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structure atall significant stages of the construction and assembly process and to assess built-in stresses
from restrained deformations. Construction stages shall include onshore and inshore operations.

Consideration shall be given to the sequence of construction in determining action effects and to the
age of the concrete in determining resistance. Specific consideration shall be given to the stability of
components during construction. Adequate support for temporary actions, such as crane footings, shall
be provided in the analysis.

While linear static analysis are appropriate for most design situations, dynamic and non-linear effects
shall be considered and accounted for also in construction stages when relevant.
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7.5.3 Transportation analysis

Analysis of a concrete offshore structure shall include the assessment of structural integrity during sea
tow of the structure, whether it is self-floating, barge supported or barge assisted. The modelling of the
structure during such operations shall be consistent with the stage being represented, incorporating
the correct amount of ballast and modelling only those components of the topsides that are actually
installed.

Analysis during sea tow should normally be based on linear static analysis, representing the motion
of the concrete offshore structure by an inclination of the permanent actions in accordance with the
maximum angles of pitch and roll, and by mass inertial actions associated with peak heave, sway, surge,
i i i i i iyl it shall be
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ideration shall be given to possible damage scenarios during sea tow. Sufficient structuy
Ild be performed to ensure adequate integrity of the structure, préventing completg

essive collapse due to successive flooding of compartments shall be prevented.

Installation and deck mating analysis

tural analysis shall be performed for critical stages\during deck mating and insta
hses shall, as a minimum, cover times of maximum pressure differential across various
e concrete offshore structure. The configuration‘of the structure at each stage of the
tting down operation shall reflect the planned condition and inclination of the struct
Fiated distribution of ballast.

mating, ballasting down and setting down on the sea floor shall normally be analyze

C analysis. As these phases normallyaepresent the largest external hydrostatic pressur
ckling should be analyzed. The effect of unevenness of the seabed soil layers shall be c
sing seabed reactions in an ungrouted situation.

In-service strengthand serviceability analysis

hst one global analysis/of the structure shall be performed in its in-service configurat
ibsequent strength.and serviceability assessment. The structural model shall allow si
in stresses ordeformations from the different stages of construction, if relevant.

| analysis.shall be performed to assess secondary structures and details that appe

analyses may be based on non-linear methods if these are more appropriate to the
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It is generally acceptable to base all strength analysis of an in-service concrete platform on
deterministic analysis, predicting response to specific waves. Sufficient wave periods, directions and
wave phases shall be considered to obtain maximum response in each type of structural member
checked. Consideration shall be given to waves of lower than the maximum height if greater response
can be obtained due to larger dynamic effects at smaller wave periods.

In-service analysis may normally be performed using linear static methods, the behaviour of the
reinforced concrete being represented in accordance with 7.3.2. However, whenever significant
dynamic effects are expected, quasi-static or full dynamic analysis shall be performed in accordance
with 7.4.2.
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7.5.6 Fatigue analysis

Fatigue analysis shall be based on a cumulative damage assessment performed over the design service
life of the structure and shall consider the effects of the range of sea states and directions to which
the structure will be subjected, in accordance with Clause 5. Where relevant, fatigue damage accrued
during construction and/or transportation from the construction site to the permanent location shall
be included in the accumulation of fatigue damage.

A linear model of the overall structure is generally acceptable for the evaluation of global action
effects. Dynamic effects are likely to be more significant for the relatively short wave periods causing
the majority of fatigue damage. Fatigue analysis shall, therefore, consider the effects of dynamic
excitation i i it et = i i TS ance
with 7.4.2 Deterministic or stochastic types of analysis are both permissible, subject to the folowing
requirementgs.

1 the
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tneral
f seismic excitation on a structure shall be considered in accordance with Clause 6:
e level earthquake (ELE), which shallbe assessed as a ULS condition;

al level earthquake (ALE), for which ductile behaviour of the structure assuming exte
y is permissible provided the'structure survives.

ile response of specific(components of the structure under the ALE event is predict
n the analysis, such ¢omponents shall be designed for ductile behaviour in accordance
pected best estimates of stress/strain parameters associated with ductile behaviour

h respect toythe transfer of forces into adjoining members, and for the design of {
bs that aretnot ductile, such as shear failure. For those cases where the structure c3
the ALE\event applying normal elastic analysis and ALS criteria, no special detailin|
equired.
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activity has shown that even for the ALE event analyzed based on an elastic structural model, the action etfects
from seismic excitation are less than those for other actions. In such cases, a more refined seismic response
analysis considering plastic behaviour will not be necessary.

Seismic events may be represented by input response spectra or by time histories of significant ground
motion in accordance with ISO 19901-2. If the global response of the structure is essentially linear,
a dynamic spectral analysis shall normally be appropriate. If non-linear response of the structure is
significant, transient dynamic analysis shall be performed.

NOTE 2 In ISO 19901-2 a seismic reserve capacity factor, C,, is employed. There is little or no experience in
establishing realistic C, values for fixed offshore concrete structures. An appropriate value can be established
based on the actual structure. Normally, for concrete structures with continuity and good ductility, a factor of
more than 1,4 is assumed acceptable.
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Seismic response of a structure is highly dependent on the natural periods of the structure over a range
of modes. This relies on accurate assessments of the structure’s mass and stiffness, and a best estimate
of soil stiffness. Such parameters shall be carefully assessed and, if necessary, the sensitivity of the
response of the structure to changes in these parameters shall be evaluated.

7.5.7.2 Structure and foundation simulation

Interaction of the structure with its foundation is particularly significant for seismic analysis. The
foundation shall be modelled with sufficient accuracy for global structural analysis to ensure an
accurate assessment of natural periods of vibration and a suitable distribution of soil actions into the
structure.

Two principal types of seismic analyses can be performed for fixed concrete offshore structures:
— (lirect soil-structure analysis;
— gtructural analysis using impedance functions.

For dlirect soil-structure analysis, the base of the structure may be modelled as a rigld structure
connfected to a flexible model of the foundation. In an analysis of the structure, the base of the structure
may be considered as a rigid circular disk for the computation of impedance functions.

Consjideration shall be given to the range of likely values of sojtstiffness in the analysis. In particular,
the possible degradation of soil properties during high-level(seismic events, such as the ALE, shall be
consldered. Appropriate non-linear or reduced soil stiffness;properties shall be used.

Soil [properties, particularly shear wave velocity, dyhamic shear modulus and internal damping
are dependent on the shear strains used. These valuies should be adjusted for the expefted strains
apprppriate to the seismic excitation and the varijation in vertical effective stress and voids|ratio due to
the presence of the structure.

7.5.7.3 Mass and damping

The pimulation shall include a represéntation of the mass of the structure in accordanc¢ with 7.3.6.
Enclgsed fluids can be included as lumped masses where the heights of the water columns are small
and ywhere sloshing is not significant.

Unless a detailed evaluatien is made, internal damping of not more than 5 % shall be used to simulate
damping from joint structural and hydrodynamic origins for seismic analysis. Any increasefl value shall
be sybject to justification based on the expected response. Values of soil damping shall be|determined
basefl on the soil type present.

7.5.7.4 Analysis procedures

For the ELE, linear dynamic global structural analysis may be performed using the responge spectrum
apprpach. Spectra used shall be in accordance with ISO 19901-2, but the analysis shall incorporate the
effect of the structure’s response on soil motions, if appropriate. Where degradation of soil properties
and non-linear soil-structural interaction or base sliding are important, a non-linear dynamic time
history analysis procedure should be adopted to address these effects; the structure itself may be
modelled as linear elastic. Where seismic isolation or passive energy dissipation devices are employed
to mitigate the seismic risk, a non-linear time history procedure shall be used.

Sufficient modes shall be included in the analysis to provide an accurate estimate of total global
response. At least two modes shall be considered in each of the two principal horizontal directions,
as well as a torsional mode about a vertical axis. This requirement may be considered satisfied if it is
demonstrated that, with the modes considered in the analysis, at least 90 % of the participating mass of
the structure is included in the calculation of the response for each principal horizontal direction.

One design spectrum may be used in each principal horizontal direction, combined with 2/3 of this
spectrum in the vertical direction unless a lesser value can be justified based on site-specific data. These
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spectra may be combined modally using the complete quadratic combination method and directionally
using a square root of the sum of squares approach. Alternative methods are permitted with suitable
justification that all seismic action effects are included.

Secondary spectra may be developed for the analysis of structural parts, such as the topsides or
conductor frames, to evaluate the response of parts, appurtenances and equipment not modelled for
the global analysis. Alternatively, the design of local components may be based on equivalent quasi-
static analysis of such components, based on maximum vertical and horizontal accelerations obtained
from the global seismic analysis.

and
cally

Action effects fro
variable actienrrs
induced actions shall be consider

m seismic analysis shall be combined with similar results from permanent

ed to maximize these action effects.

bach.
cally
smic

For the ALE
Unless time
from the des
ground mot

non-linear seismic analysis may be performed using a time history or transient.appr
histories are available by scaling or by other means, they may be developednumer
ign spectra. Multiple time histories are required to represent the randomnature of se
ons.

ts of
111 be
cond

The computler model for the ALE analysis shall include discrete models of allprimary componer
the structure using either linear elastic or material non-linear simulations&Deflection effects shz
evaluated, gnd permanent and variable actions shall be included in the analysis to ensure that s
order effectf are modelled with sufficient accuracy.

The action
the ALE an{
Component;
acceptance

pffects on structural members that are simulated asulinear elastic in either the El
lyses shall be evaluated and used to confirm that these components satisfy ULS cri
that demonstrate ductile response shall be sg-designed and shall be assessed ag
‘riteria relevant for the actual limit state with respect to all relevant response parame

E or
feria.
pinst
ters.

7.5.8 Andlysis of accidental or abnormal design situations

the structure for accidental eventsi-such as ship, helicopter or iceberg collision, |shall

following:

Analysis of
consider thd

local be

haviour of the impacted area;

— global skrength of the structure-against overall collapse;

— post-damage integrity of the\structure.

heter
hject.
nder
h the

The resistance of the impaetirea may be studied using local models. The contact area and perin
shall be evaluated basedonpredicted non-linear behaviour of the structure and of the impacting ol
Non-linear finalyses can-be required since the structure will generally deform substantially y
the accidental actionis/Appropriate boundary conditions shall be provided far enough away fron
damaged region foriinaccuracies to be minimized.

Global analysi$iof the structure under accidental actions can be required to ensure that a progressive
collapse is not instigated. The analysis should include the weakening effect of damage to the structure
in the impacted area. If ductile response of the structure is likely for the impact actions determined,
global non-linear analysis can be required to simulate the redistribution of action effects as section
resistances are exceeded. The global analysis may be based on a simple model of the structure sufficient
to simulate progressive collapse. Deflection effects shall be included where relevant.

Energy absorption of the structure will arise from the combined effect of local and global deformation.
Sufficient deformation of the structure to absorb the impact energy from the collision not absorbed by
the impacting object shall be documented.

Analysis of the structure in its damaged condition may normally be performed using linear static
analysis. Damaged components of the structure shall be removed from this analysis, or appropriately
weakened to simulate their reduced strength and stiffness.
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8 Concrete works
8.1 Design

8.1.1 Reference standard for design

The design shall be performed in accordance with a recognized reference standard, covering all aspects
relevant for the structural design of concrete offshore structures. This subclause identifies areas of
design that can be relevant, dependent on circumstances. If these areas are applicable, they shall be
appropriately covered by the selected reference standard, supplemented, where necessary, with

addi
shall
For (
are s

fomat TequiTements—Where Tetevant, thetestimg stamdards Teferredto i the Teferer
be part of the evaluation, to ensure consistency with the assumptions of the referen
omplex structures, where higher grades of concrete are used, and where the loadin
evere, all appropriate items listed in 8.1.2 to 8.1.9 shall be covered.

The teference standard shall be agreed at an early stage in a project, as the cheiee of referer
strongly influence the platform geometry and dimensions, while standards not i

ore use can be unnecessarily conservative on certain aspects relevantito offshore con

The reference standard shall conform with the basic principles of ISO:19900.

The reference standard shall give the design parameters required.for the type of concrete,
weight or lightweight concrete, and the strength class uséd."For lightweight concrete
of reduced ductility shall be considered. This applies, iniparticular, to the stress/strain
compression, to the design parameter used for the tensile'strength in the calculation of ba
and fo the transverse shear resistance.

NOT
recognized as meeting the requirements of this subclause. However, as part of the Eurocode p
Europe, NS 3473.E has been withdrawn and replaced with Eurocode 2. It is consequently no longe
and 1hay cease to be suitable as a reference standard in the future. However, any standard can
refergnce standard provided that it is supplemented by additional requirements, where necessary, t
all relevant aspects for the design are properly covered within a consistent safety concept. Wher
(EN 1992-1-1:2004) is used, the Scope indicates that particular aspects might need to be suppleme
8.1.17 can be used as a checklist whenselecting the reference standard to be used for a specific pro

8.1. Design principles. for'shell members

ce standard
re standard.
b conditions

ce standard
ntended for
litions.

e.g. normal-
b, the effect
diagram in
nd strength

Historically, NS 3473.E was widely used in;the design of fixed offshore concrete structyres, and was

rogramme in
r maintained
be used as a
o0 ensure that
e Eurocode 2
nted. 8.1.2 to
ect.

design principles applicable to members that cannot be categorized as beams or columns, s
domes and cylinders. The design methods shall be general in nature, considering equ
compatibility of\all six force components giving stresses in the plane of the member (N,, Ny
M,,)jand alllimit states.

Shell types of members.are typical in concrete offshore structures. The reference standartE
i

8.1. Design principles for transverse shear

shall cover
ch as walls,
ibrium and

Ny My M,

The reference standard shall give the principles required for the design for transverse shear, where
the general situation of combinations of simultaneously acting in-plane action effects (e.g. tension and
compression) and directionality of transverse action effects (e.g. principal transverse shear direction)
shall be covered. The interaction, which is dependent on the directionality of in-plane action effects
in members such as shells, plates and slabs, shall be included. Due consideration shall be given to the
handling of action effects caused by imposed deformations.

8.1.4 Design principles for fatigue

The reference standard shall give the principles required for the design against fatigue for all possible
failure modes. This includes the following:

— concrete in compression/compression or compression/tension;

© IS0 2019 - All rights reserved 45


https://standardsiso.com/api/?name=c6661ba88d582abc696a325adb9d2e9b

IS0 19903:2019(E)

— transverse shear considering both shear tension and shear compression;
— reinforcement considering both main bars and stirrups, including bond failure;
— prestressing reinforcement.

Material standards can include certain fatigue-related requirements; these are normally not adequate
for offshore applications. The fatigue properties for offshore applications are significantly different,
also for materials that pass such general material requirements for fatigue. SN-curves representing the
5 % fractile should be prepared for the design of rebars, and, in particular, for items that have stress
concentrations, such as couplers, end anchors and T-heads.

8.1.5 Deslign principles for durability

The reference standard shall give the design principles and design criteria applicable.to-ensyire a
durable deslgn in a marine environment. Important in this context are the following:

— the selection and combination of the appropriate materials, which shall be in aeccordance with|8.2;

— adequafe concrete cover of reinforcement, a minimum of 50 mm in the splashzone and a minimum
of 40 mim elsewhere; for prestressing tendons, a minimum of 90 mm (these are minimum vdlues;
permitted tolerance (negative deviation) on the position of reinforcemient should be added tq give

the nonjinal cover (¢, = Cnin + |ACHinusl)- A typical value is Ac, ;% —10 mm);

— limitatipn of crack widths at the nominal cover under SLS conditions;

— where there are multiple layers of reinforcement and, incorder to estimate the crack widtl, the
referen¢e standard requires evaluation of the strainin the reinforcement, it is usually more
approptiate to take the strain in the outermost layer, and not at the centroid of reinforcement

— where the reference standard requires an area of €oncrete associated with the bars in tension, and
the bar|spacing or section shape is irregular, itiis usually more appropriate to consider indivjidual
bars angl the local area of concrete surrounding them, rather than the overall zone in tension;

— crack width design limits may be exceeded during temporary or transient conditions, su¢h as
installafion, provided an adequate niargin remains on yield of reinforcement.

8.1.6 Desjign principles for liquid-tightness

The referenice standard shallkgive the design principles for liquid tightness control, which shgll be
considered finder SLS conditions. This shall apply to the ingress of water in structures while afloaf and
during the installed condition in situations where there is internal underpressure. It shall also apply
to the possibility of leakage, in particular of stored hydrocarbons, from structures having intgrnal
overpressuie. Leakage shall also be considered in the design of members for which maintainjng a
pressure gradientis vital, such as occurs in suction foundations and when using air cushions.

NOTE here gas tightness is relevant, the provisions given in ACI 376 can be appropriate.

Adequate liquid tightness or leakage control shall also be required for ULS and ALS conditions where
leakage could cause collapse or loss of the structure due to flooding or where a pressure differential
required to maintain equilibrium can be lost.

8.1.7 Design principles for prestressed concrete

The reference standard shall give the principles required for the design of prestressed concrete,
including principles for partial prestressing, when appropriate.

The effect of the presence of empty ducts during certain phases of the execution period shall be
considered. For the final condition, the effect of the presence of ducts on the capacity of cross-sections
shall be considered, in particular if the strength and stiffness of the grout is less than that of the
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concrete. This also applies if the ducts are not of steel but of flexible materials. Anchorages shall be
placed in positions and protected in such ways that they are not susceptible for wear or damages.

8.1.8 Design principles for second order effects

The reference standard shall give the principles required for the design of all relevant types of members
for second order effects, including buckling in the hoop direction of shell types of members.

NOTE

For slabs and walls, an equivalent buckling length and axial load can be derived for eac

h orthogonal

direction using the theory of elastic stability or finite element methods. Buckling assessments can then be

perfo

rmed for equivalent one-way spanning members using the reference standard.
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Principles for handling water pressure in pores and cracks

reference standard shall include methodologies for determining the actioneffec
serviceability of members that will permit the effects of pressure from-water or s
trating into cracks and pores of the concrete to be included. As water préssure will pd
F cracks, shear capacity enhancement for actions near supports (x <.2,5 d) cannot bg
- caused by water pressure.

0 Design principles for discontinuity regions

eference standard shall give the principles for the local“design of discontinuity re
and tie models, or other appropriate methods, can bé.used to demonstrate the meg
transfer.

1 Design principles for imposed deformations

eference standard may additionally give the principles required to permit design agai
mations based on strains rather than. forces, in all limit states. Where brittle failur
ved, such as shear failure in members with no transverse reinforcement, conserv
meters shall be assumed in orderte:riot underestimate the risk of potential brittle failj

sed deformations can often be seen as imposed additional strain that affects crack w
vith minor effect on sectien:capacity for bending and axial force in ULS. While the
bct to transverse sheargare more complex, modifications to shear forces due to crad

Facking strength ardstiffness, before failing in shear.

2 Increase/in strength of concrete with time

reference standard may give guidance for assessing the effect of a gain in strength bey
lso forkassessing the effect of sustained actions, or repeated actions at high stress I
ction in strength of concrete, where the gain in strength is intended for use in the desi

ts, strength
tored fluids
netrate into
applied for

bions where
hanisms for

nstimposed
b modes are
htive design
ire modes.

dths in SLS,
effects with
king can be

e only where it can be-demonstrated that the assumed reduction will take place, using upper values

ond 28 days
bvels, on the
.

8.1.13 Design for fire resistance

The reference standard shall give design principles required for demonstrating adequate fire resistance
of members subjected to fire, including relevant material and strength parameters at elevated
temperatures.

8.1.14 Design for earthquakes

In zones with low to moderate seismic activity, the action effects obtained from an analysis in which the
structure is modelled as linear elastic will normally be such that the structural design can be performed
based on conventional linear elastic strength analyses, employing normal design and detailing rules for
the reinforcement design.
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In cases where the seismic action causes large amplitude cyclic deformations, which can only
be sustained by employing plasticity considerations, the reference standard shall give adequate
requirements concerning design and detailing. The regions of the structure that are assumed to go into
plasticity and to experience excessive deformations shall be carefully detailed to ensure appropriate
ductility and confinement.

8.1.15 Design of embedments

The reference standard shall give design principles for the anchorage of load-bearing embedments into
concrete. Additional reinforcement/prestressing system adequate to transfer all tensile action effects
into the concrete and anchoring the pull-out action effects on the opposite face should normally be
provided.

8.1.16 Treptment of early-age and drying shrinkage effects

The referen
arising whe

Ce standard shall give methods for the assessment of early-age and drying Shrinkage effects
e sections are subject to restraint following concreting.

NOTE It
independent

is commonly considered that cracks associated with early-age and dryihg shrinkage effect
pf cracking occurring in service.

S are

8.1.17 Partial factors for material

nt in

The partial
ISO 19900 a

NOTE T
reference st

as a referenc
of Table 1, p
Annex A, is y
1,10, respect

8.2 Mate

8.2.1 General

Constituent
may also in
ISO 16204.

Constituent
that will atf
ingredients
the reinforc

factors for material, y);, shall be such that a safety leyel consistent with that inherg
nd this document is obtained, and is consistent with'the partial factors that are used.

e material factors will depend on how the desigriiparameters are defined and specified i
dard, as well as on the corresponding partial facters for actions. Where EN 1992-1-1:2004 is
e standard, material factors recommended in ghat standard can be applied with the action f3
Fovided that the factors a . and a, are taken'as 0,85. Where the guidance of EN 1992-1-1:
sed, the material factors for concrete and‘reinforcement cannot be taken to be less than 1,4
vely. For other standards, the material factors can require a separate evaluation.

rials requirements

materials for structural concrete are cement, aggregate and water. Structural con
flude admixtures-and additions. Guidance on material selection for durability is giv

materials\shall be sound, durable, free from defects and suitable for making con
ain andsreéetain the required properties. Constituent materials shall not contain har

eiment, and shall be suitable for the intended use. Further guidance on constituent matg

In the

used
ctors
2004,
D and

crete
en in

rrete
mful

in quantities that can be detrimental to the durability of the concrete or cause corrosion of

rials

is given in ISO22965-2:

Approval of concrete constituents and reinforcements shall be based on material testing where
chemical composition, mechanical properties and other specified requirements are tested according
to, and checked against, applicable international standards and approved specifications. Instead
of relevant international standards for specific test methods and requirements, other recognized
national standards may be used. In the absence of such standards, recognized recommendations from
international or national bodies may also be used.

NOTE Fibre reinforcement can be applied in order to improve certain aspects of structural behaviour (e.g.
cracking, fire resistance) but are not be included in the general calculation of section resistance, unless covered
by the design provisions in the reference standard used.

Material specifications shall be established for all materials to be used in the manufacture of concrete,
in the reinforcement system and the prestressing system.
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Materials conforming with recognized product standards are acceptable, provided the requirements of
this document are met.

All testing shall be performed in accordance with recognized standards as stated in the project work
specification or otherwise agreed upon.

Material can be rejected at any stage of the execution process, notwithstanding any previous acceptance
or certification, if it is established that the conditions upon which the approval or certification was
based were not fulfilled.

8.2.2 Concrete constituents

8.2.2
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.1 Cement

cement with established suitability shall be used. Its track record for good:perfo
bility in marine environments, and for good performance and durability intexposure
her fluids if relevant, shall be demonstrated. Cement shall be tested and’'delivered in
a standard recognized in the place of use.

cement shall be delivered with a mill certificate giving, as “a~minimum, the c}
ralogical composition, and the test values for all those properties)for which there are re
ent shall be tested according to approved methods. Table 4 lists different types of test;
red.

ricalcium aluminates (C3A) content should not exceed)t0 %. However, as the corrosio

approximately 5 %.

mill certificate shall, in addition to demonstrating conformity with specified requir¢
the type/grade of cement with reference to the approved standard/project work spec

equirement for a mill certificateanay be waived provided the cement is produced and
ional or international certificatien scheme, and all required properties are document
stical data from the producert

Table 4 — Cement testing

rmance and
to stored oil
accordance

lemical and
quirements.
that can be

n protection
yalues lower

bments, also
fication, the

ested under
ed based on

Physical’properties Chemical properties

Stremgth in mortar

Loss on ignition

Initial/settling time Insoluble residue
Soundness Sulphate content
Finepess Chloride content

Pozzolanity

The following types of cement are, in general, assumed to be suitable for use in structural concrete
and/or grout in a marine environment, if unmixed with other cements:

Portland cements;

Portland composite cements (with silica, fly ash or slag and minimum 80 % clinker).

Provided suitability is demonstrated, the following types of cement may also be considered:

— blast-furnace cements (less than 64 % clinker);

— pozzolanic cements (less than 64 % clinker);
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ite cement (less than 64 % clinker).

The above types of cement have characteristics specified in regional and national standards, while

no international standards for cement exist. Cements can be specified in grades based on the 28 day strength in
mortar (e.g. 32,5 MPa; 42,5 MPa; 52,5 MPa).

Cements shall normally be classified as normal-hardening, rapid-hardening or slowly-hardening

cements.

8.2.2.2 Mixing water

Only mixing

constituents in quantities the
concrete or fan cause corrosion to the reinforcement. Drinking water from public supply maynormally
be used without further investigation.

Water resulfing in a concrete strength of less than 90 % of that obtained by using distilled water t¢sted
at 7 days shall not be used. Neither shall water be used that reduces the setting time.to'less than 4§ min
or changes the setting time by more than 30 min relative to distilled water.

Salt water (¢.g. raw sea water) shall not be used as mixing or curing water far structural concrete.
Water sourdes shall be investigated and approved for their suitability aiid dependability for supply.
8.2.2.3 Normal-weight aggregate

Only aggregptes with established suitability shall be used. Aggftegates for structural concrete shallfhave
sufficient stfength and durability. They shall not become soft; be excessively friable, expand or shijink.
They shall ble resistant to decomposition when wet. They’shall not react with the products of hydrption
of the cement and shall not affect the concrete adversely. Marine aggregates shall not be used upless
they are prdperly and thoroughly washed to remove chlorides (see 8.2.3.1).

Aggregate spurces shall be investigated and@pproved for their suitability and for supply dependability.
Aggregate shall be delivered with a test report that at least contains the following:

— description of the source;

— description of the production System;

— particlesize distribution‘fgrading) including silt content;

— particle/shape, flakiness, etc.;

— porosity and water absorption;

— content|of-0rganic matter;

density and specific gravity;
potential reactivity with alkalis in cement;

petrographic composition and properties that can affect the durability of the concrete.

Normal-weight aggregate shall be of natural mineral substances. They shall be either crushed or
uncrushed with particle sizes, grading and shapes, such that they are suitable for the production of
concrete. Relevant properties of aggregate shall be defined, e.g. type of material, shape, surface
texture, physical properties and chemical properties. Aggregate shall be free from harmful substances
in quantities that can affect the properties and the durability of the concrete adversely. Examples of
harmful substances are clay-like and silty particles, organic materials, sulphates and other salts.
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Aggregate shall be evaluated for risk of alkali aggregate reaction (AAR) in concrete according to
recognized test methods. Suspect aggregate shall not be used unless specifically tested and approved.
The approval of an aggregate that can combine with the hydration products of the cement to cause AAR
shall state to which cement the approval applies.

Aggregates of different grading shall be stockpiled and transported separately.

Testing of aggregate shall be carried out at regular intervals both at the quarry and at the construction
site during concrete production. The frequency of testing shall be determined after taking the quality
and uniformity of supply and the concrete production volume into account, in accordance with
requirements of national standards in the place of use.

established.
he concrete

An alppropriate grading of the fine and coarse aggregate for use in concrete shall ke
The grading and shape characteristics of the aggregate shall be consistent througheut t
production.

d.r

Maximum aggregate size shall be specified based on considerations of concrete propertief, spacing of
reinforcement and cover to the reinforcement. The largest specified aggregate size should not be less
than|16 mm.

8.2.2.4 Lightweight aggregate

Light
shald
COrTY

weight aggregate in load-bearing structures should be made from expanded cla
, slate or sintered pulverized ash from coal-fired power plants, or from other aggy
b sponding documented properties. Only aggregates with established suitability shall j

y, expanded
egates with
e used.

Light
grad

weight aggregate shall have uniform strength.ptoperties, stiffness, density, degree
ng, etc. The dry density shall not vary more thatr+7,5 %.

of burning,

8.2.2.5 Additions

Additions shall conform with the requitements of recognized standards, and only additions with
established suitability shall be used.

detrimental
th the other
be carefully
he additions

Additions shall not be harmful or contain harmful impurities in quantities that can be
to the durability of the concrete or the reinforcement. Additions shall be compatible wi
ingredients of the concrete(The use of combinations of additions and admixtures shall
consjdered with respect tothe overall requirements of the concrete. The effectiveness of t
shalllbe checked by trial-mixes.

Latent hydraulic or\ppozzolanic materials, such as silica fume, fly ash and granulated blast furnace slag,

may
and

be used as.additions. The amount is dependent on requirements to workability of frg
required(properties of hardened concrete. The content of silica fume used as addit

nor

ally netexceed 10 % of the weight of Portland cement clinker. When fly ash or othe

sh concrete
ions should
pozzolanas

are ysed(as additions, their content should normally not exceed 35 % of the total weight off cement and
additiéns. When Portland cement is used in combination with only ground granulated blast furnace
slag, the slag content may be increased. The clinker content shall normally not be less than 30 % of the
total weight of cement and slag.

8.2.2.6 Admixtures

Only admixtures with established suitability shall be used. Admixtures to be used in concrete shall be
tested under site conditions with the cement and additions to be used to verify that these products will
yield the required effects without impairing the other properties required. The risks involved in over-
dosage shall be assessed. A test report shall be prepared to document such verification. The test report
shall form a part of the concrete mix design documentation.

The extent of testing of admixtures shall normally be in accordance with the requirements given in
national standards or recognized international standards.
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Air-entraining admixtures may be used to improve the properties of hardened concrete with respect to
frost-resistance, or to reduce the tendency of bleeding, segregation or plastic cracking.

8.2.2.7 Repair materials

The composition and properties of repair materials shall be such that the material fulfils its intended
use. Only materials with established suitability shall be used. Emphasis shall be given to ensure that
such materials are compatible with the adjacent material, particularly with regard to elasticity and
temperature-dependent properties.

Requirements for non-cementitious materials shall be subject to case-by-case consideration and

approval. D{
the function

The extent

8.2.3 Concrete

8.2.3.1 (4

The concret]
of this docu
consistence
account sha
shall ensure
compaction

The require
shall be vej
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cracking of
expansion

absorption,
low water/c
durability ig
and in the {
exposed to §

Chemical af
aggressiven
(see 10.2.5)

Where poz7

terioration of such materials when applied for temporary use shall not be allowed toin
of the structure at later stages.

f testing of repair materials shall be specified in each case.

ncrete

ment and the project work specifications for the fresh and hardened concrete, su
density, strength, durability and protection of embedded steel against corrosion.
| be taken of the methods of execution to be applied. The.requirements of the fresh con
that the material is fully workable in all stages of itss-manufacture, transport, placing

d properties of fresh and hardened concrete;shall be specified. These required props

ndards. Compressive strength shall always be specified; in addition, tensile stre
elasticity (E-modulus) and fracture.enérgy can be specified. Properties which can ¢
structural concrete shall be accounteéd for, i.e. creep, shrinkage, heat of hydration, the
ind similar effects. The durability of structural concrete is related to permeal
diffusion and resistance against physical and chemical attacks in the given environmg
ement ratio is generally required in order to obtain adequate durability. Unless equiv
documented, the concréteshall have an effective water/cement ratio not greater than
plash zone this ratig~shall not be higher than 0,40; this also applies to areas that c3
evere frost action,

tack by hot_6il) and gases should be considered in the mix design if applicable.
ess of hot i With respect to the concrete and the build-up of H,S shall be consig

olanic’or latent hydraulic additions are used in the production of concrete, in combin

with Portla

dcement or Portland composite cement, these materials may be included in the calcul
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e composition and the constituent materials shall be selected‘to satisfy the requirements
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w is the mass of water;

¢ isthe mass of cement;

k is an efficiency factor for active additions (type II), such as silica, fly ash and slag, where the
efficiency of the material as replacement of cement with respect to durability in the given
environment is considered;

a isthe mass of the active addition (type II).

In this calculation, the total quantity of such additions ground into the cement and/or added in the

mix
or fo
follof

f
f
f

Conc
shall
fly a
entra
is at
20 m|
testi
of m
air s
shou

The {

[ b}ldn IO E)&LEtﬂL‘l L}ltf lilllil.b pcl llliLLEd b_y L}ltf CCIIICTIU deIlddld fUI PUI Lidlld COIIPOJ
I blast-furnace cement, if slag is the only addition added to the clinker. Instead of othe
ving values of k may be used:

r=1to 2 for silica

r=0,5t00,7 for slag

r=0,2to0 0,4 for fly ash

rete subjected to freezing and thawing shall have adequatedfrost resistance. This frog

be demonstrated by appropriate test methods. For Portlarid)and Portland composite ¢
bh or silica and with more than 80 % clinker, this requirément may be considered sat
1ined air is used if the air content, at the form, of the frésh concrete made with natur
least 4 % for a maximum particle size of 40 mm,.orat least 5 % for a maximum pa
m. With clinker contents less than 80 % the frost(resistance shall be demonstrated by
g methods to evaluate scaling and freezing aiid thawing resistance. In concrete with

hould give an evenly distributed air void system. In areas with severe frost, the spe
|d be larger than 25 mm?/mm3 and thé&spacing factor should not exceed 0,25 mm.

otal chloride ion content of the fireésh concrete shall not exceed 0,10 % of the weight

ordi

conc
size

— Uip to 20 mm aggtegate requires a minimum cement content of 360 kg/m3;

f
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not K
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Fete outside the splash(zone, the minimum cement content shall be dependent on the maximum

ry reinforced concrete and in cencrete containing prestressing steel.

splash zone, the cementcontent shall not be less than 400 kg/m3. For reinforced or

pf aggregate, as follows;

rom 20 mm %040 mm aggregate requires a minimum cement content of 320 kg/m3.

oncreteexposed to seawater and stored oil, the characteristic cylinder strength at 28
e less:than 40 MPa.

ite cements
I values, the

t resistance
bments with
isfied when
h] aggregate
'ticle size of
appropriate
slag content

bre than 35 %, the concrete shall be carbonated prior to testing of frost resistance. The entrained

rific surface

bf cement in

prestressed

days should

re lichtweight aggregate with a porous structure is used, the mean value of oven (

Iry (105 °C)

density for two concrete specimens after 28 days shall not deviate by more than 50 kg/m3 from the
required value. Any individual value shall not deviate by more than 75 kg/m3. The mean value for the

entir

e production should lie within +20 kg/m3 to -50 kg/m3.

Where the water absorption of the concrete in the final structure is important, this property shall be
determined by testing under conditions corresponding to the conditions to which the concrete will be

expo

sed.

Special attention shall be paid to setting times for concrete used for slipforming.

8.2.3.2 Grout and mortar

The mix design of grout and mortar shall be specified for its designated purpose.
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The constituents of grout and mortar shall meet the same type of requirements for their properties as
those given for the constituents of concrete.

The properties of fresh and hardened grout and mortar shall be specified as required for the intended
use. The cement grout for injection in prestressing ducts and the ingredients used shall have adequate
properties conforming with the specifications for design. The strength and stiffness shall be given due
attention, and be consistent with design requirements. In order to obtain stiffness commensurate with
that of the concrete, special fine-grain aggregate or admixture shall be considered.

All materials shall be batched by mass, except the mixing water, which may be batched by volume.
The batching shall be within an accuracy of 2 % for cement and admixtures and 1 % for water. The

water/ceme
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Ls for fluidity and bleeding in the plastic condition, volume change when hardening
] stiffness when hardened are complied with.

hforcement

tinforcing steel

steel shall conform with ISO 6935-1 and ISO 6935-2, or relevant national standarq
s of the standard used. In general, hot-rolled, ribbed bars pfWweldable quality and with|

1l be used. Where the use of seismic detailing is required)the reinforcement provided
Ctility requirements of the reference standard used inthe design.

Fatigue properties and S-N curves shall be consistent with the@ssumptions of design.

Reinforcing
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scheme, and
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steel shall be delivered with a works certificatexThe requirement for a works certificatg
f the reinforcement is produced and tested4inder a national or international certific
all the required test data are documented based on statistical data from the producs
e clearly identifiable.

th the cement that have a detriméntal effect on the bond to the galvanized reinforcem

bel may be used provided(itjmeets the requirements for mechanical properties of ord
nt steel.

pchanical splices'and end anchorages for reinforcement

levices and eouplers shall conform with national standards and be as defined in the p
cation. Fatigue properties and S-N curves shall be consistent with the assumptions d

design and e documiented for the actual combinations of rebars, couplers or end anchorages.

Couplers th

ified
and

Is on

steel. Consistency shall be ensured between material propertiesiassumed in the desigm and

high
shall

may
htion
r. All

Feinforcement may be used wheré.requirements are made to ensure that there will e no

ent.

nary

oject
f the

ht give a permanent slip on unloaded specimen of more than 0,1 mm after 10 cyc

loading to 7

b % of nominal yield strength should not be used in structures where tightness and fa]figue

s of

is a concern.
Mechanical splices and end anchorages shall be delivered with a works certificate.

Friction-welded end anchorages on rebars (T-heads) shall be qualification tested in advance with the
actual type of rebar and be routinely tested during production. The test programme shall include a
tension test and a bend test to document strength and ductility of the connection. The friction weld
shall not fail before the rebar.

8.2.4.3 Approval of weld procedures

Weld procedures, together with the extent of testing for weld connections relevant to reinforced
concrete and concrete structures, shall be specified and approved in each case.
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8.2.5 Prestressing steel

Prestressing steel as a product shall conform to the applicable parts of the ISO 6934 series and/or
applicable national standards.

Tendons (wires, strands, bars), anchorage devices, couplers and ducts or sheaths are part of a
prestressing system described in the project work specification. All parts shall be compatible and
clearly identifiable.

Prestressing systems shall conform with the requirements of the project work specifications and shall
have the approval of an authorized institution or national authority.

Sheaths for post-tensioning tendons shall in general be of a semi-rigid or rigid type, watertight and with
adequate stiffness to prevent damages and deformations. The ducts shall be of steel unless/other types
are specified by design.

Components for the prestressing system shall be delivered with a works certificate.

8.2.4 Embedded materials

Embedded materials, such as steel and composites, shall be suitable for their intended servide conditions
and ghall have adequate properties with respect to strength, ductility, toughness, weldabi]ity, laminar
tearing, corrosion resistance and chemical composition. The supplier shall document these|properties.

8.3 | Execution
8.3.1 Falsework and formwork

8.3.1.1 Basicrequirements

Falsgwork and formwork, including theirsupports and foundations, shall be designed and [constructed
so that they are

— (¢apable of resisting any actions expected during the construction process, and

— gtiff enough to ensure that the tolerances specified for the structure are satisfied and the integrity
of the structural memberis not affected.

Forn}, function, appeardnce and durability of the permanent structure shall not be impgired due to
falsework and formwork or their removal.

8.3.1.2 Materials for formwork and falsework

Any [material that leads to the fulfilment of the criteria given for the structure may pe used for
ork and falsework. The materials shall conform with relevant product standards Wwhere these
ie e_speci eri i e j if they can

affect the nd pouct.

The materials employed shall be consistent with any special requirements for the surface finish or later
surface treatment.

8.3.1.3 Release agents

Release agents shall neither be harmful to the concrete nor shall they be applied in a manner that will
affect the concrete, the reinforcement or the bond between the two.

Release agents shall not have a detrimental effect on the surface finish, or subsequent coatings if any.

Release agents shall be applied in accordance with the manufacturer’s specification.
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8.3.1.4 Falsework

The method statement shall describe the method of erection and dismantling of temporary structures.
The method statement shall specify the requirements for handling, adjusting, intentional pre-
cambering, loading, un-keying, striking and dismantling.

Deformations of formwork during and after concreting shall be limited to prevent deleterious cracking
in the young concrete. This can be achieved by limiting the deformations and by organizing the casting

operations in a manner so as to avoid harmful deformations.

8.3.1.5 Formwork

Formwork s

Formwork 4
and fines.

Formwork t
loss from th|

The interna
thoroughly ¢

8.3.1.6 SI

Where usin
works shall
working pl
strength. D
on the form
conditions t

hall keep the concrete in its required shape until it has hardened.

ind the joints between boards or panels shall be sufficiently tight against loss of

hat absorbs moisture or facilitates evaporation shall be suitably wetted.te minimize yj
e concrete, unless the formwork was designed specifically for that putpose.

surface of the formwork shall be clean. When slipforming is used,'the form panels sh{
leaned and a grease-like mould-release agent shall be applied prior to assembling of the

pform systems

b the slipforming method, the design and erection 6fthe form and the preparation d
take into account the difficulties of controlling the‘geometry and the stiffness of the ¢
form. The entire slipform structure shall be_designed with the appropriate stiffness
e account shall be taken of friction against bardening concrete, weight of materials sf

yater

vater

1l be
form.

f the
ntire
and
ored

systems for adjusting geometry, such as-diameter and wall thickness, as well as cliatic

hat are to be expected during the slipferming period.

The lifting d
buckle. Nor

apacity of the jacks shall be adequate. The climbing rods shall be sufficiently strong n
ally, the climbing rods are left totally encased within the concrete. If the climbing rod

removed, the holes thus left in the concrete shall be properly filled with grout via grouting inlets 3
bottom or hy injection hoses threadediin from the top. The grout consumption shall be monitor

confirm co

The materia
for formworn
slipforming
reduce or el

plete filling.

k materials. Theferm shall have a height and batter consistent with the concrete used
rate and other‘conditions affecting the hardening process of the concrete shall be such
Iminate the-féndency for lifting cracks.

ot to
S are
t the
bd to

Is applied in the form may be either steel or wood and shall conform with the requirements

. The
as to

The slipformy shallhave a hanging platform below the main form, giving access for application of ciiring

as well as i
under the sl

hspection and, if necessary, light repair of the hardening concrete when appearing

from

pform.

The concrete cover to the reinforcement shall be kept within the tolerances using sufficiently long and
stiff steel guides between the reinforcement and the form, adequately distributed around the form.

There shall be contingency plans prepared for unintended situations, such as break-down in concrete
supply, problems with the lifting devices, hardening of the concrete, etc.

8.3.1.7 Ju

mpforming systems

Jumpforming systems, when used, shall have adequate strength and stiffness for all actions exerted
during the erection and casting period. There shall be a robust system for support of the forms in the
previously cast concrete. Inserts for support shall be approved for the actual application.
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The jumpform, when installed, shall allow the necessary preparation and cleaning of construction
joints. The jumpform system shall accommodate the necessary walkways and access platforms to
ensure that the concreting works can be performed in an appropriate manner.

8.3.1.8 Inserts in formwork, recesses and block-outs, temporary openings

Temporary inserts to keep the formwork in place (bars, ducts and similar items cast within the section)
and embedded components (e.g. anchor plates, anchor bolts) shall

— Dbe fixed robustly enough to ensure that they will keep their prescribed position during placing and
concreting,

— 1ot introduce unacceptable loading on the structure,

— 1ot react harmfully with the concrete, the reinforcement or prestressing steel,
— 1ot produce unacceptable surface blemishes,

— 1ot impair functional performance, tightness and durability of the structural member, pnd
— 1ot prevent adequate placing and compaction of the fresh concrete.

Any [embedded item shall have sufficient strength and stiffn€ss to preserve its shape during the
concfeting operation and be free of contaminates that would)affect the item, the congrete or the
reinforcement.

Recepses used for temporary works shall be filled and finished with a material of similar qpality as the
surrgunding concrete, unless it is otherwise specified:Block-outs and temporary holes shallgenerally be
cast with normal concrete. Their surfaces shall be keyéd or slanted and prepared as construgction joints.

Temporary opening shall be focused. Three-dimensional analysis shall be used to determinje the effects
of pdst tensioning sequence on concrete shelDwithout and with the access opening unless|justified by
alternative methods. Emphasis shall be placed on the stress state within the access opening due to the
absence of self-weight in this area. Thelstate of stress determined by this analysis shall cgnform with
the tinimum performance required-for both temporary and operating design situations. Interfaces
between first and second concrete.shall be treated as construction joint.

8.3.1.9 Removal of formwork and falsework
Falsgwork and formworkshall not be removed until the concrete has gained sufficient strength to:
— fesist damagejte/surfaces that can arise during the striking;

— tlake the d@ctions imposed on the concrete member at that stage;

— avoid 'deflections beyond the specified tolerances due to elastic and inelastic (creep) behaviour of
th€-concrete.

Striking shall be made in a manner that will not subject the structure to overload or damage.

Propping or re-propping may be used to reduce the effects of the initial loading, subsequent loading
and/or to avoid excessive deflections. Propping can be required in order to achieve the intended
structural behaviour of members cast in two or more casting operations.

If formwork is part of the curing system, the time of its removal shall take into account the requirements
of 8.3.4.5.
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8.3.2 Reinforcement

8.3.2.1 Bending, cutting, transport and storage

The surface of all reinforcing steel shall be free from loose rust, mill-scale and deleterious substances
that can adversely affect the steel or concrete or the bond between them. It shall be stored free of
the ground, and protected from mechanical damage, rupture of welds and reduction of cross-section
through corrosion.

The cutting and bending of reinforcing steel shall be performed conforming to national standards or
other relevant documents. Particular care shall be taken in cases where the execution, reinforcement

supply and
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bending

bending
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unless 9
permitt

For bars, w
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ent delivered on coil shall be handled using the appropriate equipment. Straightg
formed according to approved procedures and all required mechanical properties shg

d reinforcement assemblies, cages and elements shall be adequately stiff and stro
shape during transpert, storage, placing and concreting. They shall be accurate so that]
requirements regarding placing tolerances for reinforcement.

elding

nly, permitted on reinforcing steel that is classified as weldable in the relevant pr
in_accordance with the applicable parts of the ISO 6935 series or national standards
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Welding shall be used and performed in accordance with specifications by design and shall conform
with special requirements in national standards as relevant.

Welding sho

uld not be executed at or near bends in a bar, unless specifically approved by design.

Welding of galvanized or epoxy-coated reinforcement is only permitted when a procedure for repair is

specified an

d approved.

All welding shall be performed to a qualified welding procedure, and only by qualified welders.
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8.3.2.3 Joints

Joints on bars shall be made by laps or couplers. Only couplers whose effectiveness is tested and
approved may be used. Butt welds can be permitted to a limited extent, but only when subjected to
prequalification testing with non-destructive examination and visual quality inspection of all welds
during execution.

The length and position of lapped joints and the position of couplers shall be in accordance with design
drawings and the project work specification. Staggering of such joints shall be considered in design, the
overlapping bars should be placed in contact and preferably tied together.

8.3.7.4  Assembly and placing of reinforcement

The reinforcement shall be placed according to the design drawings and fixed within the tqlerances for
fixing of reinforcement in this document, and secured so that its final position is witHin thie tolerances
given in this document.

Assembly of reinforcement should be done by tie wire. Spot or tack welding is not allowed for the
asserbling of reinforcement unless permitted by national standards and the project work specification,
and dlue account has been taken of the risk of fatigue failure of the maintebar at the weld.

The $pecified cover of the reinforcement shall be maintained by the-use of suitable chairs and spacers.
Spaceprs in contact with the concrete surface in a corrosive atmosphere shall be made fron] concrete of
at legst the same quality as the structure.

In arfeas of congested reinforcement, measures shall be taken to ascertain that the concrete can flow
and fill all voids without segregation and can be adequately compacted.

8.3.3 Pre- and post-tensioning

8.3.3.1 Transport and storage

All cpomponents of the entire prestressing assembly or system, consisting, for example, of prestressing
steel} ducts, sheaths, anchorage, devices, couplers, as well as prefabricated tendons gnd tendons
fabricated on site, shall be protected from harmful influences during transport and storgge and also
while placed in the structure.prior to permanent protection. Materials that have been damaged or
corrgded shall be replaced.

8.3.3.2 Fabrication-¢f prestressing assembly

The prestressing‘assembly, e.g. all components of the tendons, shall be assembled in accofdance with
the rlelevant standards, where these exist, or suppliers’ specifications or approval documients, and as
shown in the-construction drawings.

Apprjoyal’documents, identification documents and certification of tests on materials and/or tendons

Shall l-\n f“rfn]'\]‘\]n oncita Each itam ar camnanant chall ho claavlvidantifiad and tracaqhla

TOV OO TC - O OTte Ero eI Tee i O COMTpP oOTICIt oot DT CICTT Iy TOCIIcii ot ot e c e ioTes

Documentation of prestressing steel of different deliveries shall be made in the as-built records.
Cutting shall be done by an appropriate method in a way that is not harmful.

Prestressing steel shall not be subjected to welding. Steel in the vicinity of prestressing steel shall not
be subjected to oxygen cutting or welding, except when sufficient precautions have been taken to avoid
damage to prestressing steel and ducts.

8.3.3.3 Placing of the prestressing assembly

The prestressing assembly shall be placed in conformity with the project’s/supplier’s specification and
in accordance with the relevant construction drawings. The tendon and all components shall be placed
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and secured in a manner that maintains their location within the permissible tolerances for position,
angular deviation, straightness and/or curvature. Tendons shall not sag or have a kink of any kind.

8.3.3.4 Post-tensioned tendons

The straight entry into anchorages and couplers as well as the coaxiality of tendon and anchorage shall
be as specified by the supplier’s specifications or system approval documents.

Vents and drains on the sheaths shall be provided at both ends, and at all points where air or water can
accumulate. In the case of sheaths of considerable length, inlets, vents and drains can be necessary at
intermediate positions. As an alternative to drains, other documented methods of removing water may

be consider¢d.

Inlets, ventd and drains shall be properly marked to identify the cable.

The sheathq and their joints shall be sealed against ingress of water and the ends shall be cappgd to
avoid rain, dlirt and debris of any kind. They shall be secured to withstand the effects of placing and
compacting|of the concrete.

Sheaths shall be checked after pouring of concrete to ensure sufficient passagéAfor the tendons.
Sheaths shall be cleared of any water immediately prior to tendon threading:

8.3.3.5 T¢nsioning of tendons

Tensioning phall be done in accordance with an approved method statement giving the tensigning
programme| and sequence. The jacking force/pressure and“elongation at each stage/step in the
stressing oferation until full force is obtained shall be recorded in a log. The obtained pressure$ and
elongations|at each stage/step shall be compared to pre=calculated theoretical values. The results of
the tensionipg programme and its conformity or non-eghformity to the requirements shall be recorded.
All observatjions of problems during the execution:gfthe prestressing works shall also be recorded.
Stressing ddvices shall be as permitted for theprestressing system.

The valid chlibration records for the force-measuring devices shall be available on site befor¢ the
tensioning gtarts.

Application |and/or transfer of prestressing forces to a structure shall be at a concrete strengthl that
meets the rgquirements as specified by design, and under no condition shall it be less than the minimum
compressivg strength stated-ih.the approval documents of the prestressing system. Special attention in
this respect|shall be paid tothe anchorage areas.

8.3.3.6 Pie-tensioning

If, during stfessing; the calculated elongation cannot be achieved within a range of 3 % for a group of
tendons or |

taken in acc

the design.

The release of prestressing force in the rig/bed shall be done in a careful manner in order not to affect
the bond in the anchorage zone of the tendon in a negative manner.

Where the fresh concrete cannot be cast in due time after tensioning, temporary protective measures
shall be taken which will not affect the bond or have detrimental effects on the steel and/or the concrete.

8.3.3.7 Post-tensioning

Tensioning shall not take place when concrete temperatures are below +5 °C within the structure,
unless special arrangements can ensure the corrosion protection of non-grouted tendons. Tensioning is
prohibited if there is a risk of the grout freezing. Tensioning is prohibited at air temperatures below -10 °C.
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Where, during the stressing operation, the calculated elongation cannot be achieved within a range
of 5 % for a group of tendons or +10 % for a single tendon within the group for the specified tensioning
force, action shall be taken in accordance with the method statement, with regard either to the
tensioning programme or to the design.

In the case of deviations from the planned performance during tensioning, tendon-ends shall not be
cut off and grouting is not permitted. Works that can impair re-tensioning shall not be carried out. No
tendons shall be cut if the obtained elongations deviate from the theoretical by more than 5 %, without
design approval. Further work shall be postponed until the tendon has been approved or further action
decided.

NOT T—caseoraeviatio v, Weer TEO a
E-mofdulus of the tendon assembly can be necessary.

stests—toconfirmfrietion factors and

The [prestressing tendons should be protected from corrosion in the period from threading to
prestressing. This period should normally not be allowed to exceed four weeks without special
precautions being taken.

8.3.3.8 General protective measures

Tendons placed in sheaths in the concrete, couplers and anchorage devices shall be protefted against
detrimental corrosion. This protection shall be ensured by filling all voids with a suitable grouting/
injection material, such as cement grout, grease or wax. AnchOrage areas and end caps shall be filled
and protected as well as the tendons; inlets and outlets shall be suitably sealed.

In cape of post-tensioning with required bond, cement grouting of sheaths shall conform with recognized
interjnational or national standards. Grouting/injectionshall follow as soon as possible after tensioning
of the tendons, normally within two weeks. If a delay is likely to permit corrosion, protectiye measures
should be considered in accordance with recommendations by the supplier.

All important data/observations from the_grouting shall be reported in a log, e.g. volume consumed

A me¢thod statement shall be provided for, ¢he preparation and execution of the grouti}g/injection.
compared to theoretical volume, temperature of the structure and mix proportions and probplems/stops.

Groufting devices shall be as permitted for the prestressing system.

8.3.3.9 Protective measures for unbonded tendons

AncHorage areas of unbended tendons or single strands, their sheaths and end caps shall be filled
by nn-corrosive grease or wax. End caps shall be encased in concrete tied to the main §tructure by
reinforcement.

Sheathed unhonded tendons shall be adequately sealed against penetration of moisture at their ends.

8.3.3.10¢ Grouting operations

Grouting with cement-based grouts snait onty be done at temperatures in the structurat efement in the
range of +2 °C to +35 °C. The temperature of the grout shall neither be less than +10 °C nor above +25 °C.
If a frost-resistant grout is used, grouting at lower temperatures than +2 °C can be permitted.

Where the temperature in the structure is above +35 °C, grouting can be permitted provided special
precautions valid in the place of grouting can ensure a successful grouting.

Grouting shall be carried out at a continuous and steady rate from the lowest inlet until the emerging
grout through anchor heads and outlets has the appropriate quality, not affected by evacuated water
or preservation oil from the duct. In vertical ducts, the grouting pressure shall be given particular
attention. Normally the grout pressure inside the duct should not be allowed to exceed 2 MPa, unless
permitted by the design. Non-retarded grout and grout with an expanding admixture shall be used
within 30 min after mixing.
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In vertical or inclined ducts or ducts of particularly large diameter, post-injection can be necessary in
order to remove bleed water or voids. Post-injection shall be performed before the grout has stiffened.
If voids are detected at inlets or outlets after the grout has stiffened, post-grouting shall be carried out,
if required, by vacuum grouting.

In case of vacuum injection, the free volume in the ducts shall be measured. The amount of grout
injected shall be comparable with this volume. Vacuum grouting procedures, particularly in the case of
vertical tendons, should be prequalified by trials of relevant geometry.

Requirements for vacuum grouting or re-injection shall be made in case of discovery of a blockage in
the duct. Ducts shall, under no circumstances, be left empty and ungrouted without specific approval

by design.

After completion of grouting, unintended loss of grout from the ducts shall be prevented by se

them under

If grouting
taken. No dt

A full-scale
replicate th

A minimum pressure of 0,5 MPa for a minimum of 1 min.

bf a duct is interrupted, corrective actions, such as washing out all fresh\grout, shg
[cts shall be left with incomplete filling of grout.

mock-up shall be performed to qualify the grout mix and procedure~"The mock-up s}
e actual conditions under which grouting will be performed including temperaturg

aling

1l be

1ould
and

humidity rapges.

8.3.3.11 Greasing operations

Greasing shall be carried out at a continuous and steady rate. Afteér completion of greasing, unintejnded
loss of greage from the ducts shall be prevented by sealing theiy under pressure.

The volume|of the injected grease shall be checked against'the theoretical free volume in the ductl The
change of vdlume of the grease with change in temperature shall be taken into account.

8.3.4 Conicreting

8.3.4.1 Cqgncrete production

All the required properties for the doncrete to achieve its service functions shall be identified| The
properties ¢f the fresh and hardened concrete shall take account of the method of execution qf the

concrete wag

Prior to any
specified. Ti
scale test f}

rks, e.g. placing, compacting, formwork striking and curing.

psting may be ‘performed based on laboratory trial mixes, but should also include 4

produced o

The quality|control procedures shall be available on site. The procedures shall include the pos
corrective 4ctions to be taken in the event of non-conformity with the project work specificati
agreed procedures.

om the batch plant used. Documented experience from earlier use of similar con
a similar)plant with the same constituent materials can be regarded as valid preteg

concreting, the‘concrete shall be documented by pretesting to meet all the requirements

full-
Crete
ting.
sible
n or

Fully automatic stationary batching plants should be used for concrete production. All mixing and
batching equipment shall conform with the requirements for stationary mixers included in the national

standard.

NOTE

identical independently operated, fully automatic, highly efficient stationary concrete batching plants.

All aggregates, cement and pozzolans shall be measured by weight on separate balances.

In order to ensure uninterrupted concrete placement, industry practice has been to utilize two

The certificate of the accuracy for the scales or measuring devices shall be obtained initially after
completion of the plants at the site and at least every 180 days during concrete production. Additional

verification
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may be performed immediately before major pours.
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The delivery of concrete ingredients to the mixer shall be within the tolerances specified in the national
standard.

The design of the batching plants shall ensure adequate storage for all mixing materials. The storage
provisions shall ensure positive segregation and identification of each aggregate size as well as the
cement and pozzolans (to guard against inadvertent substitution).

8.3.4.2 Procedures in connection with each delivery

Concrete shall be inspected at the point of placing and, in the case of ready-mixed concrete, also at
the point of delivery. Samples for testing of conformity with given requirements shall be taken at the

poin
certi
be af
NOT}H

Detr
chan
pum

Conc

documented acceptable by pretesting. The temperature of the“fresh concrete shall be

spec

Conc

8.3.4

Initia
asses

of placing. In the case of ready-mixed concrete produced and certified according to_a
fication scheme covering all given requirements, only identity testing at the pointrof-g
plied.

Identity testing is testing to verify that the concrete comes from a conformjrig\populatio

mental changes of the fresh concrete, such as segregation, bleeding, paste loss
ges, shall be minimized during loading, transport and unloading, agwell as during co
bing on site.

rete may be cooled or heated either during mixing, duringAransport to the site or g
fied or declared limits.

rete may be retempered by post-dosing of admixturés;if documented acceptable by prj

.3 Pre-concreting operations

1l testing of concreting by trial casting shall be documented before the start of ey
sment of construction phases shallibe performed to determine critical operat

o

recognized
elivery may

n.
any other

veyance or

t the site, if
within the

etesting.

ecution. An
ons and/or

strug methods to

verif]

tural components that require mocktups to test materials, equipment, and placement
y the expected quality.

If pu ensure that

blocH

mping of concrete is used, adequate back-up or emergency plans shall be prepared to
fage of piping will not leadto-an unacceptable end result.

All p
class

reparation works shall be completed, inspected and documented as required for th
before the castingds.initiated.

b inspection

fications. In
of a surface
all be clean,

Cons
mon

retat
free

truction joints:Shall be prepared and roughened in accordance with project work spec
plithic structures, an adequately roughened surface can be obtained by the application
der on the\fresh concrete and later cleaning by water jetting. Construction joints sh
bf laitance‘and thoroughly saturated with water, but surface dry.

Cons
freez

truction joints in contact with the section cast shall have a temperature that does
ing’af the adjoining cancrete

llnot result in

The form shall be free of detritus, ice, snow and standing water.

If the ambient temperature is forecasted to be below 0 °C at the time of casting or in the curing period,
precautions shall be planned to protect the concrete against damage due to freezing.

If the ambient temperature is forecasted to be above 30 °C at the time of casting or in the curing period,
precautions shall be planned to protect the concrete against damaging effects of high temperatures.

8.3.4.4 Placing and compaction

The concrete shall be placed and compacted in order to ensure that all reinforcement and cast-in items
are properly embedded in compacted concrete and that the concrete achieves its intended strength and
durability.
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Appropriate procedures shall be used where cross-sections are changed, in narrow locations, at
box-outs, at dense reinforcement arrangements and at construction joints. Settlement cracking over
reinforcement in the top surface shall be avoided by re-vibration.

The rate of placing and compaction shall be high enough to avoid cold joints and low enough to prevent
excessive settlements or overloading of the formwork and falsework. The concrete shall be placed in
layers of a thickness that is compatible with the capacity of the vibrators used. The concrete of the new
layer should be vibrated systematically and include re-vibration of the top of the previous layer in order
to avoid weak or inhomogeneous zones in the concrete. The vibration shall be applied until the expulsion
of entrapped air has practically ceased, but not so as to cause segregation or a weak surface layer.

a Tatretr—as i;viG“i":S " FE€Ta vme lght
of more than 2 m shall not occur unless the mix is demonstrated to allow this without segregation.
Concrete shhll be compacted by means of high-frequency vibrators or by alternative methodsythat can
be demonstrated to give adequate compaction. Contact between internal vibrators and reinforcement or
formwork shall be avoided as much as possible. Vibrators shall not be used for horizontal transportption
(spreading)|of concrete.

Alternative
permitted,
this can incl
with 8.2.

e are
ting;
Drms

methods to the use of vibrators in order to obtain an adequately compacted concret
rovided they are able to be documented for the relevant type of conditions by trial cag
ide the use of self-compacting concrete (SCC), provided the concrete composition conf

and
nned

During plac
wind, freezi
protection fj

ing and compaction, the concrete shall be protected against adverse solar radiation]
Ing, water, rain and snow. Surface water shall be removed during concreting, if the pla
hils.

8.3.4.5 Cuyring and protection of hardening concrete

Concrete in jits early life shall be cured and protected to

minimize plastic shrinkage and losses in strength and durability,

ensure adequate surface strength,

ensure adequate surface zone durability,

prevent{freezing, and

preventlharmful vibration, impact or damage.

The curing

may be achi
shall not be
an adequate

On complet

methods empleyed shall prevent significant evaporation from the concrete surface.
eved by keeping the surface permanently wet during the required curing period. Sea y
used for‘cuiring. Fresh concrete shall not be permitted to be submerged in sea water
strength of the surface concrete is obtained.

omof compaction and finishing operations on the concrete, the surface shall be g

This
vater
until

ured

without delay. If needed to prevent plastic shrinkage cracking on Iree surfaces, measures to reduce loss
of water shall be applied prior to finishing.

The duration of applied curing shall be a function of the development of the concrete properties in
the surface zone and depends on the climate conditions prevailing in the region where the concrete
member is located. Curing shall be applied until the strength of the concrete has reached a degree of
hydration, characterized by strength proportions, given in Table 5.
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Table 5 — Minimum values of proportions of the strength of concrete at the end of curing

. . . . Strength proportion?
Climatic conditions when curing
Submerged zone Splash zone Other zones

H Humid RH >80 % 0,5 0,6 0,5

M Moderate 65% <RH<80% 0,6 0,7 0,6

D Dry 45% <RH<65% 0,6 0,7 0,6

VD Very dry RH <45 % 0,7 0,8 0,7

a- The strength proportion is defined as the ratio between the mean concrete strength at the end of the curing period and
the mean strength at the age of 28 days, made, cured and tested in accordance with ISO 1920-3 and ISO 1920-4.

The Llluration of curing may be estimated based on testing of strength or, alternatively, by~thg¢ maturity of
the concrete on the basis of either the surface temperature of the concrete or the ambient temperature.
The maturity calculation should be based on an appropriate maturity function proven for the type of
cemgnt or combination of cement and addition used.

The equivalence of curing may also be proven by applying suitable methods to measure|the surface
pernjeability or the strength of the concrete cover at the end of curing.

The ¢uring methods given in Table 6 shall be used individually or in sequence; method C shoulld normally
be uged in combination with method A or B.

Table 6 — Methods ofcuring

Method Measure
Keeping the formwork in place.

A Without adding water Covering the concrete surface with vapour-proof sheets thdt are se-
cured at the\édges and joints to prevent through-draughts.

Placing’efwet coverings on the concrete surface and protecftion of these

Keeping the concrete coverings against drying by vapour-proof sheets.
B vn\;;ca)‘ii by addition of Keeping the concrete surface visibly wet by spraying with dlean water.
Ponding the concrete surface with clean water.
Curing compounds shall have an established suitability. Suifability may
. be based on testing, comparing the effectiveness of the curing com-
C Use of curing cempounds

pound to the effectiveness of water. Curing compounds may be used in
accordance with international or national standards.

Curing compounds are not permitted on construction joints and on surfaces where bonding of other
matedrials is required, unless they are fully removed prior to the subsequent operationfor they are
proven to havie no detrimental effects on bonding.

Early-age thermal cracking resulting from thermal gradients or restraints from adjoining members
and Il)reviously cast concrete shall be minimized. In general, a differential temperature acrgss a section
shoutdTiot be attowed to exceed 10 °C per 100 mm.

The concrete surface temperature shall not fall below 0 °C until the concrete surface has reached a
compressive strength of at least 5 MPa and until the strength is also adequate for all actions in frozen
and thawed conditions until the specified full strength is gained. Curing by methods using water shall
not be adopted, if freezing conditions are likely. In freezing conditions, concrete slabs and other parts
that can become saturated shall be protected from the ingress of external water for at least seven days.

The peak temperature of the concrete within a member shall not exceed 70 °C unless data are provided
documenting that higher temperatures will have no significant adverse effects, such as reduced
strength or delayed ettringite formation.

The set concrete shall be protected from vibrations and impacts that could damage the concrete or its
bond to reinforcement.
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The surface shall be protected from damage by heavy rain, flowing water or other mechanical

influences.

8.3.4.6 Post-concreting operations

After remov

The surface

al of formwork, all surfaces shall be inspected for conformity to the requirements.

shall be protected from damage and disfigurement during construction.

8.3.4.7 Special execution methods

Special exe(
aggregate i
shall be prej
effects of th

Special exed

Special exed
its durabilit

8.3.4.8 Fi

Formed fini
concrete or
shall be fred

Unformed f
has stiffene
uniform sun

Prior to con

defective work. It shall be clearly established-wiat types of repair will require involvement by des

Mock-up ca
proposed cd

quality of the works can be assessed.

8.3.5 Exe

8.3.5.1 G¢

8.3.5 gives
produced in|
from the ti

ution methods can be required in cases where concrete with lightweight or heavywi
used and in the case of underwater concreting. In such cases, procedures for the exee
pared and approved prior to the start of the work. In order to address most of the parti
s method, mock-up and trials are strongly recommended.

ution methods shall be stated in the project work specification and agreed:

.
nish and repair

bhes shall be obtained by the use of properly designed fermwork of timber, plywood, pl
steel. Small blemishes caused by air or entrapped water can be expected, but the su
from voids, honeycombing or other blemishes.

nishes shall be screeded to produce a uniforih and smoothed surface. After the con
1 sufficiently, this finish shall be floated by hand or by a machine producing a satisfact
face.

struction, plans and procedures shall-be prepared and agreed for remedying any forg

h be required to confirm that the required quality and finish can be achieved by
ncrete mix and method of eonstruction, and to serve as a reference standard by whic

cution with precastconcrete elements

tneral

requireiients for construction operations involving precast concrete elements, wh
a factery or a temporary facility at or outside the site, and are applicable to all operal
e the elements are available on the site, until the completion of the work and

eight
1tion
rular

ution methods shall not be permitted if they can have an adverse effect on the structufre or

hstic,
rface

Crete
orily

seen
jgn.

y the
h the

bther
kions
final

acceptance.

The manufacture and design of precast concrete elements, when used in concrete offshore structures,
are covered by this document, and shall meet all requirements to materials, strength and durability as

if they were

castin situ.

Where precast concrete elements are used, these shall be designed for all temporary conditions as well
as for the structural performance in the overall structure. This shall at least cover the following:

66

completion work, such as integral in situ casting, toppings and reinforcement;

joints, with any bearing devices, other connections, additional reinforcement and local grouting;

load and arrangement conditions due to transient situations during execution of the in situ works;
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— differential time-dependent behaviour for precast and in situ concrete.

Precast concrete elements shall be clearly marked and identified with their intended positions in the
final structure. As-built information and records of conformity testing and control shall be available.

A complete erection work programme with the sequence of all on site operations shall be prepared,
based on the lifting and installation instructions and the assembly drawings. Erection shall not be

start

ed until the erection programme is approved.

8.3.5.2 Handling and storage

Instr
prec

A lift
any g
elem

Stora
pern
nece

8.3.5

Reqy
erect
and

conc
accol

Cons
and
perfq

Duri
the s
of th

8.3.5.

The (
and {

The {
Joint
meet

- ] 111 i . | - - =l A | £ 4=l ] 1. b | b
UCTIONS SITall DT avaliaoic gIVIITE tIiIc ProccUures 10T tIIC [TaITUIITg, StoTage alra protg
hst concrete elements.

ing scheme defining the suspension points and forces, the arrangement of the lifting
pecial auxiliary provisions shall be available. The total mass and centre of gravity for
ents shall be given.

ge instructions for the precast concrete element shall define the storage posit
lissible support points, the maximum height of the stack, the ptofective measures
5sary, any requirements to maintain stability.

.3 Placing and adjustment

irements for the placing and adjustment of the precast concrete elements shall be
ion programme, which shall also define the arrangement of the supports, the nece
bossible temporary stability provisions. Accessyand work positions for lifting and gy
Fete elements shall be defined. The erection of.thé precast concrete elements shall be g
‘dance with the assembly drawings and the €rection programme.

truction measures shall be applied which ensure the effectiveness and stability o
final supports. These measures shall-minimize the risk of possible damage and of]
rmance.

hg installation, the correct pesition of the precast concrete elements, the dimensional
Lpports, the conditions ofthe’precast concrete element and the joints, and the overall g
e structure shall be che¢ked, and any necessary adjustments shall be made.

4 Jointing and.completion works

ompletion works are performed on the basis of the requirements given in the erection
aking climatie conditions into account.

pxecution of the structural joints shall be made in accordance with the project work sp|
5 thatare concreted shall have a minimum size to ensure a proper filling. The faces sh
the requirements to construction joints.

ction of the

system and
he concrete

on and the
and, where

given in the
ssary props
iding of the
erformed in

[ temporary
inadequate

accuracy of
rrangement

programme

ecifications.
all normally

Connectors of any type shall be undamaged, correctly placed and properly executed to ensure an

effec

tive structural behaviour.

Steel inserts of any type used for joint connections shall be properly protected against corrosion and
fire by an appropriate choice of materials or covering.

Welded structural connections shall be made with weldable materials and shall be inspected.

Threaded and glued connections shall be executed according to the specific technology of the
materials used.
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8.3.6 Embedded components

8.3.6.1 General

Components that are cast-in and form an integral part of the permanent structure, serving either
structural or functional purposes for either permanent or temporary use, shall be produced and
installed in accordance with specifications and drawings. Embedded items shall be stiff enough to

preserve their shape unaffected by the concreting operation. They shall

concreting within the tolerances,

be fixed robustly enough to ensure that they will keep their prescribed position during placing and

notintr
not reaq
not pro

not imp

not prey

Component;
is available.

Embedded
caused by t
spalling or d

NOTE In|
transfer of s
important fo
heat input.

8.4 Geon

8.4.1 General

In addition
defines the 1
tolerances 4
indicated; n

In general, t

pduce unacceptable actions on the structure,

t harmfully with the concrete, the reinforcement or prestressing steel,
luce unacceptable surface blemishes,

hir functional ability and durability of the structural member, and

rent adequate placing and compaction of the fresh concrete.

that are cast-in shall be inspected and approved while access for an appropriate inspe

fomponents that receive heat treatment after concreting shall be inspected for da
he heat treatment and thermal expansion, such as warping of the embedment; con
racking shall be rectified.

cases where extensive welding is performedcon embedded components that are intende
gnificant shear forces, special provisions can, be necessary to ensure that the concrete in
" the transfer of the shear forces has not had’a significant reduction in concrete strength due {

jetrical tolerances

to the class 1 toleran¢e requirements of ISO 22966 and ISO 16204 that shall appl;
ypes of geometrical-deviations relevant to offshore structures. Indicative values for ng
re given for cextdin parameters. For other dimensions, only the type of requirems
imerical vales‘are left to be specified in the project work specifications.

plerances.on dimensions are specified in order to ensure the following:

— the geo

etry'is such as to allow parts to fit together as intended;

ction

nage
Crete

d for
areas
o the

y, 8.4
rmal
nt is

constru

ISO 199

geometrical parameters used 1n the desSign are satiStactorily accurate,

ction work is performed with a satisfactorily accurate workmanship;

01-5).

weights are sufficiently accurate for weight control and floating stability considerations (see

All these factors shall be considered when tolerances are specified. Tolerances assumed in design and
tolerances specified for construction shall be in agreement.

The requirements relate to the completed structure. Where components are incorporated in a
structure, any intermediate checking of such components shall be subordinate to the final checking of
the completed structure.
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Changes in dimensions following temperature effects, concrete shrinkage, creep, post-tensioning and
application of actions, including those resulting from different construction sequences, are not part of
the construction tolerances. When deemed important, these changes shall be considered separately.

8.4.2 Reference system

A system for setting out tolerances and the position points, which mark the intended position for the

locat

ion of individual components, shall be in accordance with ISO 4463-1.

Deviations of supports and components shall be measured relative to their position points. If a position
point is not established, deviation shall be measured relative to the secondary system of ISO 4463-1.

A tol
refen

8.4.3
Requ
a)

b) 9
]

1

Prance of position In plane refers to the secondary lines in plane. A tolerance of posit]

s to the secondary lines in height.

Tolerances of structural members
irements shall be given for the following types of tolerances, as relevant:
kirts:
) deviation from intended centre for circular skirts;
) deviation from intended position for individual pointsaleng a skirt;
) deviation from best fit circle for circular skirts;
}) deviation from intended elevation for tip and t6p of skirts;
) deviation from intended plumb over giventheights.
labs and beams:
) deviation from intended elevationfor centre plane;

) deviation from intended planehess measured over given lengths (2 m and 5 m);

3) deviation from intendedslope.

Walls, columns and shafts:
) deviation from.intended position of centre plane or horizontal centre-line;

) deviatiomfrom intended planeness — horizontal direction;

3) devidtion from intended planeness — vertical direction;

}) _deviation from intended plumb over given heights.

d)

ST eOT

on in height

1) deviation of best fit dome centre from intended centre — horizontal and vertical directions;

2) deviation of best fit inner radius from intended radius;

3) deviation of individual points from best fit inner dome;

4) deviation of individual points from best fit exterior dome.

e) Circular members:

1) deviation of best fit cylinder centre from intended centre-line;

2) deviation of best fit inner radius from intended inner radius;
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3) deviation of individual points from best fit inner circle over given lengths;

4) deviation of individual points from best fit exterior circle over given lengths;

5) deviation from intended plumb over given heights.

f) Shaft/deck connections:
1) deviation of best fit centre from intended centre of shaft;
2) deviation in distances between best fit centres of shafts;
3) posgtionmroftemporarysupports—hortzontatand-vertical;
4) posjition of anchor bolts — horizontal and vertical.
8.4.4 Crops-sectional tolerances
Requirements shall be given for the following type of tolerances. Where tolerances’are given, thes

the recomm

ended values.

ss:

vidual measured points, At -10/+30 mm;

rall average for area, At -10/+20 mm.

cement position:

rance on concrete cover, -10/+10 mm;

rance on distance between rebar layers in-the same face, -5/+10 mm;
rance on distance between rebar layers at opposite faces, -20/+40 mm;
rances on spacing of rebars in same layer;

rances on lap lengths, (L), sy > 0,95L.

5sing:

rance on positionofprestressing anchors;

ition of ducts/straightness at anchors;

ition of ducts’in intermediate positions, 0,05t < 20 mm;

rancés-on radius for curved parts of tendons, AR < 0,05R.

e are

a) Thickng
1) ind
2) ove

b) Reinfor
1) told
2) tole
3) told
4) told
5) tole

c) Prestre
1) told
2) pos
3) pos
4) told

8.4.5 Em

ednrentsand penetrations

Tolerances shall be for items individually or for groups, as appropriate. Requirements shall be given for
the following type of tolerances, as relevant.

a)

b)

70

Embedded plates:

1) dev
2) dev

iation in plane parallel to concrete surface;

iation in plane normal to concrete surface;

3) rotation in plane of plate.

Attachments to embedments: deviation from intended position (in global or local system).
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c) Penetrations:

1) deviation of sleeves from intended position of centre;

2) deviation of sleeves from intended direction;

3) deviation of manholes from intended position and dimension;

4) deviation of block-outs from intended position and dimensions.

8.5

Quality control — Inspection, testing and corrective actions

8.5.

Supefrvision and inspection shall ensure that the works are completed in accordance wit
and the requirements of the project work specification.

Thr
offs

General

execution classes are defined in ISO 22966; however, execution class’1 shall not
ore concrete structures.

h I1SO 22966

be used for

Execption class may refer to the complete structure, to certain members of the structure ¢r to certain
operftions of execution.
8.5.2 Inspection of materials and products
The inspection of the properties of the materials and products used in the works shall be irf accordance
with|ISO 22966.
8.5.3 Inspection of execution
8.5.3.1 General
Inspgction of execution according to(this document shall be performed in accordance with ISO 22966
and Table 7 unless otherwise stated'in the project work specification. For inspection classes| refer to 6.6.
Table 7 — Inspection of execution
. Execution class
Subject
12 2 3
Scaffolding. formwark Major scaffolding and All scaffolding pnd form-
& Random checking formwork shall be inspect- |work shall be ihspected
and falsework :
ed before concreting before concreting
Major reinforcement shall All reinforcemgnt shall be
Ordiparyweinforcement |Random checking be inspected before con- . :
creting inspected befote concreting

All prestressing components shall be inspected before

Prestressing reinforce- N/A concreting, threading, stressing
ment
Materials are identified by appropriate documentation
Embedded items According to project work specification
Erection of precast N/A Prior to and at completion |Prior to and at completion
elements of erection of erection
Site transport and cast- . Basic and random inspec- |Detailed inspection of
: Occasional checks . ;
ing of concrete tion entire process
S;l;::rrlgtzznd finishing of Occasional checks Occasional checks Regular inspection

Inspection class 1 included for completion but shall not be used for offshore concrete structures.
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Table 7 (continued)

. Execution class
Subject
12 2 3
Stressing an_d grouting Detailed inspection of entire process, including evalua-
of prestressing rein- N/A . . . . > !
tion of stressing records prior to cutting permission
forcement
As-built geometry N/A According to project work specification
Documentatlon of in- N/A Required
Spection
Liquid tightfess N/& Tested according o project Work specification

Inspection clg

ss 1 included for completion but shall not be used for offshore concrete structures.

8.5.3.2

Before casti
following:

— geomet
stability
tightnej

remova

formwaorrk, etc., from the section cast;

treatme
wetting]
preparg

opening

The structy|
removed.

8.5.3.3

Before casti

the followinig:

the rei

the covg

Injspection of falsework and formwork

 of formwork and falsework and their foundations;

[re shall be checked afteryformwork removal to ensure that temporary inserts have

Inspection of reinforeement

nEorcement shown on the drawings is in place at the specified spacing;

y of formwork;

s of formwork and its parts;

ng operations start, inspections according to the relevant inspection classshall includge the

of detritus, such as saw dust, snow and/or ice and remains of tie wires and debris from the

nt of the faces of the construction joints;
of formwork and/or base;
tion of the surface of the formwork;

s and blockouts.

ng operations_start, inspections according to the relevant inspection class, shall corx

(s in accordance with the specifications;

been

firm

— reinforcement is not contaminated by oil, grease, paint or other deleterious substances;

— reinforcement is properly tied and secured against displacement during concreting;

— space between bars is sufficient to place and compact the concrete.

After concreting, the starter bars at construction joints shall be checked to ensure that they are
correctly located.
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8.5.3.4 Inspection of prestressing works
Before casting operations start, inspections shall verify the following:

— the position of the tendons, sheaths, vents, drains, anchorages and couplers is in accordance with
the design drawings, including the concrete cover and the spacing of tendons;

— the tendons and sheaths are securely fixed, also against buoyancy, and that the stability of their
supports is ensured;

— the sheaths, vents, drains, anchorages, couplers and their sealing are tight and undamaged;

— the tendons, anchorages and/or couplers are not corroded;
— the sheaths, anchorages and couplers are clean.

Prior to tensioning, or prior to releasing the pretension force, the actual concrete strength shall be
checked against the strength required.

The felevant documents and equipment according to the tensioning programme shall be available on site.

The ¢alibration of the jacks shall be checked. Calibration shall also be ‘performed during the stressing
periqd if relevant.

Beforle grouting starts, the inspection shall ensure the following:

— the results of preparation/qualification tests for groutare as required;
— the results of any trial grouting on representative ducts are as required;
— (dlucts are open for grout through their full length and free of harmful materials, e.g. wdter and ice;
— YVents are prepared and identified;

— 1naterials are batched and sufficientto allow for overflow.

Durihg grouting, the inspection shall include checking of the following:
— the conformity of the fresh grout tests, e.g. fluidity and segregation;
— the characteristics of({the equipment and of the grout;

— the actual pressures during grouting;

— the order of blowing and washing operations;

— the precautions to keep ducts clear;

— the’order of grouting operations;

— the actions in the event of incidents and harmful climatic conditions;

— the location and details of any re-injection.

8.5.3.5 Inspection of the concreting operations

The inspection and testing of concreting operations shall be planned, performed and documented in
accordance with the execution class as shown in Table 8.

Execution class 3 shall be used for concreting operations unless otherwise specified in the project work
specification.

Different parts in a structure may be assigned different execution classes, depending on the complexity
and the importance in the completed structure.
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Table 8 — Requirements for planning, inspection and documentation

Execution class

Subject
1 2 3
Planning of inspection N/A Inspection plan, procedures and work instructions
programme Actions in the event of a non-conformity
. Frequent but random in- Continuous inspection of
Inspection Random . X
spection each casting

Records from all inspec-

tions All planning documents

Documentatfom : :
All non-conformities and | Records from all inspections

corrective action reports | A]l non-conformities and corrective action reperts

8.5.3.6 Inspection of precast concrete elements

Where precpst concrete elements are used, inspection shall include the following:
— visual ipspection of the concrete element at arrival on site;

— delivery documentation;

— conditigns of the concrete element prior to installation;

— conditigns at the place of installation, e.g. supports;

— conditigns of the concrete element, any protruding rebars, connection details, position of the
concretg element, etc., prior to jointing and execution«f other completion works.

8.5.3.7 Hydrotesting

Due considgration shall be given to hydrotesting components of the structure to demonstrate|leak
tightness.

8.5.3.8 Agtions in the event of a non-conformity

Where inspection reveals a non-conformity, appropriate action shall be taken to ensure that the
structure rgmains fit for its intended purpose. As part of this, the following should be investigated;

— the implications of thenon-conformity for the execution and the work procedures being appli¢d;

— the impllications ofithe non-conformity for the structure with regard to its safety and functjional
ability;

— the megsures‘necessary to make the member acceptable;

— the necessity ol rejection and replacement of non-contorming members.

Documentation of the procedure and materials used shall be approved before repair or corrections
are made.

9 Foundation design

9.1 General

Foundation design applies to the geotechnical aspects of the interface between structural elements and
the seabed soils or fill placed on the sea floor, which provides support to the structure and its associated
appurtenances. The mechanisms for transfer of actions from the structure to the supporting soil shall
be verified and the need for grouting of the voids between the structure and the sea floor assessed.
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Principal elements

The following principal elements and considerations involved in the design of foundations for fixed
concrete offshore structures are addressed in this subclause:

— soil investigation (9.3);

— selection of representative soil properties (9.4);

— partial factors (9.5);

— design principles (9.6);

— q

R q

tability analyses (9.7);

oil-structure interaction (9.8);

— installation and removal (9.9);

JR— q

NOTH
9.3
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9.3.2
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9.3.3

A lal
perfq

cour (9.10).

This document supplements and amplifies many of the topics coyered in ISO 19901-4.
Marine site investigation

Purpose of investigation

burpose of soil investigation is to ascertain the sgil'conditions and to obtain the geote
ssary for the determination of characteristic matéerial properties.

chnical data

| investigation shall be performed utilizing professional personnel with skills in thle fields, e.g.

gy, geophysics, seismology and geotechnics, as appropriate to the investigation. It sh
lation of all relevant existing data.

htial geohazards, such as submarine slope instability, liquefaction, faulting, shall
dence, shall be considered and investigated as necessary.

Soil investigation

ne soil investigatiens shall be carried out in accordance with ISO 19901-8, whi
rements for plapning, equipment, execution, in situ testing, laboratory testing and rej

Laboratery investigation

poratery programme shall provide appropriate test data to enable relevant ang

rnied: The laboratory programme should comprise, among other things, the following:

buld include

bw gas and

ch specifies
orting.

lyses to be

— classification, consolidation and permeability tests;

— static and cyclic soil testing for the determination of strength, deformation and pore pressure
generation parameters in the relevant stress and strain ranges;

— stiffness and damping parameters of the foundation for calculating the dynamic behaviour of the
structure.

9.4

Characteristic soil parameters

ISO 19901-4 provides guidance and principles for selecting characteristic values of soil properties in
line with the partial factors format.

NOTE See also DNV-RP-C207.
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Characteristic strength and deformation parameters shall be determined for all soil layers, and for the
relevant stress ranges, taking due account of stress history, soil anisotropy and sample disturbance
effects. In these evaluations, caution should be exercised in the utilization of strength that depends on
dilatancy of the soils.

The effect of cyclic stresses induced by environmental actions on the structure (e.g. due to
hydrodynamic, seismic and ice actions), which are transferred to the soils, shall be determined when

such effects

are relevant to the particular issues under consideration.

9.5 Partial factors for actions and materials

9.5.1 GelJeral

The safety |
their interp
of partial ac

9.5.2 Par

Requiremen
are given in
to give the
performed.

9.5.3 Par

The materig
stress mobi

evel in geotechnical engineering depends on the extent and reliability of thé basic
‘etation, the analysis method, and the monitoring and maintenance procedut€s. The c
tion and material factors is only one of several factors influencing foundatioir safety.

fial factors for actions

ts regarding partial factors for actions and the combination of actions into design situa|
6.4 and 6.5. In geotechnical analyses, combinations of actions shall be selected su
most unfavourable result for each of the stability mechafiisms and deformation ana

tial factors for materials

| factor for soil may be expressed as the ratio:«f the undrained shear strength to the {
ized for equilibrium, or as the ratio of the tangent of the characteristic friction angle t

tangent of the friction angle mobilized for equilibrium:

For the ULS,
on the cons
should be gi
mechanism§

The materid
with which

In the SLS, H

the material factor shall not be lowerithan 1,25 in accordance with ISO 19901-4. Deper
bquences of failure and failure mechanism a higher value can be required. Consider
ven to what is recognized practice for the calculation procedures applied and the sta
analyzed.

1 factor should be incréased in the case of new types of structure and/or soil condi
ho previous experiencé has been gained.

LS and ALS, the material factor shall be 1,0.

9.6 Geot¢chnical design principles

9.6.1 Gen

eral

The design 4

hallbe in accordance with 1ISQ 19901-4

data,
hoice

kions
th as
[yses

hear
o the

ident
htion
hility

kions

In the analysis of the interaction between soil and structure, consideration shall be given to whether the
stiffness of the structure should be taken into account. The analysis should be based on representative
deformation properties of the soil.

All significant effects from environmental actions shall be considered, including the stability of adjacent
sea floor slopes. Structures located in the vicinity of each other should be considered with respect to
possible reciprocal or unilateral effects, where relevant.

The drainage condition of the soils should be the most representative with respect to soil permeability,
length of drainage path, loading rate, etc. In case of significant uncertainty, the most unfavourable
condition should be used.
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9.6.2 Dynamic analysis for action effects

In some circumstances, it can be appropriate that analyses are based on a quasi-static simplification of
structural response to environmental actions and soil resistance. Dynamic analyses can be necessary,
however, for certain types of structure where the frequency content of the action is such that foundation
design cannot be treated in a quasi-static manner under environmental, ice or earthquake actions. The
results can be sensitive to variations in stiffness and damping properties of the soil and the structure. A
probable range of variation of soil properties should therefore form the basis of such analyses.

Soil parameters and calculation methods shall be selected in accordance with the histories of actions
included in the analysis of the structure and the stress and strain levels resulting from the calculations.

Ice i1|1duced vibration or earthquake response shall be calculated on the basis of dynamif properties
of al| significant soil layers. The effect of interaction between soil and structure shall*'be taken into
accoynt.

9.6.3 SLS

In predicting the evolution of settlements with time, the drainage. conditions and uncertainties
relatpd thereto shall be considered, including possible assumptions+égarding watertight structural
components and draining soil layers.

Assepsment of settlements and displacements shall include, butis not limited to

— immediate settlement, consolidation settlement, secondary compression and creep,
— (lifferential settlement across the appropriate footpbint of the structure,

— dynamically and cyclically induced settlementsand deformation,

— liateral displacements and tilts, and

— potential subsidence of the foundation-due to reservoir depletion or depressurization.
The Iossibility of erosion or other deterioration of the soils shall be considered, including effe¢ts on skirts.

The ¢onsequences of seepage or.compression of shallow gas should be considered where relevant.

Actupl settlements can be.measured in situ for calibrating/updating the calculated settlements over
the structure lifetime

9.6.4 FLS

Fatigue analyses shall be based on unfactored representative soil properties, with due regard for the
effecfts of cyelic degradation of soil stiffness and strength.

9.6.3 ““ULS

The design resistance of the soil under and around the foundation shall be demonstrated to be sufficient
to resist the action effects caused by the design actions. The development of the design resistance over
a period of time shall be assessed.

Displacements of the foundation due to design actions should be calculated using characteristic
deformation parameters. These displacements shall be considered when checking the ULS of the
structure or of vital appurtenances, such as conductors, casings and risers.

The effects of cyclic actions on the generation and accumulation of pore pressures and deformations in
the soil and the consequential potential reduction in shear strength shall be analyzed. The combined
effects of cyclic actions during several storms and subsequent consolidation over a period of time
should be considered.
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The foundation, as well as any skirts or other structural components for transfer of actions to the
soil, shall be designed to prevent either local yield in structural parts or the soil spreading, leading to

collapse.

In ALE, the characteristic soil properties shall be used.

9.7 Bearing capacity

Bearing capacity analyses (including bearing, sliding and overturning) shall be in accordance with

ISO 19901-4f

All potentia| rupture surfaces in the soil mass shall be investigated, with special consideration given to
the influence of weak layers or zones.

In a drained| condition of the soil, the horizontal and vertical actions for limit equilibritim methods|shall
be assumed|to be acting on the effective foundation area only.

In an undrdined condition, particularly where skirts are present, the action§4mnay be assumed fo be
distributed pver all, or a greater part of, the total foundation area.

Wave presspres acting on the seabed around the structure shall be-included in the analyses| The
potential for wave uplift pressures under the base as a result of partial contact between the bas¢ and
the sea floor shall be considered.

The potential for destabilization of the foundation due to liquefaction of seabed soils in earthquakds, ice
or during difilling activities (e.g. for conductor installation) shall be assessed.

9.8 Soil rleactions on structures

The action |effects from soil reactions acting «on all foundation elements, which either bear ppon
or penetrat¢ into the seabed, shall be calculated. The foundation system and the structures shgll be
designed fof these reactions.

Design actiqns and soil properties shalltbe used in determining the distribution of soil reactions{ The
reactions should then be consideredas design actions that are multiplied by the partial factors for
action for tHose combinations that.give the most unfavourable results with respect to the various|limit
states. Reaspnable alternative distributions of soil reactions, which follow from the uncertainties ip the
calculation nodels used andithe properties of the soil and the foundation system, shall be assessedl.
Different distributions_of’soil reactions can govern the design of different parts of the foundation and
structure.

The potentipl extent and distribution of partial contact between the sea floor and the base of the
structure, dpe-tosea floor irregularity and/or the structural form, shall be taken into account.

The potential for drag-down (negative skin friction) acting on foundation skirts and/or conductors
shall be assessed. Drag-down on foundation skirts can arise from differential settlement between
the foundation and the surrounding consolidating soil. Drag-down on conductors can arise from soil
settlement under the imposed weight of the structure relative to the conductor.

Installation effects, changes in soil properties over a period of time, changes in properties of grout below
the foundation, as well as local effects of pipes or other structures carried through the foundation or
placed in the ground, shall be taken into account.
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9.9 Installation and removal

9.9.1 Sea floor preparation

Where applicable, the sea floor shall be prepared to receive the platform, and this may include the
following, as appropriate:

— removal of obstacles, debris, boulders, etc.;

— dredging and removal of unsuitable materials;

Where the design requires that dowels, skirts or ribs shall penetrate into the seabed’duringfinstallation,
it shall be demonstrated that the planned penetration can be achieved, and thatthe maximum moment
due fo uneven penetration resistance is less than the available ballasting moment.

The potential for “piping” of enclosed water under the tip of the skirts during penetratfion shall be
consjdered when planning the rate of penetration and the skirt evacuation system.

The goil resistance against skirts or other penetrating components shall be analyzed with respect to its
estimated maximum and minimum value. These values shall Be used in the evaluation of thginstallation
process.

The ¢onsequences of heave of the seabed resulting frofvsoil displaced during skirt installation should
be cdnsidered.

The $tructure shall be demonstrated to be stablé“during touch-down as well as before and during any
foundation grouting.

The s$tability during installation shall be-¢alculated on the basis of planned progress of the¢ operations
and the expected setting time of grouts;if used.

Where an underpressure is required during installation, the geotechnical and hydraulic stability of the
foungdation soils should be analyzed.

9.9.3 Removal

Where removal ofhe’structure is anticipated, an analysis shall be made of the likely ypper bound
actions on the underbase and on the skirts to ensure that removal can be achieved with the means
available.

In tHe caleulation of the extraction forces, the effects of soil adhering to the foundatjon shall be
consjdered.

Where an overpressure is used under the base, the geotechnical and hydraulic stability of the foundation
soils should be analyzed.

9.10 Scour

The possibility of sea floor sediment transport shall be considered, as well as the effects of the structure
in modifying the sediment transport regime.

Where there is a risk of scour occurring around the foundation, precautions shall be taken based on one
of the following principles:

— the foundation is designed to tolerate the erosion of material from the sea floor,

— adequate scour protection is placed around the structure during installation, or
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the foundation is regularly inspected, and scour resistant materials are immediately placed if
unacceptable scour occurs (the adoption of this procedure pre-supposes that a critical extent of
scour cannot develop during a single storm).

Foundation observations may be based on a project specific inspection programme, which takes into
account the severity and return period of the environmental event and results of observations to set

and adjust the frequency of inspections.

10 Mechanical systems

10.1 Gene

Mechanical
temporary (
installation
removal of
Examples of
constructiol
such systenj
vents, drain
monitoring,

The provisi

ral

systems contained within a concrete offshore structure can generally be classifie
r permanent. Temporary systems are those required during construction afloat; tow
at the offshore site. Permanent systems are those required during the operational lif¢
he structure. Some portions of permanent systems can also be used in témporary syst
temporary systems are grouting, skirt air/water evacuation, air cushion, temporary
 ballast water. Permanent systems are defined in the project requirements and can in
s as crude oil storage and export, sea water supply and return, service water, fire w
5, ballast water, risers, ]J-tubes, conductors, shale chutes, foundation and structure cond
cathodic protection monitoring, dropped object protection-afid removal of the structy

n of access, a suitable working environment and the required level of safety for pers

d as
t and
e and
ems.
r and
Clude
rater,
ition
re.

nnel

ning
hfety

can result if the need for other systems and facilities, such as heating, ventilation and air conditig
(HVAC), stalirs, ladders, elevators, active and passive fire protection, fire and gas detection, s
showers and eyewash, communications and lighting.

ecks
r and

The supporf of both permanent and temporary systems generally requires the provision of g
(frequently of steel) within the structure These systéms are generally located in the utility shaf
other shafts where present.

rally
lates

The support of decks, ancillary structures and.piping within the concrete offshore structure geng
requires the use of steel plates embedded.in-the concrete (embedment plates). The embedment p
can be held |n place by a passive (anchor bolts) or an active (cables/bars) system.

Concrete pe¢netrations to allow thejpassage of piping should be used, if necessary, and can be
accomplishdd by the use of cast-in sleeves, cast-in spools, block-outs subsequently completed with|cast-
in spool or s|eeve, or holes cast'ifito the concrete. The effect of service temperatures shall be considered
in the desigh of piping and itssupports.

Mechanical [systems used during construction and during marine operations shall be able to opgrate

under the rglevant cangditions, including wave action and tilt under accidental conditions.

For structutes jinstalled in cold climates, it shall be ensured that the mechanical systems are prot¢cted

from freezingthat can cause damage or prevent them from being operable as required.

10.2 Permanent mechanical systems

10.2.1 General

The permanent systems included shall be defined in the project work specification. Permanent
mechanical systems for the operational life of the structure and for its removal at the end of its
operational life shall have a design life as defined in the project work specification.

Permanent mechanical systems are generally designed in accordance with the same specifications as
for topsides or to specifications providing a similar level of integrity and safety. The design, sizing and
construction of permanent mechanical systems shall take into account that access and the ability to
perform maintenance or repairs is limited or can even be infeasible in some cases. Full capacity testing
of many systems is also not practical until the structure is installed and in operation at the offshore site.
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National standards shall be conformed with in all relevant disciplines, such as pressure vessels, piping,
electrical, access, elevators, lifting devices, fire protection, noise levels, escape routes and emergency
lighting, communications and area classification.

A hazard and operability analysis (HAZOP) shall be performed on all hydrocarbon systems and on all
systems affecting the safety and operability of the structure and/or the topsides. The HAZOP for the

structure shall be carried out, where relevant, in conjunction with topsides/subsea systems HAZOPs.

10.2.

10.2

2 Crude oil storage system

2.1 General

Whe

Fe applicable, the crude oil storage system can be either dry (see 10.2.2.2) or wet\(s

e 10.2.2.3).

Only|stabilized crude oils shall be stored in a concrete offshore structure. Means to-avojid problems
when storing waxy crudes shall be considered.

Oil storage containment walls and roof subject to external impact shall be“designed to meet the
requfrements in 8.1.6 or alternate protection measures should be considered.

For any crude oil (or other fluid) stream from the topsides to storage compartments, the location
and elevation of any control valve(s) should be determined such asyto prevent vacuum gr damaging
cavitfation/flashing conditions at the outlet(s) of the valve(s).

10.2}2.2 Dry storage

The firy storage system is a system whereby the crudé oil is stored within the structur¢ (e.g. in the
caisgon), with a vapour space above the crude oil. Forr the dry-type storage, the vapour spgace shall be
filled with inert gas before any hydrocarbon is introduced and thereafter maintained filled with inert
gas as the crude oil level rises or falls.

Sizinlg of the inert gas supply and venting'System shall ensure that crude oil filling an

oper
then

Guid
inert

The
whil
fillin
actu
The

safeg
gase

htions do not cause pressures in any,portion of the system to fall below atmospheric
ninimum design pressure of any(component within the system.

hnce is provided in standards\such as API Std 2000 for the supply of inert gas and the v
gas/crude oil vapours due to oil movement.

minimum inert gas Supply capacity should be 1,1 times the maximum crude oil off]
e use of API Std 2000-would result in a minimum vent capacity of 2,15 times the maxim
o capacity for erlide oils with flash point below 38 °C. Supply and vent capacities are ¢
] volumes at’system temperature and pressure.

inert gaS _system shall be equipped with pressure, control and relief devices, as
uard-against under- and over-pressurization of the oil storage compartments. Mat
pus“mixture shall be selected to be resistant in the potentially sour/reducing atmos

hydr

poen sulphide.

1 offloading
pressure or

bnting of the

pading rate,
im crude oil
xpressed as

required, to
brials in the
here due to

In the same manner, protection devices shall be provided to prevent overfilling and over-pressurization
of the storage compartments by an oil column in the feed piping.

The crude oil export system shall be able to pump out the oil fully from the storage space. Auxiliary
pumps, slopes in storage bottoms, increase of inert gas pressure, flushing systems with water, etc., may
be considered for this purpose. The possibility of accumulation of an oil/water emulsion (sludge) and
water at the bottom of the storage should be taken into consideration.

For all glass-fibre reinforced plastic (GRP) piping systems, if used in dry storage, consideration shall be
paid to risk of static discharge. Therefore, the appropriate type of glass-fibre reinforced epoxy pipes
shall be specified.
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10.2.2.3 Wet storage

The wet storage system is a system whereby the crude oil is stored on top of sea water provided by the
permanent ballast water system. The storage compartments are always full of liquid whereas the oil/
water interface varies in elevation.

The wet storage system may be under-pressurized, balanced or over-pressurized with respect to the
sea water pressure. All the approaches have their respective merits and are acceptable provided that;

actions due to pressurization of the storage system are recognized in the design of the structure,
including the actions arising from accidents, mal-operation, faulty control system, erroneous
interfa

level inr‘ir‘::h'nn, etc.;

the risk Its.

of crude oil escape to sea in the lifetime of the structure meets the project requiremer

The wet sto
of the storag

oil piping.

rage system shall be provided with a venting system to remove gas accumulation at th
e if such potential exists, unless the storage compartment is self-venting thirough the ¢

e top
rude

vater
2008

Considerati
interface an

n shall be given in the design to the possibility of a sludge beingformed at the oil/y
d the need to remove this substance periodically by means of the erude oil piping syst¢

in be
thers

For a storag
achieved by
are keptin d

e system that is spread over several compartments, greatet-operational flexibility c3
designing it in such a way that one compartment can be.decommissioned while the o
peration.

Where the
own indepe
filling/empt
operational

torage is split into several independent compartments, each compartment shall haye its
hdent level-measurement system. The system shall'be provided with alarms to stop further
ying of crude oil when the interface is close tothe top or bottom of the compartment dfiring
design situations.

brmal
sonic

NOTE The system that has predominantly beenselected for North Sea structures is based on thg

conductivity
systems havd

A back-up
measureme

sensors located at multiple elevations within a rod passing vertically through the cell. Ultra
also been used.

evel-measurement system, (which can be based on pressure or differential pre;
hts, should be considered where maintenance of the primary system is impractical.

The crude

il distribution piping.in‘multi-compartment storage should be designed to ensure th3

sure

t the

oil is distributed evenly during-goperation. For this purpose, pressure drops in each distribution line of

the crude oi] and ballast watersystems should be similar.

Fluid velocities in crude®iland permanent ballast water distribution piping should be limited to avoid
imbalance, Vibration-and erosion effects in these inaccessible lines. Crude oil piping within stgrage
compartments shouldterminate in such a manner as to minimize the disturbance of the stored liguids.

Experience has'shown that standing waves several metres in height can occur at the oil/water intefface
due to distufrbahces in the inlet/outlet flows and/or deformations of the structure from environmgntal
actions and the relatively small difference in mass densities. High and low operational interface levels
should take this possibility into account. Diffusers providing a maximum crude and ballast water exit/
inlet velocity of 0,1 m/s have been used successfully.

The piping design pressures and ballast water tank volume of crude oil and permanent ballast water
systems should be checked for the “breathing” effect of the structure (e.g. variations of storage volumes
due to deformation of the structure under wave action).

Where one storage compartment is composed of several intercommunicating cells, the openings
providing the intercommunication shall cover the full range of the interface level and shall be sized
to limit the interface level difference between two cells to an acceptable value when the compartment
is filled or emptied at full rate. Partial blockage of such openings from wax build-up or sludge shall be
considered in the sizing.
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10.2.3 Other storage systems

The structure may provide compartments for the storage of auxiliary fluids, such as brine, drill water,
fresh water, diesel oil, methanol and glycol. Except for diesel oil, these systems are normally of the
dry storage type. Vapour space can be air filled for non-flammable fluids. Design considerations are
generally the same as for crude oil storage.

10.2.4 Refrigerated gas storage systems

Concrete offshore structures can be used to house or support storage facilities for refrigerated
liquefied gases, such as LNG. The storage facility and the mechanical systems to operate it are normally
a sepfarate package and are not covered by this document. All interfaces and Ioading scenarjios from the
operfptions and possible accidental events shall be considered in the design of the structurg.

For 1
refen
EEM

he design and construction of concrete structures that house refrigerated liquéfied
ence can be made to EN 14620, and for direct containment by concrete structures to
UA 207. For floating concrete structures, reference can be made to the 1S0:20257-11.

gas storage,
ACI 376 and

10.2{5 Permanent ballast water system

A pe
filled
of se

e structure
pquirements

'manent ballast water system is designed to keep the wet storage compartments of t}
with liquid using sea water and can be designed, if required,to cater for the differing r¢
veral interfacing systems, such as the following:

the ballast water associated with the wet crude oilstorage system and the ballast w
other wet storage compartments;

ater for any

1
1

he ballast water for wet shafts or other compantments, which are designed to be dewat
he operational life of the platform.

ered during

Thel
or tr

pallast water system shall be designed 'sethat the sea water can be sufficiently frequen
pated to avoid the build-up of excessive H,S concentrations in stagnant sea water.

tly renewed

H,S formation in dead spaces can be mitigated by the following:

1

q

(0]

!

enewal of the ballast water:by natural convection (in the drill and riser shafts, top
penings to the sea usuallyprovide sufficient sea water circulation), where renewal t

r cold compartments) may be provided by openings just above sea level so that wave
ea water in at regular-intervals, circulation through the shaft being achieved via openi

and bottom

cold shafts
s bring new
ngs near the

ase of the shafts;

orced circulation;

injectionof air or biocide (e.g. hypochlorite-dosed sea water).

NOTE 1.7\ H,S can be formed by the action of anaerobic bacteria feeding on organics, sulphates, splphites, etc.,
in seq water, in solid ballast materials and in hydrocarbons. H,S can also come from the stored cijude oil itself.
H,S build-up in the ballast water associated with the crude oil storage can generally be limited to acceptable
levels [e.g. mass fraction < (10 x 10-6)] by ensuring regular displacement of ballast water from all compartments,
followed by renewal with fresh sea water.

The ballast water system associated with the wet storage system shall be designed to limit the amount
of hydrocarbons returning to sea.

NOTE 2  Owner specifications and local regulations might specify requirements for the hydrocarbon content
in the ballast water returning to sea.

NOTE 3 North Sea experience with fixed concrete offshore structures has shown that ballast water associated
with crude oil storage with no treatment during operational design situations can reach an oil content of less
than 10 mg/kg.

1) Under preparation. Stage at the time of publication: ISO/DIS 20257-1:2018.
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The ballast water tank or the buffer cell (the cell used for storage systems kept in balance with sea
water pressure) should be provided with facilities to allow any oil accumulated above the ballast water
level to be removed.

10.2.6 Sea water systems

Sea water systems include sea water circulation (for cooling of shafts) and utility systems associated
with topsides (sea water lift, service water, fire water, sea water return from topsides to the sea, etc.).

Permanent systems handling sea water should generally be made of materials with excellent anti-
fouling and corrosion-resistant properties, such as titanium, duplex stainless steel, 6 % molybdenum

(Mo) austenjitic stainless steel and GRP. Special circumstances, such as piping embedded In CONcre

piping with

Piping for s
diameter, sy
For such pi
distance fro

NOTE It
allow use of 3

For large-di
same mater
being closed
structures 3
ropes, chainj

All systems
shall be anag
minimize tH
detection ar

Sea water d
into a commnl
above sea wi

h short design life, could justify the choice of carbon steel.

ba water systems crossing the caisson below sea water level is generally medium-to-
ch that rupture within a dry compartment (e.g. utility shaft) would causerapid floo

Ili}rllg, a remotely operated and highly reliable isolating valve should be located at a mini

the wall of the dry compartment.

could be desirable to leave sufficient length of piping between the isolating valve and the w
freeze-plug for maintenance.

hmeter piping, inlets and outlets to the sea should be fitted\with removable screens g
ial to avoid the entry of fish, ropes, umbilicals, hoses, €t¢."They should also be capal
by doors or blind flanges operated by divers or remoteély operated vehicles (ROVs). Sui
round these inlets or outlets should be included to provide protection against snaggil
s, etc., and to provide assistance to divers or RQVs.

lyzed. In consideration of flooding scenarios, emphasis should be placed on the desi
e likelihood of such an event by selection of materials, dropped object protection,
d alerting of such an event, etc.

ischarge lines originating below sea level within the utility shaft can be grouped tog
on line and routed to sea via@an-inverted U-loop (with siphon breaker as necessary) lo
ater level, to decrease therisk of flooding.

10.2.7 Drajns, sumps and bilge
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for operational and mainfenance considerations, and to collect and dispose of water or other li
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A closed dr
vapours ang
free of air, u
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that could, through leakage, result in flooding-the utility shaft or another dry compartient,

bn to
rapid

bther
rated

stems shall be pfeyided, as required, to safely handle the draining of equipment and p
(

b the open,stich as wash-down or fire water release.

hinagessyStem shall be designed to prevent the escape of flammable or harmful lig

overflow of

10.2.8 Vents

ping
juids

uids,

Vents from tanks (sump, ballast, compartments, etc.) within the concrete structure which lead into
vent piping on topsides could lead to topsides’ vapours and gases back-flowing into the piping of the
structure. The design shall ensure that this does not create the possibility of flammable gas entering
piping within the structure, by means of an inert gas purge within the structure or separation of the
vent piping.

10.2.9 Safety systems

Safety systems for the protection of personnel and equipment in the concrete structure shall generally
be similar to those included in topsides within hazardous and non-hazardous areas; for fire explosions,
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see [SO 13702. For the structure and, in particular, the shafts, special consideration shall be given to the
consequences of

— lack of natural ventilation, and

— the “mine shaft” nature of the structure’s shafts.

NOTE Safety systems commonly utilized in concrete structures include fire, gas and smoke detection,
CCTV (closed-circuit television), active (water spray, deluge, foam, hose reels, CO,) and passive fire protection,

resistance to blast, personnel protection devices (clothing, breathing apparatus), fire extinguishers and blankets,
and safety shower and eye wash.

10.2{10Decks

Where plated decks are used in dry shafts, either fully gas-tight or with limited fijee drpinage, they
shall|be provided with sufficient open, piped drainage to handle the greatest operational influx rate of
liquigl onto the deck (e.g. release of deluge fire water system). Failure panels orChatches may be utilized
for abnormal flow rates (e.g. flooding event) to allow liquid to cascade from one’deck to another without
causing structural failure. The safety of personnel shall be considered inrthe selection of such devices.
Grat¢d decks may also be considered where gas tightness is not requiréd;

10.2|11Elevators
If elejvators are provided, the following shall be considered:
— ¢scape facilities in the case of breakdown;

— Iptical sensors [to prevent door closure] shall*be avoided unless provided with a manual local
verride.

10.2{12Lifting devices

Hoists, trolleys, runway beams, lifting lugs) drop-out areas, access hatches, etc., provided for naintenance
activjities shall be included, as necessary, to allow maintenance to be performed in a safe mapner.

10.2{13Risers and J-tubes

The routing of risers and(J=tubes shall be based on an overall platform safety study and gvaluation of
risk.[The following issuées)shall be considered:

— location outside, inside or embedded within the concrete structure;
— {ype of fluidiwithin riser (stabilized crude, sea water, gas);

— type 6ffluid within flowline pulled into J-tube (well stream, sea water, gas, etc.); J-tubesmay also be
\ilsed for umbilicals to control subsea completions;

— pressure and temperature of the fluid;
— diameter, length, pipe schedule and inventory of riser or flowline;

— location of emergency shutdown valves (subsea external to the structure, within the structure,
within the topsides);

— piping within the structure: all-welded or with flanges;
— consequences of fire (pool fire, jet fire) and explosion resulting from leakage or riser rupture.

For multishaft structures, drill shafts are normally located at the “process end” of topsides, while the
utility shaft is located at the living quarters end. In such configurations, risers and J-tubes containing
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flammable fluids are located within the drill shafts and the riser shaft. If the riser shaft is also located
at the living quarters end, it should generally not be used for high-pressure gas and well fluids.

Where risers and/or J-tubes are routed on the outside of the caisson and/or shafts, special consideration
shall be given to dropped objects protection and boat collision. For J-tubes, consideration shall be given
to the consequences of flowline failure within the J-tube.

10.2.14 Conductors and shale chutes

Metal sleeves located in the base of the concrete structure, used to guide the penetration of the
conductors through the base, shall generally extend to a height above the base sufficient to allow each

conductor t
in order to d

The design
the event th

be raised and the cutting units of an under-reamer to be deployed beneath the cond
rill out the temporary concrete plug.

f the structure shall consider the need to cut conductors below the base of the'stfucty
ht removal of the structure is a project requirement.

The location of shale chute discharges shall be based on a consideration of the néed to prevent

effluent ent
not designe
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hd/or intermediate doors. Stairs;"and possibly elevators, shall be sized to allow evacu
brsonnel by stretcher.

ves, if any, should be provided with ROV access docking ports if appropriate.

.C
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and heavier-than-air gases and vapours.
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10.2.17Structure and foundation condition monitoring

System requirements are given in Clause 14.

Cabling from the instrumentation needed for the structure and foundation condition monitoring
system shall withstand the sea water hydrostatic pressure. Where cabling passes through a watertight
concrete member, watertight penetrations shall be used.

Cabling running in areas open to personnel shall conform with requirements for flammability and
release of smoke and toxic gases when subject to fire.
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Penetrations for casings through watertight concrete members for such items as pore water pressure
measurement, horizontal displacement or settlement of the structure, etc., shall be designed to the
same criteria as for other penetrations (e.g. conductors).

10.2.18External markings

Level markings below and above the still waterline shall be included in accordance with the project
work specification. Markings shall be of a type recognizable when lit by submerged light (e.g. reflective).
In a marine environment a non-fouling surface shall be provided. Markings on horizontal surfaces
below water should be designed to remain visible (e.g. being elevated) during the deposition of solids
(e.g. sand).

NOTH Markings attached to the structure in a similar manner to embedment plates have provgn effective in
the past.

10.2}190ther

Othefr systems, such as those for pore water pressure reduction (anti-liqguefaction) for rejnoval of the
strugture, shall be designed to meet the project work specification.

10.3 Temporary mechanical systems

10.3}]1 General

Systems frequently needed for temporary use include the following:

— 4ir cushion systems;

— ¢onstruction and temporary ballast water.systems including ballast control room;
— gkirt evacuation systems;

— grouting systems;

— gystems for monitoring under-keel clearance (e.g. echo sounders), skirt penetration|and seabed
pressure on the base.

HAZQPs shall be carried(out for all temporary systems which can affect the safety of the structure
and shall cover all relevant design situations of the afloat construction, tows and installation phases.
Potential damage caused by dropped objects shall also be considered.

10.3{2 Air cushion system

Where angair cushion system is specified to reduce the draught for float-out from the dify dock, and
possjbly during a period at the deep water construction site, the grout system piping [or the skirt
evacuation system piping can generally be used. Differences in operating and design pressures shall
then be considered in the design of the piping.

The air cushion system shall be sized with sufficient margin for the lift-off operation of the structure in
the dry dock to be achieved within the time stated in the project work specification. The possibility of
air leakage through mal-operation, cracks in concrete, etc., shall be considered.

The air/water interface level can be established by differential pressure measurement, and the design
should provide for level measurement of each separate compartment.

System design shall ensure that all air is vented from compartments at completion of use of the air
cushion to avoid reduction of the structure’s floating stability that would otherwise result.
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10.3.3 Temporary ballasting/de-ballasting water system

The structure shall have a ballasting system while afloat and during tow to the offshore site. Ballasting
with sea water is required to control inclination and draught. The ballasting system can also be used for
pumping out water that enters the structure by means of snow, rain, construction activities, leakage, etc.

The sizing of the temporary ballasting water system shall meet the project work specification with
respect to marine operations, such as lift-off in the dry dock, deck mating, installation at the offshore
site, construction requirements and accidental leakage rates.

It is generally found necessary to des1gn and 1nstall more than one system to cover the changlng
situation dugi . : used tilized
can be extended and modlfled to meet changmg needs durmg constructlon The followmg issues|shall
be consider¢d in the design:

— During [construction, water within the structure will be dirty and abrasive. Blockage or pgrtial
blockage of pump suction piping can occur. The inlets of pump suction piping should not be at low
points; thus, a certain volume of water will remain under all conditions.

— Piping tfaking suction from one compartment and running through othercompartments credtes a
potential hazard if leakage occurs. Protection against pipe damage shall.be considered and shall be
provided to the extent necessary to reduce this risk to an acceptable level.

— Piping fhat can be exposed to dropped objects or other mechamical damage should be fabri¢ated
from duLctile materials, such as carbon steel, which will deform:xather than fracture when subje¢cted
to impaft actions. While carbon steel will corrode in water‘and sea water, this aspect is gendrally
not a prpblem for the relatively short period of use, provided adequate wall thickness is specifjfied.

— Simple $ystems with portable pumps placed directlysin compartments, and with all water added
by a pumped system, require greater attention fromyoperators, but are inherently safe. Their use,
particularly during any initial stages of afloat construction, should be carefully considered.

More complex systems with remote, centralized jpumps and controls reduce operational demands, but
can create greater possibilities of mal-operation leading to uncontrolled tilt or submergence of the
structure. Such systems shall be provided with the necessary safeguards, alarms, interlocks, status
indication, gtc., to provide the high level.of reliability and safety required. A minimum of two fail-safe
actuated valves in series shall be in€luded in any piping directly routed to sea (i.e. sea water iplet/
outlet) which could result in flooding-of the structure.

The most crjtical operations are

— transfey by differentialhead from one or more compartments to one or more other compartmnpents
via piping manifold;and

— introduftion of:sea water into one or more compartments by the differential head of the draught of
the structureand ballast water level in the compartments.

In establis iug the—t culuil ements—fot oyatmu oafcsual ds—atd—t r:}ia]uilit_y, the consequeIrces of- mal-
operation shall be considered. Single compartment damage stability and the structural ability of walls
to withstand hydrostatic differential ballast water levels shall be considered in the design. The ballasted
areas shall be divided into compartments such that flow of ballast water will not cause uncontrolled
tilting.

Depending on the consequences of failure, the design of instrumentation associated with temporary
ballasting operations should take into account the need for redundancy provided by readily accessible
local indicators (water level tubes, gauges, etc.). The effects of structure tilt on levels shall be considered.

Particularly for large-diameter piping, water hammer resulting from rapidly closing valves shall be
considered as well as the possibility of vibrations caused by control valves, orifices, etc.
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The design of temporary systems shall take into account the need to fill the temporary piping running
from the utility shaft with grout after the temporary use is completed, to prevent the possibility of
leakage of liquid from one compartment to another resulting from corrosion of the piping.

The design of temporary ballast water systems shall take into account the possibility of components, such

as motors, instrumentation, controls, junction boxes and cables being sprayed or inundated by water.

10.3.

10.3.

4 Grouting and skirt evacuation systems

4.1 Grouting system
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ned to fill void spaces between the sea floor and the base of the structure. The sy
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jon from this displacement operation.

The void space beneath drill shafts is generally left ungrouted.

humber of grout lines and their sizing shall take into account the-need to achieve fu

onmental actions that could develop during the grouting period;

ans to monitor the grout filling operation shall be provided so that verification of void

is ob

facilities to permit visual checks, etc., may be used.

Gro
grou
grou
of gr

10.3

ained. Measurement of injected quantities, differential and/or absolute pressure me

ing piping design shall include flushing facilities-to allow displacement of grout in
L injection is halted for unexpected reasons, such as adverse weather preventing tra
L vessel, mechanical failure, etc. The flushingfacilities shall be designed to overcome th
but that has gelled within the piping.

4.2 Skirt evacuation system

tem shall be
stem design
nacceptable

1l or partial
o resist the

space filling
asurements,

rases where
hsfer from a
e resistance

The gkirt evacuation system is used for

— ¢vacuation of sea water trapped within skirts as they penetrate the seabed during inistallation of
the structure at the offshore site, and

— ¢vacuation of the séawater displaced by grout during the grouting operation.

NOTH The system can also be used as part of an air cushion system.

Sizinlg of the skirt evacuation piping system shall take into account the need to prevent giping action

beloyv the skirt tips during penetration by limiting the pressure drop through this pipging system.

The desjgnshall be based on the maximum rate of penetration, considering the possibilit
penefration resulting from seabed characteristics, bathymetry and tilt of the structure.

y of uneven

The skirt evacuation system may be designed to create an underpressure below the base of the
structure to provide an additional driving force for skirt penetration. Such designs shall take into
account the possibility of reverse piping action below the skirt tips.

10.3.4.3 Grouting and skirt evacuation piping

Grouting and skirt evacuation piping systems design shall consider the risks of plugging of, or
obstruction to, piping outlets and inlets resulting from the structure’s installation. Seabed disturbance
can result from skidding of the skirts across the seabed and from soil heave during penetration. The
possibility of unplanned flow from one void space to another (around a skirt) shall be considered.

Special care shall be taken with the design of piping as it cannot usually be flanged/plugged below the
structure’s base and is thus pressurized with sea water during afloat phases of construction. As one or
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both of these systems will enter the utility shaft, the piping within the utility shaft up to the first block
valve will be under pressure. If jumper hoses are used below sea level within the utility shaft, non-
return valves should be included in the design unless it is demonstrated that a rupture of a hose can be
handled without flooding.

Where this piping is of small diameter, it can frequently be embedded in structural concrete members
as protection, until it exits into, for example, the utility shaft. If this is not the case and the piping is run
in the open inside the structure, then special precautions shall be taken to provide protection from
dropped objects.

Where run inside concrete members, the design of those members shall consider the design pressure of

the piping a

Jd 1l laalis £1] 1
U LT PUDDlUlllLy Ul lCal\asC-

Where grout and/or skirt evacuation piping is brought inside the utility or other dry shaftxit s}
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10.3.6 Other systems

Other systems, such as caisson pressurization (for deep submergence) and the structure docking
template, shall be designed to meet the project requirements and relevant clauses of this document.

10.4 Attachments and penetrations

10.4.1 Attachments

Attachments to the concrete structure can generally be fixed to embedment plates cast into the concrete.
The transfer of actions from the embedment plate into the concrete shall be considered in the design of
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