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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-g
Interr

Interr

The

adop
Interr

Atten
rights

ISO

for p4

ISO

Interr

avernmental in liaison with 1SO_also take part in the wark 1SQO collabhorates clo

ly with the

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization
ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, F

main task of technical committees is to prepare International Standards. Draftyinternation
ed by the technical committees are circulated to the member bodies fer<voting. Publi
ational Standard requires approval by at least 75 % of the member bodies casting a vote.

tion is drawn to the possibility that some of the elements of this document may be the sub
. ISO shall not be held responsible for identifying any or all such patent rights.

4

9903 was prepared by Technical Committee ISO/TC 67, Materials, equipment and offshd
btroleum, petrochemical and natural gas industries, Subcommittee SC 7, Offshore structures

4

9903 is one of a series of standards for offshore structures. The full series consists of
ational Standards.

IISO 19900, Petroleum and natural gas industries — General requirements for offshore struct

IISO 19901 (all parts), Petroleum andnatural gas industries — Specific requirements
tructures

SO 19902, Petroleum and natural-gas industries — Fixed steel offshore structures 1)
IISO 19903, Petroleum and-natural gas industries — Fixed concrete offshore structures

IISO 19904-1, Petroleunn’ and natural gas industries — Floating offshore structures — Part
emi-submersibles.and spars

4

IISO 19904-2, Petroleum and natural gas industries — Floating offshore structures — Part 2
latforms 2)

IISO,49905-1, Petroleum and natural gas industries — Site-specific assessment of mo

Part 2.

al Standards
cation as an
ect of patent
re structures

the following

Lires

for offshore

: Monohulls,

Tension leg

bile offshore

zlmits > Part 1: Jack-ups 2)

ISO/TR 19905-2, Petroleum and natural gas industries — Site-specific assessment of mobile offshore

units — Part 2: Jack-ups commentary 2)

ISO 19906, Petroleum and natural gas industries — Arctic offshore structures 2)

1)
2)

To be published.

Under preparation.
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Introduction

The series of International Standards applicable to offshore structures, ISO 19900 to ISO 19906, constitutes a
common basis covering those aspects that address design requirements and assessments of all offshore
structures used by the petroleum 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 importa
actions, stru

national reqlirements, all of which are mutually dependent. The modification of one aspett) of desi

isolation car
implications

offshore stru
The series (
provide wid¢g
innovation. S
International
use of a nun
structures in
the following
national
regional
national

operator

scientifid

ht to recognize that structural integrity is an overall concept comprising models for~desc
ctural analyses, design rules, safety elements, workmanship, quality control procedures

disturb the balance of reliability inherent in the overall concept or structural system

nvolved in modifications, therefore, need to be considered in relation to the gverall reliability|

ctural systems.

f International Standards applicable to the various types of offshore structure is intend
latitude in the choice of structural configurations, materials and{iechniques without hing

ound engineering judgement is therefore necessary in the use.efthese International Standa

Standard ISO 19903 was developed based on experience.gained from the design, executio

nber of fixed concrete platforms, in particular from mofé.than 30 years of experience with

the North Sea. The background documents when developing this International Standard are

types of documents:

regulations and other requirements from the authorities;
standards;

standards;

's company specifications;

papers and reports;

reports

This Intern
experience
environment

a

Tom inspection of(structures in use.

ional Standard draws on the experience gained with fixed concrete offshore structures.
bhows that) fixed concrete offshore structures perform well and are durable in the m
Thesesstructures are all unique, one-of-a-kind structures, purpose-made for a particular log

and a partic

ribing
and
gn in

The
of all

bd to
ering
ds.

h and
such
from

This
arine
ation

lar«set of operating requirements. This is reflected in ISO 19903 by the fact that the sta

dard

gives guidarce-rather than detailed prescriptive rules. This International Standard reflects in particular the

experience

practices used there, but is intended for worldwide application.
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INTERNATIONAL STANDARD

1ISO 19903:2006(E)

Petroleum and natural gas industries — Fixed concrete
offshore structures

1 cope

This [International Standard specifies requirements and provides recommendations ‘applica
conciete offshore structures for the petroleum and natural gas industries, and specifically;address

a) the design, construction, transportation and installation of new structures, “including requ
in-service inspection and possible removal of structures,

b) t]:e assessment of structures in service, and

c) the assessment of structures for reuse at other locations.

This |nternational Standard is intended to cover the engineering. processes needed for the majo
disciplines to establish a facility for offshore operation. It can:also be used for the design of floa
strucfures as specified in 1ISO 19904-1 [11] (and the future’,ISO 19904-2 ['21 when published) 4§
strucfures (as specified in the future 1ISO 19906 [’] when:published).

In ordler to provide a standard that will be useful ta.the industry, a comprehensive treatment of s
provifled where there is currently no relevant reference. For such well-known topics as the design
conciete structural members, this InternationalkStandard is intended to be used in conjunction W
refer
design standards that provide the required level of safety. Only other ISO documents will b
direcfly in the text.

2 ormative references

The following referenced-documents are indispensable for the application of this documen
refergnces, only the™edition cited applies. For undated references, the latest edition of th
document (including-any amendments) applies.

ISO 1920-3, Testing of concrete — Part 3: Making and curing test specimens

ISO 1920-4, Testing of concrete — Part 4: Strength of hardened concrete

ble to fixed
es

irements for

engineering
ting concrete
nd for arctic

bme topics is
formulas for
ith a suitable

nce standard for basic concrete design(see 8.2.1). The designer can use suitable national or regional

b referenced

t. For dated
b referenced

ISO 2394, General principles on reliability for structures

ISO 4463-1, Measurement methods for building — Setting-out and measurement — Part 1: Planning and

organization, measuring procedures, acceptance criteria
ISO 6934 (all parts), Steel for the prestressing of concrete
ISO 6935 (all parts), Steel for the reinforcement of concrete

ISO 19900, Petroleum and natural gas industries — General requirements for offshore structures

ISO 19901-1, Petroleum and natural gas industries — Specific requirements for offshore structures — Part 1:

Metocean design and operating considerations

© I1SO 2006 — All rights reserved
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ISO 19901-2, Petroleum and natural gas industries — Specific requirements for offshore structures — Part 2:
Seismic design procedures and criteria

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 operations3)

ISO 19902, f

3 Terms

Petroleum and natural gas industries — Fixed steel offshore structures 3)

and definitions

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

NOTE T
ISO 19901-2,
3.1

SO 19901-4 and ISO 19901-6 and in ISO 19902.

abnormal dé¢sign situation

design situa
mitigate agai

NOTE Al
per annum or

[ISO 19901-3

3.2

on in which conditions exceed conventionally specified.design conditions and which is us
nst very remote events

normal design situations are used to provide robustngss-against events with a probability of typicall
ower by avoiding, for example, gross overloading.

[t

abnormal leyel earthquake

ALE
intense earth
loss of integr

NOTE TH
ISO 19902 an
floatation integ

[ISO 19901-3

3.3

quake of abnormal severity-under the action of which the structure should not suffer com
ty

e ALE event is comparable to the abnormal event in the design of fixed structures which are descri

rity for a sufficient pefiod of time to enable evacuation to take place.

[t

accidental

esign situation

rms and definitions relevant for the use of this International Standard are. also found in ISO 19901-1,

ed to

104

plete

bed in

d ISO 19903. When.exposed to the ALE, a manned structure is supposed to maintain structural and/or

des|gn situatlon |n\/n|\/|ng exceptional conditions of the structure or its exposure

EXAMPLE

3.4
action

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

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

NOTE 1
variation.

3) To be published.

An imposed deformation can be caused by fabrication tolerances, settlement, temperature change or moisture

© I1SO 2006 — All rights reserved
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NOTE 2  An earthquake typically generates imposed accelerations.
[1ISO 19900]

3.5

action effect

effect of action on structural components

EXAMPLE Internal force, moment, stress or strain.

[1SO 19900]

3.6
addifion
finely divided material used in concrete in order to improve certain properties or to achieve special properties

NOTE This International Standard deals with two types of inorganic additions:
— nearly inert additions (type 1);
— pozzolanic or latent hydraulic additions (type ).

3.7
admixture
matefial added during the mixing process of concrete in smalhguantities related to the mass pf cement to
modify the properties of fresh or hardened concrete

3.8
afterfdamage design situation
design situation for which the condition of the structtire reflects damage due to an accidental degign situation
and fpr which the environmental conditions are specially defined

3.9
aggregate
granylar mineral material suitable for use in concrete

NOTEH Aggregate can be natural, artificial or recycled from material previously used in construction.

3.10
air clishion
air pymped into underbase compartments of the structure

NOTEH Normally~applied in order to reduce the draft and increase the freeboard of the structure andor to alter the
structpral loading.

3.1
atmagspheric zone
part of the load-bearing structure that is above the splash zone

312

caisson

major portion of fixed concrete offshore structure, providing buoyancy during floating phases and the
possibility of oil storage within the structure

NOTE The caisson is generally divided into watertight compartments, which can be subdivided into
intercommunicating cells for structural reasons. The caisson can also be filled, or partly filled, with ballast water and solid
ballast.

© I1SO 2006 — All rights reserved 3
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3.13

characteristic value of a material property

value of a material or product property having a prescribed probability of not being attained in a hypothetical
unlimited test series, a nominal value being used as the characteristic value in some circumstances

NOTE The characteristic material property generally corresponds to a specified fractile of the assumed statistical
distribution of the particular property of the material or product. Characteristic strength is normally defined as the value of
the strength below which 5 % of the population of all possible strength determinations of the material under consideration
are expected to fall or, alternatively, 95 % if an upper value is more severe.

3.14
critical shear zone
zone in which the shear stress is at a maximum in relation to the shear strength

3.15

concrete
material formed by mixing cement, coarse and fine aggregate and water, with or without therincorporatfon of
admixtures gnd additions, which develops its properties by hydration of the cement

3.16
condition mpnitoring
evaluation of the condition and behaviour of the load-bearing structure(s) in service using data from dgsign,
inspection and instrumentation

3.17
construction afloat
fabrication, donstruction and related activities taking place on a structure that is afloat, normally at an inghore
location and festrained by a temporary mooring system

3.18
deck mating
marine opergtion in which the platform topsides is floated into position and connected to the substructure

NOTE THis operation is normally conducted by pallasting and deballasting of the substructure.

3.19
deep water ¢onstruction site
site for constfuction of the structure whilé afloat

NOTE THe use of a deep water site might not always be required, depending on the construction method. It might or
might not be thhe same location as-that where mating of topsides to the substructure takes place.

3.20
design rules
rules in accordance With the chosen reference standard for concrete design

NOTE Sg¢e-82.

3.21

dynamic amplification factor

DAF

ratio of a dynamic action effect to the corresponding static action effect

NOTE An appropriately selected dynamic amplification factor can be applied to static actions to simulate the effects
of dynamic actions.

3.22

extreme level earthquake

ELE

earthquake with a severity which the structure should sustain without major damage

4 © I1SO 2006 — All rights reserved
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NOTE The ELE event is comparable to the extreme environmental event in the design of fixed structures which are
described in ISO 19902 and ISO 19903. When exposed to an ELE, a structure is supposed to retain its full capacity for all
subsequent conditions.

[1SO 19901-2]

3.23

execution

all activities carried out for the physical completion of the work including procurement, inspection and
documentation thereof

NOTE The term covers work on site; it might also signify the fabrication of components off-site and their subsequent
erectipn on site.

3.24
exposure level
classffication system used to define the requirements for a structure based on consideration of life safety and
of enjironmental and economic consequences of failure

NOTEH The method for determining exposure levels is described in ISO 19902, An) exposure level 1 platform is the
most [critical and exposure level 3 the least. A normally manned platform which canhhot be reliably evacyated before a
desigp event will be an exposure level 1 platform.

[ISO [19900]

3.25
finitg element analysis
FEA
analysis method whereby a structure or a part thereof is 'subdivided into small elements of knowrn or assumed
behayiour, then analysed by numerical matrix methods:to determine action effects, static or dynarnic

3.26
fixed concrete offshore structure
FCS
conciete structure designed to rest on the sea floor

NOTH Sufficient structural stabilify~can be achieved through its own weight, or in combination with guction in skirt
compprtments, or founding of the structure on piles into the seabed. It includes the mechanical oultfitting of the structure.

3.27
fixed structure
strucfure that is bottem founded and transfers all actions on it to the seabed

[ISO [19900]
3.28

floatiout
transter-0f a major assembly from a dry construction site to a self-floating condition

NOTE Typically, it is the transfer of the lower part of the concrete structure from a flooded drydock.

3.29

global analysis

determination of a consistent set of either internal forces and moments or of stresses in a structure that are in
equilibrium with a defined set of actions on the entire structure and which depend on geometrical, structural
and material properties

NOTE For a global analysis of a transient situation (e.g. seismic), the internal response is part of the equilibrium.

© I1SO 2006 — All rights reserved 5
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3.30
inspection

2006(E)

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

3.31
installation

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

3.32

instrumentation

nd-racording

outfitting of

3.33

interface ma

o
T ToToOTamy

nual

document dgfining all interfaces between the various parties and disciplines involved incthe design

construction,

and maintain|

3.34
lightweight
aggregate o

density < 1 2

3.35

local analysjs

determinatio
component,

equilibrium w

3.36

ensuring that responsibilities, reporting and information routines, as appropriate) are establ
ed

aggregate
mineral origin having an oven-dry particle density < 2 000 kg/m3 or a loose oven-dry
00 kg/m3

n of a consistent set of internal forces and moments, -Of’stresses, in a cross-section of a stru
or in a subset of structural components forming-'part of the structural system, that 3
ith the boundary conditions

marine openation

planned and
water

3.37

method sta
document st

3.38

normal-weig

aggregate w
3.39

offshore sit
offshore loc

3.40

controlled vertical or horizontal movement of a structure or component thereof over, in

ment
ting the methods and procedures to be used to perform the work

ht aggregate
th an oven-dfy’'particle density between 2 000 kg/m3 and 3 000 kg/m3

and
shed

bulk

ctural
re in

pr on

%ion where the structure is to be installed for its operational life

operations manual
document giving the requirements and restrictions related to a safe operation of the concrete structure and all

its systems

3.4
owner

representative of the companies which own a development

NOTE

The owner will normally be the operator on behalf of co-licensees.

© I1SO 2006 — All rights reserved
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3.42
primary structure
all main structural components (concrete or steelwork) that provide the structure’s main strength and stiffness

3.43

procedure

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

3.44
project specification

docu mant A~ thn AvArall taslhiiaal A A AN vidod by tha v
e grvm gt o veanmtC CrmCar e QUi Crme Tt proviatt—oy

o
TrTrC—OwWiITCT

3.45
projgct work specification
all information and technical requirements necessary for the execution of the works, includes dofuments and
draw|ngs, etc. as well as references to relevant regulations, specifications, etc.

3.46
quality plan
document specifying which procedures and associated resources shall be applied by whom and when,
coveling the entire project or defined parts of the project and all relevant products, processes or gontracts

3.47
secohdary structure
structural components that do not contribute significantly to the overall strength and stiffness of [the structure
but which support individual items of equipment, transferringthe actions thereon onto the primary|structure

3.48
shaff
compartment extending from the caisson of the fixed concrete offshore structure to the topsides

NOTEH A shaft is generally used to house'and support the wells (drill shaft), mechanical systems (uflity shaft) and
risers|and J-tubes (riser shaft). The part of 4 shaft extending above a caisson is also often referred to as a leg.

3.49
skirts
structural components construeted in concrete and/or steel that extend from the foundation doyvnwards and
penefrate into the seabed

NOTEH Skirts are used'to increase the capacity of the foundation to resist vertical and horizontal actions and improve
erosign resistance. Skirts can also be needed to form compartments facilitating the under-base grouting.

3.50
solid ballast
non-gtructural material added to a structure

NOTE Solid ballast is normally applied in order to increase the self weight of the structure or to lower the centre of
gravity for floating stability purposes.

3.51
splash zone
area of a structure that is frequently wetted due to waves and tidal variations

[ISO 19900]
3.52

structure
organized combination of connected parts designed to withstand actions and provide adequate rigidity

© I1SO 2006 — All rights reserved 7
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[ISO 19900]

3.53

submerged zone
part of the structure that is normally submerged and exposed to the constant influence of sea water

3.54
subsidence

that part of the settlement of the structure that results from extraction of reservoir hydrocarbons and factors
other than the weight of the structure

3.55
summary re
document in

based with r¢gard to the load-bearing structure

3.56
topsides
structures a
platform’s fu

NOTE A

[1SO 19900]

3.57

tow to field
marine oper
construction

3.58
works
construction

3.59
works certif

mill certificqte

document iss

test met

certificat

all neceq

Lort

all relevant test data,

luding the most important assumptions on which the design, construction and installation’w|

d equipment placed on a supporting structure (fixed or floating) to pfoyide some or all
ctions

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

ation in which the complete platform or structure' is moved from the dry dock or in
site to the offshore site

work described in the project work specification

cate
ued by the manufacturer of a testing institute certifying the materials delivered, and giving

hod, specifications-and criteria (e.g. test standard used),

ion that the/tests have been carried out on samples taken from the delivered products, and

bsary.information for identification of product, producer and purchaser.

Drk is

of a

shore

NOTE A

works certificate is normally required for construction materials that are not subject fo an accepted
certification scheme.

4 Symbols and abbreviated terms

41 Symb

A

4e

Ca

ols

accidental action
actual surface area to be protected

total current capacity of the anodes
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action due to imposed deformation
environmental action

design closed-circuit anode potential
design protective potential
permanent action

anode current output

ISO 19903:2006(E)

a,initiL

I | initial current output

15 find final current output

I, current demand

Ic avefage ~ @verage current demand

I initibl initial current demand

I; final final current demand

L lap length

My, My, My, six force components giving stresses in the plane of the member
Ny M» Nyy

R radius

R, anode resistance

(0] variable action

a mass content of the/active addition (type Il)

c cement mass content

Cq current capacity of an anode

Je coating breakdown factor for any coated surfaces (f, = 1 for bare steel)
Jed design compressive strength of concrete

Jek characteristic compressive strength of concrete

Jen nominal compressive strength of concrete

Fyk characteristic strength of steel

ic design current density

k factor which takes into account the activity of a type Il addition
m effective water/cement ratio

my total net anode mass
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F

™M

7G
a
TE
D

A

4.2 Abbrgviated terms

AAR
ALE
ALS
CCTV
CFD
ELE
FCS
FLS
GRP
HAT
HAZOP
HISC

HVAC

10

number of anodes

thickness

utilization factor of the anode

water mass content in concrete

design life of the cathodic protection system

anode material's electrochemical efficiency

Poisson ratio
partial factor for action taking account of model and geometrical uncertainties

partial factor for material resistance properties taking account of material, model and georetric
Lincertainties

partial factor for permanent actions, also accounting for dimensional variations
partial factor for variable actions

partial factor for environmental actions

partial factor for actions resulting from imposed deformations

partial factor for accidental actions

plkali aggregate reaction
abnormal level earthquake
pccidental limit state
closed-circuit television
computational fluid-dynamics
extreme levelearthquake

fixed concrete offshore structure

atigue limit state

glass-fibre reinforced plastic

highest astronomical tide

hazard and operability analysis
hydrogen-induced stress cracking
heating, ventilation and air conditioning

inspection class
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LAT lowest astronomical tide

MIC microbiologically induced corrosion
ROV remotely operated vehicle

SCC self-compacting concrete

SLS serviceability limit state

SRB sulfate-reducing bacteria

ULS ultimate limit state

5 General requirements

5.1 | General

Fixeq concrete offshore structures shall be designed in accordancetwith 1SO 19900, this |International
Stanglard and the requirements given in the project specification.

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

— all functional and structural requirements are met.

Gengral principles for the verification of the reliability of the structure shall be in accordance with ISO 2394.
This [International Standard assumes that\the owners will operate an organization that supervises and

monijors the project, and ensures that:an appropriate level of independent verification of| design and
consfruction is performed.

5.2 | National requirements
National regulations and standards applicable in the place where a structure will be used can be different from
thosqg given in this International Standard. In such cases it shall be ensured that the requiremepts of safety,

relialility and durability-implicit from the requirements of this International Standard are met. This|applies to all
phasges of planningydesign, construction, transportation, installation, service in-place and possiblg removal.

5.3 | Overall'planning requirements

5.3.1| (General

A fixed concrete offshore structure shall be planned in such a manner that it can meet all requirements related
to its functions and use, as well as to its structural safety, reliability and durability. Adequate planning shall be
done before design is started in order to have sufficient basis for the engineering to obtain a safe, workable
and economical structure that will fulfil the required functions.

The initial planning shall include determination and description of all functions the structure shall fulfil, and all
requirements and criteria that the design of the structure shall meet. Site-specific data such as water depth,
environmental conditions and soil properties shall be sufficiently known and documented to serve as a basis
for the design. All functional and operational requirements in temporary and in-service phases, as well as
robustness against accidental situations that can influence the layout and the structural design, shall be
considered.
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All functional requirements affecting the layout and design of the structure shall be established in a clear
format such that these can form the basis for the engineering process and the structural design.

Investigation of site-specific data such as seabed topography, soil conditions and environmental conditions
shall be carried out in accordance with the requirements of ISO 19901-1 and ISO 19901-4.

5.3.2 Quality systems

The quality system shall comply with the requirements of ISO 19900 and specific requirements quoted for the
various engineering disciplines in this International Standard.

All work performed in accordance with this document shall be subject to quality control in accordance with an

implemented
system, for €
plan with seq

The quality f
that defines
responsibiliti

5.3.3 Qual

All activities
and mainten
competent [
International
for personne

National requirements on qualifications of personnel such as engineers, operators, welders, divers, etc.

place of use

5.3.4 Documentation

Documentati
construction,
includes inveg
and calculat
Documentati
execution wg

Necessary (
installation a
assumptions

The assump
bearing stru
suitable for u

quality plan. The quality plan shall be in accordance with an internationally accepted-q
xample, the ISO 9000 series. There can be one quality plan covering all activities or ohg©
arate plans for the various phases and activities to be performed.

lan shall ensure that all responsibilities are defined. An interface manual should be deve
all interfaces between the various parties and disciplines involved, Cand ensures
bs, reporting and information routines are established as appropriate.

fications of personnel

hat are performed in the engineering, design, construction, tranSportation, installation, inspg
ance of offshore structures according to this International \Standard shall be performe
ersonnel with the qualifications and experience necessary to meet the objectives o
Standard. Qualifications and relevant experience shall beydocumented for all key personne
performing tasks that normally require special training,or certificates.

apply. Additional requirements can be given in theé project specification.

bn shall be prepared for all activities that are to be performed in the engineering, de
transportation, installation and. possible removal of fixed concrete offshore structures.
stigations establishing data onwhich the design is based, engineering reports, design rg
ons, drawings, specifications,*etc., sufficient to give complete information about the stru
bn shall also be prepared showing records of all inspection and control of materials usec
rk performed that has(an impact on the quality of the final product.

rocedures and Mmanuals shall be prepared to ensure that the construction, transport
hd in-service inspection are performed in a controlled and safe manner in full compliance w
of the design:

tions on-which the design, construction and installation work is based with regard to the
Ctures\shall be presented in a summary report. The summary report shall be availablg

uality
verall

oped
that

ction
d by

this
| and

n the

sign,
This
ports
Cture.
and

htion,
th all

load-
and

sein‘connection with operation, maintenance, alterations and possible repair work.

An operations manual shall be prepared giving all necessary information for the safe operation of the fixed
concrete offshore structure including all systems.

5.4 Funct

ional requirements

5.41 General

The engineering of a fixed concrete offshore structure shall be performed in such a way that all functional and
operational requirements relating to its safety and its operation as an offshore platform are met.

The functional requirements affect the layout of the structure as well as the load cases that have to be
considered in the design of the structure. The functional requirements are related both to the site-specific
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conditions and to the structure as a production or storage facility for the production of hydrocarbons, or any
other activities in the operation of a field.

5.4.2 Site-related functional requirements

5.4.2.1 Position on site

The structure shall be positioned and oriented on site such that its orientation takes account of the reservaoir,
construction requirements, other platforms in the vicinity, accessibility by ships and helicopters, and safety in
case of fire or leakages of hydrocarbons. Position tolerance is to be defined by the owner.

5.4.2|2 Environmental considerations

Therg shall be a site-specific evaluation of all types of environmental conditions that can affect the layout and
design of the structure, including rare events with a low probability of occurrence.

The dleck elevation shall be determined such that it provides an adequate air gap, ‘based on site-pecific data,
allowjng the passage of extreme wave crests higher than the design wave ‘crest, in accordance with
ISO 19901-1. Due account shall be taken of wave crest modifications caused by the structure, cgisson effect,
local for regional features of the sea floor and wave run-up along the shafts.

The ater depth used in establishing layout and in design shall be<based on site-specific datp taking due
accoynt of potential settlements, including subsidence, etc.

5.4.3| Platform operational requirements

The functional requirements to be considered that are related to the production system include
a) lpyout of production wells, risers and pipelines; etc.,

b) storage volume, compartmentalization,-densities, temperatures, etc. in case of stored products,
c) gafeguards against spillage and contamination,
d) qccess requirements, both intetnal and external, for operation, inspection and condition moniforing, etc.,
e) ipterface to topsides, and

f)  provisions for supply‘boats and other vessels servicing the platform.
All hpzards (fire, “éxplosions, loss of intended pressure differentials, flooding, leakages, rugture of pipe
systems, falling~objects, ship impacts, etc.) that can be anticipated during operations shall be esfablished and

evaldated. The'structure shall be designed to give adequate safety to personnel, safety against damage to the
structure orpollution of the environment.

5.5 “Structural requirements

5.5.1 General

Structures and structural members shall perform satisfactorily during all design situations, with respect to
structural strength, ductility, durability, displacements, settlements and vibrations. The structure and its layout
shall be such that it serves as a safe and functional base for all the mechanical and other installations that are
needed for it to operate. Adequate performance shall be demonstrated in design documentation.
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5.5.2 Structural concept requirements

The structural concept, details and components shall be such that the structure

a) has adequate robustness with low sensitivity to local damage,

b) can be constructed in a controlled manner,

c) provides simple stress paths that limit stress concentrations,

d) is adequately protected from corrosion and other degradation,

e) s suitabJe for condition monitoring, maintenance and repair, if required, and

f)  fulfils requirements for decommissioning and removal if required.

5.5.3 Materials requirements

The materials selected for the load-bearing structures shall be suitable for the\purpose. The mg3terial

properties arf

It shall be €
structure itsé¢

5.5.4 Exec

Requirement
the basis of
installed stru

5.5.5 Temporary phases requirements

The structurg shall be designed for all phases‘\with the same intended reliability (per annum) as for the

condition unl

those constriiction phases when the strueture is afloat.

For all floati
buoyancy sh
geometric m
be provided.
can be justifi

Weight contr
robust and p|
should provig

d the verification that these materials fulfil the requirements shall be documented.

nsured that the specified quality of the materials, all structural components and the ph
If is maintained during all stages of construction.

ution requirements

the significance of the various parts with regard to the overall safety of the completeg
Cture as well as to the structure in temporary phases.

pss otherwise agreed. This applies also to temporary moorings or anchorage systems appl

ng phases during marine operations or construction, sufficient positive stability and re
all be ensured. Bothlintact and damaged stability shall be evaluated on the basis of an acg
bdel. Adequate freeboard shall be provided. One-compartment damage stability should nor
For short transient phases, the one-compartment damage stability may be waived, provide
bd by a risk analysis.

pl required’for temporary phases should be performed by means of a well-defined, docume
roven\weight control method. Procedures shall be in accordance with 1ISO 19901-5. The sy
e up-to-date weight reports containing the necessary data for all operations.

sical

s for execution, testing and inspection of the various parts of the structure shall be specifigd on

and

final
ed to

serve
urate
mally
H this

nted,
stem

5.6 Desig

5.6.1

n requirements

General

The structural design of a fixed concrete offshore structure and its foundation design shall be in accordance
with this International Standard. The design shall be performed according to the principles of limit state design
as defined in 1ISO 19900.

The design shall provide adequate strength and tightness in all design situations such that the assumptions
made are complied with.

The design of structural steel components shall be in accordance with ISO 19902.
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Design actions

The representative values of actions shall be selected according to 6.5.

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.

5.6.3

Design resistance

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

The
facto

5.6.4

The
recog

For
(5" p

NOTE

considlers transition of test strength into in situ strength and ageing.effects due to high sustained stresses.

value

For r
prest

For g
more]
opers

For t
fracti
spec
used
spec

Whefe high resistance’ of a member is unfavourable (e.g. in weak link considerations), an uppe

charg

The Wipper valte) shall be chosen with the same level of probability of exceedance as the proba

valus
resis

Hesign resistance is obtained by amending the characteristic values by the use of appro
s for materials.

Characteristic values for material strength

priate partial

Characteristic strength of materials shall be determined according to the-relevant design sfandards and

nized standards for material testing.

ercentile) found from statistical analysis of testing 150 mm x 3004nm cylindrical specimens.

In some standards (e.g. NS 3473.E [2]), a nominal compressive strength 1., is used, which is les

is used for the calculation of design strength, reduced partial;factors for materials reflecting this can b¢g

pinforcement steel, the specified minimum yield sttess shall be taken as the characteristic st
fessing, the 0,1 % proof stress may be applied;

eotechnical analyses, the characteristic material resistance shall be determined so that the

unfavourable materials occurring to a@ny significant extent is low. Any deteriorating effec
tion phase shall be taken into consideration.

e for reinforcement, prestrgssing assemblies, couplers, welded connections, etc. unless oth
fied in the reference standard for design. For concrete, normally a design reference stre

fied which offer a safety level equivalent to that of the requirements in this International Stan

cteristic resistance shall be used in order to give a low probability of failure of the adjoin

s being.underscored. In such cases, the partial factor for material shall be 1,0 for c3
ance that is used when actions are applied on adjoining members.

concrete, the 28 days characteristic compressive strength f, (S defined as a 5 % fractile value

s than f; this
If this nominal
applied.

ength fyk; for

probability of
}s during the

he fatigue limit state FLS, the_¢haracteristic material strength shall be determined statistically as a 5 %

br values are
ngth shall be

For soil, the charactenistic strength shall be used. For other materials, acceptance criteria shall be

dard.

value of the
ng structure.
ility of lower
Iculating the

5.6.5

Partial factors for materials

The partial factors for the materials in reinforced concrete shall be chosen in accordance with the reference
standard for the design and for the limit state considered.

For steel members in the mechanical outfitting, embedment, skirts, etc., the partial resistance factor shall be in
accordance with ISO 19902.

Foundation design shall be performed in accordance with Clause 9. The partial factor for soil material shall

norm

©I1SO

ally not be lower than 1,25.

2006 — All rights reserved

15


https://standardsiso.com/api/?name=4d98fa982f7988d8cb6d9c5198054a41

ISO 19903:2006(E)

5.6.6 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. 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.

6 Actions and action effects

6.1 General

6.1.1 Classification of actions

In accordange with ISO 19900, actions are classified as

— permangnt actions (G),

— variablefactions (Q),

— environmental actions (E), and

— accidental actions (4).

In this International Standard, an additional category is\distinguished, being
— actions fesulting from imposed deformations (D).

The actions [shall include the corresponding. external reactions. The representative actions shall be chosen
according to [the design situation under investigation. The following design situations are distinguished:

— normal gperations;
— temporary situations;
— accidental situationsy

— abnormal situations;

N damage’i situations-

6.1.2 Determination of action effects

Action effects shall be determined by means of recognized methods that take into account the variation of the
action in time and space, the configuration and stiffness of the structure, relevant soil conditions and the limit
state that is under consideration.

Simplified methods for computing actions may be applied if it can be verified that they produce conservative
results.

Dynamic or non-linear effects shall be considered where appropriate.
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Hydro- and aerodynamic actions and the associated action effects shall be determined by methods which take
the kinematics of the liquid or air into account. For hydrodynamic actions the interaction between liquid,
structure and soil shall be considered. For calculation of overall action effects from wind, simplified models
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. Parameters shall be varied with upper and lower bound values to ensure
that all realistic patterns of distribution are enveloped, 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.

6.2 | Environmental actions

6.2.1| General

Wind{ wave, tide and current are important sources of environmental actions (E) ‘'en many struclures located
offshpre. In addition, depending on location, seismic actions (6.2.6) or ice ,actions (6.2.7) or [both can be
significant environmental actions.

6.2.2] Wind, wave and current actions

The getermination of actions due to wind, wave and current requifes*an appropriate description of the physical
envirbnment in the form of sea state severity and direction;\associated wind velocity and direction, and
relevant current descriptions in terms of current velocity profiles through the depth and associat¢d directional
information. The derivation of wind, wave and current combinations required for the calculation|of actions is
described in ISO 19901-1.

Actiohs from wind, wave and current occur as a result of various mechanisms. The most importapt sources of
action are:

— \iscous or drag effects, which are geferally of most importance for relatively slender bodies;

— ipviscid effects due to inertia of the water particles and wave diffraction, which are generally of most
importance in terms of globat-€ffects for relatively large-volume bodies.

hat dynamic

can lead to
um shall be
o temporary
shall also be

gtigated. The
y vater surface
elevation depends on storm surge and tide, on the crest height of |nC|dent waves, and on the interaction of the
incident waves with the structure.

Environmental actions due to wind, wave and current relate particularly to ultimate limit state requirements. In
addition, these actions can contribute to the fatigue, serviceability, and accidental limit states. Environmental
actions due to wind, wave and current shall also be considered for temporary configurations of the structure
during construction, tow and installation. The complete design life cycle of the structure, from initial
construction to removal, shall be considered and appropriate combinations of wind, wave and current shall be
determined to define design situations for all phases.
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6.2.3 Extreme wave action

6.2.3.1 General

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

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 such as diffraction analysis shall be applied that accounts for the
interaction of The structure with the incident wave-field. For higher ratios, a slender-body theory such T the

Morison equption may be used. Where drag forces are important in this regime, both methods should be
applied in cpmbination. In some cases, such as in the computation of local actions on various) ex
attachments to a structure, both procedures can be required.

ernal

Model testing should be considered for supplementing analytical results, particularly imycases wherq it is
anticipated tihat non-linear effects can be significant, or where previous experience is not directly applicable
because of the configuration of the structure.

6.2.3.2 Slpnder-body theory
The Morison|equation can be appropriate for application to determine wavg.actions on slender members. The
local wave Kinematics are considered to be unaffected by the presence: of the structural component yinder
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 recoghized
procedures duch as those given in ISO 19902.

The Morison|equation shall be applied

— with a rdgular (single-period) extreme wave;
— with irregular sea states in the time domain;
— with speftral representations in the frequency domain using appropriate linearization of the drag ternj.

The Morison| equation may also-be/applied to calculate local actions from the kinematics around a global
structure derfved from diffraction‘theory.

The Morison|equation doés-not account for various non-linear or higher order interactions between wav¢ and
structure sugh as slamming or ringing.

6.2.3.3  Difffraction analysis

6.2.3.3.1 eneral

Global actions on large-volume bodies shall generally be determined by applying a validated diffraction
analysis procedure. In addition, local kinematics, required in the design of various appurtenances, shall be
evaluated, including incident kinematics, diffraction and (if necessary) radiation effects.

The fundamental assumption of diffraction analysis is that the fluid is inviscid and that the oscillatory motions
of both the waves and of the structure are sufficiently small to permit the assumption of linearity. The
hydrodynamic interaction between waves and a structure can then be predicted based on linearized three-
dimensional potential theory.
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6.2.3.3.2 Methods

Analytical procedures shall generally be implemented through well-verified computer programs, typically
based on source/sink (Green’s Function) panel methods or similar procedures. Alternative procedures
including classical analytical or semi-analytical methods and the finite element method may be considered in
specialized cases. Programs should be validated by comparisons with model tests and/or verified with
published data.

6.2.3.3.3 Special considerations for panel methods

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

with
parar
exam
shall
wave
adeq

Diffrg
attac
equa

The

Distu
acco

Strug

the required accuracy.
heters such as pressure. In zones of relatively high gradients, denser grids shall be emplQye
ple, in the vicinity of the free surface grid densities will generally need to be increased. G
also be related to the wave period in order to provide an adequate description of ‘fluctuat
ength. In general, convergence tests with grids of variable density shall be carsied out t
Llacy of any proposed panel model.

ction models shall be combined with Morison models in the assessment of various relat
hments to large-volume structures. Diffraction methods provide the required kinematics field
ion may be applied to compute resulting actions on slender attachments.

proximity of additional relatively large-volume structures.shall be included in asses
rbances to the kinematics field around two or more structures can interact and this interac
inted for in the analysis.

tures with significantly varying cross-section near the\waterline, within the likely wave-affect

for adlditional consideration. Structures that are not wall-sided across the waterline are not consis

unde
be si

The
progr

Care

[lying assumptions of linear diffraction theory; both local and global actions as well as actio
gnificantly non-linear relative to the magnitude\of the sea state.

Calculation of actions caused by waves-on surface-piercing structures that will be overtg
essing wave need special attention-and validation of the calculation method is necessary.

ul consideration shall be giveh.to possible pressure fluctuations on the base of a structu

passage of a wave field. If the foundation conditions are such that pressure fluctuations are expe|

on th

Diffrg
linea

6.2.3

In ca
the s

b base, then such pressure fluctuations shall be included in the analysis.

ction analysis programs may be used to determine coefficients required in the evaluation of
effects, typicallyGnyolving sum and/or difference frequencies.

4  Additional requirements for dynamic analysis

5es where the structure can respond dynamically, the additional effects associated with th

The grid density shall be sufficient t0 adequately capture Jlictuations in

d. By way of
brid densities
ons over the

confirm the

vely slender
the Morison

5ing  actions.
tion shall be

ed zone, call
btent with the
h effects can

pped by the

e during the
cted to occur

various non-

e motions of

ructure shall be determined. Typically, these additional effects shall be captured in addition

dam

8l inertia and

ing)terms in the dynamic analysis. Structures can, for example, respond dynamically in thg¢ as-installed

situation due to wave or seismic actions, or in temporary floating situations due to wave or wind actions.

Ringing can control the extreme dynamic response of particular types of fixed concrete offshore structures.
A ringing response resembles that generated by an impulse excitation of a linear oscillator; it features a rapid
build-up and slow decay of the response at the resonant period of the structure. Ringing is excited by non-
linear (second, third and higher order) processes in the actions due to waves that are only a small part of the
total applied environmental actions on a structure.

The effects of motions of the structure on internal fluids such as ballast water in tanks shall also be evaluated.
Sloshing in tanks generally affects the pressures, particularly near the free surface of the fluid.
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6.2.3.5

6.2.3.5.1

Model testing

The role of model testing

The necessity of model tests to determine extreme wave actions shall be determined on a case-by-case basis.
Generally, model tests shall be considered when the following is required.

Verification of analytical procedures: model tests should be performed to confirm the results of analytical
procedures, particularly for cases with structures of unusual shape, for structures in shallow water with
steep extreme waves, or for any other case where known limitations of analytical procedures are present.

ringing,
order te
be asse

y

6.2.3.5.2
Froude scali

structures. H
number effed

6.2.3.5.3

Actions dete
of prior appr(

Complementing analytical procedures: model tests should be performed where various effects su

Validation of model tests

vave run-up, potential occurrence of deck slamming are suspected, or in cases where_the-
ms that are neglected in analytical procedures can be important. These effects cannoeb nor
Esed by the basic analytical procedure.

bcaling of model tests
g is normally appropriate for typical gravity-driven processes like waveés-acting on large-vq

pwever, in any decision to apply Froude scaling, the possible influence-of viscosity and Rey
ts should be considered.

priate test programmes.

Ch as
igher
mally

lume
holds

mined by model test shall be validated by comparison with analytical solutions or with the r¢sults

6.2.3.5.4 Estimation of actions

When model tests are performed, appropriate test data shall be recorded to facilitate computation of wave

actions. Datg that can be appropriate include

— the timelhistory of the local instantaneous air/water surface elevation at various locations,

— local pafticle kinematics,

— global aftions such as base_shear, vertical load or overturning moment, as well as local actions in the
form of the pressure distribution on individual components, and

— structurgl response such.as displacements and accelerations, particularly if dynamic response occurg.

Model test data shall\be' converted to full scale by appropriate factors consistent with the physical s¢aling

procedures gdpplied.in the test programme.

6.2.3.5.5

It shall be recognized that, analogous with analytical procedures, model test results have inherent limitations.
These limitations shall be considered in assessing the validity of resulting actions. The primary sources of

inherent limit

ations include the following.

be significant particularly where large-scale factors are applied.

where vi

scosity is significant, such as in the prediction of drag or damping effects.

actions will not in general be accurately scaled in typical Froude-scale-based model tests.

20
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The influence of particular effects on actions determined in model tests shall be assessed and steps shall be
taken in the testing programme to reduce or minimize them. Such effects can be

wave reflections from the ends of model test basins,

scattering of waves from large-volume structures,

conditions,

reflection of spurious scattered waves from model basin sidewalls interfering with target design wave

breakdown of wave trains representing the target design wave due to various instabilities leading to an

q

6.2.4

6.2.4

Curre

The ¢

6.2.4

Curre
the u

validated. Model tests or analytical procedures or¢choth shall be considered to validate comg

actio

Analy
actio
equa
the (
econ

6.2.4

Distu
struc

The possibility ofivortex-induced vibrations on various attachments shall be investigated.

6.2.4

naccurate realization of design wave conditions, and

ifficulties in the inclusion of wind or currents in association with wave fields.
Current action

1 General

nts, including directionality over the water column, shall be combined with the design wave q

isturbance of the incident current field due to the presence of thefixed structure shall be acq

2  Methods
nt actions on platforms shall be determined using recognized procedures. Typical methods
5e of empirical coefficients accounting for area, shape, shielding, etc. Such empirical coeffic

1S.

tical procedures based on computatiohal fluid dynamics (CFD) may be used in the evaluat
s or other effects associated with“current. These procedures are based on an exact sq
ions of motion of viscous fluids, (the Navier Stokes equations). Only well-validated impler
FD procedure shall be used‘in the computation of current effects. The method can prg
bmic and reliable procedure for predicting drag forces than physical modelling techniques.

3 Local effects

rbances of the jacident current field lead to modifications in the local current velocity in the
ure. Actions onlocal attachments to the structure shall be computed based on the modified

4 , Scour around the base

The

onditions.

ounted for.

are based on
ents shall be
uted current

on of current
lution of the
hentations of
vide a more

vicinity of the
current field.

ent transport

around the base. The potential for sediment transport shall be investigated. Typical procedures require the
computation of fluid velocity using either CFD or model test results. These velocities are generally combined
with empirical procedures to predict scouring or sediment transport.

NOTE

There is a substantial body of mostly empirical data (including data related to coastal and port engineering

fields) that can be consulted for additional insight into sediment transport processes and the prevention of scour.

©I1SO

2006 — All rights reserved
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6.2.5 Wind
Wind actions
wind act

wind act

action
on a fixed concrete offshore structure consist of two parts:
ions on the topsides;

ions on the concrete offshore structure above sea level.

Global wind actions shall be determined based on the appropriate design wind velocity in combination with
recognized calculation procedures. In a typical case, global wind action may be estimated by simplified
procedures such as a bIock method In this type of procedure W|nd act|ons may be based on calculations that

structure is

NOTE Fd
Global dyna
afloat and i
susceptible t
included to d

6.2.6 Seis

Procedures f
respectively.
actions at Al
project speci
specified in T
6.2.7 Icea

The comput
International

6.3 Other

6.3.1 Perm

Permanent 4
considered.

These inelude

topsides and to wave actions. A simplified method of applying the effect of wind.to)the corj
sing the wind actions on the topsides only.

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

ic effects of wind action shall be investigated if relevant. By way of example, a structure t
a temporary condition during the construction, transportation aryinstallation phases c3
wind dynamics. An appropriate description of the wind field, such as a wind spectrum, sh
termine global dynamic effects of wind action.

ic actions
or the determination of seismic actions are provided.in ISO 19901-2 at two levels, ELE and
For the ELE event the structure shall meet the nermal ultimate limit state requirements. S¢
E level may be considered as an abnormal event in the design. Unless otherwise specified

fication, the return periods should be as specified in 6.5, the annual probability of exceedan
able 2, and the action factors as specified\in Table 1 of this International Standard.

ctions

btion of ice actions is highly-specialized and location-dependent and is not covered b
Standard; see 1ISO 1990617 #) for pertinent information.

actions

anent actions

ctions (G)afre actions that do not vary in magnitude, position or direction during the time g

wind
crete

hat is
n be
Bl be

ALE
ismic
n the
Ce as

this

eriod

self-weig

htef'the structure, including topsides,

weight o

external

NOTE

weight of permanent ballast,

f permanently installed parts of mechanical outfitting, including risers, etc.,

hydrostatic pressure up to the mean water level, and

prestressing.

Prestressing can alternatively be considered as actions from imposed deformations.

4) Under pre

22

paration. Until published, see the specialist literature.

© 1SO 2006 — All rights re

served


https://standardsiso.com/api/?name=4d98fa982f7988d8cb6d9c5198054a41

ISO 19903:2006(E)

6.3.2 Variable actions

Variable actions (Q) originate from normal operations of the structure in the different phases and vary in
magnitude, position and direction during the time period considered. They include actions from

— personnel,

— modules, parts of mechanical outfitting and structural parts planned to be added or removed during the
operational phase,

— weight of gas and liquid in pipes and process plants,

— gtored goods, tanks, etc.,

— \eight and pressure in storage compartments and ballasting systems,
— femperatures,

— actions caused by installation and drilling operations, etc., and

— ordinary boat impact, fendering and mooring.

NOTEH Variable actions from temperatures may also be considered as ‘actions from imposed deformatigns.

The gssumptions that are made concerning variable actions.shall be reflected in the summary report, see

5.3.4] and shall be complied with in the operations. Possible,deviations shall be evaluated and, if appropriate,
shall be considered in the assessment of accidental actiens.

6.3.3|] Actions from imposed deformations

Certgin actions, which can be classified as either permanent or variable, may be treated as rgsulting from
impoged deformations (D). Action effects:daused by imposed deformations shall be treated in the same way
as ag¢tion effects from normal actions(on'by demonstration of strain compatibility and equilibrlum between
applied actions, deformations, and intérnal forces.

Potential imposed deformations are derived from sources that include
t’[xermal effects,

— prestressing effects (including effects of prestressing sequences etc.),
— ¢reep and’shrinkage effects,

— (differential settlement of foundation components, and

— |ocKed-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, maloperation or accident.
The accidental actions to be considered in the design shall be based on an evaluation of the operational
conditions for the structure, due account being taken of factors such as personnel qualifications, operational
procedures, facilities and equipment, safety systems and control procedures. Concerning evaluations of risk
related to fire and explosions, see 1ISO 13702161,

© IS0 2006 — Al rights reserved 23


https://standardsiso.com/api/?name=4d98fa982f7988d8cb6d9c5198054a41

ISO 19903:2006(E)

Primary sources of accidental actions include

fires,

flooding,

dropped

rare occurrences of abnormal environmental events,

explosions,

objects,

collision
unintend

6.3.4.2

These includ
ALE seismic

6.3.4.3 Fi

The principd

5, and

ed changes in pressure differences.

Rare occurrences of abnormal environmental events

e abnormal environmental events such as the 10 000 year return periddywave condition an
event, as well as other abnormal environmental events when relevant.

[es

equipment sg¢als, nozzles, etc.

The following
burning

fires rel
storage

burning
fires in €
pool fire

The fire actid
as a standar

The fire ther
time and loc

types of fire scenarios shall, among others, be considered, where relevant:
blowouts in wellhead area;

bted to releases from leaks in risers,\manifolds, loading/unloading or process equipme
anks; including jet fire and fire ball-seenarios;

Dil on sea;
quipment or electrical installations;
5 on deck or sea.

n intensity may be described in terms of thermal flux as a function of time and space or, si
lized temperature-time curve for different locations.

mal fluxsmay be calculated on the basis of the type of hydrocarbons, release rate, combu
htion\of ignition, ventilation and structural geometry, using simplified conservative semi-em

d the

| fire and explosion events are associated with hydrocarbon leakage from flanges, valves,

nt, or

mply,

Stion,
birical

formulae or &

nalytical/numerical models of the combustion process.

6.3.4.4

Explosions

The following types of explosions shall be considered:

ignited gas clouds;

shafts and storage tanks.

24

explosions in enclosed spaces, including machinery spaces and other equipment rooms, as well as FCS
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The overpressure action due to expanding combustion products may be described by the pressure variation in
time and space. It is important to ensure that the rate of rise, peak overpressure and area under the curve are
adequately represented. The spatial correlation over the relevant area that affects the action effect should also
be accounted for. Equivalent constant pressure distributions over panels could be established based on more
accurate methods.

The damage due to explosion should be determined with due account of the dynamic character of the action
effects. Simple, conservative single degree of freedom models may be applied. If necessary, non-linear time
domain analyses based on numerical methods such as the finite element method should be applied.

Fire and explosion events that result from the same scenario of released combustibles and ignition should be

assumed—to—occur—at-the—same-time—-e—tobefully dependent—Thefire—and blast analysgs should be

performed by taking into account the effects of one on the other.

Damage done to the fire protection by an explosion preceding the fire should be considered,

6.3.4{5 Flooding
Flooding of compartments in temporary and operational phases shall be considered in the design. In phases
wherg the structure is afloat, the effect on tilt and waterline shall be considéred. If mechanical|systems are

used|to minimize the structural effects, these systems shall be designed to operate under|the relevant
condftions.

6.3.4/6 Dropped objects

Actiops due to dropped objects should, for instance, include.the following types of incidents:
— ¢argo dropped from lifting gear;

— falling lifting gear;

— Unintentionally swinging objects;

— lpss of drilling equipment, pipes, etc:

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

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

The frajectories and velocities of objects dropped in water should be determined on the basis| of the initial
velodity,Aiimpact angle with water, effect of water impact, possible current velocity and the Hydrodynamic
resis‘ance.

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

6.3.4.7 Collisions

The effect of a vessel impact shall be evaluated if the probability of collision is not negligible. In such an
evaluation the nature of all vessel operations in the platform vicinity shall be taken into account. These can
include

— vessels in service to and from the installation, including supply vessels,

— tankers loading at the field,
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floating installations, such as flotels, and

ships and fishing vessels passing the installation;

Where appropriate, impacts from sea ice or icebergs and from aircraft servicing the field shall be treated in the
same manner as impacts from vessels.

The most probable impact locations and impact geometry shall be established, based on the dimensions and
geometry of the structure and vessel. This shall account for tidal changes, operational sea states, and motions
of the vessel and structure in free vibration modes. Potential vessel impact on the structure’s waterline
members, risers and external wells shall be considered. Effective operational restrictions on vessel approach

sectors can
are done for

between 10 m below LAT and 13 m above HAT. Barge bumpers, boat landings and other external fend

may be used

Depending q
analysis of
robustness i

avoiding

selecting

ensuring

Impact actiogs are characterized by kinetic energy, impact geometry and the relationship between actio

indentation.

representing
represent bo
andarare e

Two energy
low ene

approac
the vess

a)

b)
platform
platform

Level a) rep
practical and
damaged bu

high engrgy level, representing a rare condition, based on the type of vessel that would operate

it theexposure tompacts msome areas of thestructure—Umntess more detaited-nvestigs
the relevant vessel and structure, the impact zone for supply vessels may be considered

as protection.
n the risk of collision and the consequences for the structural integrity of-the structur
vessel impact conditions can be required. Irrespective of whether an analysis is req
relation to vessel collisions should be incorporated into the design by indirect means such 2
weak elements in the structure,
materials with sufficient toughness, and
that critical components are not placed in vulnerable locations.
In a rigorous impact analysis, if required, accidental design situations shall be establ
bow, stern and beam-on impacts on all -eXposed components. The collision events
th a fairly frequent condition, during which the ‘structure should only suffer insignificant dan
ent where the emphasis is on avoiding a*complete loss of integrity of the structure.
evels shall be considered:
gy level, representing the frequent condition, based on the type of vessel which would rou

h alongside the platform (e(@)a supply boat) with a velocity representing normal manoeuvr
el approaching, leaving or standing alongside the platform.

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

econgmical considerations. Level b) represents an ultimate limit state in which the struct
| prégressive collapse shall not occur. In both cases the analysis shall account for the ve

mass, its ad

tions
to be
ering

a)

B, an
lired,
s

n and
shed
shall
hage,

tinely

ng of

n the
o the

resents & serviceability limit state to which the owner can set his own requirements basgd on

ire is
5sel’s

jéd)mass, 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 pattern shall be accounted for. Design values for collisions are determined based on an
overall evaluation of possible events.

The mass of supply ships selected should normally be not less than 5 000 tonnes. A hydrodynamic (added)
mass of 40 % for sideways and 10 % for bow and stern impact can be assumed. For low energy impacts, a
vessel velocity of 0,5 m/s is commonly used, representing a minor “bump” during normal manoeuvring of the
vessel while loading or unloading or while standing alongside the platform. For high energy conditions, a
vessel velocity of 2 m/s is commonly used, representing a vessel drifting out of control in a sea state with
significant wave height of approximately 4 m.
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6.3.4.8 Unintended changes in pressure difference

Changes in intended pressure differences or buoyancy caused for instance by defects in, or wrong use of,
separation walls, valves, pumps or pipes connecting separate compartments, as well as safety equipment to

control or monitor pressure, shall be considered.

Unintended distribution of ballast due to operational or technical faults shall also be considered.

6.3.4.9 Floating structures in damaged condition

Floating structures that experience buoyancy loss or flooding have an abnormal floating position. The

corresponding abnormal variable and environmental actions shall be considered.

Adeq
damg

uate global structural strength shall be documented for the abnormal floating conditions_cons
ge stability check, as well as tightness or ability to handle potential leakages in the-tilted con

6.3.4/10 Combination of accidental actions

Whe
of th

le accidental actions occur simultaneously, the annual probability level(104) applies to the|
se actions. Unless the accidental actions are caused by the same.phenomenon (like hyd

fires |and explosions), the occurrence of different accidental actions (may be assumed to b
indegendent.

NOTEH While, in principle, the combination of two different accidental actions with exceedance probab
one a} 1073 and the other at a 10~ level, corresponds to a 10~4 event)yindividual accidental actions at a pro
10~ Will normally be most critical.

6.4 | Partial factors for actions

Partial factors for actions to be applied with representative actions according to Table 2 are givs

idered in the
dition.

combination
ocarbon gas
b statistically

7

lity of 1072, or
bability level of

n in Table 1.

The factors should be adjusted as required [for consistency with the reference standard used fo provide an
equivalent level of safety.
NOTE The recommended factors are consistent with the use of NS 3473.E [2] as the reference standargl.
The pltimate limit state shall -be_checked for two sets of combinations of actions, ULS (A) pnd ULS (B)
(see [Fable 1).
Table 1 — Partial factors y- for actions for different limit states
Classification of action
Limit state
G n % Vo) e
ULS'(A) 1,3 1,3 0,7b 1,0 0
uLs (B) 1,0 1,0 1,3P 1,0 0
SLS 1,0 1,0 1,0 1,0 0
FLS 1,0 1,0 1,0 1,0 0
ALS 1,0 1,0 1,0 1,0 1,0
@  Avalue of 0 for a partial factor for actions means that the action is not applicable to the design situation.
b These values may have to be adjusted for areas with long-term distribution functions that differ from those for North Sea conditions.

© I1SO 2006 — All rights reserved
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The actions shall be combined in the most unfavourable way, provided that the combination is physically
possible and permitted according to the action specifications. Combinations of actions that are physically
possible but not intended or permitted to occur in operations shall be included by assessing their probability of
occurrence and shall be accounted for either as an accidental design situation in the accidental limit state
(ALS) or shall be treated as part of the ordinary design situations included in the ULS. Such conditions may be

omitted in ca

ses where the annual probability of occurrence can be determined to be less than 104

For permanent actions, a partial factor for action of 1,0 in action combination ULS (A) shall be used where this

gives a more

unfavourable action effect.

For external hydrostatic pressure, and for internal pressures resulting from a free surface, an action factor of

that tha antines AFfFAAE Ao A At ~A
ot trrtcaCtomT— C et Carm— o TGttt mca

Where

1,2 may nor
second orde
of the differe
be multiplied
of either one
direct flow cg

Prestressing
be taken of {
of 0,9 or 1,1

A partial fact

For calculati
following two
a) using a
action;

b) using a

the gredtest environmental action. Appropriate.yalues of the partial factor for action shall be deterr

on the b

The load his
with respect
the analysis.
appropriate i

6.5 Comb

Table 2 give
accidental ag

nalls ba ead e~ aAA~A wath narenal ana iea Ay

Aallybe—used—provided with—rermal-aceuracy—Y
effects are important, a partial factor for action of 1,3 shall be used. Where an action is the
hce between independent and counteracting hydrostatic pressures, the pressure difference
by the partial factor for action. The pressure difference shall be taken as no less thanl/the sr
tenth of the highest pressure or 100 kPa. This does not apply when the pressure.is balanc

mmunication.

actions may be considered as actions resulting from imposed deformations. Due account
he time-dependent effects in calculation of effective internal forces. The-more conservative
shall be used as a partial factor for action in the design.

pr for action of 1,0 shall be applied to the weight of soil included-in the geotechnical calculati

bn of the soil capacity during cyclic actions, the design action effect shall be determined f¢
cases:

partial factor for action equal to 1,0 for the cyclic actions and 1,3 for the largest environn

bartial factor for action larger than 1,0 on_the cyclic actions throughout the load history, incl
psis of an evaluation of the uncertainties associated with the cyclic action history.

fory shall represent the wave eonditions affecting the pore pressure build-up in a design s
fo the distribution of load cyeles, and their magnitude and number, prior to the time conside

When the method in case bYis employed, a partial factor for action of 1,15 has been consi
n a number of cases.

inations of actions

s a more detailed description of how actions shall be combined. When environmenta
tions arefacting together, the given probabilities apply to the combination of these actions.

Fesult
shall
haller
bd by

shall
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DNS.

r the
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Liding
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torm,
ed in
lered
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For temporary phases, 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, a reduced return
period for environmental actions may be considered. The return period to be considered should be related to
the duration of the operation. As general guidance, the criteria given in Table 3 may be applied:

Table 3 — Environmental criteria

Duration of operation Environmental conditions
Up to 3 days Specific weather window
3 days to 1 week 1 year return period, seasonal
1 week to 1 month 10 year return period, seasonal
1 month to 1 year 100 year return period, seasonal
More than 1 year 100 year return period, all year

6.6 Exposure levels
Structures cqn be categorized by various levels of exposure to determine criteria that are appropriate for the
intended sefvice of the structure. The levels are determined by consideration of life-safety and of
environmental and economic consequences.

Life-safety donsiders the manning situation in respect of personnél on the platform when the dsign
environmental event occurs.

Consequencg considers the potential risk to life of personnel brought in to react to any incident, the potential
risk of environmental damage and the potential risk of economic losses.

Three categgries for each of life-safety and consequence can, in principle, be combined into nine different
exposure levgls. This results in three exposure levels, ‘according to Table 4.

Table 4 — Determination of exposure level

Exposure level (L1 to L3)
Life-safety category Consequence category
High consequence Medium consequence Low consequende
Manned—nonevacuated L1 L1 L1
Mannged—evacuated L1 L2 L2
Unmanned L1 L2 L3

The exposurgdeyvel applicable to a structure shall be determined by the owner prior to the design of 4 new

structure, ant-beagreedwithrthe Tegutator whereappticatte:

NOTE The exposure levels are intended to have the same meaning as specified in greater detail in ISO 19902.

Structures in exposure level L1 shall be designed in accordance with the requirements of this International
Standard for permanent, variable, environmental, deformation and accidental actions. Inspection of execution
shall be according to inspection class 3, extended inspection, see 8.6.2.

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.

For structures in exposure level L3 the same requirements apply as for L2 structures except that accidental

actions with a probability of less than 10~3 may be disregarded. Additionally, a reduction of the factor for
environmental actions of not more than 10 % may be considered, if permitted by the project specification.
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7 Structural analysis

7.1 General

Appropriate structural analyses shall be performed to determine the action effects within a structure. These
analyses shall define the responses of the structure during each stage of its life in accordance with Clause 6.

Structural analysis refers to calculations based on numerical techniques including longhand calculations
and/or computer-based methods. The development of action effects by model testing or by instrumentation of

other

similar structures is not precluded by this International Standard.

Complex or unusual structural types can require forms of analysis not described within this

Stan
suita

7.2

7.21

In or
requi

ard. If required, these shall be performed in accordance with the principle that a sufficie

General principles

Planning

der to ascertain that analysis of a fixed concrete offshore structure is successful, the
red:

q

Interflaces with structural designers, topsides designers, hydrodynamicists, geotechnical enginegq

relev
deter
nece
the s

7.2.2

Suffig
struc
analy

guitably verified results in the form of action effects shall be available in due time for use
fleassessment.

Il necessary analyses shall be performed on the basis of an accurate and consistent stry
at defines the structural system to the appropriate,~level of detail and enables
orresponding actions on the structure to be assessed,;

ese analyses shall be performed using appropriate methods, shall have relevant bounda
nd shall be of suitable type;

ant parties shall be set up. The\schedule of supply of data on actions (including reactive act
mined and monitored. Intérfaces shall ensure that these data are in the correct form
5sary locations and are provided for all required limit states and for all appropriate stages in f
ructure.

Extent of analyses

ient structuralanalyses shall be performed to provide action effects suitable for checking all
ural components of the primary structure for the required design situations and limit states,
sis sheuld normally represent global behaviour of the structure during each relevant stage o

International
ht number of

ple analyses are carried out to accurately assess all significant action effects within the ‘structure.

ollowing are

ctural model
the required

ry conditions

in design or

rs and other
ons) shall be
at, cover all
he lifetime of

parts and all
At least one
its life.

The

mber and extent of anal t rform hall cover all parts and all structural com

bnents of the

structure through all stages of its life, i.e. construction, transportation, installation, in-service conditions and
removal/retrieval/relocation. However, if it can be clearly demonstrated and documented that particular stages
in the life of the structure will not govern the design of a part of the structure or of a structural component,
such stages need not be analysed explicitly for this part or component.

The simulation of a part of the structure or of a structural component shall, as a minimum, comprise a three-
dimensional representation of the stiffness of all primary structure. In general, the stiffness of secondary
structures may be omitted from structural analyses, although significant action effects due to secondary
structure shall be incorporated. Secondary structure can provide such restraint to the primary structure that
additional section forces are developed. Such effects shall be assessed and included where necessary.
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Secondary components of the structure shall be assessed, by analysis if necessary, to determine their
integrity and durability, and to quantify their contribution to action effects in the primary structure. Such
analyses may be performed separately from analysis of the primary structure, but shall include deformations
of the supporting primary structure, where relevant.

If present, the stiffness of the topsides and other steel primary structure shall be simulated in global analyses
in sufficient detail to adequately represent the interface with the concrete, such that all actions from the
topsides are appropriately distributed to the concrete structure. The relative stiffness of steel and concrete
structures shall be accurately simulated where this has a significant effect on global load paths and action
effects. Particular attention shall be paid to relative stiffness when assessing dynamic response.

a-clriiotiiern o o
T ot oTtorc, oo

chall incliida
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Where appro ed by

stiffness elen

nriatetha analucic
protc e arary Sro

nents or by reactive actions.

7.2.3 Analysis requirements

h the
tions

All structural
planned ana
and other rel

analyses required for the design of the structure shall be carried out in accordance wit
ysis schedule using the most recent data on geometry, materials, boundary. Conditions, aq
bvant information.

a)

The structurg shall be analysed for appropriate actions during each stage of-its life. Where simultarjeous

ffects

actions are p

ossible, these actions shall be applied in combination in such a way as to maximize action e

at each locajion to be checked. The actions that contribute to these conibinations shall include appro

partial factor

5 for action, as specified in Clause 6, for each limit state being. checked.

Appropriate @nalysis types shall be selected to provide accurate action effects covering all requirements

design or a
analyses tha
including the

Esessment process of the concrete listed in Clause™8; 7.5 contains requirements for t
t shall be performed on a fixed concrete offshore structure and its structural compor
selection of appropriate analysis types and. exeécution requirements for each design situ

Driate

Df the
pical
ents,
Ation.

Execution of
the specific r

an analysis for a particular stage in the life of-the structure shall be performed in accordancg with
bquirements of the relevant clause.

7.2.4 Calculation methods

et of
heets

Various calclilation methods may be used.for the determination of action effects in response to a given
actions. Thege include, but are not limitéd to, hand calculations and computer methods, such as spreads
or finite element analyses.

ation
tions

Where assumptions are made\to’ simplify the analysis to enable performance of a particular calcu
method, thede shall be clearly.récorded in the documentation or calculations. The effects of such assumy
on action effg¢cts shall be guantified and incorporated as necessary.

Analysis of the global structure or local components is normally performed by the finite element mgthod.
Computer saftware_used to perform a finite element analysis shall comply with a recognized internafional
quality standrd;‘stich as that given in ISO 90003 ['], or shall be validated for its intended use prior to thq start
of the analygisDElement types, action applications, meshing limits and analysis types to be used ip the
structural analysis shall all be included in the validation.

Where finite element analysis is performed, consideration shall be given to the inaccuracy inherent in the
element formulation, particularly where lower order elements or coarse element meshes are used. Validation
and “benchmark” testing of the software shall be used to identify element limitations and the computer
modelling shall be arranged to provide reliable results.

Hand calculations are generally limited to simple structural members (beams, regular panels, secondary
structures, etc.) under simplified actions (i.e. uniform pressure, point or distributed actions). The methodology
used shall reflect standard engineering practice with due consideration for the conditions of equilibrium and
compatibility. Elastic or plastic design principles may be adopted dependent on the limit state being checked
and the requirements for the analysis being performed.
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Computer spreadsheets are electronic methods of performing hand calculations and shall be subject to the
same requirements. Where such spreadsheets do not produce output showing the methodology and
equations used, adequate supporting calculations shall be provided to verify the results of comprehensive test
problems. Sufficient checks shall be provided to verify all facilities in the spreadsheet that will be used for the
structural component being assessed.

Special forms of analysis for concrete structures, such as the strut and tie approach, may also be used, but
shall conform to contemporary, accepted theories and shall adhere to the general principles of civil/structural
engineering. Unless the method is well-known and understood throughout the industry, references to source
material for the method being used shall be provided in the documentation or calculations.

a : araly ay—be—used—to—demo ate—t 3 gth—o icture or the
strenpth of complicated 2-D and 3-D regions. Software used for this purpose shall be subjéct|to the same
validation requirements as above. Validation of non-linear analysis software used in this way-shall include at
least{one comparison with experimental results or with a reliable worked example of a similar detail.

7.2.5| Verification of analysis results
Strugtural analyses shall be thoroughly verified to provide confidence in thel(results obtained. VYerification is
requifed to check that input to the calculations is correct and to ensurethat sensible results have been
obtaiped. 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:
that the structural model adequately represents the geometry of the intended structure or stryctural part;
at the specified material properties have been used;

at sufficient and correct actions have been applied;

at suitable and justifiable boundary conditions have been simulated;

at 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

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

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

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

— Ipad paths, bending moment diagrams, stress levels, etc., to check that these satisfy equilibrium
eqUirements.

7.2.6 Documentation

Successful execution of an analysis shall be recorded and pertinent parties shall be informed of results and
conclusions so that implications for the design process are formally recognized.

Each structural analysis shall be thoroughly documented to record its extent, applicability, input data,
verification and the results obtained. The following information shall be produced as a minimum to document
each analysis:

— the purpose and scope of the analysis and the limits of its applicability;

— references to methods used and the justification of any assumptions made;
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material

the assumed geometry, showing and justifying any deviations from the current structural geometry;

properties used in the analysis;

boundary conditions applied to the structure or structural component;

the summed magnitude and direction of all actions;

accordance with 7.2.5;

pertinent results from the analysis and cross-checks to verify the accuracy of the simulation, in

aclear
assess

Results of thi
withstand. T
following:

displace)

section
can be ¢

section ¢
7.3 Physi

7.3.1 Geon

]

cal representation

resentation of the results of the analysis that are required for further analysis, structural des
ent.

e analysis will normally take the form of action effects, which the structure shall be .design
ypical action effects required for the design of fixed concrete offshore strugctures includ

ments and vibrations, which shall be within acceptable limits for operation-of the platform;

orces, from which the capacity of concrete sections and necessary)reinforcement requirern
etermined;

btrains, used to determine crack widths and watertightness.

hetrical definition

Dimensions
produce reli

monitored bgth during and after the completion“of"an analysis. Where this impacts on the accuracy ¢
analysis as described in 7.2.1, the changes shall-be incorporated by reanalysis.

It is acceptalile to consider nominal sizes“and dimensions of the concrete cross-section in structural ang

provided tha
material are
in Clause 8.

Where as-bu
dimensional
in the analy:

magnitude (imperfetetion bending in walls, implosion of shafts, etc.).

Concrete co

ised in structural analysis calculations shall-represent the structure as accurately as necess

gn or

ed to
b the

nents

hry to

ble values of action effects. Changestin dimensions as a result of design changes shall be

tolerances are within the)limits set out for the construction and appropriate partial facto,
used. Geometrical and material tolerances considered in this International Standard are de
hese are consistent-with the partial factors for material defined in 5.6.5.

ilt dimensions-differ from nominal sizes by more than the permissible tolerances, the effect ¢

mismatch shall be incorporated in the analysis. The effect of tolerances shall also be incorpg
bis wher€_action effects and hence the structural design are particularly susceptible to

e€rto nominal reinforcement and positioning of prestressing cables may be provided where

f the

lysis,
rs for
fined

f this
rated
their

hese

are defined €
specified limi

Xplicitly in detailed local analysis. Again, this is subject to construction tolerances being with
ts and appropriate partial factors being applied to component material properties.

n the

The effects of wear and corrosion shall be accounted for in the analysis where relevant 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, panels, etc. In
certain circumstances, however, face-to-face distances can be permitted with suitable justification. The effect
of eccentricities at connections shall be considered when evaluating local bending moments and stability of
the supporting structure.
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7.3.2 Material properties

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

For most limit states it is normally acceptable to simulate the concrete by equivalent linear elastic properties.
Unless a different value can be justified, the modulus of elasticity (E-modulus) of plain concrete may be used
as the modulus of reinforced concrete in such an analysis. The value used shall be in accordance with the
reference standard to concrete design in use. For actions that result in very high strain rates, the increase in
concrete modulus of elasticity should be considered in the analysis of the corresponding action effects. The
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pffects of the concrete may be included, if permitted by the design rules in use. Effectsof th
s and resultant creep of the concrete shall also be considered, where relevant. Where-actio
a significant period in the life of the structure, the least favourable instance~shall be @

mining age effects.

rate evaluation of concrete stiffness can be particularly important for natural frequencies anc
sis, and for simulations that incorporate steel components, such as .the) topsides or condu
ideration shall be given to extreme values of concrete stiffness in such analyses.

inear analysis techniques are often applied to local structuralcCamponents. It is then typica
| concrete, reinforcement and prestressing tendons in such/simulations. Where this is th
Fial shall be represented by appropriate stress-strain behavieur, using recognized constitutivs

ty, mix design and level of reinforcement, with due allowance for design growth. For existir
densities shall be adjusted on the basis of detailed weight reports, if available. Variatio
ty through the structure shall be considered where relevant.

s another value is shown to be moreiappropriate, a Poisson’s ratio of v =0,2 shall be
cked concrete. For cracked concrete,'a value of v = 0 may be used. A coefficient of thermal
10-° per degree centigrade shall be ‘used for concrete and steel in lieu of other informatio
n of the concrete structure is particularly sensitive to these parameters, they shall b
mined for the materials in use:

Soil-structure interaction
epresentation of(the foundation of a fixed concrete structure will differ with the type of a
mic analysis.Or where soil-structure interaction is significant, an elastic or inelastic represe

ation willlnormally be required to provide suitable stiffness. Seismic analysis is typically ve
il properties. Further details of foundation modelling requirements for specific analysis typeg

e duration of
ns can occur
onsidered in

for dynamic
ctor framing.

to discretely
b case, each
b models.

bd aggregate
g structures,
n in effective

assumed for
expansion of
n. Where the
e specifically

L

nalysis being

rtaken. For stafic analysis, reactive soil pressures on soil contact surfaces are normally suffjcient, but for

htation of the
y dependent
are given in

Rea

ive actionsom the structure fromits—foundation, or effective foundation stiffmess,shait

e based on

general principles of soil mechanics in accordance with Clause 9. Sufficient reactive actions shall be applied
to resist each direction of motion of the structure (settlement, rocking, sliding, etc.). The development of
hydraulic pressures in the soil that act in all directions should be considered where appropriate. Consideration
shall be given to potential variation of foundation pressures across the base of the structure.

The calculations used shall reflect the uncertainties inherent in foundation engineering. Upper and lower
bounds and varied patterns of foundation reactions shall be incorporated and an appropriate range of reactive
actions shall be assessed. In particular, the sensitivity of structural response to different assumptions on the
distribution of reactive actions between the base and any skirts shall be determined.

Consideration shall also be given to the unevenness of the sea floor or soil layers in the seabed, which can
potentially cause high local reactive actions. Foundation unevenness may be considered as actions resulting
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from imposed deformations in subsequent design checks, in accordance with Clause 6. Other than this,
foundation pressures shall be considered as reactive actions, their magnitude being sufficient to counteract all
other factored actions.

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.

Where it significantly affects the design of certain components, soil interaction with conductors shall be
incorporated in the analysis, particularly with regard to local analysis of conductor support structure.
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7.3.4 Othef support conditions

Other than dfrect support from foundation soils, a structural component can be supported by

external|water pressure, while floating,
other components of the structure,
an air cdshion, and

any conibination of the above, together with foundation soils.

The action o
hydrodynam

considered in this way is a reactive action. In order to maintain‘the water line in the correct position the 3
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order to maint
actually wette
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global structy
on a previou

In the absen
to represent
stiffness at th

Internal forc
member. WH
boundary co

water pressure to support a structure while floating shall be evaluated by suitable hydrosts
c analysis and shall be applied to appropriate external surfaces of the structure. Water pre

ion shall both be scaled with the same action factor(s) to maintain equilibrium.

scale the reaction by the buoyancy forces, to-Correspond to the applied action including action fac

| areas. This is not physical but an accepted way of simulating floating conditions while accounting f
b be covered by the partial factors.

re. These boundary conditions shall include possible settlement or movement of supports, 4
5 analysis of the surroydnding structure.

Ce of such data, suitable idealized restraints shall be applied to the boundary of the structura

e boundaries of the component, a range of possible values shall be considered.

b
-

stiffiess or displacement may be applied as boundary conditions to support a stru

tic or
ssure
ction

ors in

hin equilibrium can be seen as scaling thecunit weight of water in order to respect the waterline and load the

pr the

ve boundary conditions shallybe applied to the analysis of a structural part extracted fromn the

ased

| part

the behaviour\of the surrounding structure. Where there is uncertainty about the effgctive

ctural

ere<thére is uncertainty as to which will produce the most realistic stresses, a range of different

nditions shall be adopted and the worst action effects chosen for design.

Where components of the structure are not fully restrained in all directions, such as conductors within guides
and bearing surfaces for deck and bridge structures, allowance shall be made in the analysis for movement at

such interfac

es.

7.3.5 Actions

Actions shall be determined by recognized methods, taking into account their variation in time and space, in
accordance with Clause 6. Such actions shall be included in the structural analysis in a realistic manner,

representing

36

the magnitude, direction and time variance of such actions.
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Permanent and variable actions shall be based on the most likely anticipated values at the time of the analysis.

Consideration shall be given to minimum anticipated values as well as maximum anticipated
former govern some aspects of the design of gravity-based structures.

values. The

Hydrostatic pressures shall be based on the specified range of fluid surface elevations and densities.

Hydrostatic pressures on floating structures during the transportation, installation and removal

stages shall

include the effects of trim and heel as well as pitch and roll of the structure, due to influences such as
intentional trim, wind heel, wave action or differences 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
compat|ble mternal strain effects In both cases, due aIIowance shall be made for all likely losses in

the gtructure. Sufficient temperature conditions shall be considered to produce maximum
differpntials across individual sections and between adjacent structural components. The tempe
be d¢termined with due regard to thermal boundary conditions and material conductivity. Thern
effecys, 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 s
floating. In cases where dynamic response of the structure ¢an be of importance, such respg
considered in determining action effects. Quasi-static or dynamic analyses shall be used, in acg
7.4.

Uncertainties in the centre of gravity of the topsides and in built-in forces and deformations from t

the tgpsides weight from barges to the concrete strticture shall be represented by a range of like
strucjure being checked for the most critical extreme value.

7.3.6] Mass simulation

A suitable representation of the mass‘of the structure is required for the purposes of motion

the effect of

in analysis if

thickness of
temperature
ratures shall
hal insulation

ructure while
nse shall be
ordance with

he transfer of
y values, the

rediction, for

actions due to accelerations of masses while floating and for dynamic analyses. The mass simulation shall

includle relevant quantities from at’least the following:
— the mass of all structural components, both steel and concrete, primary and secondary;
— the mass of alkintended equipment, consistent with the stage being considered;

— the estimated mass of temporary items, such as storage, lay-down, etc;

— asses of any fluids contained within the structure, including equipment and piping contentg,

oil storage,

oading, etc.;

— the mass of solid ballast within the structure;

— the mass of snow and ice accumulation on the structure, where relevant;
— the mass of drill cuttings or other deposits on the structure;

— the mass of marine growth on the structure;

— added water mass;

— added soil mass.
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The magnitudes of masses within the structure shall be distributed as accurately as necessary to determine all
significant modes of vibration (including torsional modes) and all actions due to accelerations of masses for
the structural analysis being performed. Particular attention shall be paid to the height of topsides equipment
or modules above the structural steelwork.

For quasi-static analyses it is normally only necessary to consider the maximum mass associated with a given
design situation for the structure. However, for dynamic analyses this does not necessarily produce the worst
response, in particular with respect to torsional modes, and a range of values of mass and centre 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 d
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taken as the
displaced w4g
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Typical values for damping will be in the range from 1 % to 3 % of\critical damping; for seismic analysi

f the added mass of water and entrained water moving with the structure shall be based'or
lished information or suitable hydrodynamic analysis. In lieu of such analysis, this mass-m
full mass of displaced water for small submerged members, reducing to 40 % of the mg

mbers, such as the shafts.
bing
es from a number of sources including structural damping, material-kdamping, radiation dani

c damping and frictional damping between moving parts. Its dnagnitude is dependent o
evels of structural members and soil.

L linear elastic analysis

acceptable for the behaviour of a strlcture or structural part to be based on static linear €
pss there is a likelihood of significant,;dynamic or non-linear response to a given type of actio
ynamic or non-linear analysis approaches shall be performed, as defined in 7.4.2 and 7.4.3

is is always permissible-if_all actions on the component being considered are substa
time. If actions are periodic, transient or impulsive in nature, the magnitude of dynamic resy
uated in accordance-with 7.4.2 and static analysis shall only be permitted if dynamic effect

Reinforced ¢
load paths a
elastic analy:
limit states,

Linear stiffn

pncrete is typically non-linear in its behaviour, but it is generally acceptable to determine ¢
d section forces for ultimate, serviceability and fatigue limit states based on an appropriate
is, subjectto the restrictions presented below. Non-linear analysis can be required for accig
bnormal level earthquakes and local analysis.

best
by be
ss of

ter for larger structural members. Added mass effects may be ignored along the axial length of

ping,
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B, See
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sS-is acceptable provided that the magnitudes of all actions on the structure are not suffici

pnt to

cause significant redistribution of stresses due to localized yielding or cracking. In particular, response to
actions caused by deformations is very susceptible to the level of non-linearity in the structure and shall be
carefully assessed for applicability once the level of cracking in the structure is determined.

Reduction of the stiffness of components should be considered if it can be shown that, for example, due to
excessive cracking, more accurate load paths can be determined by such modelling. Such reduced stiffness
shall be supported by appropriate calculations or by non-linear analysis.

A linear analysis preserves equilibrium between externally applied actions and internal forces. Linear solutions
are thus always equilibrium states. The equations of a linear system need to be solved only once and the
solution results may be scaled to any level of actions. A solution is hence always obtained, irrespective of the
action levels. Linear analysis can be carried out for many independent load cases, after which the
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independent load cases may be superimposed into combined cases or load combinations representing
complete design situations.

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

7.4.2r1 Generat

Fixeq structures with global natural periods greater than 2,5 s can be susceptible to dynaniic,response due to
wave action during in-service conditions, at least for fatigue assessment. Structures-in” shallow water or
subjdct to extreme wave conditions can exhibit significant dynamic response at lowernatural pgriods due to
the hjgher frequency content in shallow water or unusually steep waves.

Othef situations to which the structure can be subjected, such as waves dlring sea tow, wing turbulence,
vibration, impact or explosion, can also impose dynamic actions of significant’magnitude close to[fundamental
naturpl periods of the structure or its components. Structures that respond to a given set gf actions by
significant motion or vibration at one or more natural periods shall~be assessed by dynamic analysis
techrjiques.

Earthquakes are a particularly severe form of oscillatory excitation that shall always require detdiled dynamic
analysis if the zone of seismic activity produces significant ground motions.

Whele dynamic effects can be significant, global dynamic response can often be evaluated using a simplified
model representation of the structure; in some cases“dynamic effects can be assessed by the galculation of
naturgl periods and the evaluation of dynamic amgplification factors. In evaluating dynamic amplifi¢ation factors
for wive action, consideration shall be given.t¢ higher frequency components of wave and wirld action that
occuf due to drag loading, sharp crested shallow water waves, ringing, etc.

Wherle substantial dynamic response ‘of the structure is predicted, having magnitudes at crifical sections
excegeding that predicted by statiezonly analysis, detailed dynamic analysis shall be required. Dynamic
analysis shall also be required~where more than one mode of motion or vibration of the| structure is
significantly excited by the @pplied actions, as is the case for seismic response. Dynamic analysis
requifements are presented-in 7.4.2.2.

Whete dynamic effects-are relatively insignificant, a quasi-static analysis of the structure or its| components
may pe performed, and dynamic effects may be included in accordance with 7.4.2.3.

7.4.212 Dynamic analysis requirements

quanfify“such effects. Appropriate mass and damping simulations shall be applied to the structyre to enable

Wherle dynamic response is likely to be relatively important, a full dynamic analysis shall be performed to
the natural modes of vibration {0 be determined with accuracy.

Dynamic analysis will normally require a linearized simulation of the soil stiffness for in-service conditions.
This stiffness shall be determined with due allowance for the expected level of excitation on the foundation.
Specific requirements for seismic analysis are presented in 7.5.7.

Actions applied to the structure or its components shall include all frequency content likely to cause dynamic
response. The relative phasing between different actions shall be rigorously applied.

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.
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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 the
stiffness and mass of the structural components being analysed. Transient dynamic analysis will normally be
required.

7.4.2.3 Quasi-static analysis

Quasi-static pnalysis refers 10 any analysiS in which the Influence of structural accelerations 1S small_erjough
that dynamiq actions can be represented approximately by a factor on static loads or by equivalent-quasi-
static actiong. Both approaches are only appropriate if static and dynamic action effects give an‘\essentially
similar respohse 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, ih general, vary throughout the structure to reflect the differing magnitudes of. static and dyngamic
response. Fgr columns or shafts of a structure, appropriate local values of bending.moment should be psed.
Base shear, pverturning moment and soil pressure are representative responses forthe structure’s base.

For the latter) approach, additional actions shall be applied to the structure todepresent the incremental effects
due to accelgration of masses. All actions applied in a quasi-static analysi§ may be considered constan{ over
time except |n the case of non-linear response, where knowledge of thedexcitation history can be impdgrtant,
and the excitption should be applied to the simulation in appropriate steps.

Factored dyrlamic results shall be combined with factored static effects due to permanent and variable agtions,
etc. in accorglance with the limit states being checked. Partial factors for action for dynamic actions shoyld be

consistent with the excitation that causes the dynamicy;response, normally environmental. The [most
detrimental magnitude and direction of dynamic excitation-shall be considered in design combinations.

7.4.3 Non-|inear analysis

Non-linear bghaviour shall be considered in structural analysis when determining action effects in the follpwing
cases:

— where significant regions of cracking occur in a structure such that global load paths are affected,;

— where duch regions of cracking affect the magnitude of the actions effects (imposed deformations,
dynamid response, etc.);

— where the structural\écomponent depends on significant non-linear material behaviour to resist a givgn set
of actions, such as.ih response to accidents or abnormal level seismic events;

— where glender members are in compression and deflections can cause significant action effects
(imperfectian bending or buckling)

A non-linear analysis is able to simulate effects of geometrical and material non-linearities in the structure or in
a structural component. These effects increase with an increase in actions and require application of the
actions in steps with a solution of the equations at each time step; at each level of actions iterations to
determine equilibrium condition shall be carried out.

Non-linear solutions cannot be superimposed. This implies that a non-linear analysis shall be carried out for
every design situation for which a solution is required.

Non-linear analysis of the global structure or of structural components may be based on a relatively simple
structural model. Where linear elastic elements are included in the model, it shall be demonstrated that these
remain linear throughout the applied actions. Appropriate stress-strain or load-deflection characteristics shall
be assigned to other parts that behave non-linearly. Deflection effects shall be incorporated where relevant.
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Non-linear analysis of components to determine their ultimate strength may be performed, provided that the
model can appropriately cover all failure modes (e.g. bending, axial force, shear, compression failure affected
by reduced effective concrete strength, etc.) 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 5.6.5. Where components of the structure rely upon non-linear or
ductile behaviour to resist extreme actions, such components shall be detailed to permit such behaviour, in
accordance with 8.2.

Complex non-linear analysis of discontinuity regions (see 8.2.11) using finite element methods should not be
used without prior calibration of the method against relevant experimental results.

7.4.4| Probabilistic analysis

It is generally acceptable to base in-service structural analysis of a concrete offshore-structure
wave action on the principles of deterministic analysis, predicting responses to spécific even
wherg stochastic or probabilistic methods are more appropriate for a particularlimit state th
subsfituted as needed.

subjected to
ts. However,
ese shall be

where non-
sis methods

Probabilistic methods typically require linearization of action effects. This.€an restrict their usq
linear response of the structure or structural component is significant. Jfnon-deterministic anal
are uged, time domain response to transient excitation can be necessary.

. a sufficient
ctural natural

Wherfe spectral analysis methods are used for calculating responses to random wave action
number of wave conditions shall be analysed to ensure that.dynamic response close to stru
periods and close to peak wave energy is accurately assessed.

7.4.5| Reliability analysis
5s the risk of
5is is beyond
ce according
involved.

Relia
failuri
the s
to the

bility assessment of structures is permitted_under the provisions of this document to asse
e of a structure and to ensure that this is*below acceptable levels. However, such an analy
cope of this International Standard and-shall be performed in accordance with industry pract
state-of-the-art at the time of perfortming the analysis and by agreement between all parties

7.5 | Analyses requirements

7.5.1 General

All sfructural analyses’performed shall simulate, with sufficient accuracy, the response of thg structure or

struc
analy

Table

ural parts for-the limit state being considered. This can be achieved by appropriate sel
sis type with_due regard to the nature of applied actions and the expected response of the s

5 gives-general guidance as to the type of analysis that should be adopted for each design

bction of the
ructure.

situation for

the sfructure: Further details are provided in 7.5.2 to 7.5.9.

7.5.2 Analysis of construction stages

Sufficient analyses shall be performed for construction stages to ensure the integrity of parts of the structure
at all 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.
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Table 5 — Guidance on appropriate types of analysis for different design situations

Design situation Appropriate type of analysis

Construction

Linear static analysis is generally appropriate.

Transportation

Linear static analysis is generally appropriate. Dynamic wave effects can normally be
simulated in a quasi-static analysis.

Installation and deck mating [Linear static analysis is generally appropriate.

In-service strength and Linear static or quasi-static analysis is generally appropriate for global load path analysis.
serviceability
Fatigue timearanatysisisgeneratty appropriate- Dymamic effects tambesignificant for retativejy

short period waves when calculating structural response history due to wave action\fo
assessment of cumulative damage.

Seismic Dynamic analysis is normally required, where seismic ground motion is significant. It can
be necessary to consider non-linear effects for abnormal level earthquakes:

Accidental Non-linear analysis is normally required for significant impacts. Dynamic response car] be
significant.

Removal/reuge As per transportation and installation.

7.5.3 Trangportation analysis

Analysis of g fixed concrete offshore structure shall include the assessment of structural integrity during

significant st

ges of the sea tow of the structure, whether it is self-floating, barge supported or barge assjsted.

The modelling of the structure during such operations shall be.ednsistent with the stage being represgnted,

incorporatin
actually instg|

the correct amount of ballast and modelling only~those components of the topsides thgt are
led.

Analysis dur|ng sea tow should normally be based an_linear static analysis, representing the motion ¢f the
concrete offghore structure by an inclination of the permanent actions in accordance with the maximum ahgles

of pitch and

roll, and by mass inertial actions.;associated with peak heave, sway, surge, pitch ang roll

accelerationg, both as predicted by motion analysis. For such analysis to be valid, it shall be demonsf{rated

that motions
significantly

they shall be|incorporated in accordance with 7.4.2.

in the natural periods of major components of the structure, such as the shafts, will npt be
xcited by global motions of/the'structure. If dynamic effects of major parts are deemed impdrtant,

Consideration shall be given to(possible damage scenarios during sea tow. Sufficient structural anglyses

should be p{
collision with

due to succepsive flooding<«f compartments shall be prevented.

7.5.4 Instajlation‘and deck mating analysis

rformed to ensuré-adequate integrity of the structure, preventing complete loss in the evgnt of
tugs or other vessels present during the transportation stage. In particular, progressive collapse

Structural arfalysis shall be performed for critical stages during deck mating and installation. Such anquses

shall, as a minimum, cover imes of maximum pressure diiferential across various components of the concrete
offshore structure. The configuration of the structure at each stage of the deck mating or setting down
operation shall reflect the planned condition and inclination of the structure and the associated distribution of

ballast.

Deck mating,

ballasting down and setting down on the sea floor shall normally be analysed by a linear static

analysis. As these phases normally represent the largest external hydrostatic pressures, implosion or buckling

should be an
seabed reacti

42

alysed. The effect of unevenness of the seabed soil layers shall be considered in assessing
ons in an ungrouted situation.
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7.5.5 In-service strength and serviceability analyses

At least one global analysis of the structure shall be performed in its in-service configuration suitable for
subsequent strength and serviceability assessment. The structural model shall allow simulations of built-in
stresses or deformations from the different stages of construction, if relevant.

Local analysis shall be performed to assess secondary structures and details that appear from the global
analysis to be heavily loaded, that are loaded in a complex manner or that are complex in form. Such
analyses may be based on non-linear methods if these are more appropriate to the component behaviour.

It is generally acceptable to base all strength analysis of an in-service concrete platform on deterministic

anal

shall
shall
dyna

In-se

sispredicting-response-to-specific-extreme-waves—Sufficient-waveperiodsdirections—and
be considered to obtain maximum response in each type of structural member checked((
be given to waves of lower than the maximum height if greater response can be obtained
mic effects at smaller wave periods.

rvice analysis may normally be performed using linear static methods, the behaviour of {

yvave phases
Lonsideration
due to larger

ne reinforced

concrete being represented in accordance with 7.3.2. However, whenever significant dynamig effects are
expefted, quasi-static or full dynamic analysis shall be performed, in accordance with 7.4.2.

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 seaistates and directions to which

will b
durin
in thq

A lin
Dyna
fatigu
detai
stoch

subj
that

Whe%e deterministic analyses are_deemed adequate, the selected individual waves to which th

e subjected, in accordance with Clause 5 of this document. Where relevant, fatigue dam
b construction and/or transportation from the construction site to the permanent location sha
accumulation of fatigue damage.

bar model of the overall structure is generally,acceptable for the evaluation of global a
mic effects are likely to be more significant for the relatively short wave periods causing th
e damage. Fatigue analysis shall therefore consider the effects of dynamic excitation i
astic types of analysis are both permissible, subject to the following requirements.

cted shall be based on a representative spread of wave heights, periods and directions. H
re dynamically sensitive{ these shall include several wave periods at or near each natural

the structure
age accrued
| be included

ction effects.
e majority of
appropriate

, either by quasi-static or by dynamie-response analysis, in accordance with 7.4.2. Deferministic or

b structure is
or structures
period of the

strucjure to ensure that dynamic effects are accurately assessed. Consideration shall also be|given to the
highgr frequency contentmlarger waves that may cause dynamic excitation.

As noted in 7.4.4, for probabilistic analysis sufficient wave cases shall be analysed to adequatgly represent
the stress-transfer<unctions of the structure. Where relevant, non-linear response of the structure shall be
incorporated into the analysis using appropriate methods.

7.5.7| Seismic analysis

7.5.71 General

Two levels of seismic excitation on a structure shall be considered, in accordance with Clause 6:

extreme level earthquake (ELE), which shall be assessed as a ULS condition;

plasticity is permissible provided the structure survives.

abnormal level earthquake (ALE), for which ductile behaviour of the structure assuming extensive

Where ductile response of specific components of the structure under the ALE event is predicted or
considered in the analysis, such components shall be designed for ductile behaviour, in accordance with
Clause 8. Expected best estimates of stress/strain parameters associated with ductile behaviour may be
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adopted in the analyses. Due consideration shall be given to the effects of greater than representative
strength with respect to the transfer of forces into adjoining members, and for the design of those failure
modes that are not ductile, such as shear failure. For those cases where the structure can be designed to the
ALE event applying normal elastic analysis and ALS criteria, no special detailing for ductility is required.

NOTE 1 Experience with fixed concrete offshore structures installed at locations with low to moderate seismic activity
has shown that even for the ALE event analysed based on an elastic structural model, the action effects 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 ana sient
dynamic ana

NOTE2 In
establishing r

established ba

more than 1,4

Seismic resp

modes. This
stiffness. Su

structure to @

7.5.7.2

Interaction o

shall be mod

natural perio
Two principal

For direct so

direct sd

structurg

ysis shall normally be appropriate. If non-linear response of the structure is significant, trar
ysis shall be performed.

ISO 19901-2 a seismic reserve capacity factor C, is employed. There is little or no-experier
palistic C, values for fixed offshore concrete structures. An appropriate value will therefore have
sed on the actual structure. Normally, for concrete structures with continuity and go6d, ductility, a fa
has been assumed acceptable.

onse of a structure is highly dependent on the natural periods of the structure over a ran
relies on accurate assessments of the structure’s mass and stiffness; and a best estimate ¢
th parameters shall be carefully assessed and, if necessary, the{sensitivity of the response
hanges in these parameters shall be evaluated.

Structure and foundation simulation

f the structure with its foundation is particularly sighificant for seismic analysis. The foung
elled with sufficient accuracy for global structuralianalysis to ensure an accurate assessm
s of vibration and a suitable distribution of soil‘actions into the structure.

| types of seismic analyses can be performed for fixed concrete offshore structures:
il-structure analysis;

analysis using impedance functions.

I-structure analysis, the base of the structure may be modelled as a rigid structure connecte

flexible mod¢l of the foundation. In _an  analysis of the structure, the base of the structure may be consi

as a rigid cirg

Consideratio
possible de

ular disk for the computation of impedance functions.

N shall be given.to the range of likely values of soil stiffness in the analysis. In particula
radation of>soil properties during high-level seismic events, such as the abnormal

earthquake, $hall be considered. Appropriate non-linear or reduced soil stiffness properties shall be used

Soil propertigs, particularly shear wave velocity, dynamic shear modulus and internal damping are depe
on the sheaf ‘strains used. These values should be adjusted for the expected strains appropriate t

ce in
to be
tor of

ge of
f soil
pf the

ation
ent of

1 to a
lered

r, the
level

ndent
b the

seismic excitation and the variation in vertical effective stress and voids ratio due to the presence of the
structure.

7.5.7.3 Mass and damping

The simulation shall include a representation of the mass of the structure, in accordance with 7.3.6. Enclosed
fluids can be included as lumped masses where the heights of the water columns are small and where
sloshing is not significant.

Unless a detailed evaluation 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 increased value shall be
subject to justification based on the expected response. Values of soil damping shall be determined based on
the soil type present.

44 © 1SO 2006 — Al rights reserved


https://standardsiso.com/api/?name=4d98fa982f7988d8cb6d9c5198054a41

ISO 19903:2006(E)

7.5.7.4 Analysis procedures

For the extreme level earthquake (ELE), linear dynamic global structural analysis may be performed using the
response spectrum approach. 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 will be required.

Sufficient modes shall be included in the analysis to provide an accurate estimate of total global response. At

least pwe-medes—shal-be-considered-ireach-of-thetweprincipat-horizontal-directions—as—wellgs a torsional
mode about a vertical axis. This requirement may be considered satisfied if it is demonstrated|that with the
modgs considered in the analysis, at least 90 % of the participating mass of the structure s ingluded in the

calculation of the response for each principal horizontal direction.

One glesign spectrum may be used in each principal horizontal direction, combined-with 2/3 of thi$ spectrum in
the vprtical direction unless a lesser value can be justified based on site-specificrdata. These spgctra may be
combined modally using the complete quadratic combination method and directionally using a spuare root of
the gum of squares approach. Alternative methods are permitted with suitable justification thgt all seismic
action effects are included.

Secondary spectra may be developed for the analysis of structural~parts such as the topsides |or conductor
framIS to evaluate the response of parts, appurtenances and eqtipment not modelled for the glgbal analysis.
Alterpatively, 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 glpbal seismic
analysis.

Actiop effects from seismic analysis shall be combined with similar results from permanent [and variable
actions to produce action effects for structural design. Appropriate directions of seismically induced actions
shall pe considered to maximize these action effects.

For the abnormal level earthquake (ALE);.hon-linear seismic analysis may be performed using a time history
or transient approach. Unless time histories are available by scaling or by other means, they may be
developed numerically from the design spectra. Multiple time histories are required to represent the random
naturge of seismic ground motions.

The fomputer model for the, ALE analysis shall include discrete models of all primary compgnents of the
strucjure using either linear elastic or material non-linear simulations. Deflection effects shall be gvaluated and
permianent and variableactions shall be included in the analysis to ensure that second ordgr effects are
modelled with sufficiént-accuracy.

The fction effects on structural members that are simulated as linear elastic in either the ELE or the ALE
analyses shallkbé evaluated and used to confirm that these components satisfy ULS criteria. Components that
demgnstrate~ductile response shall be so designed, and shall be assessed against accepfance criteria
relevant for the actual limit state with respect to all relevant response parameters.

7.5.8 Analysis of accidental or abnormal design situations

Analysis of the structure for accidental events, such as ship, helicopter or iceberg collision, shall consider the
following:

— local behaviour of the impacted area;
— global strength of the structure against overall collapse;

— post-damage integrity of the structure.
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The resistance of the impact area may be studied using local models. The contact area and perimeter shall be
evaluated based on predicted non-linear behaviour of the structure and of the impacting object. Non-linear
analyses can be required since the structure will generally deform substantially under the accidental actions.
Appropriate boundary conditions shall be provided far enough away from the damaged region for inaccuracies
to be minimized.

Global analysis of 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 ef i

Energy absqrption of the structure will arise from the combined effect of local and global deformption.
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 ligear static anglysis.
Damaged cgmponents of the structure shall be removed from this analysis, or appropriately weakengd to
simulate theif reduced strength and stiffness.

7.5.9 Platform removal/reuse

Analysis of the structure for removal shall accurately model the structure‘during this phase. The analysis| shall
have sufficignt accuracy to simulate relevant pressure differential ,effects occurring during this stage| The
analysis shall include the effect of suction that shall be overcome™prior to separation from the seabgd, if
appropriate. [ Suitable sensitivity to the suction effect shall be™~incorporated. The possibility of uneven
separation ffom the seabed and drop-off of soil or underbase grout shortly after separation shgll be
considered and structural response to subsequent motions shall be evaluated.

Weights of gccumulated debris and marine growth shall also be considered if these are not to be rempved.
Iltems to be femoved from the structure, such as thé-topsides, conductors, and risers, shall be omitted| from
the analysis.

The conditio of the concrete and reinforcement should account for degradation of the materials during the life
of the structyre. If the analysis is carried/out immediately prior to removal, then material degradation shal| take
account of thie results from recent undérwater surveys and inspections.

8 Concrete works

8.1 General

8.1.1 Documentation
It shall be lrummmmmm this

International Standard. This applies to preparatory works, i.e. the preparation of the project work specifications
forming the basis for design and execution, tests and inspections performed during the execution,
documentation of the final product, materials used, finished design calculations and execution drawings. The
most important of these points with respect to the later operation of the platform shall be brought into the
summary report.

All requirements specified in Clause 5 shall be documented, either by project-specific documents or by the
manufacturer’s specifications, product standards, etc.
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8.1.2 Technical documentation

The technical documentation of fixed concrete offshore structures shall comprise:
a) design calculations for individual members and for the complete structure;
b) project work specification.

All technical documentation shall be dated and signed.

The project work specification shall comprise the following:

inforcing and prestressing steel, etc.; for precast concrete elements, also tolerances,i
eights, inserts, etc.;

escription of all products to be used, with any requirements for the applicatian, of the m
information shall be given on the drawings, in the work description or in a sgparate docuni
pecifications, product standards, etc. shall be included;

e work description, which is a technical document that describes the‘work, requirements
ethods and equipment, classes of inspection to be applied, any‘special tolerances, req
urface finishing, etc.

4

The work description shall also include all requirements for the “execution of the work, i.e.
operation, installation instructions for embedment plates, tempotary supports, work procedures, €
The Work description shall further include an erection specification for precast concrete elements

— ipstallation drawings consisting of plans and sections showing the positions and the conne
elements in the completed structure;
installation data with the required materialproperties for materials applied at site;

hstallation instructions with necessary data for the handling, storing, setting, adjusting, co
ompletion works with required geometrical tolerances (see also 8.5).

i
¢

8.1.3| Execution documentation

The g¢xecution documentation,shall comprise the following:
uality control proCedures;
ethod statements;

ources-of'materials, material test certificates and/or suppliers’ attestation of conformity, mi
pprovaldocuments;

position of

ing devices,

aterials. This
ent. Material

0 personnel,
uirements to

sequence of
C.
comprising:

ctions of the

hnection and

| certificates,

pp!ir‘aﬁnnc for concessions-and resSponses;

structure including any precast elements;

a description of non-conformities and the results of possible corrective actions;

a description of accepted changes to the project work specification;

records of possible dimensional checks at handover;

a diary or log where the events of significance in the execution process are reported,;

documentation of the inspection performed.
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8.2 Design

8.2.1 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 fixed 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, where necessary supplemented with additional
requirements. For complex structures, where higher grades of concrete are used, and where the loading

conditions are severe, most or all of the items listed in 8.2.2 to 8.2.17 shall be covered.

The referend
can strongly
can be unne

The referenc

NOTE N
However, any
where necess
can be used a

e standard to be used shall be agreed at an early stage In a project, as the choice of sta
influence the platform geometry and dimensions, while standards not intended for offshor
cessarily conservative on certain aspects relevant to offshore conditions.

e standard to be used shall comply with the basic principles of ISO 19900.

b 3473.E 12 has been widely used and is recognized as meeting the requirements of ‘this subclause (
standard can be used as a reference standard provided that it is supplemented by)additional requirer
bry, to ensure that all relevant aspects for the design are properly covered. The following subclauses
5 a check list when selecting the reference standard to be used for a specificiproject.

8.2.2 Con

The referen

rete, type and grade

standard shall give the design parameters required far.the type of concrete, e.g. normal-w

hdard
b Use

2.1).
hents,
of 8.2

eight

or lightweight concrete, and strength class used. For high-strength “‘and lightweight concretes, the eff¢ct of

reduced duclility shall be considered. This applies in particular to_the stress/strain diagram in compressi
the design pprameter used for the tensile strength in the calculation of bond strength and to the trans

shear resist

8.2.3 Design principles for shell members

Shell types @
principles ap
general in ng

plane of the member (I, Ny,

8.2.4 Design principles for transverse shear

The referen

general situgtion of combinations of simultaneously acting in-plane forces (e.g. tension and compression

directionality
which is dep|
included. Du

ce.

f members are typical in concrete/offshore structures; the reference standard shall cover d
pblicable to members such as domes and cylinders, where relevant. The design methods sh
ture, considering equilibrium«and compatibility of all six force components giving stresses

Nyy, My, My, M) and all limit states.

e standard shally'dive the principles required for the design for transverse shear, wher

of transverse forces (e.g. principal transverse shear direction) shall be covered. The intera
endent_onvthe directionality of in-plane forces in members like shells, plates and slabs, sh
b consideration shall be given to the handling of action effects caused by imposed deformati

bNn, to
verse

esign
bl be
n the

b the
) and
ction,
Al be
DNS.

8.2.5 DeSIg'I'I'pﬂ'I‘ICI'p‘l'QS for fat;guc

The reference standard shall give the principles required for the design against fatigue for all possible failure
modes. This includes, e.g. concrete in compression/compression or compression/tension; transverse shear
considering both shear tension and shear compression; reinforcement considering both main bars and stirrups
including bond failure; and 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.

NOTE Materials that are fatigue tested are normally tested at 10° or 2 x 10° cycles for a given stress range. Offshore
structures will typically experience 108 load cycles or more at strongly varying stress ranges, consequently the fatigue
testing of materials will not be adequate for all situations.
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Design principles for durability

The reference standard shall give the design principles and design criteria applicable to ensure a durable

design in a marine environment. Important in this context are the following:

a) the selection and combination of the appropriate materials, which shall be in accordance with 8.3;

b) adequate concrete cover of reinforcement, a minimum of 50 mm in the splash zone and a minimum of
40 mm elsewhere; for prestressing tendons, a minimum of 90 mm (these are minimum values; permitted
tolerance (negative deviation) on the position of reinforcement should be added to give the nominal cover
(Chom = Cmin + |ACminus|)- A typical value is ACpinys = —10 mm);

¢) limitation of crack widths under SLS conditions.
8.2.7| Design principles for watertightness
The feference standard shall give the design principles for watertightness control,“Watertightrless shall be
considered under SLS conditions. This shall apply to the ingress of water in structures while aflogt and during
the irjstalled condition in situations where there is internal underpressure. It shall'also apply to theg possibility of
leakdge, in particular of stored hydrocarbons from structures having internal.overpressure. Leakgge shall also
be cqnsidered in the design of members for which maintaining a pressure gradient is vital, such{as occurs in
suction foundations and when using air cushions.

Adequate watertightness or leakage control shall be required in*ULS and ALS checks for thoge conditions

wherg leakage can cause collapse or loss of the structure due'fo flooding, or where a pressure ¢ondition that

is required to maintain equilibrium can be lost.

8.2.8| Design principles for prestressed concrete

The feference standard shall give the principles required for the design of prestressed concréte, including

princ|ples for partial prestressing when appropriate.

The mﬁect of the presence of empty ducts*during certain phases of the execution period shall bg 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 stiffress of the grout is less than that of the concrete. This also ppplies if the

ductq are not of steel but of flexible materials. Anchorages shall be placed in positions and protécted in such
ways|that they are not susceptible for wear or damages.

8.2.9| Design principles for second order effects

The feference 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.

8.2.1p Principles for handling water pressure in pores and cracks

The reference standard shall give the principles required 10 assess the effecis of pressure from water or
stored fluids penetrating into cracks and pores of the concrete, affecting both the action effects and the
resistance. The methods to be used will be dependent on how water pressure is applied in the initial
calculation of action effects. As water pressure will penetrate into shear cracks, shear force capacity
enhancement (or shear force reduction) for loads near supports (x < 2,5 d) cannot be applied for shear caused
by water pressure.

8.2.11 Design principles for discontinuity regions

The reference standard shall give the principles for the local design of discontinuity regions where strut and tie
models can be used to demonstrate the mechanisms for proper force transfer.
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8.2.12 Principles for design against imposed deformations

The reference standard may additionally give the principles required to permit design against imposed
deformations based on strains rather than forces, in all limit states. Where brittle failure modes are involved,
such as shear failure in members with no transverse reinforcement, conservative design parameters shall be
assumed in order not to underestimate the risk of potential brittle failure modes.

Imposed deformations can often be seen as imposed additional strain that affects crack widths in SLS, but
with minor effect on section capacity for bending and axial force in ULS. While the effects with respect to
transverse shear are more complex, modifications to shear forces due to cracking can be made only where it
can be demonstrated that the assumed reduction will take place, using upper values for cracking strength and
stiffness, befpre-failing-in-shear

8.2.13 Increfase in strength of concrete with time

The referende standard may give guidance for assessing the effect of a gain in strength beyond 28 day$ and
also for assefssing the effect of sustained actions, or repeated actions at high stress levels;on the reductjon in
strength of cpncrete, where the gain in strength is intended for use in the design.

8.2.14 Design for fire resistance

The referenge 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

8.2.15 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 Qased
on conventipnal linear elastic strength analyses, employing normal design and detailing rules for the
reinforcemert design.

In cases where the seismic action causes large aniplitude cyclic deformations, which can only be sustaingd by
employing plasticity considerations, the referénce standard shall give adequate requirements concgrning
design and detailing. The regions of the structure that are assumed to go into plasticity and to experjence
excessive dgformations shall be carefully @etailed to ensure appropriate ductility and confinement.

8.2.16 Design of embedment
The referenge standard shall”give design principles for the anchorage of load-bearing embedment into

concrete. Aditional reinforcement adequate to transfer all tensile forces into the concrete and anchoring the
pull-out forcgs on the opposite face should normally be provided.

8.2.17 Partial factors for material, »,

The partial factors for material, y,, shall be such that a safety level consistent with that inherent in ISO 19900
and this International Standard is obtained, and is consisient with the partial factors that are used.

NOTE The material factors to be used will depend on the way the design parameters are defined and specified in the
reference standard used, as well as on the corresponding partial factors for action. If the design is performed in
accordance with NS 3473.E 12, material factors according to that standard can be used, with the partial factors for action of
Table 1. If Eurocode 2 (EN 1992)! is used as a reference standard, supplemented with additional requirements to satisfy
the requirements of 8.2.2 to 8.2.16, the material factors for reinforcement and concrete recommended in that standard can
be applied with the action factors of Table 1, provided that the factors o, and o are not taken to be greater than 0,85. If
the guidance of EN 1992:2004, Annex A, is used, the material factors for concrete and reinforcement cannot be taken to
be less than 1,40 and 1,10, respectively. For other reference standards, the material factors can require a separate
evaluation.
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8.3 Materials

8.3.1 General
Constituent materials for structural concrete are cement, aggregate and water. Structural concrete may also
include admixtures and additions.

Constituent materials shall be sound, durable, free from defects and suitable for making concrete that will
attain and retain the required properties. Constituent materials shall not contain harmful ingredients in
quantities that can be detrimental to the durability of the concrete or cause corrosion of the reinforcement, and

shall

be suitable for the intended use.

Appr
comp
agair

bval of concrete constituents and reinforcements shall be based on material testing"wh
osition, mechanical properties and other specified requirements are tested according)to,
st, applicable International Standards and approved specifications. In lieu ofrrelévant

Stanglards for specific test methods and requirements, other recognized national standards ma

the a
be us

NOTE
fire re

Mate
reinfd

Mate
docu

bsence of such standards, recognized recommendations from international or\nrational bod
ed.

Fibre reinforcement can be applied in order to improve certain aspects.of/structural behaviour
sistance, etc.) but not included in the general calculation of section resistanee.

rial specifications shall be established for all materials to be used in the manufacture of co
rcement system and the prestressing system.

fials complying with recognized product standards are“acceptable, provided the requirer
ment are met.

All tgsting shall be performed in accordance with;, recognized standards as stated in the

spec

Mate
certif]

fication or otherwise agreed upon.

rial can be rejected at any stage of thelexecution process, notwithstanding any previous a
cation, if it is established that the conditions upon which the approval or certification was ba

fulfillgd.

8.3.2

8.3.2

Only
marir
relev
recog

The

Material requirements < Concrete constituents

1 Cement

e environments, and for good performance and durability in exposure to stored oil or
ant, shall-be~demonstrated. Cement shall be tested and delivered in accordance with
nized in\the place of use.

cement shall be delivered with a mill certificate giving, as a minimum, the chemical and

pre chemical
and checked
International
be used. In
ies may also

(e.g. cracking,

hcrete, in the

hents of this

project work

Cceptance or
sed were not

cement with established suitability shall be used. Its track record for good performance ang durability in

ther fluids if
a standard

mineralogical

hent shall be

comp

osition, and the test values for all those properties for which there are requirements Ce

tested according to approved methods. Table 6 lists different types of tests that can be required.

The tricalcium aluminates (C5;A) content should preferably not exceed 10 %. However, as the corrosion
protection of embedded steel is adversely affected by a low C5A content, it is not advisable to aim for values
lower than approximately 5 %.

The mill certificate shall, in addition to demonstrating compliance with specified requirements, also state the
type/grade of cement with reference to the approved standard/project work specification, the batch
identification and the tonnage.

The requirement for a mill certificate may be waived provided the cement is produced and tested under a
national or international certification scheme, and all required properties are documented based on statistical
data from the producer.
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Table 6 — Cement testing

Physical properties Chemical properties
Strength in mortar Loss on ignition
Initial/settling time Insoluble residue
Soundness Sulphate content
Fineness Chloride content

Pozzolanity

The foIIowingl; types of cement are, in general, assumed to be suitable for use in structural concreté gnd/or
grout in a mdrine environment if unmixed with other cements:

— Portland cements;

— Portland composite cements (with silica, fly ash or slag and minimum 80 % clinker).
Provided suifability is demonstrated, the following types of cement may also be considered:

— Portland composite cements (with other pozzolanas or clinker content below 80 % clinker);
— Blast-funace cements (less than 64 % clinker);

— Pozzolapic cements (less than 64 % clinker);

— Composite cement (less than 64 % clinker).

NOTE THe above types of cement have characteristics_specified in regional and national standards, while np ISO
standards for pement exist. Cements can be specified in grades based on the 28 day strength in mortar (e.g. 32,5 MPa;
42,5 MPa; 52,6 MPa).

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

8.3.2.2 Mixing water

Only mixing water with established suitability shall be used. The mixing water shall not contain constituepts in
quantities thpt can be detrimental to the setting, hardening and durability of the concrete or can gause
corrosion to|the reinforcement.) Drinking water from public supply may normally be used without flrther
investigation

Water resulting in a-Concrete strength of less than 90 % of that obtained by using distilled water tested at

7 days shall|not be ‘used. Neither shall water be used that reduces the setting time to less than 45 min or
changes the jsetting time by more than 30 min relative to distilled water.

Salt water (e.g. raw sea water) shall not to be used as mixing or curing water for structural concrete.

Water sources shall be investigated and approved for their suitability and dependability for supply.

8.3.2.3 Normal-weight aggregate

Only aggregates with established suitability shall be used. Aggregates for structural concrete shall have
sufficient strength and durability. They shall not become soft, be excessively friable, expand or shrink.

They shall be resistant to decomposition when wet. They shall not react with the products of hydration of the

cement and shall not affect the concrete adversely. Marine aggregates shall not be used unless they are
properly and thoroughly washed to remove chlorides, see 8.3.3.1.
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Aggregate sources shall be investigated and approved for their suitability and for supply dependability.
Aggregate shall be delivered with a test report containing, at least, the following:

description of the source;
description of the production system;
particle size distribution (grading) including silt content;

particle shape, flakiness, etc.;

Norm
with

chen

porosity and water absorption;

ontent of organic matter;

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

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

al-weight aggregate shall be of natural mineral substances. They shall be either crushed

br uncrushed

barticle sizes, grading and shapes such that they are suitable-for the production of concrgte. Relevant
propgrties of aggregate shall be defined, e.g. type of material, shape, surface texture, physical p

ical properties. Aggregate shall be free from harmfuh.substances in quantities that c4g

propgrties and the durability of the concrete adversely. Examples of harmful substances are clay

partig

Aggr
test 1
an a
ceme

Aggr

Testi
durin
of sy
stand

An a
and s

les, organic materials, sulphates and other salts.

bgate shall be evaluated for risk of alkali aggre€gate reaction (AAR) in concrete according t
hethods. Suspect aggregate shall not be used unless specifically tested and approved. Th
jgregate that can combine with the hydration products of the cement to cause AAR shal
nt the approval applies to.

pgates of different grading shall be stockpiled and transported separately.

hg of aggregate shall be carried out at regular intervals both at the quarry and at the con
j concrete production. TheArequency of testing shall be determined after taking the quality a
pply and the concrete_production volume into account, in accordance with requirement
ards in the place of\use.

bpropriate grading of the fine and coarse aggregate for use in concrete shall be established

hape characteristics of the aggregate shall be consistent throughout the concrete productior).

roperties and
n affect the
like and silty

b recognized
b approval of
state which

struction site
nd uniformity
5 of national

D

The grading

Maximmum saggregate size shall be specified based on considerations of concrete properties

reinfd

, spacing of

rcément and cover to the reinforcement; the maximum aggregate size should not be less thfn 16 mm.

8.3.2

4

Lightweight aggregate

Lightweight aggregate in load-bearing structures shall be made from expanded clay, expanded shale, slate or
sintered pulverized ash from coal-fired power plants, or from other aggregates with corresponding
documented properties. Only aggregates with established suitability shall be used.

Lightweight aggregate shall have uniform strength properties, stiffness, density, degree of burning, grading,
etc. The dry density shall not vary more than £7,5 %.
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8.3.2.5 Additions
Additions shall conform to requirements of recognized standards, and only additions with established
suitability shall be used.

Additions shall not be harmful or contain harmful impurities in quantities that can be detrimental to the
durability of the concrete or the reinforcement. Additions shall be compatible with the other ingredients of the
concrete. The use of combinations of additions and admixtures shall be carefully considered with respect to
the overall requirements of the concrete. The effectiveness of the additions shall be checked by trial mixes.

Latent hydraulic or pozzolanic materials such as silica fume, fly ash and granulated blast furnace slag may be
used as ad uired

properties off
10 % of the

content shou
is used in co
clinker conte

hardened concrete. The content of silica fume used as additions should normally not(e;
veight of Portland cement clinker. When fly ash or other pozzolanas are used as additions
Id normally not exceed 35 % of the total weight of cement and additions. When Portland cg
mbination with only ground granulated blast furnace slag, the slag content may be.increased
ht shall, however, normally not be less than 30 % of the total weight of cement.and slag.

ceed
their
ment
. The

8.3.2.6 Admixtures
Only admixty
under site ¢
required effg
assessed. A
concrete mix

res with established suitability shall be used. Admixtures to be used in concrete shall be tested
bnditions with the cement and additions to be used to verify that‘these products will yield the
cts without impairing the other properties required. The risks“involved in overdosage shall be
test report shall be prepared to document such verification. The'test report shall form a part pf the
design documentation.
The extent g tional
standards or

f testing of admixtures shall normally be in accordance with the requirements given in na
recognized international standards.

Air-entraining frost-
resistance, o

admixtures may be used to improve the propeérties of hardened concrete with respect to
I to reduce the tendency of bleeding, segregation or plastic cracking.

8.3.2.7 Repair materials

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

roval.
on of

Requirement
Deterioration
the structure

s for non-cementitious materials shall be subject to case-by-case consideration and app
of such materials when applied for temporary use shall not be allowed to impair the funct
at later stages.

The extent of testing-of fepair materials shall be specified in each case.

8.3.3 Mate

rial requirements — Concrete

8.3.3.1  Concrete

The concrete composition and the constituent materials shall be selected to satisfy the requirements of this
International Standard and the project work specifications for the fresh and hardened concrete such as
consistence, density, strength, durability and protection of embedded steel against corrosion. Due account
shall be taken of the methods of execution to be applied. The requirements of the fresh concrete shall ensure
that the material is fully workable in all stages of its manufacture, transport, placing and compaction.

The required properties of fresh and hardened concrete shall be specified. These required properties shall be
verified by the use of recognized testing methods, international standards or recognized national standards.
Compressive strength shall always be specified; in addition, tensile strength, modulus of elasticity (E-modulus)
and fracture energy can be specified. Properties which can cause cracking of structural concrete shall be
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accounted for, i.e. creep, shrinkage, heat of hydration, thermal expansion and similar effects. The durability of
structural concrete is related to permeability, absorption, diffusion and resistance against physical and
chemical attacks in the given environment; a low water/cement ratio is generally required in order to obtain
adequate durability. The concrete shall have an effective water/cement ratio not greater than 0,45. In the
splash zone this ratio shall not be higher than 0,40; this also applies to areas that can be exposed to severe
frost action.

The aggressiveness of hot oil with respect to the concrete and the build-up of H,S should be considered,
see 10.2.4.

Where pozzolanic or latent hydraulic additions are used in the production of concrete, in combination with
Portl Llation of an
effec

nd-camant or Portland combosite camant thace matarigle mav ha inaluidad 1n tha ~ale
pRc—GeH e t—o—T—oaRa—GoMPoSHe—GemeRAt—ReSe—ateHarS—Ray—pe—Hhadaea——e—6aHG

ive water/cement ratio, m, expressed by:

m=wl(c+ka)

wherg

w is the mass of water;

¢ is the mass of cement;

k is an efficiency factor for active additions (type Il) such as silica, fly ash and slag, where the efficiency
of the material as replacement of cement with respe¢t t0 durability in the given ernvironment is
considered;

¢ is the mass of the active addition (type II).

In thip calculation, the total quantity of such additions-ground into the cement and/or added in the mixer shall
not eixceed the limits permitted by the cement standard for Portland composite cements or for plast-furnace
cemgnt if slag is the only addition added to the. Clinker. In lieu of other values, the following value$ of £ may be
used

k=110 2 for silica

£=0,5t00,7 for slag

k=0,2t00,4 for fly-ash

Congrete subjected to fteezing and thawing shall have adequate frost resistance. This frost resistance shall be

demg
and

the a
partid
80 %
freez

nstrated by appropriate test methods. For Portland and Portland composite cements with fly
vith more than 80 % clinker, this requirement may be considered satisfied when entrained
r contenf;-at the form, of the fresh concrete made with natural aggregate is at least 4 % fo
le size«0f. 40 mm, or at least 5 % for a maximum particle size of 20 mm. With clinker conte
the frost resistance shall be demonstrated by appropriate testing methods to evaluate
ng-and thawing resistance. In concrete with slag content of more than 35 % the conc

ash or silica
air is used if
a maximum
nts less than
scaling and
fete shall be

Carbc natad nrior to tactina of fraoct racictance Thae antrainad air chowld aive an avanhy dictri
Fatea—pHOe10+1eStHRg—o—HOSH+ e sSSahRce—e—ehtaieaai—SHRotha—ghe—aR—evVeRy—aiStH

ted air void

system. In areas with severe frost the specific surface should be larger than 25 mm2/mm3, the spacing factor
should not exceed 0,25 mm.

The total chloride ion content of the fresh concrete shall not exceed 0,10 % of the weight of cement in ordinary
reinforced concrete and in concrete containing prestressing steel.

In the splash zone, the cement content shall not be less than 400 kg/m3. For reinforced or prestressed
concrete outside the splash zone, the minimum cement content shall be dependent on the maximum size of
aggregate, as follows:

— up to 20 mm aggregate requires a minimum cement content of 360 kg/m3;

— from 20 mm to 40 mm aggregate requires a minimum cement content of 320 kg/m3.
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For concrete exposed to sea water and stored oil, the characteristic cylinder strength at 28 days should not be
less than 40 MPa.

Where lightweight aggregate with a porous structure is used, the mean value of oven dry (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 entire 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 exposed.

8332 G
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8.3.4.1

Reinforcing 9

steel. Considtency shall be ensured between material properties assumed in the design and requireme

the standard
Where the
requirementg

Fatigue prop
Reinforcing

waived if the
all the requir

Reinforcing steel

out and mortar
gn of grout and mortar shall be specified for its designated purpose.

bnts of grout and mortar shall meet the same type of requirements for their properties as
constituents of concrete.

ps of fresh and hardened grout and mortar shall be specified as required for the intended
grout for injection in prestressing ducts and the ingredients used shall have adequate prop

th design requirements. In order to obtain stiffness commensurate with that of the con
rain aggregate or admixture have to be considered.

shall be batched by mass, except the mixing water, which*may also be batched by volume
| be within an accuracy of 2 % for cement and admixtures and 1 % for water. The water/cg
t be higher than 0,44. Batching and mixing shall be such that specified requirements for f

in the plastic condition, volume change when hardening, and strength and stiffness
complied with.

rial requirements — Reinforcement

teel shall comply with 1ISO 6935-1 and ISO 6935-2 or relevant national standards on reinfg
used. In general, hot-rolled, ribbed bars of weldable quality and with high ductility shall be
use of seismic detailing is required, the reinforcement provided shall meet the du
of the reference standard used in the design.

brties and S-N/eurves shall be consistent with the assumptions of design.

reinfereement is produced and tested under a national or international certification schemg
bd-test data are documented based on statistical data from the producer. All steel shall be ¢

hose

use.
Briies

th the specifications for design. The strength and stiffness shall be,given due attention, and be

Crete,

. The
ment
uidity
when

rcing
nts of
ised.
ctility

teel shall\be delivered with a works certificate. The requirement for a works certificate may be

, and
early

identifiable.

Galvanized reinforcement may be used where requirements are made to ensure that there will be no reactions
with the cement that have a detrimental effect on the bond to the galvanized reinforcement.

Stainless steel may be used provided the requirements for mechanical properties of ordinary reinforcement
steel are met.

8.3.4.2 Mechanical splices and end anchorages for reinforcement

Anchorage devices and couplers shall comply with national standards and be as defined in the project work
specification. Fatigue properties and S-N curves shall be consistent with the assumptions of the design and be
documented for the actual combinations of rebars, couplers or end anchorages.
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Couplers that give a permanent slip on unloaded specimen of more than 0,1 mm after 10 cycles of loading to
75 % of nominal yield strength should not be used in structures where tightness and fatigue 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.

8.3.4.3  Approval of weld procedures

Wel nrocadirac tonnthar vpith thn Aviant ~f taatin s far vanld A At Ane rAlAv ANt £ AT nfArAAA —\oncrete and
PTrotCtorC o, tOgC Tt tCC AT Ot Stm o WG Cormm e CtorsTCrevarrttoTCmorcc o1

concilete structures, shall be specified and approved in each case.
8.3.5| Material requirements — Prestressing steel

8.3.5|1 Prestressing steel

Presfressing steel as a product shall comply with the relevant parts of 1ISO 6934 and/or releyant national
standards on prestressing steel.

Presfressing steel shall be delivered with a works certificate.

8.3.5|12 Components for the prestressing system

Tendpns (wires, strands, bars), anchorage devices, couplers ‘and ducts or sheaths are part of a| prestressing
systgm described in the project work specification. All par{s-shall be compatible and clearly identifiable.

Presfressing systems shall comply with the requirengents of the project work specifications and shall have the
apprgval 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
adeqpate 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.

8.3.6| Material requirements'— embedded materials

Embédded materials, Such as steel and composites, shall be suitable for their intended service cpnditions and
shall|have adequate _properties with respect to strength, ductility, toughness, weldability, laminar tearing,
corrosion resistance and chemical composition. The supplier shall document these properties.

8.4 | Execution

8.4.1__Falsework and formwork

8411 Basic requirements

Falsework and formwork, including their supports and foundations, shall be designed and constructed so that
they are

— capable of resisting any actions expected during the construction process, and

— stiff enough to ensure that the tolerances specified for the structure are satisfied and the integrity of the
structural member is not affected.

Form, function, appearance and durability of the permanent structure shall not be impaired due to falsework
and formwork or their removal.
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8.4.1.2 Materials for formwork

Any material that leads to the fulfilment of the criteria given for the structure may be used for formwork and
falsework. The materials shall comply with relevant product standards where these exist. Properties of the
specific materials, such as shrinkage, shall be taken into account if they can affect the end product.

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

surface treatment.

8.41.3

Release agents

Release age|
the concrete

hts shall neither be harmful o the concrete nor shall they be applied in a manner that will
the reinforcement or the bond between the two.

bffect

Release agepts shall not have a detrimental effect on the surface finish, or subsequent coatings,if any.
Release agefts shall be applied in accordance with the manufacturer’s specification.

8.41.4 Falsework

The method |statement shall describe the method of erection and dismantling(of temporary structures| The
method statgment shall specify the requirements for handling, adjusting, inténtional precambering, logding,
unkeying, strjking and dismantling.

Deformationg of formwork during and after concreting shall be limitedto prevent deleterious cracking inh the
young concrg¢te. This can be achieved by limiting the deformations@nd by organizing the casting operatigns in
a manner sofas to avoid harmful deformations.

8.41.5 Fgrmwork

Formwork shall keep the concrete in its required shape ‘until it has hardened.

Formwork and the joints between boards or panels shall be sufficiently tight against loss of water and fings.
Formwork that absorbs moisture or facilitates evaporation shall be suitably wetted to minimize water losg from

the concrete

The internal
thoroughly cl

unless the formwork was-designed specifically for that purpose.

surface of the formwork shall be clean. When slipforming is used, the form panels shall be

paned and a grease-like mould-release agent shall be applied prior to assembling of the form.

8416 SI
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the slipferming method, the design and erection of the form and the preparation of the
o dccount the difficulties of controlling the geometry and the stiffness of the entire wq
entire slipform structure shall be designed with the appropriate stiffness and strength.

1

vorks
rking
Due

fctt | i ,Wel i
geometry such as diameter and wall thickness, as well as climatic conditions to be

during the slipforming period.

ystems
expected

The lifting capacity of the jacks shall be adequate. The climbing rods shall be sufficiently strong not to buckle.
Normally, the climbing rods are left totally encased within the concrete. If the climbing rods are to be removed,
the holes thus left in the concrete shall be properly filled with grout via grouting inlets at the bottom or by
injection hoses threaded in from the top. The grout consumption shall be monitored to confirm complete filling.

The materials applied in the form may be either steel or wood, and shall comply with the requirements for
formwork materials. The form shall have a height and batter consistent with the concrete to be used. The
slipforming rate and other conditions affecting the hardening process of the concrete shall be such as to
reduce or eliminate the tendency for lifting cracks.
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The slipform shall have a hanging platform below the main form, giving access for application of curing as well
as inspection and, if necessary, light repair of the hardening concrete when appearing from under the slipform.

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.

8.4.1.7 Jumpforming systems

Jumgforming systems, when used, shall have adequate strength and stiffness for all loads exert
erectlon and casting period. There shall be a robust system for support of the forms in the-pr|
conctete. Inserts for support shall be approved for the actual application.

The jumpform, when installed, shall allow the necessary preparation and cleaning of.¢constructig

jumpform system shall accommodate the necessary walkways and access platforms to ens
concreting works can be performed in an appropriate manner.

8.4.118 Inserts in formwork, recesses and block-outs

Temporary inserts to keep the formwork in place (bars, ducts and similar items to be cast within
and egmbedded components (e.g. anchor plates, anchor bolts, etcs)yshall

Any
oper

Recegsses used for, temporary works shall be filled and finished with a material of similar g

surr
with mormal-eoncrete. Their surfaces shall be keyed or slanted and prepared as construction joint

8.4.1|9 Removal of formwork and falsework

be fixed robustly enough to ensure that they will keepotheir prescribed position during
¢oncreting,

mot introduce unacceptable loading on the structute,

mot react harmfully with the concrete, the reinforcement or prestressing steel,

Mot produce unacceptable surface blermishes,

Mot impair functional performance, tightness and durability of the structural member,
Mot prevent adequate plaging-and compaction of the fresh concrete.

bmbedded item shall-have sufficient strength and stiffness to preserve its shape during th

tion and be free of-contaminates that would affect the item, the concrete or the reinforcemennt.

bd during the
bviously cast

n joints. The

ure that the

the section)

placing and

e concreting

uality as the

nding cencrete, unless it is otherwise specified. Block-outs and temporary holes shall geng¢rally be cast

D .

Falsework and formwork shall not be removed until the concrete has gained sufficient strength

to resist damage to surfaces that can arise during the striking,

to take the actions imposed on the concrete member at that stage,

to avoid deflections beyond the specified tolerances due to elastic and inelastic (creep) behaviour of the

concrete.

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

8.4.5.5.

8.4.2 Reinforcement

8.421

Reinforcement — Bending, cutting, transport and storage

The surface
adversely aff
protected fro

The cutting
relevant doc
design is not

bending

bending
standard

unless
permitte

For bars, wir
be as specifi

bf all reinforcing steel shall be free from loose rust, mill-scale and deleterious substances ths
ect the steel or concrete or the bond between them. It shall be stored free of the gréund
M mechanical damage, rupture of welds and reduction of cross-section through corrasion.

and bending of reinforcing steel shall be performed conforming to national standards or
iments. Particular care shall be taken in cases where the execution, reinforéement suppl
performed according to a consistent suite of standards. The following requirements shall ap

shall be done at a uniform rate;

of reinforcement with temperature below 0 °C shall only be performed as permitted by na
s, and in accordance with procedures prepared for the particolar construction site;

bpecifically permitted by the project work specification;”bending using heat treatment i
of

es, welded reinforcement and fabric bent after welding the diameter of the mandrel used s
bd by design and in accordance with the standard relating to the type of reinforcement. Und

condition sh
than a test
cracking or

In-place bendling of steel in the formwork can be allowed if it can be demonstrated that the prescribed be
radius is obtained, and the work can be performed without misplacing the reinforcement.

The straights
of at least 1,

can take, and be straightened without damage; a procedure for such work shall be prepared and approve

Reinforceme
performed aq

Prefabricateq
shape during

andrel used for bending tests to document what that steel and bar diameter can take w|
mage.

ning of bent bars is prohibited unless the bars are originally bent over a mandrel with a dia
b times greater thana'test mandrel used to document what that particular steel and bar dia

cording to.approved procedures and all required mechanical properties shall be maintained.

reinforcement assemblies, cages and elements shall be adequately stiff and strong to be k
transport, storage, placing and concreting; they shall be accurate so that they meet a

b

t can
and

other
and

Y.

D

fional

D

not

hould
er no

Il reinforcement be bent over a mandre| with a diameter which is not at least 1,5 times gfeater

thout

hding

eter
eter
d.

ht delivered ©n-Coil shall be handled using the appropriate equipment; straightening shall be

bpt in
Il the

requirements

regarding placing tolerances for reinforcement

8.4.2.2

Welding

Welding is only permitted on reinforcing steel that is classified as weldable in the relevant product standard, or
according to the relevant parts of ISO 6935 or national standards, and only if specified in the project work
specification.

Welding shall be used and performed in accordance with specifications by design, and shall conform to
special requirements in national standards as relevant.

Welding should not be executed at or near bends in a bar, unless specifically approved by design.
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Welding of galvanized or epoxy-coated reinforcement is only permitted when a procedure for repair is
specified and approved.

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

8.4.2.

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
draw
overl

8.4.2

The feinforcement shall be placed according to the design drawings and fixed-within the toleran

of re
giver

Asse
of re
has K

The
Spac
least

ength and position of lapped joinis and the position of couplers shall be In accordance
ngs and the project work specification. Staggering of such joints shall be considered\if
hpping bars should be placed in contact and preferably tied together.

4  Assembly and placing of reinforcement

nforcement in this International Standard, and secured so that its final_pesition is within th
in this document.

mbly of reinforcement should be done by tie wire. Spot or tack-welding is not allowed for th
hforcement unless permitted by national standards and the/project work specification, and
een taken of the risk of fatigue failure of the main rebar at.the*weld.

specified cover of the reinforcement shall be maintained by the use of suitable chairs
ers in contact with the concrete surface in a corresive atmosphere shall be made from ¢
the same quality as the structure.

with design
design, the

ces for fixing
e tolerances

b assembling
due account

hnd spacers.
bncrete of at

In ar¢as of congested reinforcement, measures-shall be taken to ascertain that the concrete caf flow and fill

all vo

8.4.3

8.43

All components of the entire, prestressing assembly or system, consisting e.g. of prestressing

shea
be pr
to pe

8.43

The
relev.

ids without segregation and can be adequately compacted.
Pre- and post-tensioning

1 Transport and storage

hs, anchorage devi€es; couplers, as well as prefabricated tendons and tendons fabricated
potected from harmfut influences during transport and storage and also whilst placed in the s
‘manent protection. Materials that have been damaged or corroded shall be replaced.

2  Fabrication of prestressing assembly

prestressing assembly, e.g. all components of the tendons, shall be assembled in accorda

steel, ducts,
on site, shall
tructure prior

nce with the

ant standards, where these exist, or suppliers’ specifications or approval documents, and as

shown in the

cons

ruction drawings.

Approval documents, identification documents and certification of tests on materials and/or tendons shall be
available on site. Each item or component shall be clearly identified and traceable.

Docu

mentation 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.
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8.4.3.3 Placing of the prestressing assembly

The prestressing assembly shall be placed in compliance with the project’s/supplier's specification and in
accordance with the relevant construction drawings. The tendon and all components shall be placed 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.

8.4.3.4 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 d
accumulate.
intermediate
considered.

Inlets, vents

The sheaths
rain, dirt and
the concrete

Sheaths sha

Sheaths sha

8.43.5

Tensioning |
and sequend
full force is ¢
shall be con
conformity o
execution of

Stressing de

The valid ca
starts.

Application g
meets the rg
compressive
respect shall

rains on the sheaths shall be provided at both ends, and at all points where air or wate
In the case of sheaths of considerable length, inlets, vents and drains can be necessg

And drains shall be properly marked to identify the cable.

and their joints shall be sealed against ingress of water and the ends-shall be capped to
debris of any kind. They shall be secured to withstand the effects-6f placing and compact
| be checked after pouring of concrete to ensure sufficient passage for the tendons.

| be cleared of any water immediately prior to tendon threading.

Tensioning of tendons

hall be done in accordance with an approved method statement giving the tensioning progrg
e. The jacking force/pressure and elongation at each stage/step in the stressing operatior
btained shall be recorded in a log. The obtained pressures and elongations at each stagq

non-conformity to the requirements shall be recorded. All observations of problems durin
the prestressing works shall also be recorded.

ices shall be as permitted.for the prestressing system.

ibration records forthe force-measuring devices shall be available on site before the tensi

quirements’ as specified by design, and under no condition shall it be less than the min
strength stated in the approval documents of the prestressing system. Special attention i
be’paid to the anchorage areas.

[ can
ry at

positions. As an alternative to drains, other documented methods of removing~water may be

avoid
ng of

mme
until
/step

npared to pre-calculated theoretical;walues. The results of the tensioning programme and its

g the

bning

nd/or transfer-of prestressing forces to a structure may only be done at a concrete strength that

mum
N this

8.4.3.6

Pre-tensioning

If, during stressing, the calculated elongation cannot be achieved within a range of +3 % for a group of
tendons or +5 % 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.

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.
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8.4.3.7 Post-tensioning

Tensioning shall not take place when concrete temperatures are below +5 °C within the structure, unless
special arrangements can assure 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.

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.

|nth caSe— o CevattonsS oM AePratheaPperromante—auritng RSO teRGoO-eRGS—Sna ‘OtbeCUtOﬁ
and grouting is not permitted. Works that can impair re-tensioning shall not be carried out. No-tenflons shall be
cut if|the obtained elongations deviate from the theoretical by more than 5 %, without desigtappfoval. Further
work [shall be postponed until the tendon has been approved or further action decided.

NOTH In case of deviations between theoretical and obtained results, tests to confirm friction factors and E-modulus
of theltendon assembly can be necessary.

The
This

8.4.4

8.4.4

Tend
detrin
mate

brestressing tendons should be protected from corrosion in the periadyfrom threading to
beriod should normally not be allowed to exceed four weeks without §pécial precautions beir

Protective measures, grouting, greasing, concreting

1 General

pns placed in sheaths in the concrete, couplers.@and anchorage devices shall be protg
nental corrosion. This protection shall be ensured by filling all voids with a suitable grou
Fial such as cement grout, grease or wax. Anchicrage areas and end caps shall be filled and

well @s the tendons; inlets and outlets shall be suitably sealed.

In c3
intern
tendd
cons

A ms
data/|
volun

se of post-tensioning with required bond, cement grouting of sheaths shall comply wit
ational or national standards. Grouting/injection shall follow as soon as possible after teng
ns, normally within two weeks. .If*a delay is likely to permit corrosion, protective measur
dered in accordance with national regulations or recommendations by the supplier.

thod statement shall be provided for the preparation and execution of the grouting/injection.
bbservations from the(grouting shall be reported in a log, e.g. volume consumed compared
ne, temperature of theJstructure and mix proportions and problems/stops.

prestressing.
g taken.

cted against
ting/injection
protected as

h recognized
ioning of the
bs should be

All important
to theoretical

Groufing devices shallbe as permitted for the prestressing system.

8.4.4]2 Unbonded tendons

Anchprage ‘areas of unbonded tendons or single strands, their sheaths and end caps shall be filled by non-
corrogive grease or wax. End caps shall be encased in concrete tied to the main structure by reintorcement.

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

8.44

3

Grouting operations

Grouting with cement-based grouts shall only be done at temperatures in the structure in the range of +5 °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 +5 °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.
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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.

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.

shall be comparable with this volume. Vacuum grouting procedures, particularly in the case of vertical.ter
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
Ducts shall, inder no circumstances, be left empty and ungrouted without specific approval.by design.

After comple inder
a minimum p

ion of grouting, unintended loss of grout from the ducts shall be preventedby sealing them
ressure of 0,5 MPa for a minimum of 1 min.

If grouting of n. No
ducts shall b

a duct is interrupted, corrective actions, such as washing out all, fresh grout, shall be take
b |eft with incomplete filling of grout.

8.4.4.4 Giyeasing operations

Greasing sha ss of

grease from

Il be carried out at a continuous and steady rate. Aftercompletion of greasing, unintended Iq
he ducts shall be prevented by sealing them under pressure.

The volume The
change of vo

of the injected grease shall be checked against the theoretical free volume in the duct
lume of the grease with change in temperature shall be taken into account.

8.4.5 Condreting

8.4.51 Procedures before commencing work

es of

All the requir]
the fresh an
placing, com

Prior to any ¢
Testing may
from the bat
similar plant
procedures §

bd properties for the concrete to achieve its service functions shall be identified. The propert
i hardened concrete-shall take account of the method of execution of the concrete works
bacting, formwork-striKing and curing.

oncreting, the‘eoncrete shall be documented by pretesting to meet all the requirements spe
be performgd based on laboratory trial mixes, but should preferably also include a full-scal
th plant tovbe used. Documented experience from earlier use of similar concrete produced
with the same constituent materials can be regarded as valid pretesting. The quality c
hall be available on site. The procedures shall include the possible corrective actions to be

in the event af nnn-r‘nnfnrmify with the prnjp(‘t waork Qppr‘ifir‘ntinn Qr ngrppd Inmnpdl res

8.4.5.2

. e.g.

ified.
b test
on a
bntrol
aken

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 point of placing. In
the case of ready-mixed concrete produced according to a recognized certification scheme certifying
conformity with all given requirements, only identity testing at the point of delivery shall be required.

NOTE Identity testing is testing to verify that the concrete comes from a conforming population.

Detrimental changes of the fresh concrete, such as segregation, bleeding, paste loss or any other changes
shall be minimized during loading, transport and unloading, as well as during conveyance or pumping on site.
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Concrete may be cooled or heated either during mixing, during transport to the site or at the site if
documented acceptable by pretesting. The temperature of the fresh concrete shall be within the specified or
declared limits.

Concrete may be retempered by post-dosing of admixtures if documented acceptable by pretesting.

8.4.5.3 Pre-concreting operations

Initial testing of concreting by trial casting, where required, shall be documented before the start of execution.
If pumping of concrete is used, adequate back-up or emergency plans shall be prepared to ensure that
blockage of piping will not lead to an unacceptable end result.

All pfeparation works shall be completed, inspected and documented as required for the-iAspection class

before the casting is initiated.

ifications. In
of a surface
lean, free of

Construction joints shall be prepared and roughened in accordance with projectcwerk sped
monglithic structures an adequately roughened surface can be obtained by the-application
retardler on the fresh concrete and later cleaning by water jetting. Construction’joints shall be

laitanice and thoroughly saturated with water, but surface dry.

Construction joints in contact with the section to be cast shall have a‘temperature that does|not result in
freez|ng of the adjoining concrete.

The form shall be free of detritus, ice, snow and standing water.

If thg ambient temperature is forecasted to be below 0 °C<at the time of casting or in the during period,
precgutions shall be planned to protect the concrete against.damage due to freezing.

Wherfe the ambient temperature is forecasted to be above 30 °C at the time of casting or in the quring period,
precgutions shall be planned to protect the concreteagainst damaging effects of high temperaturgs.

8.4.5|4 Placing and compaction
-in items are

nd durability.

The ¢oncrete shall be placed and compacted in order to ensure that all reinforcement and cast
properly embedded in compacted cancrete and that the concrete achieves its intended strength a

box-outs, at
ement in the

ppriate procedures shall be\used where cross-sections are changed, in narrow locations, a
b reinforcement arrangements and at construction joints. Settlement cracking over reinforg
irface shall be avoided-by re-vibration.

Appr
dens
top s

The

exce
a thig
vibra

rate of placing.and’ compaction shall be high enough to avoid cold joints and low enoug
Esive settleméents’or overloading of the formwork and falsework. The concrete shall be place
kness that is"compatible with the capacity of the vibrators used. The concrete of the new lay
ed systematically and include re-vibration of the top of the previous layer in order to a

h to prevent
d in layers of
er should be
oid weak or

inhor
pract]

hogeneous zones in the concrete. The vibration shall be applied until the expulsion of entrdpped air has

cally.ceased, but not so as to cause segregation or a weak surface layer.

Concrete shall be placed in such a manner as to avoid segregation. Free fall of concrete from a height of more
than 2 m shall not occur unless the mix is demonstrated to allow this without segregation. Concrete shall be
compacted by means of high-frequency vibrators or by alternative methods that 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 transportation (spreading) of concrete.

Alternative methods to the use of vibrators in order to obtain an adequately compacted concrete are permitted,
provided they are able to be documented for the relevant type of conditions by trial casting; this can include
the use of self-compacting concrete (SCC), provided the concrete composition complies with 8.3.

During placing and compaction, the concrete shall be protected against adverse solar radiation and wind,
freezing, water, rain and snow. Surface water shall be removed during concreting if the planned protection
fails.
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8.45.5

Curing and protection of hardening concrete

Concrete in its early life shall be cured and protected

to minim

ize plastic shrinkage and losses in strength and durability,

to ensure adequate surface strength,
to ensure adequate surface zone durability,

to prevent freezing,

to preve

The curing m
preferably be
shall not be
adequate str

On completi
delay. If nee
be applied p

The duration
zone and de
Curing shall
strength prop

’

ht harmful vibration, impact or damage.

ethods to be employed shall prevent significant evaporation from the concrete surface. This
achieved by keeping the surface permanently wet during the required curing period. Sea
used for curing. Fresh concrete shall not be permitted to be submerged in_sea water un
ength of the surface concrete is obtained.

bn of compaction and finishing operations on the concrete, the surface shall be cured w
ed to prevent plastic shrinkage cracking on free surfaces, measures,to reduce loss of watern
or to finishing.

of applied curing shall be a function of the development of the concrete properties in the su
pends on the climate conditions prevailing in the region.where the concrete member is log
be applied until the strength of the concrete has reached a degree of hydration, characteriz
ortions, given in Table 7.

Tablg 7 — 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
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

The strength
period and tH
and I1SO 192

The duration

proportion is<defined as the ratio between the mean concrete strength at the end of the ¢

D-4.

shall
ivater
til an

thout
shall

rface
ated.
bd by

uring

e mean strength at the age of 28 days, made, cured and tested in accordance with ISO 1$20-3

f the

of-curing may be estimated based on testing of strength or, alternatively, by the maturity

concrete on
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The

maturity calculation should be based on an appropriate maturity function proven for the type of cement or

combination

of cement and addition used.

The equivalence of curing may also be proven by applying suitable methods to measure the surface

permeability

or the strength of the concrete cover at the end of curing.

The curing methods given in Table 8 shall be used individually or in sequence; method C should normally be
used in combination with method A or B.
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Table 8 — Methods of curing

Method Measure

Keeping the formwork in place.
Without adding water Covering the concrete surface with vapour-proof sheets that a

the edges and joints to prevent through-draughts.

re secured at

Keeping the concrete coverings against drying by vapour-proof sheets.

moist by addition of water
Ponding the concrete surface with clean water.

Placing of wet coverings on the concrete surface and protection of these

Keeping the concrete surface visibly wet by spraying with clean water.

Curing compounds shall have an established suitability. Suit3
based on testing, comparing the effectiveness of the curing-con
effectiveness of water. Curing compounds may be used.in-ac
international or national standards.

Use of curing compounds

bility may be
hpound to the
ordance with

Curin

is required, unless they are fully removed prior to the subsequent operation-or they are prove

detrin

Early
previ
be al

The
comg
thaw
freez
shall

The
docu
delay

The §
reinfd

The s

8.4.5
After

The s

8.4.5

g compounds are not permitted on construction joints and on surfaces where-bonding of of
nental effects on bonding.

tage thermal cracking resulting from thermal gradients or restraints from adjoining m
busly cast concrete shall be minimized. In general, a differentiaktemperature across a sectig

owed to exceed 10 °C per 100 mm.

concrete surface temperature shall not fall below 0:*C until the concrete surface ha
ressive strength of at least 5 MPa and until the streagth is also adequate for all actions i

ng conditions are likely. In freezing conditions, concrete slabs and other parts that can beco
be protected from the ingress of external waterfor at least seven days.

beak temperature of the concrete withinta member shall not exceed 70 °C unless data
menting that higher temperatures will-have no significant adverse effects such as reduce
ed ettringitte formation.

et concrete shall be protected from vibrations and impacts that could damage the concrete
rcement.

urface shall be protected from damage by heavy rain, flowing water or other mechanical infl

6 Post-concréting operations
removal of formwork, all surfaces shall be inspected for conformity to the requirements.

urface shall be protected from damage and disfigurement during construction.

7/ _Special execution methods

her materials
h to have no

embers and
n should not

h

»]

reached a
h frozen and

bd conditions until the specified full strength is gained. Curing by methods using water shall pot be done if

me saturated

are provided
 strength or

Dr its bond to

ences.

Spec

ial methods shall be stated in the project work specification or agreed.

Special execution methods shall not be permitted if they can have an adverse effect on the structure or its
durability. Special execution methods can be required in cases where concrete with lightweight or
heavyweight aggregate is used and in the case of under water concreting. In such cases, procedures for the
execution shall be prepared and approved prior to the start of the work. Trials can be required as part of the
documentation and approval of the methods to be used.

Concrete for slipforming shall have an appropriate setting time. Slipforming shall be performed with adequate
equipment and methods for transportation of concrete to the form and distribution within the form. The
methods employed shall ensure that the specified cover of the reinforcement, the concrete quality and the
surface finish are achieved.
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8.4.5.8 Finish and repair

Formed finishes shall be obtained by the use of properly designed formwork of timber, plywood, plastic,
concrete or steel. Small blemishes caused by air or entrapped water can be expected, but the surface shall be
free from voids, honeycombing or other blemishes.

Unformed finishes shall be screeded to produce a uniform and smoothed surface. After the concrete has
stiffened sufficiently, this finish shall be floated by hand or by a machine producing a satisfactorily uniform
surface.

Prior to construction there shall be plans and procedures prepared and agreed for remedying any foreseen

defective worktshallbecleary established-what typesof repairwillrequire-involvement by design-

Trial construction can be required to confirm that the required quality and finish can be achieyved bl the
proposed concrete mix and method of construction, and to serve as a reference standard by which the quality
of the works [can be assessed.

8.4.6 Execption with precast concrete elements

8.4.6.1 General

The following subclauses give requirements for construction operations invalving precast concrete elenjents,
whether produced in a factory or a temporary facility at or outside the site,and are applicable to all opergtions
from the timg the elements are available on the site, until the completion of the work and final acceptance.

The manufagture and design of precast concrete elements, when,used in concrete offshore structureg, are
covered by tihis document, and shall meet all requirements to materials, strength and durability as if they|were
cast in situ.

Where precdst concrete elements are used, these shall beidesigned for all temporary conditions as well as for
the structural| performance in the overall structure. This shall at least cover

— joints, with any bearing devices, other connections, additional reinforcement and local grouting,

— completion work, such as integral in sitircasting, toppings and reinforcement,

— load and arrangement conditions (due to transient situations during execution of the in situ works, anc

— differentjal time-dependent behaviour for precast and in situ concrete.

Precast congrete elements,'shall be clearly marked and identified with their intended positions in the final
structure. Astbuilt information and records of conformity testing and control shall be available.

A complete grectioriwork programme with the sequence of all on site operations shall be prepared, bas¢d on
the lifting and installation instructions and the assembly drawings. Erection shall not be started unl the
erection programme is approved.

8.4.6.2

Handling and storage

Instructions shall be available giving the procedures for the handling, storage and protection of the precast
concrete elements.

A lifting scheme defining the suspension points and forces, the arrangement of the lifting system and any
special auxiliary provisions shall be available. The total mass and centre of gravity for the concrete elements
shall be given.

Storage instructions for the precast concrete element shall define the storage position and the permissible
support points, the maximum height of the stack, the protective measures and, where necessary, any
requirements to maintain stability.
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Placing and adjustment

Requirements for the placing and adjustment of the precast concrete elements shall be given in the erection
programme, which shall also define the arrangement of the supports, the necessary props and possible
temporary stability provisions. Access and work positions for lifting and guiding of the concrete elements shall
be defined. The erection of the precast concrete elements shall be performed in accordance with the

asse

mbly drawings and the erection programme.

Construction measures shall be applied which ensure the effectiveness and stability of temporary and final
supports. These measures shall minimize the risk of possible damage and of inadequate performance.

Duri

supp
struc

8.4.6
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brts, the conditions of the precast concrete element and the joints, and the overall arrang
ure shall be checked and any necessary adjustments shall be made.

4  Jointing and completion works

completion works are performed on the basis of the requirements given in the erection pro

taking climatic conditions into account.

The g¢xecution of the structural joints shall be made in accordance with the project work specific
that ghall be concreted shall have a minimum size to ensure a properd{illing. The faces shall norm
requifements to construction joints.

Connectors of any type shall be undamaged, correctly placedyand properly executed to ensurs
strucjural behaviour.

Stee

appre

Weld

Thre

8.4.7

8.4.7

Com
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acco

unaff

|| inserts of any type used for joint connections shall be properly protected against corrosion 3

priate choice of materials or covering.
ed structural connections shall be made with weldable materials and shall be inspected.

aded and glued connections shall be‘éxecuted according to the specific technology of the ma
Embedded components

1 General

ponents that arestovbe cast-in and form an integral part of the permanent structure, s
ural or functional'purposes for either permanent or temporary use, shall be produced an
dance with_specifications and drawings. Embedded items shall be stiff enough to preserv
ccted by the(concreting operation. They shall

be fixed robustly enough to ensure that they will keep their prescribed position during
¢oncreting within the tolerances,

uracy of the
ement of the

gramme and

htions. Joints
ally meet the

an effective

nd fire by an

terials used.

erving either
H installed in
b their shape

placing and

not introduce unacceptable actions on the structure,

not react harmfully with the concrete, the reinforcement or prestressing steel,
not produce unacceptable surface blemishes,

not impair functional ability and durability of the structural member,

not prevent adequate placing and compaction of the fresh concrete.

Components that are to be cast-in shall be inspected and approved while access for an appropriate inspection

is av

ailable.
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Embedded components that receive heat treatment after concreting shall be inspected for damages caused
by the heat treatment and thermal expansion such as warping of the embedment; concrete spalling or
cracking shall be rectified.

NOTE In cases where extensive welding is performed on embedments that are intended for transfer of significant
shear forces, special provisions can be necessary to ensure that the concrete in areas important for the transfer of the

shear forces h

as not had a significant reduction in concrete strength due to the heat input.

8.5 Geometrical tolerances

8.5.1 General

The following subclauses define the types of geometrical deviations relevant to offshore structures. dndigative
values for rlormal tolerances are given for certain parameters. For other dimensions, only the type of
requirement |s indicated; numerical values are left to be specified in the project work specifications.

In general, tglerances on dimensions are specified in order to ensure that

— geometry is such as to allow parts to fit together as intended,

— geometrjcal parameters used in design are satisfactorily accurate,

— construdtion work is performed with a satisfactorily accurate workmanship,

— weights gre sufficiently accurate for weight control and floating stability considerations (see ISO 199(Q1-5).
All these fagtors shall be considered when tolerances are specified. Tolerances assumed in desigr and
tolerances specified for construction shall be in agreement.

The requirements relate to the completed structure. Where components are incorporated in a structurg, any
intermediate| checking of such components shall, bev~subordinate to the final checking of the completed
structure.

Changes in|dimensions following temperature effects, concrete shrinkage, creep, post-tensioningl and
application df actions, including those resulting from different construction sequences, are not part ¢f the
construction folerances. When deemed. important, these changes shall be considered separately.

8.5.2 Refefence system

A system for|setting out tolefahces and the position points, which mark the intended position for the locatjon of
individual components, shall"be in accordance with ISO 4463-1.

Deviations of suppostssand components shall be measured relative to their position points. If a position pgint is

not established, deviation shall be measured relative to the secondary system of ISO 4463-1. A tolerarjce of

position in

lane“refers to the secondary lines in plane. A tolerance of position in height refers t
t

secondary lines4aheigh

L7

8.5.3 Tolerances of structural members

Requirements shall be given for the following types of tolerances, as relevant.

the

a) Skirts:
— deviation from intended centre for circular skirts;
— deviation from intended position for individual points along a skirt;
— deviation from best fit circle for circular skirts;
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— deviation from intended elevation for tip and top of skirts;
— deviation from intended plumb over given heights.
b) Slabs and beams:
— deviation from intended elevation for centre plane;
— deviation from intended planeness measured over given lengths (2 m and 5 m);

— deviation from intended slope.

(¢
~
<

Valls, columns and shafts:

-+ deviation from intended position of centre plane or horizontal centre-line;
-+ deviation from intended planeness — horizontal direction;

+ deviation from intended planeness — vertical direction;

-+ deviation from intended plumb over given heights.

d) Domes:

41— deviation of best fit dome centre from intended centre~— horizontal and vertical directions;

+ deviation of best fit inner radius from intended,radius;
+ deviation of individual points from best fit.inner dome;

-+ deviation of individual points from bést fit exterior dome.

o

e) Qircular members:

-+ deviation of best fit cylinder centre from intended centre-line;

+ deviation of best fit inner radius from intended inner radius;

-+ deviation of individual points from best fit inner circle over given lengths;

+ deviation-of individual points from best fit exterior circle over given lengths;

+ deyviation from intended plumb over given heights.

(ds)

haft/deck connections:

f)

— deviation of best fit centre from intended centre of shaft;
— deviation in distances between best fit centres of shafts;
— position of temporary supports — horizontal and vertical;

— position of anchor bolts — horizontal and vertical.
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8.5.4 Cross-sectional tolerances
Requirements shall be given for the following type of tolerances.
a) Thickness:

— individual measured points, Ar —10/+30 mm;

— overall average for area, At —10/+20 mm.

b) Reinforcement position:

— tolefance on concrete cover, —10/+10 mm;
— tolefance on distance between rebar layers in the same face, -5/+10 mm);
— tolefance on distance between rebar layers at opposite faces, —20/+40 mm;
— tolefances on spacing of rebars in same layer;
— tolefances on laplengths, (L) Ly, > 0,95L.
c) Prestress$ing:
— tolefance on position of prestressing anchors;
— posijtion of ducts/straightness at anchors;
— posiltion of ducts in intermediate positions, 0,05¢ <20 mm);

— tolefances on radius for curved parts of tendons), AR < 0,05R.

8.5.5 Embé¢dments and penetrations

Tolerances dhall be for items individually<erfor groups, as appropriate. Requirements shall be given fgr the
following typ¢ of tolerances as relevant.

a) Embednpent plates:
— devlation in plane parallel to concrete surface;
— devlation in plane normal to concrete surface;

— rotation inzplane of plate.

b) Attachme

c) Penetrations:
— deviation of sleeves from intended position of centre;
— deviation of sleeves from intended direction;
— deviation of manholes from intended position and dimension;

— deviations of block-outs from intended position and dimensions.
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8.6 Quality control — Inspection, testing and corrected actions

8.6.1 General

Supervision and inspection shall ensure that the works are completed in accordance with this International
Standard and the requirements of the project work specification.

8.6.2 Inspection classes

In order to differentiate the requirements for inspection according to the type and use of the structure, this
International Standard defines three inspection classes:

IC 1 simplified inspection;
IC 2 normal inspection;
IC3 extended inspection.

The ipspection class to be used shall be stated in the project work specification:

Inspdction class may refer to the complete structure, to certain members of the structure pr to certain
operations of execution.

Unlegs otherwise stated in the project work specification, IC 3, fextended inspection”, applies. IC|1, “simplified
inspgction”, shall not be used for concrete works of structuralimportance.

8.6.3| Inspection of materials and products

The ihspection of the properties of the materials and products to be used in the works shall be i accordance
with Table 9.

Table 9 —<’Inspection of materials and products

Inspection class

Subject
IEA (Simplified) IC 2 (Normal) IC 3 (Extended)

Matelrials for formwork Not required In accordance with project work specifi¢ation
Reinl‘orcing steel In accordance with the relevant parts of ISO 6935 and relevant national sfandards
Pres*ressing steel N/A In accordance with the relevant parts of 130 6934
r':;iil; (;?r;?::fr(;:izzdy- In accordance with this International Standard
OtheIr items @ In accordance with project work specification
PrecLs_t_el_em_entc In accordance with this International Standard
Inspection report Not required Required

a

Could be items such as embedded steel components, etc.
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8.6.4 Inspection of execution

8.6.4.1 General

Inspection of execution according to this document shall be performed in accordance with Table 10 unless
otherwise stated in the project work specification.

Table 10 — Inspection of execution

Inspection class

Subject
IC 1 (Simplified) IC 2 (Normal) IC 3 (Extended)

. Major scaffolding and All scaffolding and formywork
Scaffoldmg,}'ormwork Random checking formwork shall be inspected shall be inspected-befpre
and falsework . d

before concreting. concreting:

Major reinforcement shall be All reinforCement shall|be

Ordinary reirforcement Random checking inspected before concreting. | inspected-before concreting.

All prestressing components shall be inspected befofe

Prestressing N/A concreting, threading, stressing.
reinforcement
Materials are to be identifiedby appropriate documentgtion.

Embedded items According to project work specification
Erection of grecast N/A Prior to and at completion Prior to and at complefion
elements of erection of erection

=

Site transport and
casting of cqncrete

Detailed inspection

Occasional checks Basic and random inspection .
entire process

Occasional checks Oceasional checks Regular inspection
concrete

Curing and flnishing of

Stressing and grouting
of prestressing N/A
reinforcement

Detailed inspection of entire process, including evaluatipn of
stressing records prior to cutting permission

As-built geo+1etry N/A According to project work specification

Documentation of

inspection N/A Required

8.6.4.2 Inppection of falsework and formwork
Before castirlg operations start,-inspections according to the relevant inspection class shall include
— geometry of formwork;

— stability pf formwork and falsework and their foundations,

— tightnesg offormwork and its parts,

— removal of detritus such as saw dust, snow and/or ice and remains of tie wires and debris from the
formwork etc. from the section to be cast,

— treatment of the faces of the construction joints,
— wetting of formwork and/or base,

— preparation of the surface of the formwork, and
— openings and blockouts.

The structure shall be checked after formwork removal to ensure that temporary inserts have been removed.
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8.6.4.3 Inspection of reinforcement

Before casting operations start, inspections according to the relevant inspection class, shall confiri
— the reinforcement shown on the drawings is in place at the specified spacing,

— the cover is in accordance with the specifications,

— reinforcement is not contaminated by oil, grease, paint or other deleterious substances,

— reinforcement is properly tied and secured against displacement during concreting, and

m that

— gpace 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
located.

8.6.4/4 Inspection of prestressing works

Before casting operations start, inspections shall verify that

— the position of the tendons, sheaths, vents, drains, anchorages ‘and couplers is in accorda
esign drawings, including the concrete cover and the spacin@ of tendons,

are correctly

nce with the

— 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 afé not corroded, and
— the sheaths, anchorages and couplers.are clean.

Prior|to tensioning or prior to releasing the pretension force, the actual concrete strength shal
against the strength required.

The felevant documents and equipment according to the tensioning programme shall be available

The ¢alibration of the jacks shall be checked. Calibration shall also be performed during the stres
relevant.

Before grouting starts, the inspection shall ensure that

— the réstlts of preparation/qualification tests for grout are as required,

be checked

on site.

sing period if

— theTesults of any trial groufing on representative ducts are as required,

— ducts are open for grout through their full length and free of harmful materials, e.g. water and
— vents are prepared and identified;

— materials are batched and sufficient to allow for overflow.

During grouting, the inspection shall include checking of

— the conformity of the fresh grout tests, e.g. fluidity and segregation,

— the characteristics of the equipment and of the grout,
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— the actual pressures during grouting,

— the orde

r of blowing and washing operations,

— the precautions to keep ducts clear,

— the orde

r of grouting operations,

— the actions in the event of incidents and harmful climatic conditions, and

— the location and details of any re-injection.

8.6.4.5 Inppection of the concreting operations

The inspect
accordance

on and testing of concreting operations shall be planned, performed and-document
vith the inspection class as shown in Table 11.

The inspectipn class for concreting operations shall be IC 3, extended inspection, unless otherwise spe]

in the project

Different strd
complexity a

work specification.

nd the importance in the completed structure.

ctural parts in a structure may be allocated to different inspection classes, depending o

Table 11 — Requirements for planning, inspection,and documentation

pd in

cified

h the

Subject

IC 1 (Simplified )

Inspection class
1€.2 (Normal ) IC 3 (Extended )

Planning of inspection

Inspection plan, procedures and work instructions

All non-confarmities and
corrective action reports

N/A
programme Actions in the event of a non-conformity
Inspection Random Freqqent but. random Continuous |nspect|on of
inspection each casting
Records from all.inspections All planning documents
Documentation Records from all inspections

All non-conformities and corrective action reports

8.6.4.6 Inppection of precast concrete elements

Where preca

— visual in

Spection of the concrete element at arrival on

st concreté\elements are used, inspection shall include

site,

— delivery

— conditions of the concrete element prior to installation,

documentation,

— conditions at the place of installation, e.g. supports, and

— conditions of the concrete element, any protruding rebars, connection details, position of the concrete
element etc., prior to jointing and execution of other completion works.
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8.6.5 Actions in the event of a non-conformity

Where inspection reveals a non-conformity, appropriate action shall be taken to ensure that
remains fit for its intended purpose. As part of this, the following should be investigated:

the structure

— the implications of the non-conformity for the execution and the work procedures being applied;

— the implications of the non-conformity for the structure with regard to its safety and functional

— the measures necessary to make the member acceptable;

ability;

— € necessity of rejection and replacement of non-conforming members.

Documentation of the procedure and materials to be used shall be approved before repaifor cg
madg.

9 Foundation design

9.1 | Introduction

Foundation design applies to the geotechnical aspects of the interface between structural elem
seabged soils or fill placed on the sea floor, which provides_ support to the structure and it
appuftenances. The mechanisms for transfer of forces fromithe structure to the supporting
verified and the need for grouting of the voids between the structure and the sea floor assessed.

NOT Foundations for the structures considered hereinvare commonly referred to as “gravity fo

rrections are

ents and the
5 associated
soil shall be

ndations” and

typicqlly comprise raft, strip or pad footings with or witheut an underlying grid of skirts to key the foundiation into the

seabgd and allow grouting of the void.

9.2 | General

The following principal elements and censiderations involved in the design of foundations for fi
offshpre structures are addressed inithis clause:

— goil investigation (9.3);

— gelection of represeditative soil properties (9.4);
— partial factors (9:5);

— design principles (9.6);

— gtability analyses (9.7);

ked concrete

— soil-structure interaction (9.8);

— installation and removal (9.9);

— scour (9.10).

This clause should be read in conjunction with ISO 19901-4.

NOTE This International Standard supplements and amplifies many of the topics covered in ISO 1
addresses, among other things, model and prototype testing and instrumentation and monitoring.
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9.3 Soil investigation

9.3.1

Purpose of the investigation

The purpose of a soil investigation is to ascertain the soil conditions and to obtain the geotechnical data

necessary fo

r the determination of representative material properties.

A soil investigation shall be performed utilizing the skills of professional personnel in the fields of geology,
geophysics, seismology and geotechnics. It should include evaluation of all relevant existing data.

Potential geohazards such as submarine slope instability, liquefaction, faulting, shallow gas and subsidence

shall be congidered and investigated as necessary.

9.3.2 Site investigation

A site investigation shall cover the area and the soil layers of significance to the structure. Particular attdg

shall be giv
soils near th

to determining the disposition and properties of shallow soils, as relatively-thin layers of
sea floor can have a significant influence on foundation stability.

9.3.3 Laboratory investigation

A laboratory
laboratory pr|

classific

static arf
paramet

stiffness]

9.4 Repre

Representati
relevant stre
depends on

bgramme should comprise, inter alia,
htion, consolidation and permeability tests,

d cyclic soil testing for the determination of strength, deformation and pore pressure gene
ers in the relevant stress and strain ranges, and

and damping parameters of the foundatien for calculating the dynamic behaviour of the stry

sentative soil properties

ve strength and deformation.parameters shall be determined for all soil layers and fg
5s ranges. In these evaluations, caution should be exercised in the utilization of strength
filatancy of the foundation.soils.

The representative parameters.shall be appropriate to the issues to which they are applied. Limitations

validity of the

The effect o
seismic and
are relevant

parameters, or-eonditions for their application, shall be clearly stated.

cyclic stresses induced by environmental actions on the structure (e.g. due to hydrodyn
ce actions), which are transferred to the foundation soils, shall be determined when such e
o thegparticular issues under consideration.

programme shall provide appropriate test data to enable relevant analyses to be performed.

ntion
weak

The

ation

cture.

r the
that

bf the

Bmic,
ffects

9.5 Partial-factorsfor-actions-and-materials

9.5.1

General

The safety level in geotechnical engineering depends on the extent and reliability of the basic data, their
interpretation, the analysis method and the monitoring and maintenance procedures. The choice of partial

action and m

aterial factors is only one of several factors influencing foundation safety.

9.5.2 Partial factors for actions

Requirements regarding partial factors for actions and the combination of actions into design situations are
given in 6.4 and 6.5. In geotechnical analyses, combinations of actions shall be selected such as to give the
most unfavourable result for each of the stability mechanisms and deformation analyses performed.
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9.5.3 Partial factors for materials

The material factor for soil may be expressed as the ratio of the undrained shear strength to the shear stress
mobilized for equilibrium, or as the ratio of the tangent of the representative friction angle to the tangent of the
friction angle mobilized for equilibrium.

The material factor should not be lower than 1,25. It may be modified, however, with regard to the
consequences of failure, the failure mechanism and the way in which the representative strength of the soil
material was determined and expressed. Consideration should also be given to what is recognized practice for
the calculation procedures applied and the stability mechanisms analysed.

The m ittefis with which
no previous experience has been gained.

In thg serviceability, fatigue and accidental limit states, the material factor shall be 1,0.
9.6 | Geotechnical design principles

9.6.1] General

The dlesign shall consider equilibrium in the limit states between actions.and resistances using the method of
partigl factors.

The $ensitivity of the calculated results should be analysed, making due allowance for reasonable variation of
the assumptions made in the models that are used for the ‘calculations, as well as for variatior]s in material
propgrties and static and cyclic actions.

Probabilistic calculations may be applied when it is cofisidered appropriate.

Trangfer of forces between the structure and theadjacent soil shall be analysed with respect to 3l limit states
and all phases in the design service life of the structure, including the removal of the structure when such
remojal is required.

In the analysis of the interaction between soil and structure, consideration shall be given to|whether the
stiffness of the structure should bhe“taken into account. The analysis should be based on r¢presentative
deformation properties of the soil.

All significant effects from ‘environmental actions shall be considered, including the stability of pdjacent sea
floor [slopes. Structures‘located in the vicinity of each other should be considered with respedt to possible
recipfocal or unilateraheffects, where relevant.

The Irainage condition of the soils should be the most representative with respect to soil permegbility, length
of drainage path; load rate, etc. In case of uncertainty, the most unfavorable condition should be ysed.

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 or earthquake actions. The results can
be sensitive to variations of 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.

Earthquake response shall be calculated on the basis of dynamic properties of all significant soil layers. The
effect of interaction between soil and structure shall be taken into account.
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9.6.3 Serviceability limit states

Settlements, differential settlements and horizontal displacements of the structure, and their development over
a period of time, should be calculated. The calculated settlements and displacements shall not exceed
specified limits to be established in advance for each structure and its equipment.

In predicting the evolution of settlements with time, the drainage conditions and uncertainties related thereto
shall be considered, including possible assumptions regarding watertight structural components and draining

soil layers.

The effect of

cyclic actions on the deformation properties of the soil shall be taken into account.

The possibility and the consequences of subsidence of the seabed due to consolidation of the subso
depletion of fhe producing reservoir, where applicable, should be considered.

The possibility of corrosion, erosion or other deterioration of foundation elements and soil during the d
service life shall be considered.

The consequences of seepage or compression of shallow gas should be considered where relevant.
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9.7 Bearing and sliding stability

Bearing and sliding stability analyses shall take the equilibrium of kinematically admissible modes of
displacement and deformation of the soil into account.

All potential 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 equilibrium methods shall be
assumed to be acting on the effective foundation area only.
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In an undrained condition, the actions may be assumed to be distributed over all, or a greater part of, the total
foundation area. In these cases, there should be documentation to show that this stress distribution is possible
and will not lead to new forms of failure with a lower safety level.

The shape and location of the critical failure surfaces and critical shear zones shall be determined. The shape
and location of these surfaces or zones depend on the action effects for the design situation, the soil
stratification and the applied calculation model. The soil stress condition along the critical shear zones should
be calculated.

Wave pressures acting on the seabed around the structure shall be included in the analyses.
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Installation and removal

Seabed preparation

The seabed 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;

levelling the sea floor, i.e. by placement of a rock/gravel/sand bed of suitable materials.
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9.9.2 Installation

Where the design requires that dowels, skirts or ribs shall penetrate into the seabed during installation, it shall
be demonstrated that the planned penetration can be achieved, and that the maximum moment due to uneven
penetration resistance is less than the available ballasting moment.

The potential for “piping” of enclosed water under the tip of the skirts during penetration shall be considered
when planning the rate of penetration and the skirt evacuation system.

The soil resistance against skirts or other penetrating components shall be analysed with respect to its
maximum and minimum value. These values shall be used in the evaluation of the installation process.

The consequiiences of heave of the seabed resulting from soil displaced during skirt installation should be
considered.

The structurg shall be demonstrated to be stable during touch-down as well as beforecand during any
foundation gfouting.

The stability during installation shall be calculated on the basis of planned progress af the operations and the
expected setting time of grouts, if used.

Where an ynderpressure is required during installation, the geotechnical, and hydraulic stability of the
foundation sgils should be analysed.

9.9.3 Remo¢val

Where remoyal of the structure is anticipated, an analysis shall‘be made of the likely upper bound forcgs on
the underbage and on the skirts to ensure that removal can be achieved with the means available.

In the calculgtion of the extraction forces, the effects of soil*adhering to the foundation shall be considered.

Where an overpressure is used under the base, the'geotechnical and hydraulic stability of the foundation soils
should be analysed.

9.10 Scour

The possibility of sea floor sediment transport shall be considered, as well as the effects of the structlire in
modifying the sediment transportregime.

Where therelis a risk of scouroccurring around the foundation, precautions shall be taken based on one ¢f the
following prirciples:

— the founpation is*designed to tolerate the erosion of material from the sea floor;

— adequatg scour protection is placed around the structure during installation;

— the foundation is regularly observed, 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).

10 Mechanical systems

10.1 Introduction
Mechanical systems contained within a fixed concrete offshore structure can generally be classified as

temporary or permanent. Temporary systems are those required during construction afloat, tows and
installation at the offshore site. Permanent systems are those required during the operational life and removal
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of the structure. Some portions of permanent systems can be used in temporary systems. Examples of
temporary systems are grouting, skirt air/water evacuation, air cushion, temporary and construction ballast
water. Permanent systems are defined in the project requirements and can include such systems as crude oil
storage and export, sea water supply and return, service water, fire water, vents, drains, ballast water, risers,
J-tubes, conductors, shale chutes, foundation and structure condition monitoring, cathodic protection
monitoring, dropped object protection and removal of the structure.

The provision of access, a suitable working environment and the required level of safety for personnel can
result in the need for other systems and facilities such as heating, ventilation and air conditioning (HVAC),
stairs, ladders, elevator, active and passive fire protection, fire and gas detection, safety shower and eyewash,

communications and lighting.
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concrete offshore structures can be used to house or’'support storage facilities for LNG

ment. All interfaces and loading scenarios from the-operations and possible accidental ev
dered in the design of the structure.

anical systems used during construction and during marine operations shall be able to oper
Ant conditions, including wave action and tilt under accidental conditions.

tructures installed in cold climates_it shall be ensured that the mechanical systems shall
freezing that can cause damage or prevent them from being operable as required.

Permanent mechanic¢al systems

1 General

permanent systems to be included shall be defined in the project work specification
anical systéems for the operational life of the structure and for its removal at the end of its o
have a design life as defined in the project work specification.

anént'mechanical systems are generally designed in accordance with the same specific
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jeS/ 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.

National standards shall be complied 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.
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10.2.2 Crude oil storage system

10.2.2.1 General

Where applicable, the crude oil storage system can be either dry (see 10.2.2.2) or wet (see 10.2.2.3). Only
stabilized crude oils shall be stored in a fixed concrete offshore structure. Means to avoid problems when
storing waxy crudes shall 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 as to prevent vacuum or damaging cavitations/flashing

conditions at

the outlet(s) of the valve(s).
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uch as to be resistant in the potentially sour/reducing atmosphere due to hydrogen sulphide

manner, protection devices shall be provided to prevent overfilling and over-pressurization
partments by an oil column inthe feed piping.
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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 and 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, maloperation, faulty control system, erroneous interface level
indication, etc., and

the risk of crude oil escape to sea in the lifetime of the structure meets the project requirements.

84 © 1SO 2006 — Al rights reserved


https://standardsiso.com/api/?name=4d98fa982f7988d8cb6d9c5198054a41

ISO 19903:2006(E)

The wet storage system shall be provided with a venting system to remove potential gas accumulation at the
top of the storage if the storage compartment is not self-venting through the crude oil piping.

Consideration shall be given in the design to the possibility of a sludge being formed at the oil/water interface
and the need to remove this substance periodically by means of the crude oil piping system.

For a storage system that is spread over several compartments, greater operational flexibility can be achieved
by designing it in such a way that one compartment can be decommissioned while the others are kept in

operation.

Where the storage is split into several independent compartments, each compartment shall have its own

independen

opera

NOTH
sensd
used.

A back-up

meag

The
distri
and |

Fluid
imba
comy

Expe
distu
relati
poss

tions.

The system that has predominantly been selected for North Sea structures is based_oh therm
rs located at multiple elevations within a rod passing vertically through the cell. Ultrasohie’systems h

urements, should be considered where maintenance of the primary system is impractical.

level-measurement system, which can be based on pressure or differenfjal

stop further
uring normal

al conductivity
ave also been

pressure

crude oil distribution piping in multi-compartment storage should be designed to ensure that the oil is

buted evenly during operation; for this purpose, pressure drops’/in each distribution line of
allast water systems should be similar.

velocities in crude oil and permanent ballast water distribution piping should be limi
ance, vibration and erosion effects in these inaccessible lines. Crude oil piping w
artments should terminate in such a manner as te\minimize the disturbance of the stored liq

Fience has shown that standing waves several metres in height can occur at the oil/water int
bances in the inlet/outlet flows and/or deformations of the structure from environmental ac
bely small difference in mass densities. High and low operational interface levels sho
bility into account. Diffusers providing a maximum crude and ballast water exit/inlet veloc

the crude oil

ted to avoid
thin storage
ids.

brface due to
ions and the
bld take this
ty 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 voliimes due to
deformation of the structure under extreme waves).

Whelle one storage compartment is composed of several intercommunicating cells, the openings
intergommunication, shall cover the full range of the interface level, and shall be sized to limit
level |difference between two cells to an acceptable value when the compartment is filled or empti
Partial blockageof such openings from wax build-up or sludge shall be considered in the sizing.

providing the
the interface
ed at full rate.

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 Permanent ballast water system

A permanent ballast water system is designed to keep the wet storage compartments of the structure filled
with liquid using sea water and can need to be designed to cater for the differing requirements of several
interfacing systems such as

— the ballast water associated with the wet crude oil system and the ballast water for any other wet storage
compartments, and
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— the ballast water for wet shafts or other compartments, which are designed to be dewatered during the
operational life of the platform.

The ballast water system shall be designed so that the sea water can be sufficiently frequently renewed or
treated to avoid the build-up of excessive H,S concentrations in stagnant sea water.

NOTE 1 H,S can be formed by the action of anaerobic bacteria feeding on organics, sulphates, sulphites, etc. in sea
water, in solid ballast materials and in hydrocarbons. H,S can also come from the stored crude 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 107%)] by ensuring regular displacement of ballast water from all compartments, followed by renewal with fresh sea
water.

H,S formatign in dead spaces can be mitigated by the following:

— renewalof the ballast water by natural convection (in the drill and riser shafts, top and bottom openirngs to
the seal usually provide sufficient sea water circulation), where renewal to cold shafts (or| cold
compartments) may be provided by openings just above sea level so that waves bring_ new sea water in
at regulgr intervals, circulation through the shaft being achieved via openings near the*base of the shafts;

— forced cfrculation;
— injection|of air or biocide (e.g. hypochlorite-dosed sea water).

The ballast water system associated with wet storage systems shall_be” designed so that ballast water
returning to §ea complies with environmental regulations.

NOTE 2 Ng¢rth Sea experience with fixed concrete offshore structure§’has shown that ballast water associategl with
crude oil stordge with no treatment during normal operation can reach>an oil content level less than a mass fracfion of
10 x 1076,

The ballast Water tank or the buffer cell (the cell used.for storage systems kept in balance with sea water
pressure) shpuld be provided with facilities to allow,any oil accumulated above the ballast water level fto be
removed.

10.2.5 Sea water systems

Sea water systems include sea water- girculation (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 gystems handling/sea” water generally should be made of materials with excellent foulingt and
corrosion-registant properti€sysuch as titanium, duplex stainless steel, 6 % Mo (molybdenum) austenitic
stainless ste¢l and glass-fibre reinforced plastic. Special circumstances such as piping embedded in corfcrete
or piping with a short design life could justify the choice of carbon steel.

Piping for sea water systems crossing the caisson below sea water level is generally medium-tojlarge
diameter, sugh-that rupture within a dry compartment (e.g. utility shaft) would cause rapid flooding. For|{such

p|p|ng arem fnly npnrnfnr’l and highly reliable icnlnﬁng valve should be located -at a minimum-distancel from

the wall of the dry compartment.

NOTE It could be desirable to leave sufficient length of piping between the isolating valve and the wall to allow use of
a freeze-plug for maintenance.

For large-diameter piping, inlets and outlets to the sea should be fitted with removable screens of the same
material to avoid the entry of fish, ropes, umbilicals, hoses, etc. They should also be capable of being closed
by doors or blind flanges operated by divers or ROV (remotely operated vehicle). Suitable structures around
these inlets or outlets should be included to provide protection against snagging by ropes, chains, etc., and to
provide assistance to divers or ROV

All systems that could, through leakage, result in flooding the utility shaft or another dry compartment, shall be
analysed. In consideration of flooding scenarios, emphasis should be placed on the design to minimize the
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likelihood of such an event by selection of materials, dropped object protection, rapid detection and alerting of
such an event, etc.

Sea water discharge lines originating below sea level within the utility shaft can be grouped together into a
common line and routed to sea via an inverted U-loop (with siphon breaker as necessary) located above sea
water level, to decrease the risk of flooding.

10.2.6 Drains, sumps and bilge

Drainage systems shall be provided, as required, to safely handle the draining of equipment and piping for
operational and maintenance considerations, and to collect and dispose of water or other liquids released into
the open, such as wash-down or fire water release.

A closed drainage system shall be designed to prevent the escape of flammable or harmful liqlids, vapours
and gases. The vapour space within tanks containing flammable vapours or gases shall.be kept free of air,
using a closed vent system with inert gas purge. Provision shall be made to safely handle the ovgrflow of such
tankq in the event that the pump-out facilities are unable to meet the demands.

10.2.f Vents

Vents from tanks (sump, ballast, compartments, etc.) within the concrete structure which lead info vent piping
on topsides could lead to topsides vapours and gases back-flowing int6 the piping of the structurg. The design
shall|ensure that this does not create the possibility of flammableygas entering piping within the|structure, by
means of an inert gas purge within the structure or separation of.the vent piping.

10.2.B 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, see

ISO 13702 [6l. For the structure and, in particular, the shafts, special consideration shall be |given to the
consgequences of

— |hck of natural ventilation,

— the “mine shaft” nature of the-Structure’s shafts.

NOTH Safety systems commonly utilized in concrete structures include fire, gas and smoke detection| CCTV, active
(watef spray, deluge, foam, hose reels, CO,) and passive fire protection, resistance to blast, personnel profection devices
(cloth|ng, breathing apparatus), fire extinguishers and blankets, and safety shower and eye wash.

10.2.p Decks

Wherle plated:décks are used in dry shafts, either fully gas-tight or with limited free drainage, fhey shall be
provifled with" sufficient open, piped drainage to handle the greatest operational influx rate of liquid onto the
deck|(e.g. release of deluge fire water system). Failure panels or hatches may be ut|I|zed for apnormal flow
rates ‘ ctural failure.
The safety of personnel shaII be conS|dered in the selection of such deV|ces Grated decks may also be
considered where gas tightness is not required.

10.2.10 Elevators
Elevators shall be provided to meet the requirements of the project work specification.
Special consideration shall be given to escape facilities from the elevator cab in the case of breakdown.

Optical sensors, for example, to prevent door closure, shall either be avoided or shall be provided with a
manual local override such that elevator operation is not halted by smoke.
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Although an elevator is not to be considered as a legitimate means of escape during a fire emergency (see
also 10.2.14), it shall be recognized that there could be personnel travelling in the elevator at the time an
emergency occurs or, in spite of warnings, that personnel could in any case still attempt to use the elevator as
a means of rapid escape.

10.2.11 Lifting devices

Hoists, trolleys, runway beams, lifting lugs, drop-out areas, access hatches, etc. provided for maintenance
activities shall be included, as necessary, to allow maintenance to be performed in a safe manner.

10.2.12 Risers and J-tubes

The routing qf risers and J-tubes shall be based on an overall platform safety study and evaluation of.risK. The
following issdies shall be considered:

— location joutside, inside or embedded within the concrete structure;
— type of fluid within riser (stabilized crude, sea water, gas);

— type of fluid within flowline pulled into J-tube (well stream, sea water, gas, et¢.);"J-tubes may also be|used
for umbilicals to control subsea completions;

— pressurg and temperature of the fluid;
— diametef, 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 wjthin the structure: all-welded or with flanges;
— conseqyences 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 locajed at the living quarters end»’In such configurations, risers and J-tubes containing flammable
fluids are lochted within the drill shafts"and the riser shaft. If the riser shaft is also located at the living quarters
end, it shoulq generally not be usedfor high-pressure gas and well fluids.

Where risers|and/or J-tubes afe-routed on the outside of the caisson and/or shafts, special consideration|shall
be given to Hropped objects_protection and boat collision. For J-tubes, consideration shall be given tp the
consequencgs of flowline.failure within the J-tube.

10.2.13 CIductors and shale chutes

Metal sleeves‘iocated in the base of the concrete structure, used to guide the penetration of the conddctors
through the base, shall generally extend to a height above the base sufficient to allow each conductor to be
raised and the cutting units of an underreamer to be deployed beneath the conductor in order to drill out the
temporary concrete plug.

The design of the structure shall consider the need to cut conductors below the base of the structure in the
event that removal of the structure is a project requirement.

The location of shale chute discharges shall be based on a consideration of the need to prevent their effluent

entering sea water intakes and forming mounds on parts of the caisson, subsea pipelines, etc. not designed
for such actions or requiring visual inspection.
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10.2.14 Access

Access ways for personnel shall meet the requirements of the project work specification. At least two
access/escape routes shall be provided from each deck. An elevator, if present, shall not be considered as an
escape route.

Vertical escape access ways (stairs and ladders) shall be enclosed in areas containing hydrocarbons in
flanged piping or equipment, unless otherwise specified by the project work specification. In other areas, the
need to provide one or more enclosed vertical escape routes shall be evaluated based on an evaluation of the
risk, and possible severity, of fire and release of smoke or toxic gases. Smoke ingress into enclosures of
escape ways shall be prevented, even if one door is left open, by suitable pressures and flows and/or
intermeeh OOFS shat-be ersonnel by
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External valves, if any, should be provided with ROV access docking ports if appropriate.

10.2./15 HVAC

HVA
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C with supply and extract shall be required for all enclosed areas in which personnel are
The system design shall provide sufficient air changes per hour to mget project requireme
fication for electrical equipment. Flow patterns within the enclosed areas shall consider bot
er-than-air gases and vapours.

expected to
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Pass|ve fireproofing of ductwork, fire dampers, etc. shall be ‘provided as required by the |project work
specification.
10.2.16 Structure and foundation condition monitoring
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10.2.
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m requirements are given in Clause 14.
hg from the instrumentation needed for the structure and foundation condition monitoring

tight penetrations shall be used.

e and toxic gases when subject to fire.
trations for casings-through watertight concrete members for such items as pore wa

urement, horizontal displacement or settlement of the structure, etc. shall be designed
a as for other penetrations (e.g. conductors).

17 External'markings

markings below and above the still waterline shall be included in accordance with the
fiecation. Markings shall be of a type recognizable when lit by submerged light (e.g. reflective

envir

system shall

fand the sea water hydrostatic pressure.” Where cabling passes through a watertight concrete member,

ng running in areas open tospersonnel shall comply with requirements for flammability and release of

ter pressure
to the same

project work
. In a marine

er should be

bnment a nnn-fmlling surface shall be prn\/irlnr'l I\Anrkinge on horizontal surfaces helow wa

designed to remain visible (e.g. being elevated) during the deposition of solids (e.g. sand).

NOTE

10.2.18 Other

Markings attached to the structure in a similar manner to embedment plates have proven effective in the past.

Other systems such as those for pore water pressure reduction (anti-liquefaction) for removal of the structure

shall

©1S0

be designed to meet the project work specification.
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10.3 Mechanical systems — Temporary

10.3.1 General

Systems frequently needed for temporary use include

air cushi

skirt eva

on systems,

construction and temporary ballast water systems,

cuation systems,

grouting

systems]
ontheb

HAZOPs sh{
cover all rele
dropped obje

10.3.2 Airc

Where an ai
during a per|
piping can g
design of the

The air cush
dock to be &
through malg

The air/wate
provide for le

System design shall ensure that all airiis-vented from compartments at completion of use of the air cush

avoid reducti

10.3.3 Temporary ballasting/deballasting water system

The structur
Ballasting wi
for pumping

systems, and

for monitoring under-keel clearance (e.g. echo sounders), skirt penetration and seabed pre
hse.

Il be carried out for all temporary systems which can affect the safety of-the structure and
vant stages of the afloat construction, tows and installation phases. Patential damage caus
cts shall also be considered.

ishion system

cushion system is specified to reduce the draught for float-out from the dry dock, and po
od at the deep water construction site, the grout systemt piping or the skirt evacuation sy
bnerally be used. Differences in operating and design“pressures shall then be considered

piping.

on system shall be sized with sufficient margin for the lift-off operation of the structure in th
chieved within the time stated in the praject work specification. The possibility of air lez
peration, cracks in concrete, etc. shall be considered.

interface level can be established by differential pressure measurement, and the design s
vel measurement of each separate compartment.

pn of the structure’s fleating stability that would otherwise result.

a)

b shall be ballasted during all afloat stages of construction and towing to the offshore
h sea water'is required to control inclination and draught. The ballasting system can also be
but waterthat enters the structure by means of snow, rain, construction activities, leakage, e

The sizing o

ssure
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bd by
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site.
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the temporary ballasting water system shall meet the project work specification with resp

marine operations such as [ift-off in the dry dock, deck mating, installation at the offshore site, construction
requirements and accidental leakage rates.

It is generally found necessary to design and install more than one system to cover the changing situation
during construction when floating construction stage(s) is/are used. The system first utilized can be extended
and modified to meet changing needs during construction. The following issues shall be considered in the
design.

a) During construction, water within the structure will be dirty and abrasive. Blockage or partial 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.
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Piping taking suction from one compartment and running through other compartments creates a potential

hazard if leakage occurs. Protection against pipe damage shall be considered and shall be provided to

t

he extent necessary to reduce this risk to an acceptable level.

Piping that can be exposed to dropped objects or other mechanical damage should be fabricated from

ductile materials, such as carbon steel, which will deform rather than fracture when subjected to impact
loads. While carbon steel will corrode in water and sea water, this aspect is generally not a problem for

t

d)
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he relatively short period of use, provided adequate wall thickness is specified.

anifolded piping, and

introduction of sea water into one or more compartments” by the differential head of the d

tructure and ballast water level in the compartments

ablishing the requirements for system safeguards and reliability, the consequences of malo
nsidered. Single compartment damage stability and the structural ability of walls to withstan
ential ballast water levels shall be considered in the design. The ballasted areas shall be
artments such that flow of ballast water/will not cause uncontrolled tilting.

nding on the consequences of failure, the design of instrumentation associated with tempor

operations should take into account.the need for redundancy provided by readily accessible lo

(wats

Parti
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r level tubes, gauges, etc.)The effects of structure tilt on levels shall be considered.

9

3

ularly for large-diameter. piping, water hammer resulting from rapidly closing valves
dered, as shall the possibility of vibrations caused by control valves, orifices, etc.

The dlesign of temporary systems shall take into account the need to fill the temporary piping run

utility]
one g

The
moto,

shaft with grout after the temporary use is completed, to prevent the possibility of leakage
ompartment to another resulting from corrosion of the piping.

lesign/of temporary ballast water systems shall take into account the possibility of compon
Fs,instrumentation, controls, junction boxes and cables being sprayed or inundated by water

Simple systems with portable pumps placed directly in compartments, and with all water added by a

artments via

raught of the

peration shall
d hydrostatic
divided into

ary ballasting
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10.3.4 Grouting and skirt evacuation systems

10.3.4.1

Grouting system

Where required to meet foundation and/or structure design requirements, a grouting system shall be designed
to fill void spaces between the sea floor and the base of the structure. The system design shall consider the
need to displace sea water with grout from the void, without incurring unacceptable dilution from this
displacement operation.

NOTE The void space beneath drill shafts is generally left ungrouted.
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The number of grout lines and their sizing shall take into account the need to achieve full or partial completion
of the grouting operation when this is necessary for the structure in order to resist the environmental actions
that could develop during the grouting period.

A means to monitor the grout filling operation shall be provided so that verification of void space filling is
obtained. Measurement of injected quantities, differential and/or absolute pressure measurements, facilities to
permit visual checks, etc. may be used.

Grouting piping design shall include flushing facilities to allow displacement of grout in cases where grout
injection is halted for unexpected reasons, such as adverse weather preventing transfer from a grout vessel,
mechanical failure, etc. The flushing facilities shall be designed to overcome the resistance of grout that has

gelled within the-pipirg-

10.3.4.2 Skirt evacuation system
The skirt evacuation system is used for

— evacuation of sea water trapped within skirts as they penetrate the seabed during installation gf the
structurg at the offshore site, and

— evacuation of the sea water displaced by grout during the grouting operation:
NOTE THe system can also be used as part of an air cushion system.

Sizing of the|skirt evacuation piping system shall take into account thé,need to prevent piping below the skirt
tips during pgnetration by limiting the pressure drop through this piping system. The design shall be bas¢d on
the maximum rate of penetration, considering the possibility of ‘uneven penetration resulting from sdabed
characteristi¢s, bathymetry and tilt of the structure.

The skirt evgcuation system may be designed to create ah underpressure below the base of the structire to
provide an aflditional driving force for skirt penetration.;Such designs shall take into account the possibility of
reverse piping 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 obstructipn to,
piping outletg and inlets resulting from\the structure’s installation. Seabed disturbance can result from skidding
of the skirts @icross the seabed and.from soil heave during penetration. The possibility of unplanned flow| from
one void spage to another (around-a skirt) shall be considered.

Special care| shall be takenvwith the design of piping as it cannot usually be flanged/plugged beloy the
structure’s base and is_thus pressurized with sea water during afloat phases of construction. As one or bpth of
these systems will enter the utility shaft, the piping within the utility shaft up to the first block valve will be
under pressurre. If-jumper hoses are to be used below sea level within the utility shaft, non-return valves
should be intluded 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 and the possibility of leakage.

Where grout and/or skirt evacuation piping is brought inside the utility or other dry shaft, it should be fitted with

double valving located as close as possible to the entry point (e.g. within 1 m). Dropped object protection shall
also be considered.
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While grout piping is generally routed to a dry area within the structure, skirt evacuation piping may be run to
the same location, or to the outside of the structure. The location of skirt evacuation outlets on the outside of
the structure shall consider the need to prevent sea water intakes, external risers, J-tubes, etc., being
exposed to grout during offshore installation of the structure.

10.3.5 Instrumentation for tow and installation of the structure

At installation, under-keel clearance assumes particular significance. It is also possible that bottom clearance
can be of concern along certain parts of the tow route to the offshore site.

Suitable instrumentation for measuring under-keel clearance includes echo sounders mounted at the base of
the sfructure, either beneath It or along the perimeter. Consideration should be given to provisign of three or
four pnits. This number of units will also provide some redundancy in case of failure while~thg structure is
undef construction.

Side
usefd

scan sonar, for use during the tow to the offshore site, mounted at the base of the structure|, can also be

Echo|sounders do not always provide sufficiently accurate measurements of .under-keel clearancg for the final

stage
contg
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Sped]
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s of touchdown (less than 2 m clearance). Bottom contact instrumentation utilizing a le
ct pad can be considered. Earth pressure transducers can also proyide confirmation of touc

mentation shall be installed to measure penetration depth.and inclination in order to as

lation criteria are met.

ergence in sea water. Meticulous functional testifig, mechanical completion and prote
bquent damage are essential.

ver arm with
ndown.

sure that the

al care shall be taken with all such instrumentation, together with its cabling, to ensure operation after

ction against

10.3.p Other systems

Othef systems, such as caisson pressurization (for deep submergence) and the structure dockjng template,
shall pbe designed to meet the project requirements and relevant clauses of this International Stangdard.

10.4| Attachments and penetrations

10.4.1 Attachments

Attachments to the conerete structure can generally be fixed by embedment plates cast into the qoncrete. The
transfer of actions-from the embedment plate into the concrete shall be considered in the design of the
concrete memberst. The mechanism for transfer of transverse shear, moments and pull-out forces at the
surfape of the embedment plate into concrete shall be carefully developed using shear keys|and headed
anchgr boltss

10.4.

P “Penetrations

Penetrations through concrete members are generally needed for electrical and instrument cables, piping,
conductors, risers, J-tubes and foundation condition monitoring instrumentation.

The size required for the penetration and the actions on the concrete member from the mechanical item
passing through the penetration shall be considered in the design of the structural member. In the case of
sleeved penetrations, the sleeve itself may be used to contribute to the strength of the structural member.

In cases where a watertight seal is required, proven solutions include the use of either a cast-in spool with
water stop flange(s) or a cast-in sleeve with end plates welded to both the sleeve and the pipe. Glass-fibre
reinforced plastic (GRP) pipe passing through a sleeve depends upon effective grouting of the annulus for a
watertight seal. In such cases, a finish should be specified for the external surface of the GRP pipe to be
located within the sleeve for that will form an effective bond with the chosen grout.
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Deformations of the structure shall be considered in the design of such piping, with attention being given to
points where piping embedded in protective concrete enters into structural members.

Penetrations for well conductors and, penetrations for instrumentation for measurement of long-term
settlement etc. through watertight concrete members which are temporarily plugged with concrete or grout
and drilled through after platform installation are not able to be reinforced within the plug. Shear keys should
be provided on the metal sleeve surrounding the plug. The design of the sleeve, keys and plug for conductors

should not profit from the weight of the conductor.

10.4.3 Welding

Welding to bed plates—and—steeves—shalt—be—performed—using—welding—procedures—devetoped to
minimize disfortion of the plate and sleeve. Following welding, the interface between plate or sleevg and
concrete shafl be inspected to verify that spalling, etc. has not reduced the concrete cover of reinforcement.
10.4.4 Corr¢sion protection

Any subsea |connection between dissimilar metals, within or outside the structure, can"give rise to galyvanic
corrosion, arld shall be checked for this possibility.

Particular cafe shall be taken at pipe penetrations where the spool, sleeve and/or.pipe are made from a hoble
metal (titanium, austenitic stainless steel, etc.).

At connectiohs of dissimilar metals, coatings may be used to reduce the’ area of the cathode (i.e. the [more
noble metal)l Coating of the metal acting as anode (i.e. the less noble. metal) near the connection shall be
avoided, be¢ause the unfavourable area ratio will cause rapid pitting below coating defects (pinhples).
Consideratiop shall also be given to the possibility of reinforcement/prestressing steel acting as an anode to
more noble metal penetrations and attachments.

10.5 Mechanical systems — Special considerations

10.5.1 Design, installation and testing of piping

The successful completion of piping systems during construction is a critical issue that requires careful dgsign,
installation apd testing procedures.

Piping whichl is embedded in concreté (€.g. for grouting, air cushion, skirt evacuation) cannot be exarmined
externally or [repaired after encasement. Special attention shall be paid to guarding against installation dgfects
that could allpw the penetration gf-fresh concrete. The piping and its support shall also be sufficiently roblist to
remain unaffected by concrete-placement and vibration. Flushing, pressure testing and positive identifigation
of terminatiops (inlets/outlets) )and routing, with subsequent tagging, performed prior to encasement, shall be
performed t¢ ensure a.sound final installation. Further flushing immediately following the placemgnt of
concrete aropind the embedded piping should also be considered.

Piping systems operated during construction are exposed to construction dirt and debris, are subject to the
possible free];ing of water during cold weather and can be subject to damage from construction activities.

Loss or malfunctioning of parts of these systems can have severe consequences for the integrity of the
structure through, for example, incomplete grouting as a result of blocked piping jeopardizing foundation
stability or the leakage of water into the structure at uncontrolled flow rates.

10.5.2 Design of pipe supports

Special care should be taken with the design of pipe supports as piping can be subjected to forces arising
from the deformation of concrete structural members.

Piping commissioned and operated during construction phases shall be designed to accommodate forces
from the deformations of structural members supporting the piping. Deformations generally result from
changes in the actions on the structure as mass is added, draught is increased, prestressing is applied, water
ballast or air cushion are added or removed, environmental temperatures (sea water, air) change, etc.
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