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Main changes — The text relating to 'tank pressures’ (sec.3.8) has been
o ] amended. Formulations have been simplified and clari-
— Text and definitions have generally been co-ordinated fied.
with the 2004 revisions of therelevant structural standards — The text relati ng to support of moori ng equ| pment
(e.g. references, terminology, definitions, lay-out of text, (sec.6.1) has been updated and clarified.
etc.)
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1. The Column-Sabilised Unit

1.1 Introduction

This Recommended Practice (RP) presents recommendations
for the strength analyses of main structures of column-stabi-
lised units.

Thedesign principles, overall requirements, and guidelinesfor
the structural design of column-stabilised unitsare giveninthe
DNV Offshore Standards:

— DNV-0S-C101 Design of Offshore Steel Structures,
General (LRFD method)

— DNV-0S-C103 Structural Design of Column-stabilised
Units (LRFD method)

— DNV-0S-C201 Design of Offshore Units (WSD method).

LRFD is use of the load and resistance factor design method.
WSD is use of the working stress design method.

Details given in this RP are referring to the LRFD method.

The design principles with use of the LRFD method are de-
scribed in DNV-0OS-C101 Sec.2 with different limit states. A
limit state is a condition beyond which a structure or part of a
structure exceeds a specified design requirement. Design by
the LRFD method is a design method by which the target com-
ponent safety level isobtained by applying load and resistance
factorsto characteristic reference values of |oads (load effects)
and structural resistance.

Thegeneral principlesdescribed inthisRP may also be applied
with use of the WSD method. The design principles with use
of the WSD method are described in DNV-OS-C201 Sec.2,
with design conditions described by different modes of opera-
tion (draughts) or phasesduring thelife of the unit. Thefollow-
ing design conditions shall normally be considered:
installation, operating, survival, transit, accidental, and dam-
aged

1.2 Important concept differences

The methods outlined in this RP are mainly developed for the
analyses of twin pontoon units and ring pontoon units. Conse-
guently this should be taken into account when other concepts
are considered.

Ring pontoon designs normally have one continuous lower
hull (pontoons and nodes) supporting 4-8 vertical columns.
The vertical columns are supporting the upper hull (deck).

Twin pontoon designs normally have two lower hulls (pon-
toons), each supporting 2-4 vertical columns. The 4-8 vertical
columns are supporting the upper hull (deck). In addition the
unit may be strengthened with diagonal braces supporting the
deck and horizontal braces connecting the pontoons or col-
umns.

There are basically two ways of keeping the unit in position:

— mooring by anchor lines (passive mooring system)
— dynamic positioning by thrusters (active mooring system).

A combination of these methods may also be utilised.

Theunitsare normally designed to serve at least one of thefol-
lowing functions:

— production

— drilling

— accommodation

— specia services (e.g. diving support vessel, general serv-
ice, pipe laying vessdl, etc.).

Units intended to follow normal inspection requirements ac-
cording to class requirements, i.e. typically drilling units with

inspection in sheltered waters or dry dock every 4-5 years,
shall be designed with the design fatigue life equal to the serv-
icelife, minimum 20 years, as given in DNV-0OS-C103 Sec.5.

Units intended to stay on location for prolonged period, i.e.
typically production units without planned inspectionsin shel-
tered water or dry dock, shall also comply with the require-
ments given in DNV-OS-C103 Appendix A. These
supplementary requirements for permanently installed units
arerelated to:

— site specific environmental criteria
— inspection and maintenance
— fatigue.

1.3 Design principles and parameters

1.3.1 Genera

Structures and elements thereof, shall possess ductile resist-
ance unless the specified purpose requires otherwise.

Structural connections are, in general, to be designed with the
aim to minimise stress concentrations and reduce complex
stress flow patterns.

Structural strength shall be evaluated considering all relevant,
realistic load conditions and combinations. Scantlings shall be
determined on the basis of criteria that combine, in a rational
manner, the effects of relevant global and local responses for
each individual structural element.

1.3.2 Design conditions

Different modes of operation of a column-stabilised unit are
usually characterised in terms of “design conditions.” Changes
in the design conditions of a column-stabilised unit are usually
accompanied by significant changes in draught, ballast, riser
connections, mooring line tension, or distance from an adja-
cent platform, etc. Limited variation of some of these parame-
tersmay be contained within a specific design condition, so the
definition of design conditions is to some extent an arbitrary
choice by the designer, arranged to cover al relevant combina-
tionsin a systematic and convenient way.

A typical set of design conditionsislistedin Table 1-1. All rel-
evant design criteriamust be checked and satisfied for each de-
sign condition. The design criteria are expressed in terms of
limit states.

The designer will normally specify alimited range of environ-
mental conditions for some of the design conditions. These
limitations must be clearly documented in the design analysis
and in the operational manual. It is the duty of the operator to
carefully adhere to these limitations, so that they may also be
applied in design.

1.3.3 Limit states

A limit state formulation is used to express a design criterion
in a mathematical form. The limit state function defines the
boundary between fulfilment and contravention of the design
criteria. Thisisusually expressed by an inequality, asin DNV -
0S-C101 Sec.2 D201. The design requirement is fulfilled if
the inequality is satisfied. The design requirement is contra-
vened if the inequality is not satisfied. The following limit
states are included in the present RP:

Ultimate Limit States (ULS) corresponding to the ultimate
resistance for carrying loads

Fatigue Limit States (FLS) related to the possibility of fail-
ure due to the effect of cyclic loading

Accidental Limit Sates (ALS) corresponding to damage to
components due to an accidental event or operational fail-
ure.
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Table 1-1 indicates which limit states are usually considered in
the various design conditions.

Table 1-1 Design conditionsand limit states
Instal- | Operat- | Surviv- .. | Acci- | Dam
lation ing al Transit dental aged
ULS X X X X
FLS x) X x) x)
ALS X X

Limiting design criteria for transfer from one mode of opera-
tion (draughts) to another mode of operation shall be clearly
established and documented. Different modes of operation or
phases during the life of a column-stabilised unit may be deci-
sive for the design. For each of the relevant design conditions
the design criteria shall include relevant consideration of the
following items:

— intact condition, structural response and strength (ULS,
FLS, ALS)

— damaged condition, structural response and strength
(ALS)

— argap (ULS)

— compartmentation and stability requirements (intact
(ULS) and damaged (ALYS)).

1.4 Abbreviations

ALS Accidental Limit States

DFF Design Fatigue Factor

DNV Det Norske Veritas

FLS Fatigue Limit States

LRFD Load and Resistance Factor Design
RAO Response Amplitude Operator

RP Recommended Practice

SCF Stress Concentration Factor

ULS Ultimate Limit States

WSD Working Stress Design

2. Environmental Conditionsand Loads

2.1 Introduction

The suitability of a column-stabilised unit is dependent on the
environmental conditionsin the area of the intended operation.
A drilling unit may be intended for worldwide operation or op-
eration in a specific region. A production unit may be planned
to operate at a specific site. Such a site may be harsh environ-
ment or benign waters.

Hence the environmental conditions and environmental loads
depend on the areawhere the unit isintended to operate. A col-
umn-stabilised unit is normally designed for one of the follow-
ing conditions:

— worldwide
— gpecific region or site(s).

Theenvironmenta conditionswith general importancefor col-
umn-stabilised units are described by a set of parameters for
definition of:

— waves

— current

— wind

— snow and ice
— temperature
— water depth.

The applied environmental conditions should be stated in the
design basis/design brief.

Typical environmental |oads to be considered in the structural
design of a column-stabilised unit are:

— wave loads, including variable pressure, inertia, wave
"run-up”, and slamming loads

— wind loads
— current loads
— snow and ice loads.

Due consideration should be made to site specific environmen-
tal phenomena such as hurricanes, cyclones etc.

Design for worldwide operation shall be based on Classifica-
tion Note 30.5 with use of the scatter diagram for the North At-
lantic as given in Classification Note 30.5 Table 3.3. See also
2.2 and DNV-OS-C101 Sec.3 E200, DNV-OS-C103 Sec.4
B100, DNV-0OS-C103 Sec.5 B500 and DNV-0OS-C103 Ap-
pendix B.

Design for specific region or site shall be based on specified
environmental data for the area(s) the unit shall operate, see
DNV-0S-C101 Sec.3 E and DNV-OS-C103 Appendix A and
DNV-0OS-C103 Appendix B. The parameters describing the
environmental conditions shall be based on observations from
or inthevicinity of therelevant location and on general knowl-
edge about the environmental conditions in the area. Classifi-
cation Note 30.5 may be used as guidance for determination of
the environmental loads.

2.2 Environmental conditions

2.2.1 General

The most significant environmental |oads for the hulls of col-
umn-stabilised units are normally those induced by waves. In
order to establish the characteristic response, the characteris-
tics of waves have to be described in detail. This description
may either be based on deterministic design wave methods or
on stochastic methods applying wave energy spectra.

If a design condition is limited to a certain range of environ-
mental conditions, then these limitations are applied in the
evauation of the environmental loads for that design condi-
tion, rather than the actual environmental datafor thesite or re-
gion. Care should be taken to choose the most unfavourable
combination of environmental conditions from the specified
range.

The description of waves is related to the method chosen for
the response analysis, see Chapters 3 and 4.

More details for wave, wind and current conditions are given
in Classification Note 30.5.

2.2.2 Regular wave parameters

Deterministic methods are used when the sea state i s represent-
ed by regular waves defined by the parameters:

— wave height, H
— waveperiod, T

The reference wave height for a specific location is the 100
year wave, Hqq, defined as the maximum wave with areturn
period equal to 100 years. For unrestricted service (worldwide
operation) the 100 year wave may be taken as:

HlOO =32m

In order to ensure a sufficiently accurate calculation of the
maximum response, it may be necessary to investigate arange
of wave periods. It isnormally not necessary to investigate pe-
riods longer than 18 s.
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Thereisaso alimitation of wave steepness. Wave steepnessis
defined by:

27 H

S =
gT’

The combinations of wave height and wave period that are
considered should imply avalue of steepness that is less than
the following limit:

1
= <
= for T <6s

S = 1

7+ 29817 _35)

100

for T > 6s

When H1gg = 32 m, then the wave height and period combina-
tions on the steepness limit are given by:

0.22T2 for T <6s

H = T2

> for T>6s
45+0.02(T"-36)

where T isin seconds and H isin metres.

The design wave data are represented by the maximum wave
height as well as the maximum wave steepness. The wave
lengths are selected which are the most critical to the structure
or structure part to be investigated.

2.2.3 Irregular wave parameters

Stochastic analysis methods are used when a representation of
the irregular nature of the seais essential. A specific sea state
isthen described by awave energy spectrum, which is charac-
terised by the following parameters:

— significant wave height, Hg
— average zero-up-crossing period, T,

Thedesign and analysesfor ULS and FL S shall, for worldwide
operation, be based the scatter diagrams for the North Atlantic
given in Classification Note 30.5 Table 3.3.

An appropriate type of wave spectrum should be used.

A Pierson-Moskowitz wave spectrum representing fully devel -
oped seas is applicable when the growth of the waves is not
limited by the size of the generation area. Unless the spectrum
peak period is close to a magjor peak in the response transfer
function (e.g. a resonance peak) the Pierson-Moskowitz spec-
trum is assumed to give acceptable results.

The JONSWAP wave spectrum is a peak enhanced Pierson-
Moskowitz spectrum and takes into account the imbalance of
energy flow in a sea state when the waves are in the process of
growing under strong winds; i.e. the seas are not fully devel-
oped. Thisisthe case for extreme wave conditionsin the North
Sea. The JONSWAP wave spectrum is usually applied for ul-
timate strength analyses of structures operating in harsh envi-
ronments.

Sea states comprising unidirectional wind waves and swell
should be represented by recognised doubl e peaked spectrafor
example the spectrum proposed by Torsethaugen. If wind
waves and swell with different mean directions are critical,
then due account of such conditions shall be made.

For fatigue analyses, where long term effects are essential, the
wave scatter diagram is divided into a finite number of sea
states, each with a certain probability of occurrence.

For extreme response analysis, only sea states comprising

waves of extreme height or extreme steepness need to be con-
sidered.

For design purposes the maximum wave height H,,5, corre-
sponding to the 90% percentile in the extreme value distribu-
tion is used:

1
_ N
Hmax = Hs —0.5In(1—p J

where N is the number of waves in the sea state.

The duration of astorm is of the order of afew hours, and the
number of waves will normally be of order 103.
Consequently:

Hpmax = 2-12Hq

The steepness of a specific sea state is defined by:

_27z Hg

s 2
gT,

The sea steepness need not be taken greater than the 100 year
sea steepness for unrestricted service (worldwide operation),
which normally may be taken as:

1
Ié for TZ <6s
S.=¢1
— >
S 15 for T,>12s

Linear interpolation for 6s< T, < 12s

Then the significant wave height and period combination on
the steepness limit are given by:

0.156T,° for T,<6s

Hg = 10.206T,°~ 0.0086T,° for 6s <T,<12s

0.104T, for T,>12s

2.2.4 Extremewave data

The 100 year return period is used as the basis for structural
anaysesin the Ultimate Limit States (ULS).

In connection with fatigue analysis (FL S) areturn period equal
to the required fatigue life is used as the basis for wave load
analysis. The required fatigue life is normally equal to the
specified service life of the unit; minimum 20 years for new-
buildings with planned periodic inspection in sheltered waters,
see DNV-0OS-C103 Sec.5. For modifications etc. of units in
service areduced fatigue life may be accepted, but should nor-
mally not be less than 15 years.

In connection with accidental loads or damaged conditions
(ALS) areturn period not less than one year istaken asthe ba-
sisfor wave load analysis.

If the limiting operating criteria are given as maximum regular
or irregular (significant) wave heights only, the 100 year wave
height steepness should still be considered.

The maximum wave height corresponding to a specific return
period may be obtained from a wave height exceedance dia-
gram. If wave height exceedance dataare plotted in alog/linear
diagram, the resulting curve will in many cases be close to a
straight line, see Figure 2-1. Such results are obtained for areas
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with a homogenous wave climate. Other results may be ob-
tained for areas where the climate is characterised by long pe-
riods with calm weather interrupted by heavy storms of short
duration.

32
.30
-

T
S 28
o
ES

1 EXCEEDANCE PER 100 YEARS.

1 EXCEEDANCE PER 20 YEARS
1 EXCEEDANCE PER YEAR.

=z 24

+ t
10° 108 107

10 10? 10° 10
NUMBER OF EXCEEDANCE PER YEAR

Figure2-1
Wave height exceedance diagram

2.2.5 Wavetheory

When the individual waves have been defined, wave particle
motions may be calculated by use of an appropriate wave the-
ory. Thelinear (Airy) theory is normally sufficiently accurate
for column-stabilised units. It may be applied in shallow water,
intermediate depth and deep water ranges, whereas other wave
theories are often applicable over a more restricted range of
depth. Furthermore, the linear approach has been found to be
satisfactory for column-stabilised units even when there are
quite major departures from the small wave height assumption.

In connection with stochastic response analysis, linear (Airy)
theory should always be used.

2.2.6 Longterm description of the sea

Long term statistics are associated with non-stationary proc-
esses occurring over a period of months and years, whereas
short term statistics rel ate to the stationary processesin periods
over only a few hours. In forming a long term statistical de-
scription of the seaa suitable statistical model providing ajoint
probability distribution of wave height and wave period is re-
quired.

Long term data for wave conditions are commonly givenin the
form of a scatter diagram for significant wave height and wave
zero-up-crossing period or peak period. The North Atlantic
scatter diagram, described in DNV Classification Note 30.5,
shall be applied for worldwide operation (see 2.1). Site specific
scatter diagrams may be used for restricted operation. FLS re-
sponse calculations may be directly based on the sea-states
represented in the scatter diagram, or a representative conden-
sation into asmaller number of states. UL S calculations should
be based on ajoint distribution function fitted to the wave data,
to take account of the possibility of more unfavourable waves
than have been recorded in the observed data set. The three pa-
rameter Weibull distribution is commonly used to describe the
marginal distribution of significant wave heights, and a condi-
tional log-normal distribution is often used to describe the
wave periods.

The FL S response analysis should cover the range of probabil-
ity levels from 101 to 104, for exceedance of stress rangesin
the platform lifetime.

The ULS response analysis should cover the range from 101
to 10°8, for exceedance of load effect maxima in the platform
lifetime.

2.2.7 Wave energy spreading function

In stochastic wave load analysis the effect of wave short-crest-
edness may easily be included by introducing a wave energy
spreading function. The Pierson-Moskowitz wave spectrum
together with a cos*o wave spreading function should be uti-
lised in the fatigue analyses (FLS) of column-stabilised units,
see DNV-0S-C103 Sec.5. o is angle between direction of ele-
mentary wavetrains and the main direction of the short-crested
wave system.

For the extreme wave analysis (UL S) the wave spreading func-
tion should be according to the designer's specification or
costO, see Classification Note 30.5 3.2.

2.3 Wave loads

2.3.1 Worldwide operation

The wave loads acting on column-stabilised units intended for
operation worldwide without any restriction, should be ana-
lysed by use of a diffraction model, which takes into account
the reflection of waves. For preliminary design, Morison's
equation may be applied, together with a contingency factor,
see 2.3.3.

2.3.2 Site specific harsh environment

The wave loads acting on column-stabilised unitsintended for
operation in a site specific harsh environment area, should be
analysed by use of adiffraction model. For preliminary design,
asimplified Morison's equation may be applied, together with
acontingency factor, see 2.3.3.

2.3.3 Benign waters

The wave loads acting on twin pontoon column-stabilised
units intended for operation in benign waters and following
normal class survey intervals, may be calculated with asimpli-
fied model based on Morison's equation.

When a Morison model is utilised, a contingency factor of 1.3
for ULS and 1.1 for FL S shall be applied, see dso DNV-0OS-
C103 Sec.4 B107, DNV-0OS-C103 Sec.5 B403 and DNV-0OS-
C103 Appendix B.

Design for benign waters shall be based on specific environ-
mental data for the area the unit shall operate. Due considera-
tion shall be given to environmental |oads caused by swell and
currents.

2.3.4 Morison equation

The Morison equation isgiven in Classification Note 30.5 6.1,
including inertia and drag forces. This equation is valid for
dlender structural elements, for example wave length/diameter
ratio above 5.

It is important when calculating added mass for the pontoon
that interaction effects between column and pontoon, end ef-
fects, and the effect of rounded cross sectional corners are tak-
en into account.

2.3.5 Linearisation of thedrag force

Non-linear, hydrodynamic drag forces acting on braces should
be accounted for. The drag force on submerged braces may be
linearised by means of recognised methods. It is normally ac-
ceptable to linearise the drag force to account for the correct
force under the maximum water particle speed due to the
waves, calculated in accordance with linear wave theory, or
conservatively taken as 5 m/s. The wave loads acting on the
pontoons are normally dominated by hydrodynamic inertia
forces, so the linearisation of the drag term for the pontoonsis
less critical.

It is advisable to check that the modelling of drag loads pro-
vides a damping effect that leads to realistic heave response at
resonance.
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2.3.6 Asymmetry factor in air gap calculation

Generally awave asymmetry factor of 1.2 should be appliedin
the air gap calculations unless model testsare available. In this
case the air gap shall be calibrated against the model tests.

Calculations for sufficient air gap is further referred toin 6.3.

3. Design Loads

3.1 Introduction

As described in DNV-0OS-C101 and DNV-0S-C103, the fol-
lowing load categories arerelevant for column-stabilised units:

— permanent loads (G)

— variable functional loads (Q)
— environmental loads (E)

— accidental loads (A)

— deformation loads (D).

Characteristic loads are reference values of loads to be used in
the determination of load effects. The characteristic load is
normally based upon a defined fractile in the upper end of the
distribution function for the load. Note that the characteristic
loads may differ for the different limit states and design condi-
tions.

The basisfor the selection of characteristic loadsfor the differ-
ent load categories (G, Q, E, A, D), limit states (ULS, FLS,
ALS) and design conditions are given in DNV-0OS-C101
Sec.3.

A designload isobtained by multiplying the characteristic |oad
by aload factor. A design load effect isthe most unfavourable
combined load effect derived from design loads.

3.2 Loadstobeapplied in global and local models

Analytical models shall adequately describe the relevant prop-
erties of loads, load effects, stiffness, and displacement, and
shall satisfactorily account for the local and system effects of
time dependency, damping, and inertia.

Itisnormally not practical, in design analysis of column-stabi-
lised units, to include all relevant loads (both global and local)
inasingle model. Generally, asingle model would not contain
sufficient detail to establish local responsesto the required ac-
curacy, or to include consideration of al relevant loads and
combinations of loads. Assessment of single model solutions
isfurther discussed in 4.8.2.

It is often more practical, and efficient, to analyse different
load effects utilising a number of appropriate models and su-
perimpose the responses from one model (global) with the re-
sponses from another model (local) in order to assess the total
utilisation of the structure.

The modelling guidance givenin 3.8.6, Chapter 4, and Chapter
5 can be considered as a proposed use of different models in
accordance with an acceptable analytical procedure. The pro-
cedures described are not intended to restrict a designer to a
designated methodology when an aternative methodology
provides for an acceptable degree of accuracy, and includes all
relevant load effects. Further, the modelling procedures and
guidance provided are intended for establishing responses to
an acceptable level of accuracy for final design purposes.

For preliminary design, simplified models may be used in or-
der to more efficiently establish the design responses, and to
achieve asimple overview of how the structure respondsto the
design loads.

3.3 Permanent loads (G)

Permanent loads are described/defined in DNV-OS-C101
Sec.3 C and DNV-0OS-C103 Sec.3 C.

Hydrostatic sea pressure for local analyses and scantlings of
tanksare givenin 3.8.

3.4 Variable functional loads (Q)

Variable functional loads are described/defined in DNV-OS-
C101 Sec.3 D and DNV-0OS-C103 Sec.3 D.

Variations in operational mass distributions, especialy in the
pontoons with maximum and minimum ballast, shall be ade-
quately accounted for as part of the global load effects for the
structural design.

Tank pressures for local analyses and scantlings are given in
3.8.

3.5 Environmental loads (E)

3.5.1 General

Environmental loads are in general terms given in DNV-0OS-
C101 Sec.3 E and DNV-OS-C101 Sec.3 F and in DNV-OS-
C103 Sec.3E.

Wave loads are given in Chapter 2.

Practical information regarding environmental loads is given
in the Classification Note 30.5.

Hydrodynamic sea pressure and vertical accelerations form an
integrated part of tank pressures and sea pressures for local
analyses and scantlings of tanksas givenin 3.8.

3.5.2 Current loads

Current loads may normally be calculated from the drag term
in the Morison eguation. The variation in current profile with
water depth may be determined in accordance with Classifica
tion Note 30.5.

The global response from the current loads on a column-stabi-
lised unit is negligible compared with the response from wave
loads for consideration of overall hull strength. The main con-
tribution of current isto the reaction forces of anchor linesand
thrusters, see 3.5.5. Current |oads need therefore normally not
be considered for global and local structural analyses of col-
umn-stabilised units.

3.5.3 Wind loads

The horizontal wind force on a column-stabilised unit for a
maximum sustained wind speed will cause the unit to heel,
with a maximum heel angle of the unit of order 10-15°. Such
heel angle would give a considerable sideway gravitational
deck load component.

In practice, however, sustained heel of the platform due to
wind is kept less than about 3° by re-ballasting and by anchor
forces, and it is considered too conservative to add the maxi-
mum theoretical wind heeling effect to the 100 year waveforc-
es. Hence, in the global analysis of the platform wind forces
may normally be neglected.

3.5.4 Pressureheight for sea pressure

Sea pressure (static and dynamic) shall include the effect of
wave height and relative motion of the platform.

To be consistent with the analysis of global waveforces, the ef-
fect of reduced wave particle motion with increasing depth
may beincluded (Smith effect).

Due to the requirement for positive air gap, see DNV-OS-
C103 Sec.4 D100, the pressure height may be calculated as:

a ~K(hy-a
h = ho(l—%(l—e )| = cuho

distance from load point to underside of lowest deck
wave amplitude
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k=3

A = wavelength

Cy = reduction factor due to wave particle motion (Smith ef-
fect).

A valueof C, = 0.9 may be used for any wave steepnessor dis-
tance to load point unless otherwise documented.

3.5.5 Reaction forces of anchor linesand thrusters

For global structural analysis of slack moored column-stabi-
lised units (ring pontoon and twin pontoon) the reaction forces
of the anchor lines and thrusters are of minor importance.

The slack moored anchor line contribution to axial forcesinthe
bracing system (for units with twin pontoon configuration) is
not more than about 10% of the wave forces. Hence, by taking
into account the phase lag between the reaction forces and
wave forces the increase in the total wave forces will be very
small and may normally be neglected in the global analysis.

For global structural analysis of taut moored column-stabilised
units the reaction forces of anchor lines may be of importance,
asit will affect the motion of the unit. Hence the mooring stiff-
ness, pretension and possibly downset shall be included in the
analysis, unlessit can be documented that the effect isinsignif-
icant.

For local strength analysis of columns in way of fairlead and
windlass the design should be based upon the breaking
strength of anchor lines, see 6.1.

3.6 Accidental loads (A)

Accidental loads are in general terms given in DNV-0OS-C101
Sec.3 G, and in DNV-0OS-C103 Sec.3 G.

Recommendations for generic accidental loads are given in
DNV-0OS-A101 Sec.2 G.

Requirements for the Accidental Limit State events for struc-
tural design of column-stabilised unit are given in DNV-0S-
C103 Sec.6. Requirements for structural redundancy for typi-
cal twin pontoon units are given in DNV-0S-C103 Sec.7.

Recommendations for the tank and sea pressures for the acci-
dental heeled condition are given in 3.8.5 and 3.8.6.

Guidancefor the assessment of structural redundancy and heel
after loss of buoyancy isgivenin 5.2.7.

3.7 Deformation loads (D)

Deformation loads are specified in DNV-OS-C101 Sec.3 H,
and in DNV-0OS-C103 Sec.3 F.

When relevant, depending on the procedure for deck mating to
hull, the effects of built-in stresses due to mating shall be ac-
counted for, for example by separate global analyses.

Other relevant deformation load effects may include those re-
sulting from temperature gradients, for example when hot-oil
is stored in a compartment adjacent to the sea.

3.8 Tank pressuresand sea pressures

3.8.1 General

For the design and scantlings of tanks, both ballast tanks and
other tanks in hull and deck, local tank loads are specified as
tank pressure and sea pressure in 3.8.2 to 3.8.5. Typical com-
binations for local tank and sea pressures are given in 3.8.6.

Note that the design and scantlings shall include the effects of
relevant global and local responses, see 5.3.

Thetank testing conditions should as aminimum, represent the
maximum static pressure during operation. Requirements to
testing for watertightness and structural tests are given in
DNV-0S-C401 Ch.2 Sec.4. For arrangements with free flood-
ing or level alarmsinstalled, limiting the operational tank pres-
sures, it shall be ensured that the tank will not be over-

pressurised during operation and tank testing conditions.

Tanks are to be designed for the maximum filling height. The
following tank filling types are defined:

Alternative 1: For tankswith maximum filling height tothe
top of the air pipe:

— Applicable for arrangements with no limitations of the
possiblefilling height.

— Thetank isfilled by pumps.

— Inaddition to the static pressure head to the top of the air-
pipe, the dynamic pressure head due to flow through air
pipes due to the operation of the pumps (Ppy ) should be
considered.

Alternative 2: For tanks with maximum filling height less
than to the top of the air pipe:

a) filling with pumps with tank level adarmsinstalled:

— Applicable for arrangements with limitations of the possi-
blefilling height.

— Thetank isarranged with an alarm system installed to lim-
it the maximum pressure height.

— Ciriteria applicable for the tank filling arrangements are
givenin DNV-OS-D101 Ch.2 Sec.3 C300.

Such arrangement should have a high level alarm, and a
high-high level alarm with automatic shut-off of the pump.
Consequence of possible failure of the alarm system may
be considered as an accidental event.

— The dynamic pressure head due to the operation of the
pumps (Ppyn) may normally be neglected, provided the
shut-off level is set to 98 % of the tank height.

b) filling by free flooding:

— Applicable for arrangements where the tanks are filled by
gravity, without pumps.

— Criteria applicable for the tank filling arrangements are
given in DNV-0OS-D101 Ch.2 Sec.3 C300, for free flood-
ing ballast systems.

— The dynamic pressure head due to the operation of the
pumps (Ppy ) may be neglected.

3.8.2 Tank pressures, ULS

Tank loadsfor local analysesand scantlingsare givenin DNV -
0S-C103 Sec.3 D300 and in the following.

For design of all tanks the following internal design pressure
condition shall be considered:

_ Y 2
pd - pgo hop(7/f,G,Q+go 7/f,E\) (kN/m )

a, = maximum vertical acceleration (m/s?), being the
coupled motion response applicable to the tank in
guestion. For preliminary design calculations of
tank pressures, &, may be taken as 0.25g;. For fina
design, a, shall be documented

do = 9.81m/s?, acceleration due to gravity

p = density of liquid, minimum density equal to that of
seawater (1.025 kg/md)

vtc,o = load factor for permanent and variable functional
loads, see DNV-0OS-C103 Sec.4 Table Al for ULS

v¢g = load factor for environmental loads, see DNV-OS-
C103 Sec.4 Table Al for ULS

hoy = vertical distance (m) from the load point to the po-

sition of maximum filling height. For tanks adjacent
to the sea that are situated below the extreme oper-
ational draught (Tg), the maximum filling height for
ULS design is not to be taken less than to the ex-
treme operational draught, see DNV-0OS-C101
Sec.3 D311 and section 3.8.1.
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For tanks where the air pipe may be filled during filling oper-
ations, the following additional internal design pressure condi-
tions shall be considered:

2
Py = (P9 hop +pdyn)7f, G,Q (KN/m™)

Payn = pressure (kN/m2) dueto flow through pipes, minimum
25 kN/m?

This internal pressure need not to be combined with extreme
environmental loads, because they it isnot likely that the tank
filling operation will occur together with extreme waves. Nor-
mally only static global response need to be considered.

Parameters for tank pressures areillustrated in Figure 3-1. Re-
fer also to tank pressures in damaged compartments specified
inthe ALS heeled condition, see 3.8.5.

The load points for plate fields, for stiffeners, and for girders
are defined in DNV-0OS-C103 Sec.3 B100.

A pdyn
——— || Top of airpipe
_—
hop ||
T
32| @ Maximum
filling height Waterline
— / —
| Te
L oad point under
consideration
_—
B.l. ¥
Figure3-1

Parametersfor tank pressures

3.8.3 Seapressures, ULS

Sea pressures for local analyses and scantlings are given in
DNV-0S-C103 Sec.3 E200 and in the following.

The design sea pressure acting on pontoons and columns of
column-stabilised units in operating conditions shall be taken
as.

2
Pa,uLs = Ps 6. ot Pt e (KN/MY)

Ps = PYCw(TE—2y) (KN/m?) >0

Pe = P YCuw(Dp—2,) (KN/m?) forz,>Tg

Pe = P YCuw(Dp—Te) (KN/m?) forz, < T

Teg = extreme operationa draught (m) measured vertically
from the moulded baseline (B.1.) to the assigned load
waterline

= reduction factor due to wave particle motion (Smith ef-

fect, see 3.5.4) C,, = 0.9 unless otherwise documented

Dp= vertica distance (m) from the moulded baseline to the
underside of the deck structure. (The largest relative
distance from the moulded baseline to the wave crest
may replace Dy if thisis proved smaller.)

7y, = vertical distance (m) from the moulded base line to the
load point

ps = static seapressure

pe = dynamic (environmental) sea pressure.

The load factors are given in DNV-0OS-C103 Sec.4 Table Al.
Parameters for sea pressures areillustrated in Figure 3-2.

The Smith effect (C,, = 0.9) shall only be applied for loading
conditionsincluding extreme wave conditions, i.e. ULS a) and
b) loading conditions.

Relevant combinations of tank and sea pressures, with combi-
nations of maximum/minimum pressures, are specified and
discussed in 3.8.6 and 5.3.

3.8.4 Seapressureat wavetrough, ULS

The equations for p, and pgin 3.8.3 correspond to the maxi-
mum sea pressure (wave crest elevation).

In combination with the maximum tank pressures, the external
sea pressure up to the lowest waterline at wave trough may be
applied in the design for the external plate field boundaries.

Such external sea pressure may be taken up to half the pontoon
height, see Figure 3-2. The design sea pressure up to the lowest
waterline is regarded as permanent load and may be taken as:

h 2
Py = pgo(f—zb) %o (KNMT) for z,<h/2

h, = height of pontoon (m)
Theload factor isgiven in DNV-OS-C103 Sec.4 Table AL

T>
Wave
crest
|
/ .
— ; Waterline
/
/
// Dl)
/
/ Ty
Wave _ ! W
Load point !
trough / /
\.- under ; 1
] e consideration| /[ ps -
= - /
= 7 / B.l.

C\ not included C,, included

Figure 3-2
Parametersfor sea pressures
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3.8.5 Seapressures, AL S heeled condition

For ALS design with 17° heeled condition as given in DNV-
0OS-C103 Sec.6 F, the design sea pressure can be expressed as:

2
Pa.aLs = P9oh17%%, A (KN/M™)

hy7=vertical distance (m) from theload point to the damaged
heeled condition still water line after accidental flood-
ing (maximum heel 179, effect of submersion included,
see aso 5.2.7 item 2 and DNV-0S-C301 Ch.2 Sec.1
E400).

y¢a= loadfactorinthe ALSis 1.0, see DNV-OS-C101 Sec.2
D700.

The sea pressure in heeled condition is illustrated in Figure
3-3. For ALS design, the Smith effect C,, = 1.0. Note that the
sea pressure for ALS heeled condition shall also be applied as
internal tank pressure on bulkheads and decks surrounding the
damaged compartment(s).

Hedling of the unit after damage flooding shall be accounted
for in the assessment of structural strength. The unit shall be
designed for environmental condition corresponding to 1 year
return period after damage. To simplify the design approach,
the environmental loads may be disregarded if the material fac-
tor istaken asy)y, =1.33, see DNV-OS-C103 Sec.6 F.

7
//{/

117 Z

M\

AR
N\ PdALS N

N\

Load point
under
consideration

Figure 3-3
Sea pressuresin heeled condition

3.8.6 Combination of tank and sea pressures

Local structural models should be created in order to evaluate
responses of the structure to various sea and tank pressures.
Examples of considerations that should be evaluated in con-
nection with the load cases of local pressures acting on pon-
toon and column sections of a column-stabilised unit are given
below:

— The intention of the local model is to simulate the local
structural response for the most unfavourable combination
of relevant local loads. Relevant combinations of internal
(tank) and external (sea) pressuresfor tanks should be con-
sidered for both the intact and damage load conditions.

— If cross-section arrangements change along the length of
the structure, several local models may be required in or-
der to fully evaluate local response at al relevant sections.

— For tanks separated by internal watertight bulkhead/deck,
the internal tank pressure should normally not be consid-
ered to act simultaneously on both sides of the bulkhead/
deck. Combinations with maximum tank pressure from
each of the tanks and zero tank pressure from the neigh-
bouring tank should be considered. Effects of sea pressure
response on the internal watertight bulkhead/deck should
be assessed and included when relevant.

— For somestructural elements, for exampl e access/pipetun-
nel in the pontoon and some girder configurations, the ef-
fect of simultaneous tank pressure in neighbouring tanks
may be governing for the design. Effects of simultaneous
sea pressure response should be assessed and included
when relevant.

— For external structural components (stiffened plates adja-
cent to seq), the maximum external (sed) pressure and the
maximum internal (tank) pressurewill normally not act si-
multaneously.

— Loads are usualy applied in the analysis models at the
girder level and not at theindividual stiffener level (typical
global and in some cases local analysis models). In such
cases the local stiffener bending is not included in the
model responses. The stiffener bending response will then
be explicitly included in the buckling code check aslateral
pressure (for plate induced and/or stiffener induced buck-
ling).

— Fortransversdly stiffened structures (i.e. girders orientated
in the transverse direction) the local responses extracted
from the local model are normally responses in the struc-
tural transverse direction (see o, in Figure 5-5). Shear and
bending responses in girders shall aso be considered.

— For structural arrangements with continuous, longitudinal
girder arrangements, a longitudinal response will also be
of interest (see o, in Figure 5-5).

— For structural transverse sections without continuous lon-
gitudinal girder elements, two-dimensional structural
models may be considered as being adequate.

— For spaceframe beam models, relevant consideration shall
be given to shear lag effects.
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Recommended design pressure combinations for local tank
and sea pressures are given in Table 3-1.

Table 3-1 Design pressure combinationsfor tank pressure and sea pressure

the simultaneous and corresponding internal pressures.

imum tank pressure.

- External or internal _
Limit state structural component Desgn pressure combination
Refer DNV-0OS-C401 Ch.2 Sec.4, Testing of Watertightness and Structural Tests.
Tank testin Note DNV-OS-C103 Sec.3 D307: "In cases where the maximum filling height isless
9 than the height to the top of the air pipe, it shall be ensured that the tank will not be
over-pressured during operation and tank testing conditions".
I max: Pg andE=0Y
Internal En:na;(X pd,ULS andl =0 2)
ULS
both &) and b) | max: Pg addE=09)
External Emax: pd,ULS andl =0
ALS Internal Imax: Pa,aLs (for damaged compartments) and E =0 D
Heeled 17°
(rm =1.33) External Emax: PaaLsand | =0
Definitions:

External structural component is (stiffened) plate panel adjacent to sea

maximum internal pressure (tank pressure); see 3.8.2 for ULS and 3.8.5 for AL S damaged compartment.

E = the simultaneous and corresponding external pressures.
Emax = maximum external pressure (sea pressure), see 3.8.3 for ULS and 3.8.5for ALS.

1) For the considered internal structures, effect of relevant simultaneous/corresponding external pressures to be assessed and included.
2) For the considered internal structures, effect of relevant simultaneous/corresponding internal pressures to be assessed and included.
3) Fortheconsidered external plate field boundaries, sea pressure at wave trough may be applied (see 3.8.4) when considering the max-

4. Global Response Analysis

4.1 Introduction

Methods and models for global response analyses are outlined
in DNV-0OS-C103 Sec.4, DNV-0OS-C103 Sec.5 and DNV-0OS-
C103 Appendix B. An appropriate method may be:

— dstochastic analysis
— "design wave" analysis
— regular wave analysis.

The characteristic hydrodynamic responses with correspond-
ing input parameters as wave length, height and direction are
discussed in 4.6. It should be noted that the maximum global
characteristic response might occur for environmental condi-
tions that are not associated with the characteristic, largest,
wave height. In such cases, wave period and associated wave
steepness parameters are governing factors for the maximum
and minimum responses.

Stochastic methods for fatigue analysis (FLS) are recognised
asthe best methods for simulating the irregular nature of wave
loads. Motion characteristics are determined by stochastic
methods by using relevant site specific data or North Atlantic
environmental data for worldwide operation. Simplified fa-
tigue analyses should be used as screening process to identify
locations for which a detailed stochastic fatigue analysis
should be undertaken.

For structural design evaluation, engineering judgement and
knowledge of structural behaviour is vital for designing a
sound and safe unit. For this purpose, stochastic stress results
are not well suited, as simultaneity of force and stress distribu-
tionislost, making it difficult to judge the most effective ways
of improving the structure. Application of "design wave " ap-

proach or regular wave analyses are effective methods for de-
sign evaluation and engineering judgement.

4.2 Sochastic analysis

Stochastic analysis applies the statistical distributions of the
waves for calculation of short term and long term responses.

A frequency domain procedure is the most suitable for re-
sponse analysis of column-stabilised units and is described be-
low:

a) Calculation of mation, hydrodynamic load and accelera-
tion in regular waves for several wave lengths and wave
headings - establishing transfer function.

b) Transfer functions for stresses at a number of specified
points to be cal cul ated based upon loads and accelerations
calculated under a), see Figure 4-1 (1-2).

c) By combination with different wave spectra (1) the re-
sponse spectra to be established (for motion, loads or
stresses) for different headings, see Figure 4-1 (3).

d) By integrating these response spectra, the short term re-
sponse parameter (Raleigh parameter R) and significant
response, o, may be calcul ated:

R = J2-Area (Raeigh parameter)

By repeating this procedure for various wave parameters
(Hs, T,) the energy operator may be established, see Fig-
ure4-1 (4). B = heading angle:

oy/Hs = 1T, B)
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€) The maximum response corresponding to the 90% fractile @)

f)

in the extreme value distribution (short term response):

1

Resp(max) = R.J/INN = o [-0.5In [1—pN] =2120,

N number of waves (1080 in a 3 hour storm)
p fractile level, (1 — p) = probability of exceedance

By taking into account the probability for different wave
headings, the maximum response amplitude, 90% percen-
tile, for a specified sea state may be derived.

Further, by taking into account the probability of different
wave spectra, thelong term response distribution of there-
sponse in question to be established, see Figure 4-1 (5-6).
The slope of thislong term distribution isan important pa-
rameter for the fatigue analysis, see Figure 4-1 (6).
Scatter diagram for the North Atlantic, applicable for
worldwide operation, is given in Classification Note 30.5
Table 3.3.

S Slw) 4 bs
(u HZ(u) 4 Hs /‘\B
= = = /=
> —» \ VT
WAVE SPECTRUM @ TRANSFER FUNCTION © RESPONSE SPECTRUM ENERGY(S»%pnsRTAslgF: z
Hs 1] logéA
% =% CALCULATED FATIGUE
% _—_D LIFE
® Q) ESTIMATE
> o - - >
SCATTER DIAGR OF 'z '° loga 1 SN-CURVE logN
WAVE CONDITION LONG TERM STRESS DISTR.
Figure4-1

Stochastic stress analysis procedure

4.3 Design wave analysis

To satisfy the need for simultaneity of the responses, a design
wave approach is often adopted for maximum stress analysis
of column-stabilised units. The merits of the stochastic ap-
proach are retained by using the extreme stochastic values of
some characteristic response parameters in the selection of de-
sign wave parameters.

The method for evaluation of the design wave parameters will

be:

a)

b)

©)

d)

Characteristic response parameters and corresponding
wave headings may be chosen according to experience
with stochastic wave analysis, see 4.6. Typical character-
istic response parameters are shown in Figure 4-3.

The maximum response parameter (Resp (max)), 90% per-
centile, is calculated by using the stochastic short term re-
sponse analysis, see 4.2 and Figure 4-2.

Thewavelength, A4, of the design wave may be evaluated
from the transfer function of the response parameter in
guestion. Normally the wave length should correspond to
the peak-wave-length or dlightly higher, see Figure
4-2 (2).

The wave amplitude, a4 , may be calculated by using the
most probable largest response amplitude and the value of
the transfer function corresponding to the selected wave
length.

The wave amplitude may be calculated according to the
following formula:

_ Resp(max)
&7 TR

f)

0)

Wave amplitude
Response (from unit wave amplitude) for relevant
wave length A4

Guidance note:

If the regular wave steepness (given in 2.2.2) exceeds the ex-
treme 100 year steepness, then the selected A4 is not the most crit-
ical for the characteristic response parameter.

ad =
TR=

---e-n-d---of ---G-u-i-d-a-n-c-e---n-o-t-e---

The design waves are used in the calculation of hydrody-
namic forcesfor further input to the global structural mod-
€l, see sections 4.6 and 4.8.

Each loadcase corresponding to one wavelength and one
heading should be calculated at two time instances, called
areal and animaginary part. Thereal part may correspond
to awave crest amidships and theimaginary part to awave
zero-crossing at the same point. Linear load effect (E) at
any time instance in the wave (with frequency o ) can be
obtained by combination of real (R) and imaginary (1) load
effects:

E(t) = Rcos(wt) +1sin(wt) = E, ., COS(wt + @)

and
22
Enmax = YR+

¢ = arctg'/r (phaselag)

As an dternative to caculate the maximum response
based on a short term distribution one may apply a long
term distribution with applicable scatter diagrams.
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The following partial factors shall be applied:

— When Morison model is utilised, a contingency factor of
1.2 shall be applied, see DNV-0S-C103 Appendix B, in
addition to the relevant |oad factors specified in DNV-0OS-

S(w) Hw)=
TR2
=
-—
w w
(N\d)
WAVE SPEC TRUM TRANSFER FUNCTION
OF DESIGN LOAD
R
Hs [3
100 YEAR WAVE
=> STEEPNESS FOR =—>
/\ IRREGULAR SEA STATES
Tz
ENERGY OPERATOR
SHORT TERM RESPONSE
DESIGN LOAD

DESIGN WAVE
WAVE LENGTH: Ad

WAVE AMPLITUDE : R—ESTP?“"LX’

Figure4-2
Design wave analysis procedure

4.4 Simplified design wave analysis

This method is very similar to the design wave analysis. The
method for establishing the design wave, however, is modi-
fied.

The characteristic response parameters and corresponding
wave headings and wave lengths, L4, may be chosen accord-

ing to experience with the stochastic- and design wave analy-
sis.

The wave amplitude, a4 , may be calculated according to for-
mulae for maximum hundred year steepness for regular waves
or calculated based on experience from using the design wave
approach.

This method may be applied for benign waters.

45 Methods and models

Guidance for the selection of methods and models to be ap-
plied in the design of typical column-stabilised units are given
in DNV-OS-C103 Appendix B.

The following methods and models are identified:
— Hydrodynamic models:

1) Hybrid model - Sink-source and/or Morison (when
relevant, for calculation of drag forces) (*)

2) Morison model

— The Weibull distribution parameter h for simplified fa
tigue analysis should have avalue h = 1.1 in combination
with worldwide operation criteria. Alternatively the
Weibull distribution parameter h may be calculated based
on site specific criteria
See DNV-0S-C103 Sec.5 and DNV-0S-C103 Appendix
B.

/-/\\ﬁ»
®

RESPONSE SPECTRUM
DESIGN LOAD

MAX RESPONSE
R PARAMETER
(90% FRACTILE)

ENERGY OPERATOR
SHORT TERM RESPONSE
DESIGN LOAD

@ CALCULATION OF STRESSES USING A

GLOBAL MODEL WITH HYDRODYNAMIC
LOADS FROM THE DESIGN WAVE ANALYSIS

— Global structura strength models:

3) Beam model

4) Combined beam and shell model. The extent of the
beam and shell models may vary depending on the
design. For typical beam structures a beam model
aone may be acceptable

5) Complete shell model (*)

— Fatigue method:
6) Simplified fatigue analysis
7) Stochastic fatigue analysis, based on screening

process with simplified approach to identify criti-
cal details (*).

Methods and models with (*) should be applied for ring pon-
toon units. The selection depends on the foll owing parameters:

Type of unit: twin pontoon or ring pontoon

Member size of structure (slender or full-bodied)
Environmental condition: worldwide operation, site spe-
cific harsh environment or benign waters, restricted area
Inspection and maintenance survey: normal class survey
intervals (sheltered water/dry-dock), or survey at location
(permanently installed units).
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4.6 Characteristic global hydrodynamic responses

4.6.1 General

The following responses will normally be governing for the
global strength of the unit. The responses are illustrated on a
typical twin pontoon unit with horizontal braces between the
pontoons, and diagonal braces between deck and pontoon, see
Figure 4-3.

Similar responses are also applicable for the design of ring
pontoon units, applying split force (Fg), torsion moment (M)
and shear force (F| ) related to both transverse and longitudinal
axes. Thisto account for responses in both transverse and lon-
gitudinal pontoons of aring pontoon unit.

1) Split force between pontoons, Fg

2) Torsion moment about atransverse horizontal axis, M

3) Longitudina shear force between the pontoons, F|

4) Longitudinal acceleration of deck mass, g_

5) Transverse acceleration of deck mass, ar

6) Vertica acceleration of deck mass, a,.

Figure4-3
Characteristic hydrodynamic responses

The forces Fg and F|_ and the torsion moment M, may be cal-
culated by integrating the forces acting on all members|ocated
on oneside of the centre plane. Theresponsesare normally cal-
culated with respect to a point located on the centreline at still
water plane and above the centre of gravity.

The accelerations may be calculated for a point located at the
centre of the deck area. The longitudinal and transverse accel-
eration of the deck should include the weight component due
to pitch and roll respectively.

Particular attention shall be given to the combined response of
split and longitudinal shear force. Generally, it will be found
that maximum longitudinal shear forces occur on a different
wave heading than that heading providing maximum response
when simultaneous split forces are taken into account.

In addition these responses may be used to establish design
wave data and limiting environmental criteria for transit con-
dition, see 6.4.

4.6.2 Split force between pontoons, Fg

The critical value for this response will occur at a wave head-
ing 6 = 90° (beam sed) and a wave length of approximately
twice the outer breadth between the pontoons. Consequently
the wave height may be found from the steepnessrelations giv-
enin 2.2, or the critical responses may be found by using the

stochastic approach as described in 4.3, see Figure 4-4.

A typical example of a transfer function for this response is
shown in Figure 4-5.

This response will normally give the maximum axial forcein
the transverse horizontal braces of a twin pontoon unit. For a
unit without these braces, this response will give maximum
bending moment for the transverse deck structure. In addition
to the axial force, which is a globa response, local vertical
drag and inertia force on the bracing structure should be ac-
counted for.

For aring pontoon unit, this response will give axial force and
bending moment in the pontoons (about pontoon vertical and
transverse axes), with maximum responses both at pontoon
mid-section and at pontoon end.

Figure4-4
Split for ce between pontoons

TRANSFER FUNCTION FOR SPLIT FORCE AT CL SECTION

FORCE PR. m WAVE AMPLITUDE
Fla(kN/m)

6000 1 HEADING - 90 deg.

5400 4 (BEAM SEA)
4800 A
4200+
3600
3000
2400 -

1800 4

1200 4

T —T— T
219 274 328 436 547
WAVE LENGTH, Lw(m)

T T T
55 82 108 164

Figure4-5
Transfer function for split for ces (example)
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4.6.3 Torsion moment, M

The critical value for this response will normally occur at a
wave heading between 6 = 45° to 6 = 60° (diagonal sea) and a
wave length of approximately the distance of the diagonal be-
tween the pontoon ends. The wave height may be found from
the steepness relation given in 2.2, or the critical responses
may be found by using the stochastic approach as described in
4.3, see Figure 4-6 and Figure 4-7.

A typical example of a transfer function for this response is
shown in Figure 4-8.

This response will normally give the maximum axial forcein
the diagonal horizontal and diagonal vertical braces of a con-
ventional twin pontoon unit. For unitswithout these braces, the
main deck structure has to be designed for this moment.

In addition to the torsion moment, response from simultaneous
split force should be accounted for. The bending moment isde-
rived from the torsion moment, which is not sensitive to the
choice of accurate wave heading. The transverse force is de-
rived from the simultaneous split force which is sensitive for
the choice of wave heading, (e.g. in atypical case 50% increase
when for example 6 varies from 45° to 55°). The bending mo-
ment and transverse force will give added stresses, and there-
fore it isimportant to select the correct 6, which theoretically
has to be somewhat above the heading giving maximum tor-
sion moment. It may therefore be necessary to evaluate more
than one heading.

In addition to the global response, local drag and inertia force
on the bracing structure (twin pontoon units) should be ac-
counted for when relevant.

For a ring pontoon unit, the torsion moment will give maxi-
mum responses at the pontoon/node/column intersections and
at the column to deck connections. For atypical ring pontoon
unit, the torsion moment will give less responses than split
forces and longitudinal/transversal shear forces.

TOP VIEW:

WAVE TROUGH | A

WAVE CREST

Figure 4-6
Torsion moment

VERTICAL FORCE
HORIZONTAL FORCE

A-UP_= ACCELERATION UP.

Figure4-7
Platform in diagonal wave

PITCH CONNECTING MOMENT, AT CL SECTION

M /a (kNm/m) PR.m WAVE AMPLITUDE, FOR CRITICAL HEADING
80000

CRITICAL HEADING - 52 deg.
72000 4

64000
56000+
48000

40000+

226 282 338 451 564
WAVE LENGTH,Lw (m)

56 85 13 169

Figure 4-8
Transfer function for torsion moment (example)

4.6.4 Longitudinal shear force between the pontoons, F|

The critical value for this response will normally occur at a
wave heading between 6 = 45° to 0 = 60° (diagonal sea), and
the wave length is about 1.5 times the distance of the diagonal
between pontoon ends. The wave height may be found from
the steepnessrelation given in 2.2, or the critical response may
be calculated using the stochastic approach as described in 4.3,
see Figure 4-9.

This loadcase contains the same force components as for the
torsion moment case, but the longitudinal forces on pontoons
and columns are maximised. In this case the response will in-
troduce opposite longitudina (and vertical) displacement for
each pontoon, and thus introduce bending moment (S-mo-
ment) on the transverse braces, see Figure 4-10.

For typical twin pontoon units with bracing structures, this
loadcase is normally the governing loadcase for all horizontal
bracing structures. In this caseit isimportant to select the cor-
rect critical wave direction. Also in this case, responses from
simultaneous split force should be accounted for.

In addition to the longitudinal shear force, response from si-
multaneous split force should be accounted for. Thetransverse
forceisderived from the simultaneous split forcewhich is sen-
sitiveto the choice of wave heading, (e.g. in atypical case 50%
increase when for example 6 varies from 45° to 55°). The lon-
gitudinal shear force and transverse force will give added
stresses in the braces, and therefore it isimportant to select the
correct 6 which theoretically has to be somewhat above the
heading giving maximum longshear force. It may therefore be
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necessary to evaluate more than one heading.

In addition to the global response, local drag and inertia force
on the bracing structure (twin pontoon units) should be ac-
counted for when relevant.

For aring pontoon unit, this response will give maximum re-
sponses at the pontoon/node/column intersections and at the
column to deck connections. For atypical ring pontoon unit,
the longitudinal shear force will, at areas with maximum long-
shear responses, give larger responses than split forces and tor-
sion moment.

Also for ring pontoon units, the maximum responses from si-
multaneous (longitudinal/transversal) shear forces and split
forces should be accounted for. The maximum responseis sen-
sitive to the choice of wave heading.

f WAVE
HEADING

THIS LOADING CONDITION MAY BE CRITICAL FOR
THE DARK SHADED ELEMENTS ()

WAVE CREST

TOP VIEW

d

A=15-.d

WAVE CREST "

Figure4-9
Longitudinal shear force

M

I// ]
L ] M
Figure4-10
Longitudinal deflections (S-moment)

4.6.5 Longitudinal acceleration of deck mass

The critical value for this response will occur at head seas.
Typical maximum values are 0.2-0.25 g in survival and 0.1-
0.15 g in operation and transit condition.

Thisresponse will introduce longitudinal racking due to accel-
eration of the mass in the deck and associated area.

The longitudinal acceleration of deck mass will introduce
shear force and corresponding bending moments for the col-
umns connecting the upper and lower hulls (deck and pon-
toon), see Figure 4-11.

mdeck
QL
-—| /]
T
Mp Mp2 Mps
\
d \ 3 9\
Mp1 Mp2 Mps
Figure4-11

Longitudinal racking

4.6.6 Transverse acceleration of deck mass

The critical value for this response will occur at beam seas.
Normally this value will reach its maximum at small draughts
and may consequently be critical for the choice of operational
limits of the transit condition. Typical values are 0.15-0.2 g in
survival, 0.1-0.15 g in operation and 0.2-0.25 g in transit con-
dition. This response will introduce transverse racking due to
transverse acceleration of the mass in the deck and associated
area, see Figure 4-12.
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Figure4-12
Transver se acceleration

This shear force between upper and lower hull (deck and pon-
toon) has to pass through the construction in one of two ways,
see Figure 4-13;

a) For units with diagonal braces the shear force will be ex-
perienced as axial force in the braces and shear force with
corresponding bending moments in the columns. The dis-
tribution between these responses is depending on the
stiffness properties. For typical twin pontoon units the re-
sponsein the columnsisrather small and can be neglected
compared to the axial response of the diagonal braces.

b) For units without diagonal braces the approach will be
similar as presented in 4.6.5.

m-deck

.

N s I

(04

P
< &

Figure4-13
Transverseracking

4.6.7 Vertical acceleration of deck mass

Thisresponseisin most cases not critical for any global struc-
tural element in submerged conditions. The vertical accelera-
tion isillustrated in Figure 4-14. Typica maximum valuesin
survival condition are 0.2-0.25 g.

LLLLL L L L L L
2227777777

N

3

Figure4-14
Vertical acceleration

4.6.8 Vertical wave bending moment on the pontoon

This response will reach its maximum value at head seas, 6 =
0°. Thecritical wavelength will be dightly larger than the pon-
toon length. The wave height may be derived from the steep-
nessrelationsgivenin 2.2,

The wave bending moment should be established with the
wave crest at mid pontoon, resulting in a symmetric wave
bending moment, see Figure 4-15.

For pontoons with three or more columns, the wave bending
moment should in addition be established with the wave zero-
crossing point in mid pontoon, giving an asymmetric wave
bending moment of the pontoon.

WAVE
/J/ PROFILE |

9 _SwL
i

AN AL

N

I 7 |

AMoment distribution
(principle)
I l/

Figure4-15
Vertical wave bending moment

Shear force distribution
(principle)

V

4.7 Characteristic global static responses

The static response is caused by the permanent loads (lightship
weight), variable functional loads, and deformation loads.

Variable functional loads on deck areas for global design are
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given in DNV-0OS-C101 Sec.3. Global design load conditions
should be established based on representative variable func-
tional load combinations. Limiting global mass distribution
criteria should be established taking into account compliance
with the requirementsto intact and damage hydrostatic and hy-
drodynamic stability.

For the pontoons the response is experienced as a bending mo-
ment due to the buoyancy in the pontoon, relevant both for
twin pontoon units and ring pontoon units. Effect of different
ballast distribution shall be adequately accounted for as part of
the global load effects for the structural design. Simple frame
analyses with beam elements representing pontoons and col-
umns with fixed boundary conditions at deck level may be ap-
plied for assessment of different ballast distribution.
Maximum and minimum ballast conditions, representing unfa-
vourable conditions used in the tank load plans, are typically
given in Figure 4-16. Effects with non-symmetric, diagonally
distributed tank loading conditions should a so be assessed.
7

/77
tivyl EERK|

A) BALLAST DISTRIBUTED AT THE ENDS WILL GIVE MAXIMUM
HOGGING MOMENT

HOGGING
MOMENT

*HHH”
% /]

\/S(AGGING
MOMENT

B) BALLAST DISTRIBUTED AT MIDDLE WILL GIVE MAXIMUM
SAGGING MOMENT

Figure4-16
Ballast distributionsin pontoon

4.8 Global structural model

4.8.1 Typesof global structural model

The intention of the global analysis model(s) should be to en-
able the assessment of responses resulting from global loads.

A global structural model shall represent the global stiffness
and should be represented by a large volume, thin-walled
three-dimensional finite element model. A thin-walled model
should be modelled in shell (or membrane) finite elements,
sometimes in combination with beam elements.

Assessment of single model solutions and responses normally
not covered in global models are givenin 4.8.2.

The structural connectionsin the model shall be modelled with
adequate stiffness (e.g. sufficient detail of connections as pon-
toon/column and column/deck) in order to represent the actual

stiffness such that the resulting global responses are appropri-
atefor thedesign. Local analyses of such connections may also
be required.

Threetypes of global structural model are referred toin DNV-
0OS-C103 Appendix B (with Types 3, 4, and 5 as used in Ap-
pendix B):

— Type 3: Beam model.

A complete three-dimensiona structural beam mode is
normally not accepted for global structural analysis except
in special cases for twin pontoon units in benign waters,
following normal class survey intervals.

— Type 4: Combined shell/beam model.

For twin pontoon units with braces between pontoons and
deck, such braces may be represented by beam elements.
In such cases, local analyses shall be performed for the
brace connections to the hull and deck.

— Type 5: Complete shell model.

A complete shell model shall be applied for al ring pon-
toon units, both hull and deck. Plate stiffeners and girders
may be lumped and included as beam elementsfor correct
stiffness representation in the shell model.

The global structural model usually comprises:

— pontoon shell, longitudinal and transverse bulkheads

— column shell, decks, bulkheads and trunk walls

— main bulkheads, frameworks and decks for the deck struc-
ture (secondary bulkheads and decks which are not taking
part in the global structural capacity should not be mod-
elled)

— bracing structure for twin pontoon units.

Analysis with anisotropic plate stiffness (also referred to as
"stressed skin" design philosophy) may in certain cases be ap-
plied for the analyses and design of deck structures. Conditions
for application and design based on this philosophy are given
in5.2.6.

Examples of global structural models of twin pontoon unit and
ring pontoon unit are given in Figure 4-17 and in Figure 4-18,
respectively. The twin pontoon model is a combined shell/
beam model (Type 4), and the ring pontoon model is a com-
plete shell model (Type5).

Figure 4-17
Example of twin pontoon global structural model (Type 4 shell/
beam model)
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Figure 4-18
Example of ring pontoon global structural model (Type 5 shell
model)

4.8.2 Assessment of single model solutions

It is normally not practical to consider all relevant loads (both
global and local) in a single model, due to the following rea-
sons:

— Single model solutions do not contain sufficient structural
detailing.
For UL S structural assessment, responses down to the lev-
el of the stressesin plate fields between stiffeners are nor-
mally required. Examples of insufficient structural
detailing may be:

— interna structureisnot modelled in sufficient detail to
establish internal structural response to the degree of
accuracy required

— element type, shape or fineness (e.g. mesh size) isin-
sufficient.

Single model solutions do not normally account for the
full range of tank and sea pressure combinations, see 3.8.6.

Examples of effects that may typically not be fully ac-
counted for include:

internal tank pressure up to the maximum design pres-
sure

maximum sea pressures (e.g. by use of a "design
wave' approach) the sea pressure height resulting
from the design waveis not the maximum seapressure
the section may be subjected to

variations in tank loading across the section of the
pontoon; for example if the pontoon is sub-divided
into watertight compartments across its section

load conditions that may not be covered by the global
structural analysis; for example ALS heeled condi-
tion.

Single model solutions do not normally account for the
full range of "global" tank loading conditions, seealso 4.7.

Generally, single model solutionsthat do contain sufficient de-
tail toinclude consideration of all relevant loads and load com-
binations are normally extremely large models, with a very
large number of loadcases. It is therefore often the case that it
ismorepractical, and efficient, to analyse different load effects
utilising a number of appropriate models and superimposing

the responses from one model with the responses from another
model in order to assess the total utilisation of the structure.

Single model solution with use of the design wave analysis ap-
proach as described in 4.3 is not possible to combine.

4.8.3 Massmodelling

A representative number of global design load conditions, sim-
ulating the static load distribution for each draught, should be
evauated in the global model. Thismay be achieved by thein-
clusion of a"mass model”. The mass model may be an inde-
pendent model or may be implicitly included in the structural
(or wave load) model(s).

Usually, only alimited number of load conditions are consid-
eredintheglobal analysis. Thereforethe global model may not
adequately cover al "worst case" global load distributions for
each individual structural element. Procedures shall be estab-
lished to ensure that the most unfavourable load combinations
have been accounted for in the design, see also 3.2.

In respect to global pontoon tank loading arrangements the
maximum range of responses resulting from the most onerous,
relevant, static load conditions shall be established. In order to
assess the maximum range of stressesresulting from variations
in pontoon tank loading conditions a simplified model of the
structure may be created. This simplified model may typically
be a space frame model of the unit, see 4.7.

4.8.4 Boundary conditions

To avoid rigid body motion of a globa structural model, at
least 6 degrees of freedom have to be fixed.

Fixed boundaries or spring stiffness may be applied depending
on what is the most appropriate for the structure in question.
The selection of the boundary conditions may be asillustrated
in Figure 4-19, with the following restraints:

— 3vertical restraints (2)
— 2 transversal horizontal restraints (Y)
— 1longitudinal horizontal restraint (X).

When spring stiffness for the vertical restraints are applied, the
total vertical stiffness should be according to the water plane
area.

P

imaMssssssmssssEsmEns

X\ ’
zZ V4
Figure4-19

Boundary conditions

5. Local Sructural Analysesand Strength
Criteria

5.1 Introduction

An adequate number of local structural models should be cre-
ated in order to evaluate response of the structure to variations
in local loads, for example in order to evaluate different tank
and sea pressure combinations, lay-down loads acting on deck
platefield, support loads of heavy equipment/items, stress con-
centration details for fatigue assessments, etc.
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Themodel(s) should be sufficiently detailed such that resulting
responses are obtained to the required degree of accuracy. Sev-
era local models may be required in order to fully evaluate lo-
cal response at al relevant sections.

Design and scantlings shall be performed on basis of strength
criteria referred to in DNV-OS-C103 and DNV-OS-C101,
based on relevant combination of global and local load effects
for each individual structural element, including various tank
and sea pressures acting on pontoon and column sections.
Guidance for superimposing responses are given in 5.3.
Strength criteriafor structural utilisation are referred toin 5.4.

5.2 Local structural analyses

5.2.1 General

Four typical modelling levels for analyses of a column-stabi-
lised unit are described. The finite element modelling of the
unit or structural component should be carried out in accord-
ance with the principles and details given in the following.
Other equivalent modelling procedures may also be applied.

Examplesand guidancefor local structural modelsaregivenin
sections 5.2.210 5.2.7. It should be noted that the model levels
might comprise awide range of different models and sub-lev-
els of models. A loca structural model may be included in
higher level model or run separately with prescribed boundary
deformations or boundary forces.

Model level 1- Global structural model

As part of the global response analysis, relatively coarse ele-
ment mesh model for the entire unit should be used. The over-
all stiffness of the main load bearing members of the hull and
deck shall be reflected in the model.

Theintention of the global analysis model should be to enable
the assessment of responses resulting from global loads.

The model should be used for analysing global wave responses
and still water responses where found relevant. See Chapter 4
for assessment of structural components, loads and effects to
be included and considered as part of the global structural re-
sponse analysis. Note the assessment of single model solutions
in4.8.2.

The global structural model may be used for redundancy anal-
yses (ALS), for example for twin pontoon units with ineffec-
tive brace(s), see 5.2.7.

Model level 2 - Girder model

The purpose of the local structural analysis with girder model
is to analyse structural details (e.g. transverse girders of pon-
toon or horizontal stringer of hull column) and loading condi-
tions (e.g. different combinations of sea and tank pressures)
which have not been accounted for in the global analysis.

The extent of the structural model should be decided based on
structural arrangements, loading conditions and method of re-
sponse application. Typical girder model may be:

— frame model representing girder/stringer and effective
plating (beam elements)

— threedimensional shell/membrane model with one or sev-
era girderg/stringers, plating, web frames, major brackets,
and stiffeners (e.g. as bar/beam elements).

The following typica areas should be given particular atten-
tion:

— transverse girders and bulkheads in pontoon
— stringers and decks in column

— effect of different tank and sea pressure combinations,
see 3.8

— deck areas with concentrated or distributed loads.

Model level 3 - Siffener between girder model

The purpose of thelocal structural analysiswith stiffener mod-
e is to analyse heavy loaded stiffeners and laterally loaded
gtiffeners, including brackets, subject to relative deformations
between girders/stringers.

The following typical areas should be given particular atten-
tion:

— longitudinal stiffeners between transverse bulkhead and
the first frame at each side at of the bulkhead (pontoon)

— vertical stiffenersbetween horizontal decksand stringer in
column

— dtiffenersat bulkheadsin way of pontoon-column and col-
umn-deck intersections

— for twin pontoon units: brace to column connection and
brace to deck connection

— local support areas for support of for example fairleads,
windlass, crane pedestal, drilling derrick, flare tower, liv-
ing quarters, etc.

— effect of different tank and sea pressure combinations, see
38.

Model level 4 - Stress concentration models

For fatigue assessment, fine element mesh models should be
made for critical stress concentration details, for details not
sufficiency covered by stress concentration factors (SCF) giv-
en in recognised standards, see for example DNV-RP-C203.

The following typical areas should be given particular atten-
tion:

— hot spot stress at the cruciform plate connectionsin way of
pontoon-column and column-deck intersections

— hot spot stressin the welded supports of for example fair-
leads, crane pedestal, flare tower, etc.

— hot spot stressat local column/brace connection (twin pon-
toon)

— hot spot stress at attachments

— detailsin way of the moonpool

— large and small penetrations

— corners at door openings

— dtiffener and girder terminations

— weld profiling of cruciform joints

— cast insert pieces.

The size of the model should be of such extent that the calcu-
lated stresses in the hot spots are not significantly affected by
the assumptions made for the boundary conditions.

Element sizefor stressconcentration analysesisnormally to be
in the order of the plate thickness. Normally, 8-node shell ele-
ments or 20-node solid elements should be used for the analy-
sis. The correlation between different loads such as global
bending, external and internal fluid pressure and acceleration
of the topside should be considered in the fatigue assessment.
For further details see DNV-RP-C203 item 2.13.

In some cases detail ed el ement mesh models may be necessary
for ultimate limit state assessment in order to check maximum
peak stresses and the possibility of repeated yielding.

5.2.2 Pontoons

The pontoon may be divided into the following structural ele-
ments:

— pontoon top, sides and bottom

— longitudinal bulkheads

— transverse bulkheads with girders

— transverse frames and longitudinal girders.

Example of alocal analysis model of part of pontoon structure
isgivenin Figure 5-1.

Simple frame (beam element) or shell models may also be ap-
plied to for example transverse girders.
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Figure5-1
Part of ring pontoon local analysis model (model level 2)

5.2.3 Columns

The columns may be divided into the following structural ele-
ments:

— shdll plating and stiffeners
— horizontal stringers

— horizontal decks

— vertical bulkheads.

Local models may be of similar types as applied to the pon-
toons.

For local strength analysisin way of fairlead and windlass, the
design should be based upon the breaking strength of anchor
lines, see dls0 6.1:

— local support of windlass

— local support of fairlead

— load effects on column shell between fairleads and anchor
winches.

The load effects on column shell between fairleads and anchor
winches may be estimated by hand calculations, applying rel-
evant width of the external shell plating of the column as load
carrying area, and combined with the stresses from the global
response analysis.

5.2.4 Pontoon/column and column/deck inter sections

Local design of both pontoon/column and column/deck inter-
sectionsisnormally governed by thefatigue criteria, with local
peaks of excessive yielding and buckling.

In particular the major intersections of pontoon/column of a
typical ring pontoon unit are sensitive to fatigue fracture, re-
quiring special attention to local analyses and design at the fol-
lowing positions:

— centre bulkhead pontoon/column intersection at pontoon
upper deck

— pontoon outer wall/column intersection at pontoon upper
deck

— pontoon/pontoon intersections.

5.2.5 Braceto column connection (twin pontoon units)

Requirements for brace arrangements are given in DNV-0OS-
C103 Sec.7 A200. The forces in the brace structures shall be
transmitted to the surrounding structure. The connections are
normally determined by fatigue of hot spots and yielding.

The following considerations are recommended for the struc-
tural design and local analysis of brace to column connections:

— brace forces should be transmitted through sound connec-
tions to bulkheads, decks and shell (circular connections)

— support flats should be checked for buckling with actual in
plane and bending stresses and hydrostatic pressure if
present (tank pressure)

— shear capacity of the support flats should exceed the axial
capacity of the brace

— gfdfect of bending moment in the brace should be account-

for.

A local analysis model for fatigue assessment of brace to col-
umn connection is shown as example in Figure 5-2.

HENEN

IRy

Figure5-2
Part of detailed shell lement model of column/brace connection

5.2.6 Deck structure

Figure 5-3 showsatypical part of deck structure, with the deck
divided into the following structural categories:

— primary girders/bulkheads
— secondary girders

— diffeners

— plate.

PLATE STIFFENERS l

! PRIMARY GIRDERS
| BULKHEADS

= - ==

Fr—r———=

SECONDARY_ GIRDERS

Figure5-3
Typical part of deck structure

Primary girders/bulkheads

The primary girder and the main bulkheads with effective part
of deck plating/heavy flanges take part of the global stiffness
and strength of the deck structure. Such primary girderswill be
subject to both global and local responses, i.e. the stressesfrom
the global analyses model should be superimposed with the
girder bending stresses caused by the local deck loads.

The effects of cut-outs shall be considered. Large cut-outs/
openings are normally included in the global analysis model.

Secondary girders

The secondary girders are supported by the primary girders/
bulkheads.

In cases where the secondary girders are taking part in the glo-
ba strength of the deck structure, these girders shall be de-
signed for the combined effect of global and local loads,
including girder bending stresses caused by the local deck
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loads. Buckling of the panel, comprising girders, stiffeners,
and plate, shall be considered.

In cases where the secondary girders, plate, and stiffeners are
not taking part inthe global strength, analysisand design based
on the anisotropic plate stiffness may be applied, see below for
conditions and recommendations.

Plate and stiffeners

All the various stress components (local and global) should
normally be evaluated and the relevant combination of stresses
to be checked against the buckling and yield criteria.

Fatigue

Fatigue evaluation of the deck structure shall be performed.
Such evaluation may be based on a screening process with a
simplified fatigue analysis approach to identify critical areas/
details. Special attention should be made to the following:

— areas of the deck where the dynamic stresses are signifi-
cant

— areasof the deck where the stress concentration factor may
become large, such as at penetrations, cut-outs, door open-
ings, attachments, flare supports, crane supports, etc.

Design based on anisotropic plate stiffness

Analysis with anisotropic plate stiffness (also referred to as
"stressed skin" design philosophy) may be applied to the anal-
yses and design of deck structures. The philosophy implies
specific requirements for both the global model as well as the
local model(s) as referred to below.

For the deck structure, the "stressed skin" philosophy may be
applied to large deck areas in-between primary girders/bulk-
heads. The stressed skin elements will represent plate panels
that only resist shear forcesin the global analysis model. This
means that all membrane stresses, both tensile and compres-
sion stresses, are ignored in the panels. The purposes of intro-
ducing stressed skin elements is to let primary girders/
bulkheads and trusses (including thick deck platesrepresenting
heavy flanges close to the web) have sufficient strength to take
the global loads. The deck plates in-between will be designed
to resist local loads and shear forces from global anaysis.
Hence the structural design is based on the following basic as-
sumptions:

a) Plate panelswith stiffeners are only assumed to resist glo-
bal shear stressesin plate and local loads.

b) Secondary girders are assumed to resist local |oads.

¢) Shear forces may be redistributed to obtain equal shear
flow over the total panel length.

d) Primary girders/bulkheads/trusses (including heavy flang-
esin decks) carry the normal stresses from global analysis
model. These structures are treated with normal isotropic
material properties in the global analysis, and will take
care of the global strength integrity of the upper hull deck
structure (ULS).

€) Stressed skin elements may be modelled by adjusting the
material matrix for global analysis (ULS). Adjustments
may be performed by using anisotropic material model,
for example: maintaining the shear stiffness and divide the
axial stiffness by 100.

f) Note that fatigue evaluation based on analysis with
stressed skin elements will be non-conservative for the
stressed skin elements (see item €)).

Hence global analysis for fatigue assessment shall be per-
formed with isotropic material model (axial stiffhess not
modified).

5.2.7 Damaged structure

Requirementsfor Accidental Limit States (AL S) and structural
redundancy of slender main load bearing structural elements
are given in DNV-0OS-C103 Sec.6 and DNV-OS-C103 Sec.7.

The damaged condition may be divided in two main groups:

1) Sructural redundancy

comprising fracture of bracing or joint between bracings
(for twin pontoon units) and fracture of primary girder/
truss element in deck structure.

2) Sability and watertight integrity
see intact and damage stability requirements including

compartmentation and watertight integrity in DNV-OS-
C301.

The structural design comprise flooding of tanks and void
spaceswith heel angle after loss of buoyancy not to exceed
17°.

The unit shall be designed for environmental loads with return

period not less than 1 year after damage, see DNV-0S-C101
Sec.3 B100.

Fracture of bracing or joint (for twin pontoon units)

Analyses for static and wave induced loads should be carried
out for damaged cases assuming successive bracings to be in-
effective. The globa analysis model may normally be used.
Typical damaged case are illustrated in Figure 5-4.

If the 100 year return period is used as basis for the analyses,
the 1 year responses may taken as;

_ 1/h
oy = 0.77 o100

one year stress response

100 year stress response

Weibull shape parameter; avalue of 1.1 may be ap-
plied together with-worldwide criteriafor twin pon-
toon units if not further documented.

Loca yield and buckling can be accepted provided it can be
demonstrated that excessive forces can be redistributed to oth-
er members. Such redistribution may be demonstrated by dif-
ferent methods:

1
G100

— recalculation with reduced stiffness of elementswith plas-
tic behaviour

— redistribution by hand calculation of the excessive forces
obtained as the difference between the analysed forces in
the elastic analysis and the plastic capacity.

M FRACTURE BRACING

Figure5-4
Example of damaged casesfor redundancy analyses
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Fracture of primary girder/truss element in the deck structure

The structural arrangement of the deck structure with main
girders/truss elements is to be considered with regard to the
structural integrity after failure of any primary girder/truss el-
ement, similar as described above for fracture of bracing or
joint.

Fires or explosions may bethe critical event for this accidental
scenario.

Heeled condition after damage flooding

As part of the damaged stability requirement, see DNV-OS-
C301, the static heel angleisnot to exceed 17° in any direction.

The structural design comprises flooding of tanks and void
spaces. The hydrostatic pressure in flooded spacesisthe verti-
cal distance between a load point and damaged waterline in
static heeled condition (17°), see 3.8.5.

At this 17° hedl angle the gravity component parallel to the
deck is0.29 g. This static component and the dynamic effects
shall be accounted for in the assessment of structural strength
of deck structure. Local exceedance of the structural resistance
is acceptable provided redistribution of forces dueto yielding,
buckling and fracture is accounted for.

In the damaged heeled condition (e.g. ALS condition after a
collision event), the unit shall resist the defined environmental
conditions corresponding to 1-year return period. It is not nor-
mally considered practicable to analyse the global structurein
this damaged, inclined condition with wave loads as the deck
structure becomes buoyant, due both to the static angle of in-
clination and also due to rigid body motion of the unit itself.
The global system of loading and response becomes extremely
non-linear. Additionally, as soon as the deck structure startsto
become buoyant, the global load effects resulting from the in-
clined deck mass rapidly become reduced. Hence, it isnormal-
ly acceptable not to perform global response analysis with
wave loads for the 17° heeled condition. The effects of envi-
ronmental loads may be accounted for by use of the material
factor yyy =1.33 as given in DNV-0OS-C103 Sec.6 F102.

5.3 Superimposing responses

The simultaneity of the responses resulting from the local and
global analysis models, including various sea and tank pres-
sures, may normally be accounted for by linear superposition

Undertake a buckling code

check of each individual stiffened
plate field including all siress
components and relevant lateral
pressure components

(from both sides of the plate field)

Ty (Global Model)
if applicable

/

JJ

Toes1  + Ttgtobal
model) model)

Oy (Local Model)

i

of the responses for logical load combinations.

When evaluating responses by superimposing stresses result-
ing from several different models, consideration shall be given
to the following:

— Loads applied in globa and local models as discussed in
3.2

Relevant combination of tank and sea pressures as dis-
cussed and specified in 3.8.6.

Assessment of different global and local model solutions
asdiscussed in 4.8.2.

It should be ensured that responses from design loads are
not included more than once (see for example the effect of
simple frame analysis modelsin sections 4.7 and 4.8.3 re-
lated to variations in pontoon tank loading conditions).
Continuous, longitudinal structural elements, for example
stiffened plate fields in the pontoon deck, bottom, sides,
bulkheads, tunnels etc., located outside areas of global
stress concentrations, may be evaluated utilising linear su-
perposition of the individual responses as illustrated in
Figure 5-5 for a pontoon section.

When transverse stress components are taken directly
from thelocal structural model (o y (| oca Mogel ) N Figure
5-5), the transverse stresses from’the ¢ obaﬁj model may
normally be neglected.

Stiffener induced buckling failure normally tends to occur
with lateral pressure on the stiffener side of the platefield.
Plate induced buckling failure normally tends to occur
with lateral pressure on the plate side. Relevant combina-
tions of buckling code checking should therefore include
evauation of the capacity with relevant lateral pressure
applied independently to both sides of the plate field.

In order to ensure that local bending stress componentsre-
sulting from loads acting directly on the stiffeners are in-
cluded in the buckling code check, the lateral pressure
should be explicitly included in the capacity check. The
capacity checking should include abuckling check with no
lateral pressurein addition to the case with lateral pressure
(unless there is always pressure acting over the stiffened
plate field being evaluated).

Superimpose local compression stresses from bending of
deck girders (stiffeners) with global compression stresses
in buckling check as described in 5.2.6.

/Ux {Local Model}
if applicable

/(Tx (Global, Pontoon Tank
Loading Model}

" Ux (Global Model)

/Ux (Global Model)\Uy (Local Model)

/(Tx {Global, Pontoon Tank
Loading Model)

/(O'x (Local Model)
if applicable

Figure5-5

Jy (Global Model)
if applicable

Combination of stress componentsfor buckling assessment of an individual stiffened plate field in a typical pontoon section
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5.4 Srength criteria

54.1 General

Structural utilisation shall be evaluated in accordance with the
requirements of thelimit statesULS, FLS, and ALS asreferred
toin DNV-0S-C103 and DNV-0S-C101, comprising the fol-
lowing modes of failure to be considered:

— excessiveyielding (ULS, ALS)
— buckling (ULS, ALS)

— brittle fracture

— fatigue fracture (FLS).

5.4.2 Excessiveyielding

Structural members for which excessive yielding is a possible
mode of failure, areto beinvestigated for yielding. Local peak
stresses from linear elastic analysis in areas with pronounced
geometrical changes, may exceed theyield stress provided that
the adjacent structural parts has capacity for the redistributed
stresses.

5.4.3 Buckling

The possibility for buckling hasto be considered for all slender
structural members. When buckling is a governing mode of
failure, it is essential that geometric imperfections are kept
within specified limits.

5.4.4 Brittlefracture

Thepossibility for brittle fracture shall be avoided by the struc-
tural categorisation, selection of materials, and suitableinspec-
tion, as specified in DNV-0S-C103 Sec.2 and DNV-0OS-C101
Sec.4. Brittle fracture is normally not treated as adesign crite-
rion.

Guidance to avoid brittle fracture is given in DNV-0S-C101
Sec.4 C100.

5.4.5 Fatigue

Requirements to the Fatigue Limit States (FLS) are given in
DNV-0S-C103 Sec.5 and DNV-0S-C103 Appendix A and
DNV-0S-C103 Appendix B, and in DNV-0OS-C101 Sec.6.

Guidance concerning fatigue calculations are given in DNV-
RP-C203.

Design Fatigue Factors (DFF) shall be applied asfatigue safety
factors for permanently installed units, as specified in DNV-
0OS-C103 Sec.5 A103 and DNV-0OS-C103 Appendix A. The
applications of DFFs are also discussed in DNV-0S-C101
Sec.6. The calculated fatigue life shall be longer than the de-
sign fatigue life times the DFF.

The design fatigue life for structural components should be
based on the specified servicelife of the structure, with service
life minimum 20 years. If the 100 year return period is used as
basis for the analyses, the extreme stress range for 20 year re-
turn period (i.e. 108 cycles) may be taken as:

_ 1/h
Aoy, = 0.92 Aoy

extreme stress range during 20 years (108 cycles)
extreme stress range during 100 years (1087 cycles)
Weibull stress range shape distribution parameter; a
value of 1.1 may be applied together with world-
wide criteria for twin pontoon units if not further
documented.

Guidance for simplified fatigue analysis are given in DNV-
OS-C103 Sec.5 B400 and in DNV-RP-C203 item 2.14. SN
curves are given for:

Ao 20
Ac100

— componentsin air

— componentsin seawater with cathodic protection
— componentsin seawater for free corrosion

— tubular joints

— cast nodes

— forged nodes

— stainless stedl.

Use of one slope S-N curves leads to results on the safe side.

Design charts for steel components for alowable extreme
stressrangesare givenin DNV-RP-C203 item 2.14.2, for com-
ponents in air and components in seawater with cathodic pro-
tection. These charts have been derived based on two slopes S
N curves, and assumption of design fatigue life of 20 years
(108 cycles). Note that the allowable extreme stress ranges
should be reduced for longer design fatigue lives, DFFs and
thickness effects.

6. Miscellaneous
6.1 Support of mooring equipment

6.1.1 General

Requirements for the position mooring system are given in
DNV-OS-E301. The following items relate directly to the
mooring lines and the mooring equipment (windlass/winch,
chain stopper, fairlead) supported on the hull and deck struc-
ture of the unit:

— structural design procedure for the mooring lines, includ-
ing mooring system analysis and design criteria formulat-
ed in terms of the limit states ULS, ALS, and FLS, are
specified in DNV-OS-E301 Ch.2 Sec.2

— recommendations and methods for the design of thruster
assisted moorings are specified in DNV-OS-E301 Ch.2
Sec.3

— structural design procedure for the mooring equipment
such as windlass/winch, chain stopper, and fairlead are
specified in DNV-OS-E301 Ch.2 Sec.4. The design of
these components is based on a load equal to the charac-
teristic breaking strength of the mooring lines.

As specified in DNV-0OS-C103 Sec.7 B100, thelocal structure
in way of fairleads, winches, etc. forming part of the fixed po-
sition mooring system, shall withstand forces equivalent to
1.25 times the breaking strength of any individual mooring
line. The strength eval uation should be undertaken utilising the
most unfavourable operational direction of the anchor line. In
the evaluation of the most unfavourable direction, account
shall be taken of relative angular motion of the unit in addition
to possible line lead directions.

The above referred |oad factor of 1.25 (applied on the breaking
strength of mooring line) can be regarded as similar safety fac-
tor as specified in DNV-OS-E301 Ch.2 Sec.4 N109, with max-
imum utilisation of 0.8 times yield strength of the supporting
structures.

In addition all structural elements influenced by the mooring
loads shall be designed to have sufficient strength to withstand
relevant loads acting on the mooring system as described for
theULSand the ALS.

6.1.2 Design loads

The supporting structure influenced by the mooring forces,
such as support of winches and fairleads and the column shell
between winch and fairlead, shall be designed for the two fol-
lowing main loading conditions:
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a) Breaking load of one single maooring line;

Fawr = Feni

Fqw1 = design load on windlass (corresponding to one
maooring line)

Fg = characteristic breaking strength of one mooring line

s = 1.25(load factor, see 6.1.1)

The material factor vy, is 1.0 in this case.
b) Operational loads from all mooring lines:

The design of al structural elements influenced by the moor-
ing loads shall takeinto account relevant loads (ULSand ALS)
found from the mooring analysis.

The static and dynamic contributions to the mooring line forc-
es should be considered for relevant application of load and
material factors according to DNV-0OS-C103 Sec.4 (ULS) and
sec. 6 (ALS).

6.1.3 Horizontal and vertical design anglesfor thefair-
lead supports

Fairlead with vertical inlet angle and horizontal working angle
is shown in Figure 6-1, with mooring linetension T.

The most critical vertical inlet angley and horizontal working
angle ¢ shall be considered for the local strength analysis and
design of the fairlead supporting structure;

— Thevertical design inlet angleyy should not be taken larger
than 10° unless otherwise documented (the support result-
ant force on supporting structure will decrease with in-
cr .

— The horizontal design working range (DWR) should be
20° larger than the operational working range (2 ¢), see
DNV-0OS-E301 Ch.2 Sec.4 L300:

DWR=2¢ + 20°

T

THRUST BEARING

COLUMN

Figure6-1
Fairlead with vertical inlet angle (y ) and horizontal working an-
de(e)

6.2 Wave slamming

Slamming on bracing structures on typical twin pontoon units
may be a governing criterion for deciding when to submerge
from transit draught. It isnormally stated as a design criterion
that significant slamming should be avoided. For design stage
evaluation of the transit capabilities the following criteriamay
be used:

Samming frequency: The number of slamming impacts should
not exceed 1 slam per 20 wave encounters.

Extreme stress: The extreme slamming induced stress in the
bracein acertain stationary design period (e.g. 3 hours) should
satisfy ULS combination b).

Fatiguerate: Thefatigue growth rate due to slamming in tran-
sit condition should not be greater than the nominal average

rate for the life time of astructural element.

Slamming is defined as a situation occurring when a structural
member (brace) hits the water surface due to relative motion
between the unit and the waves. Two conditions must be ful-
filled to get lamming:

— Therelative vertical motion must exceed the distancefrom
the exposed member to the still water surface.

— The velocity of the member relative to the wave must be
greater than a certain threshold value. This value is nor-
mally defined when the slamming force becomes greater
than the buoyancy force (guidance 3-3.5 m/s).

By taking into account the probability for exceeding the above
mentioned conditions, number of damming and most probable
largest damming force per unit length during N wave cycles
may be calculated. The above mentioned slamming criteria
may be calculated for different sea states (Hg, T,) and speeds.
It may be possible to specify limiting sea states for when it is
necessary to submerge from transit draught or to slow down
forward speed.

Slamming | oads from waves and procedure for fatigue damage
aregiven in Classification Note 30.5 6.4.

6.3 Air gap

Requirements for sufficient air gap are specified in DNV-OS-
C103 Sec.4 D100.

In the ULS condition, positive clearance between the deck
structure and the wave crest, including relative motion and in-
teraction effects, should normally be ensured. Localised, neg-
ative air gap may be considered as being acceptable for
overhanging structures and appendages to the deck structure.
In such cases full account of the wave impact forces is to be
taken into account in the design. The consequence of wave im-
pact shall not result in failure of a safety related system (e.g.
lifeboat arrangements).

The wave asymmetry factor in air gap calculationsis given in
2.3.6.

It isrecommended, in the design phase, to consider operational
aspects, including requirements to inspection and mainte-
nance, which may impose criteriato air gap that exceed mini-
mum requirements.

In the context of DNV-OS-C103 Sec.4 D103, column run-up
load effects are not considered as resulting in negative air-gap
responses.

6.4 Transit condition

6.4.1 General

Weather restrictions and criteriarelated to the transit condition
shall include consideration of the following items:

1) Motionsand accelerations; see sections 6.4.2 and 6.4.3 be-
low

2) Wave slamming, see 6.2

3) Stability during the ballasting sequences, see DNV-0S-
C301.

6.4.2 Transit analysis

To decide the critical sea states when it is necessary to sub-
merge a column-stabilised unit from transit draught, the design
responses as defined in 4.6.1 may be calculated in transit con-
dition (strip theory or 3-D diffraction theory), and the maxi-
mum responses taken egual to the values obtained for the
survival/operating conditions in a 100 year storm condition.

An exampleis shown in Figure 6-2. From such chart it may be
possible to conclude which responses that may be critical for
the transit condition as well aslimiting environmental criteria.
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TRANSIT CONDITION

My

SIGNIFICANT

WAVE HEIGHT
15 4 Hg (m)

ALLOWABLE
REGION

NOTATION ARE SHOWN IN
FIG. 4-3

T T T T T
5 10 15

AVERAGE ZERO UP - CROSSING PERIOD

Tz (sec)

Figure6-2
Critical sea statesfor transit condition (example)

Direct calculations of the transit analysis may be an alternative
approach, with similar wave load and stress analysis approach
as for the operating and survival conditions.

6.4.3 Wave loads

For transit condition the strip theory or the more accurate 3-D
diffraction theory should be used as the effect of the free sur-
face is significant. Forward speed may normally be neglected
as the maximum forces occur for zero speed, except for local
slamming (see 6.2).

Flow of water on top of the pontoonswill introduce non-linear
effectsthat are not taken into account in the linear calculations.
Experience from model tests indicates that the primary results
of these non-linearities are to reduce the heave, pitch and roll
motions near resonance.

A normally acceptable procedure is to reduce the resonance
amplitudes of these motionsto approximately 10% abovetheir
asymptotic values. The asymptotic values are;

Heave: MT{O =10

Roll and Pitch: - = 2

a’l
MO = motion amplitude
a = wave amplitude
0 = rotation amplitude in radians
Y = wavelength

Surge should be corrected due to coupling with pitch. Normal-
ly acceptable multiplication factor for the linear motion of the
resonance peak is 0.5.

Sway and yaw are not so strongly affected by the linearities
and no corrections should be made.
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