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ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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F[governmental, In_fiaison with 190, also take part In the WOrk. 1S9O collaborates close
rnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

main task of technical committees is to prepare International Standards. Draft\Internationa
rnational Standard requires approval by at least 75 % of the member bodies 'casting a vote.

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

19905-1 was prepared by Technical Committee ISO/TC 67, .Materials, equipment and offshor

19905 consists of the following parts, under the general title Petroleum and natural gas indust
Cific assessment of mobile offshore units:

Part 1: Jack-ups
Part 2: Jack-ups commentary and detailéd-sample calculation [Technical Report]
following part is under preparation:

Part 3, dealing with the site-specific assessment of mobile floating units.

wing International Stahdards:
ISO 19900, Petroleum and natural gas industries — General requirements for offshore structu

ISO 199041 Petroleum and natural gas industries — Specific requirements for offshore §
Part 1; Metocean design and operating considerations

1ISO9901-2, Petroleum and natural gas industries — Specific requirements for offshore §

y with the

rnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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19905 is one of a series\of International Standards for offshore structures. The full series consists of the
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fructures —

tructures —

Part 2: Seismic dpcign 'nmr‘pr‘lurpe and criteria

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

tructures —

ISO 19901-4, Petroleum and natural gas industries — Specific requirements for offshore structures —

Part 4: Geotechnical and foundation design considerations

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

ISO 19901-6, Petroleum and natural gas industries — Specific requirements for offshore s
Part 6: Marine operations
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— IS0 19901-7, Petroleum and natural gas industries — Specific requirements for offshore structures —
Part 7: Stationkeeping systems for floating offshore structures and mobile offshore units

— IS0 19901-8"), Petroleum and natural gas industries — Specific requirements for offshore structures —
Part 8: Marine soils investigations

— IS0 19902, Petroleum and natural gas industries — Fixed steel offshore structures

— IS0 19903, Petroleum and natural gas industries — Fixed concrete offshore structures

— |1SO 19904 1’ Peotroleum and natiral gas industries Eln:-fing offshore structires Part 1- Mono ”S,
semi-syibmersibles and spars

— I1SO 19P05-1, Petroleum and natural gas industries — Site-specific assessment of mobile, offshore
units — Part 1: Jack-ups

— ISO/TR 19905-2, Petroleum and natural gas industries — Site-specific assessment-0of mobile offshore
units — Part 2: Jack-ups commentary and detailed sample calculation

— IS0 19P05-32), Petroleum and natural gas industries — Site-specific assessment of mobile offshore
units — Part 3: Floating units

— IS0 19P06, Petroleum and natural gas industries — Arctic offshore structures

1) Under preparation. It is also expected that there will be further parts of ISO 19901.

2) Under preparation.
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Introduction

The series of International Standards applicable to types of offshore structure, 1ISO 19900 to ISO 19906,
addresses design requirements and assessments for all offshore structures used by the petroleum and natural
gas industries worldwide. Through their application, the intention is to achieve reliability levels appropriate for
manned and unmanned offshore structures, whatever the type of structure and the nature or combination of

the matertals used:
It is| important to recognize that structural integrity is an overall concept comprising models fof describing
actipns, structural analyses, design or assessment rules, safety elements, workmanship, quglity control
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gn or assessment in isolation can disturb the balance of reliability inherent. inythe overall
pverall reliability of offshore structural systems.

series of International Standards applicable to the various types w@ef-offshore structure is
ide a wide latitude in the choice of structural configurations, materials and techniques, witho
vation. Sound engineering judgement is therefore necessary in the use of these International S

part of ISO 19905, which has been developed from SNAME<Technical & Research Bulletin 5-
general principles and basic requirements for the siteyspecific assessment of mobile jag
nded to be used for assessment and not for design.

E For the exposure level 1(L1) assessment and,.Where appropriate, the exposure level 2 (L2) asse
acuation being effected, this part of ISO 19905 requires the use of 50 year independent or 100 year jo

tice in the international community.

The assessment is not intended'to) provide a full evaluation of the jack-up; it assumes that
ressed herein have been addressed using other practices and standards at the design stag
hnces, the original design of-all*or part of the structure could be in accordance with other stan
19900 series, and in some eases, different practices or standards could have been applied.

purpose of the site @ssessment is to demonstrate the adequacy of the jack-up and its founda
bssment situations.and defined limit states, taking into account the consequences of failure. It
the results of a site-specific assessment be appropriately recorded and communicated to thq

req
ass
ors

ired to know*or-act on the conclusions and recommendations. Alternative approaches to the
essment gan/be used, provided that they have been shown to give a level of structural reliabilit
perior,te‘that implicit in this part of ISO 19905.

edures and national requirements, all of which are mutually dependent. The modification of oje aspect of

concept or

Ctural system. The implications involved in modifications, therefore, need tocbe’ considered if relation to
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-specific assessment is normally catried out when an existing jack-up unit is to be installed at a specific
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Annex B summarizes the partial factors. Supplementary information is presented in Annexes C to H.

To meet certain needs of industry for linking software to specific elements in this part of ISO 19905, a special
numbering system has been permitted for figures, tables, equations and bibliographic references.

In International Standards, the following verbal forms are used:

“shall” and “shall not” are used to indicate requirements strictly to be followed in order to conform to the

document and from which no deviation is permitted;
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— “should” and “should not” are used to indicate that, among several possibilities, one is recommended as
particularly suitable, without mentioning or excluding others, or that a certain course of action is preferred
but not necessarily required, or that (in the negative form) a certain possibility or course of action is
deprecated but not prohibited;

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

— “can” and “cannot” are used for statements of possibility and capability, whether material, physical or
causal.
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Petroleum and natural gas industries — Site-specific

assessment of mobile offshore units —

Part 1:

Jack-ups

1 [Scope

Thig part of ISO 19905 specifies requirements and guidance for the site-specific: assessment of independent
leg Jack-up units for use in the petroleum and natural gas industries. It addresses

a) |manned non-evacuated, manned evacuated and unmanned jack-ups;

b) |the installed phase at a specific site.

To ensure acceptable reliability, the provisions of this part ofISO 19905 form an integrated approach, which is
usefl in its entirety for the site-specific assessment of a jack-up.

Thig part of ISO 19905 does not apply specifically toymobile offshore drilling units operating in regjons subject
to spa ice and icebergs. When assessing a jack:up’ operating in such areas, it is intended that the assessor
supplement the provisions of this part of ISO 19905 with the provisions relating to ice actions and|procedures
for ice management contained in ISO 19906.

Thig part of ISO 19905 does not address' design, transportation to and from site, or installation gnd removal
fronp site. However, it is advisable that the assumptions used in the assessment be checked [against the
as-ipstalled configuration.

To ensure that the design of_the jack-up is sound and the structure is adequately maintained, |this part of
ISO[ 19905 is applicable only to independent leg jack-ups that either

— |hold a valid classification society certification from a recognized classification society (RCS) throughout

NOT

the duration ¢f.the operation at the specific site subject to assessment; or

have been' verified by an independent competent body to be structurally fit for purpose f
situations and are subject to periodic inspection, both to the standards of an RCS.

or elevated

E1 An RCS is an International Association of Classification Societies (IACS) member body, meetf

ing the RCS

definition given in 3.52.

Jack-ups that do not comply with this requirement are assessed according to the provisions of ISO 19902,
supplemented by methodologies from this part of ISO 19905, where applicable.

NOTE 2  Future revisions of this part of ISO 19905 can be expanded to cover mat-supported jack-ups.

NOTE 3

Well conductors are a safety-critical element for jack-up operations. However, the integrity of well conductors

is not part of the site-specific assessment process for jack-ups and is, therefore, not addressed in this part of ISO 19905.
Annex A provides references to other publications addressing this topic.

NOTE 4  RCS rules and the IMO MODU code provide guidance for the design of jack-ups.

© 1SO 2012 — All rights reserved
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2 Normative references

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

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

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

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

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

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 19900, 1ISO19901-1, ISO 19901-2
and 1SO 19P02, and the following apply.3)

3.1
abnormal wave crest

wave crest fith probability of typically 10-3 to 10~4 per annum

3.2
accidental [situation
exceptionallsituation of the structure

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

3.3
action
external load applied to the structure (direct action)or an imposed deformation or acceleration (indirect actjon)

EXAMPLE An imposed deformation can,_be, caused by fabrication tolerances, settlement, temperature change or
moisture variation.

NOTE An earthquake typically generates imposed accelerations.

[ISO 1990012002, definition 2.1]

3.4
assessment
site-specific assessment
evaluation ¢f the stability and structural integrity of a jack-up and, where applicable, its seabed restraint or
support agdinst.the-actions determined in accordance with the requirements of this part of ISO 19905

NOTE An assessment can be limited to an evaluation of the components or members of the structure which., when
removed or damaged, could cause failure of the whole structure, or a significant part of it.

3.5
assessment situation
jack-up configuration together with the environmental loading to be assessed

NOTE 1 For discussion on configuration, see 5.4.1.

NOTE2 The assessment situations are checked against the acceptance criteria of this part of 1SO 19905 to
demonstrate that the relevant limit states are not exceeded.

3) Other terms and definitions relevant for the use of this part of ISO 19905 are also found in ISO 19901-4 and
ISO 19906.

2 © 1SO 2012 — All rights reserved
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3.6
assessor
entity performing the site-specific assessment

3.7
backfill
submerged weight of all of the soil that can be present on top of the spudcan

NOTE Backfilling can occur during or after preloading. Wge , refers to the submerged weight of the backfilling that
occurs up to achieving the preload reaction. Wgg 5 refers to the submerged weight of the backfilling that occurs after the
maximum preload has been applied and held. Both W, and Wg , can comprise backflow and/or infill. For discussion of

¢ variable
one|of a specified set of variables representing physical quantities which characterize actions, environmental
inflyences, geometrical quantities, or material properties including seil properties

[1ISQ 19900:2002, definition 2.5]
3.1(
boundary conditions
actipns and constraints on a (section of a) structural;:component (or a group of structural components) by other
struptural components or by the environment surrounding it

NOTE Boundary conditions can be used to generate reaction forces at locations of restraint.
[1ISQ 19902:2007, definition 3.6]

3.11
chart datum

locgl datum used to fix water depths on a chart or tidal heights over an area

NOTE Chart datum-is.usually an approximation to the level of the lowest astronomical tide.

[1ISQ 19901-1:2005,-definition 3.2]

3.1%
con¥equence category

classification system for identifying the environmental, economic and indirect personnel safety copsequences
of failure of a jack-up

NOTE 1 Categories for environmental and economic consequences are the following (see 5.3.3):
— C1: high environmental or economic consequence;
— C2: medium environmental or economic consequence;

— C3: low environmental or economic consequence.

NOTE 2  Adapted from ISO 19902:2007, definition 3.11.

© 1SO 2012 — All rights reserved 3
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3.13

critical component
structural component, failure of which could cause failure of the whole structure, or a significant part of it

NOTE A critical component is part of the primary structure.

[1ISO 19902:2007, definition 3.12]

3.14

dynamic amplification factor

DAF

ratio of a dy namic action effect 10 the corresponaing static action efrect

NOTE 1 Ror a jack-up, the dynamic action effect is best simulated by means of a concentrated or distributed ingrtial
loadset. It is bisually not appropriate to factor the static actions to simulate the effects of dynamic actions.

NOTE 2  The DAF excluding the mean values, Kpar spoF: Can typically be obtained from a single.dégree-of-fregdom
(SDOF) calctlation. In this case, it is defined as the ratio of the amplitude of a dynamic action effect tojthe amplitude of the
corresponding static action effect for periodic excitation of a linear one degree-of-freedom model approximation of jagk-up
behaviour.

NOTE 3  The DAF including the mean values, Kpar panponr CaN typically be obtained fro’' a random wave calculgtion.
In this case] it is defined as the ratio of the absolute value of a dynamic action efféct to the absolute value of the
corresponding static action effect, each including their mean value.

NOTE 4 Adapted from ISO 19902:2007, definition 3.16.

3.15

deterministic analysis

analysis in Which the response is determined from a single combination of actions

3.16

exposure level

classification system used to define the requirementsfor a structure based on consideration of life-safety|and
of environmental and economic consequences of failure

NOTE 1 An exposure level 1 (L1) jack-up is the most critical and exposure level 3 (L3) the least (see 5.5).

NOTE 2 Adapted from ISO 19902:2007 (definition 3.18.

3.17

extreme stprm event

extreme combination of windswave and current conditions to which the structure can be subjected during its
deployment

NOTE This is the metocean event used for ULS storm assessment (see 6.4).

3.18

fixed load

permanent pafts—ef—the—jack-up—inchding—hul—legs—and—spudeans—outfit—stationary—and—meveable-fixed
equipment

NOTE Moveable-fixed equipment normally includes the drilling package structure and associated permanently
attached equipment.

3.19

footprint

sea floor depression which remains when a jack-up is removed from a site

3.20

foundation

soil and spudcan supporting a jack-up leg

© 1SO 2012 — All rights reserved
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3.21
foundation fixity
rotational restraint offered by the soil to the spudcan

3.22

foundation stability

ability of the foundation to provide sufficient support to remain stable when subjected to actions and
incremental deformation

3.23

global analysis
detg¢rmination of a consistent set of internal forces and moments, or stresses, in a structure|that are in
equllibrium with a defined set of actions on the entire structure

NOTE 1 When a global analysis is of a transient situation (e.g. earthquake), the inertial response ig part of the
equilibrium.

NOTE 2 Adapted from ISO 19902:2007, definition 3.23.

3.24
ind¢pendent leg jack-up
jack-up unit with legs that can be raised and lowered independently

3.25
inential loadset
set pf actions that approximates the effect of the inertial forces

NOTE An inertial loadset is used only in quasi-static analyses.

soil jabove the plan area of the spudcan arising.from sediment transport or hole sidewall collapse

NOTE Infill is part of backfill (3.7).

is a current,

ative to the

required elevation. The majority of jack-ups have three or more legs, each of which can be moved independently and
which are supported in the seabed by spudcans.

3.29
jack-up owner
representative of the companies owning or chartering the jack-up

3.30

joint probability metocean data

combinations of wind, wave and current that produce the action effect that can be expected to occur at a site,
on average, once in the return period

© 1SO 2012 — All rights reserved 5
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3.31

leaning instability

instability of an independent leg jack-up that can arise when the rate of increase of actions on the foundation
with jack-up inclination exceeds the rate of increase of foundation capacity with depth

3.32

life-safety category

classification system for identifying the applicable level of life-safety of personnel on a jack-up
NOTE 1 Categories for life-safety are the following (see 5.5.2):

— S1: manned-non-evacuated;

— S2: manned evacuated;

— S83: unmanned.
NOTE 2 Adapted from ISO 19902:2007, definition 3.27.

3.33
limit state
state beyond which the structure no longer fulfils the relevant assessment criteria

NOTE Adapted from ISO 19900:2002, definition 2.21.

3.34

load case
compatible [load arrangements, sets of deformations and imperfections considered simultaneously with
permanent fActions and fixed variable actions for a particular design, or verification

[ISO 1990212007, definition 3.29]

3.35
long-term ¢peration
operation of a jack-up on one particular site for mere than the normal RCS special survey period of five yedrs

3.36
lowest astfonomical tide
LAT
level of low [tide when all harmonic components causing the tides are in phase

NOTE The harmonic components are in phase approximately once every 19 years, but these conditions| are
approached geveral times each.yéar.

[ISO 19901}1:2005, definition 3.12]

3.37
mat-supported.jack-up
jack-up unif with the leg(s) rigidly connected by a foundation structure, such that the leg(s) are raised [and
lowered in unison

3.38
mean high water spring tidal level
arithmetic mean of all high water spring tidal sea levels measured over a long period, ideally 19 years

3.39

mean low water spring tidal level
arithmetic mean of all low water spring tidal sea levels measured over a long period, ideally 19 years

6 © 1SO 2012 — Al rights reserved


https://standardsiso.com/api/?name=0ae59eee340d53e55ccc34fede5731b6

ISO 19905-1:2012(E)

3.40

mean sea level

MSL

arithmetic mean of all sea levels measured at hourly intervals over a long period, ideally 19 years

NOTE Seasonal changes in mean level can be expected in some regions and over many years the mean sea level
can change.

[ISO 19901-1:2005, definition 3.15]

3.41
mean-zero-upcrossing period
avefage intrinsic period of the zero-upcrossing waves in a sea state

NOTE 1 In practice, the mean zero-crossing period is often estimated from the zeroth and second moments of the
wave spectrum as given by Equation (3.41-1):

I, = Ty = mo(f)/ma(/) = 22\ mg(@)/my() - (3.41-1)
wherfe

/' is the frequency in cycles per second (hertz);

mq is the zeroth spectral moment and is equivalent to 02, the variancéf the corresponding time series
m, is the second spectral moment;

T,and T, are the average zero-crossing period of the water surface elevation, defined by the zerotf and second
order spectral moments, (7, = T,);

o is the wave frequency in radians per second.

NOTE 2  Adapted from ISO 19901-1:2005, definition 3.17.

3.42
most probable maximum extreme
MPME

valye of the maximum of a variablewith the highest probability of occurring over a defined period of time

NOTE 1 A defined period of time can be, for example, X hours.

NOTE 2  The most probable maximum extreme is the value for which the probability density function of the maxima of
the Yariable has its peak«It'is also called the mode or modus of the statistical distribution.

NOTE 3 Adaptéedfrom ISO 19901-1:2005, definition 3.19.

3.43
no
stre gth calculated for a cross-sectional area, taklng into account the stress ralsmg effects of|[the macro-
geome ress raising
effects from the section shape and any weldment or other fixing detail

NOTE Adapted from ISO 19902:2007, definition 3.34.

3.44

nominal stress

stress calculated in a sectional area, including the stress raising effects of the macro-geometrical shape of the
component of which the section forms a part, but disregarding the local stress raising effects from the section
shape and any weldment or other fixing detail

NOTE Overall elastic behaviour is assumed when calculating nominal stresses.

[ISO 19902:2007, definition 3.34]
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3.45

operating manual
marine operations manual
manual that defines the operational characteristics and capabilities of the jack-up in accordance with the IMO

MODU code

NOTE The assessor is advised to ensure that the operations manual referenced is the latest revision and that any
updated weight data are provided.

3.46

operator

representat[ve of the companies leasing the site

NOTE The operator is normally the oil company acting on behalf of co-licensees.

3.47

preloading

installation pf the spudcans by vertical loading of the soil beneath a jack-up leg spudcan-with the objectiVie of
ensuring syfficient foundation capacity under assessment situations through to the time when the maxiium
load is appl|ed and held

NOTE Whilst three-legged jack-ups preload by taking water ballast on board, jack-ups with four or more legs typically
achieve foundation preload by carrying the hull weight on pairs of legs in turn. This procedure is known as pre-drivingland
generally dog¢s not require the addition of water ballast. For the purposes of this part of ISO 19905, no distinction is made

between pre

3.48

preload re3ction

maximum v
entire prelo

NOTE1 1
and any con
dimensions).
care when a

NOTE2 1
installed on g

3.49
punch-thrg
rapid, unco

3.50
quasi-stati
static repre

NOTE I

pad and pre-drive.

ertical reaction under a spudcan, V| ,, supporting“the in-water weight of the jack-up during
bding operation

he in-water weight is the full weight of the hull,~variable load and preload ballast, plus the legs and spud

Soil buoyancy and the weight of any soil"backfill above the spudcan are neglected. It is necessary to
counting for water contained in the spudean (in some cases this can be included in the quoted leg weight

his is the maximum reaction on.a'spudcan, V| ,, that would be obtained during preloading if the jack-up

n infinitely rigid foundation.

ugh
ntrolled vertical leg'movement due to soil failure in strong soil overlying weak soil

3
9

bentationof a dynamic process

N ‘some cases, the influence of structural accelerations can be approximated by using an equivalent in

the

Cans

tained water, reduced by the buoyancy in water of the legs and spudcans (calculated from their ext¢rnal

take

).

vere

prial

loadset.

3.51

rack phase difference

RPD

relative difference in the position of adjacent leg chords within a leg measured parallel to the longitudinal axis
of the chords

NOTE

This is the out-of-plane distortion of the plan-frame.
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3.52

recognized classification society

RCS

member of the international association of classification societies (IACS), with recognized and relevant
competence and experience in jack-ups, and with established rules and procedures for
classification/certification of such installations used in petroleum-related activities

NOTE Adapted from ISO 19901-7:2005, definition 3.23.

3.53

redundancy
ability of a structure to find alternative Toad paths following failure of one or more non-crifical compénents, thus
limiting the consequences of such failures

NOTE All structures having redundancy are statically indeterminate.
[1ISQ 19902:2007, definition 3.39]

3.54
regulator
authority established by a national governmental administration to oversee the activities of the offshore oil and
natyral gas industries within its jurisdiction, with respect to the overall safety to life and proteftion of the
environment

NOTE 1 The term regulator can encompass more than one agency in.any particular territorial waters.

NOTE 2  The regulator can appoint other agencies, such as marine classification societies, to act on its Behalf, and in
such) cases, the term regulator within this part of ISO 19905 includes such agencies.

NOTE 3  Within this part of ISO 19905, the term regulator does not include any agency responsible for|approvals to
extract hydrocarbons, unless such agency also has responsibility for safety and environmental protection.

NOTE4  Adapted from ISO 19902:2007, definition 3.40.

3.55
representative value
valye assigned to a basic variablé:for verification of a limit state

[1ISQ 19900:2002, definition.2,26]
3.56
retyrn period

avefage period between occurrences of an event or of a particular value being exceeded

NOTE Thevoffshore industry commonly uses a return period measured in years for environmental events. The return
perigd in years is equal to the reciprocal of the annual probability of exceedance of the event.

[1SQ_19901-1:2005, definition 3.23]

3.57
scatter diagram
joint probability of two or more (metocean) parameters

NOTE 1 A scatter diagram is especially used with wave parameters in the metocean context, see 1ISO 19901-1:2005,
A.5.8. The wave scatter diagram is commonly understood to be the probability of the joint occurrence of the significant
wave height (Hg) and a representative period (Tz,i or Tp,i)'

NOTE 2 Adapted from ISO 19901-1:2005, definition 3.24.
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3.58
scour

removal of seabed material from the foundation due to current and waves

3.59
sea state

condition of the sea during a period in which its statistics remain approximately constant

NOTE

In a statistical sense the sea state does not change markedly within the period. The period during which this

condition exists is usually assumed to be three hours, although it depends on the particular weather situation at any given

time.

[ISO 19901

3.60
shallow ga
gas pocketg

3.61
significant
statistical m

NOTE )
upcrossing W
as 4\/% (wh
deviation of
approximatel

[ISO 19901

3.62
skirted spy
spudcan wi

3.63
slant-leg u
jack-up with

NOTE L
and less like

3.64
sliding

-1:2005, definition 3.26]

or entrapped gas below impermeable layers at shallow depth

wave height
easure of the height of waves in a sea state

he significant wave height was originally defined as the mean height of-the highest one-third of the
ere m is the zeroth spectral moment, see ISO 19901-1:2005, definition 3.31) or 40, where o is the stan

the time series of water surface elevation over the durationnef the measurement, typically a perig
y 30 min.

horizontal

3.65

special sunvey
extensive ahd'complete survey carried out at each nominal five year interval, which closes a cycle of an

ovement of-a'spudcan

zero

aves in a sea state. In most offshore data acquisition systems, the significant wave height is currently taken

Hard
d of

£1:2005, definition 3.30]
dcan
h a peripheral skirt
hit
legs that can be inclined at atsignificant angle to the vertical
he inclination angle is typically about 5°. The benefit is that the jack-up behaves more like a braced flame
a portal frame, with accompanying reductions in leg axial forces and moments.

hual

classificatio

NOTE

3.66

n and mandatory surveys

Also referred to as “renewal survey” by some IACS members.

spectral density function
energy density function

spectrum

measure of the variance associated with a time-varying variable per unit frequency band and per unit
directional sector

NOTE 1
function.

10

Spectrum is a shorthand expression for the full and formal name of spectral density function or energy density
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NOTE 2  The spectral density function is the variance (the mean square) of the time-varying variable concerned in each
frequency band and directional sector. Therefore, the spectrum is, in general, written with two arguments: one for the
frequency variable and one for a direction variable.

NOTE 3  Within I1ISO 19901-1, the concept of a spectrum applies to waves, wind turbulence and action effects
(responses) that are caused by waves or wind turbulence. For waves, the spectrum is a measure of the energy traversing
a given space.

[ISO 19901-1:2005, definition 3.33]

NOTE 1 In practice, there is often more than one peak in a spectrum.

NOTE 2  There are two types of spectral peak period used within this part of ISO 19905: intrinsic and apparent. The

NOTE In general, a linear(ized) stochastic analysis can be performed in the frequency domain or in the fime domain,
whefeas non-linear stochastic analysis can ohly use time domain simulations. This part of ISO 19905 doeg not support

3.7

strgss concentration factor

SCH

factpr relating a nominal-stress to the local stress at a detail

NO Adapted from ISO 19902:2007, definition 3.50.

3.72

stryctural-analysis

progesscor’algorithm for determining action effects from a given set of actions

analyses-are performed-at-three levels [global analysis of an-entire s e—analysis of part of a
structure (e.g. a leg), local analysis of a structural member and local analysis of a structural component] using different

structural models.

NOTE 2 Adapted from ISO 19902:2007, definition 3.51.

3.73

structural component

component

physically distinguishable part of a member cross-section of uniform yield strength

NOTE The cross-section of a non-tubular member is usually comprised of several structural components. A

component consists of only one material. Where a plate component is reinforced by another piece of plating, the
reinforcement can be of a different yield strength. See also further discussion in A.12.1.1.
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3.74

structural member

member
physically d

NOTE 1
NOTE 2

3.75

sudden hu
sudden cy
sudden ty,

sudden tropical revolving storm that forms near the site and that can affect the jack-up before demanning

be complet
NOTE L
3.76

istinguishable part of a braced structure connecting two joints

A structural member can also be defined as the leg of a non-truss leg jack-up.

See also further discussion in A.12.1.1.

rricane

hoon

d within the time required by the emergency evacuation plan

he intent is that the jack-up be assessed to L1 for the specified sudden tropical revolving storm.

sustained wind speed

time-averag

NOTE A
3.77

undrained
maximum s

NOTE
[ISO 19901

3.78
utilization
member ut
foundation
maximum
generalized

NOTE 1
considered.

1

NOTE2 ¢

NOTE3 1
representatiy

NOTE4 H
combine intg
an inequality

ed wind speed with a defined averaging duration of 1 min or longer

dapted from ISO 19901-1:2005, definition 3.37, which references a duratignyof “10 min or longer”.

shear strength

hear stress at yielding or at a specified maximum strain in‘an undrained condition

ielding is the condition of a material in which a large plastic-strain occurs at little or no stress increase.

£4:2003, definition 3.9]

lization

utilization

alue of the ratio of the generalized representation of the assessment action effect to
representation of the assessment resistance in compatible units

Dnly utilizations smaller than or equal to 1,0 satisfy the assessment criteria for a particular limit state.

e resistance\divided by the partial resistance factor.

or mémbers and foundations subjected to combined forces, the internal force pattern and the resis
an’interaction equation. If the interaction equation governing the assessment check is, or can be, reduc
ofthe form U < 1,0, then the utilization is equal to U.

he utilization is the maximum absolute value of the ratio for each limit state and assessment situation b

he assessment action effect is the response to the factored actions. The assessment resistance ig

tance
{d to

can

the

eing

the

NOTE 5

3.79

Adapted from ISO 19902:2007, definition 3.56.

variable load

items carrie

3.80

d by the jack-up to support its operation that are not included in the fixed load

water depth
vertical distance between the sea floor and still water level

NOTE 1

Generally, assessment water depth is determined to the extreme still water level.

12
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NOTE 2  The water depth used for calculating wave kinematics varies between the maximum water depth of the mean
high water spring tide plus a positive storm surge, and the minimum water depth of the mean low water spring tide less a
negative storm surge, where applicable.

NOTE 3 Adapted from ISO 19901-1:2005, definition 3.41.

4 Symbols and abbreviated terms

41 Symbols

Bg soil buoyancy of spudcan below bearing area, i.e. the submerged weight of soil|displaced by
the spudcan below D, the greatest depth of maximum cross-sectional spudcan bearing area
below the sea floor

m moment reduction factor
greatest depth of maximum cross-sectional spudcan bearing area‘below the sea floor
e equivalent set of inertial actions representing dynamic extreme/storm effects or grgund motion

effects due to earthquakes

Eg metocean actions due to the extreme storm event

fep fatigue damage design factor

Fy assessment load case

Fy horizontal force applied to the spudcan due to the assessment load case (see 8.8)

Fy gross vertical force acting on the s6il beneath the spudcan due to the assessmert load case
Fy4 (see 8.8)

Gg actions due to the fixed. load positioned such as to adequately represent their yertical and
horizontal distribution

G, actions due to maximum or minimum variable load, as appropriate, positioned at the most
onerous centre of\gravity location applicable to the configurations under consideratipn

Kppr ranpom  DAF from random wave time domain (stochastic) analyses

KpaF spor DAF fromsingle degree-of-freedom representation of dynamic behaviour

Lag length of the vector from a specified origin to the action effect

Lig length of the vector from the same origin to the factored interaction surface

Mot overturning moment due to factored actions

N number of cycles to failure in fatigue of a specified constant amplitude stress range

On maximum horizontal foundation capacity

R factored resistance

R4 0™ factored stabilizing moment

Rr,OTM representative stabilizing moment

U utilization

Us pl utilization of preload

© 1SO 2012 — Al rights reserved 13


https://standardsiso.com/api/?name=0ae59eee340d53e55ccc34fede5731b6

ISO 19905-1:2012(E)

WBF A

utilization of foundation resistance to sliding
utilization of vertical and horizontal foundation capacity

maximum vertical reaction under the spudcan considered required to support the in-water
weight of the jack-up during the entire preloading operation4)

vertical reaction beneath the spudcan due to the assessment load case®)

submerged weight of the backfill that occurs after the maximum preload has been applied and
held

WeE o
%D
NE
%G
AY
JRH

TR Hfc
JR,0T™
JR,PRE
RS

R,VH
4.2 Abbr

ALE
ALS
BS
BSTF
CD
DAF
ELE

submerged weight of the overburden on top of the spudcan from backfill during preloading
partial action factor applied to the inertial actions due to dynamic response

partial action factor applied to the metocean or earthquake actions

partial action factor applied to the actions due to fixed load

partial action factor applied to the actions due to the variable load

partial resistance factor for holding system strength

partial resistance factor for horizontal foundation capacity

partial resistance factor for stabilizing moment

partial resistance factor for preload

partial resistance factor for spudcan strength

partial resistance factor for foundation capacity

pviated terms

abnormal level earthquake
accidental limit states

base shear

base shear transfer function
chart datum

dynamic amplification factor

extreme level earthquake

FE
FLS
IACS
LAT

finite element
fatigue limit states
International Association of Classification Societies

lowest astronomical tide

4) This is not the soil capacity. See definition 3.48.

5) See 8.8. Includes effects of leg weight and water buoyancy, but excludes effects of backfill and spudcan soil

buoyancy.

14
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LRFD load and resistance factor design
LTB lateral torsional buckling

MPM most probable maximum

MPME most probable maximum extreme
MSL mean sea level

OCR over-consolidation ratio

PDK probability density function

PSI|P project specific in-service inspection programme
RC$ recognized classification society
RO remotely operated vehicle

RPD rack phase difference

SCHk stress concentration factor
SDOF single degree-of-freedom

SLS serviceability limit states

SWL still water level

TRS tropical revolving storm

ULS ultimate limit states

5 |Overall considerations
5.1| General

5.1.1 Competency

Asspssments undertaken in accordance with this part of ISO 19905 shall be performed only [by persons
conjpetent through<education, training and experience in the relevant disciplines.

5.1.2 Planning

Adegquateplanning shall be undertaken before a site-specific assessment is started. The plgnning shall

incliideythe determination of all assessment situations and the criteria on which the assessmént shall be
baskmmmmmmms—, - B

5.1.3 Assessment situations and associated criteria

The assessment situations shall include both extreme events and operational modes because the critical
mode of operation is not always obvious. The assessor shall use site-specific metocean, earthquake and
geotechnical data, as applicable, for the assessment. The assessment situations and associated criteria are
jointly specified in the remainder of this part of ISO 19905. They form one whole and shall not be separated
from one another.

For mobile offshore drilling units operating in regions subject to sea ice and icebergs, the requirements of this
part of ISO 19905 shall be supplemented with the provisions relating to ice actions and procedures for ice
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management contained in ISO 19906. The action factors from this part of ISO 19905 shall be applied. When

joint probabi

lity data are not available, the factors from ISO 19906 may be used for the companion actions.

5.1.4 Reporting

The assessor should prepare a report summarizing the inputs, assumptions and conclusions of the
assessment. A recommended contents list is given in Annex G.

5.1.5 Regu

Each count
operator an
operations

5.2 Ass

This subcla
criteria. A fl
additional i
factors for
calculation
associated
in the anne
been show
1ISO 19905.

The assess
(in order of

Clause 13 are met. If this is achieved at a certain complexity level, there is no requirement to consid

Carry ¢ut appropriate detailed calculations according to the more complex methods (e.g. secant, y

lations

jack-up owner to comply with relevant rules and regulations, depending upon the site and tyg
0 be conducted.

sment approach

use provides an overview of the data required, the assessment methodology,Jand the accepta
ow chart for extreme storm assessment is shown for guidance in Figure 5.2:1. Annex A prov|
formation and guidance, including detailed calculation methodology. Annex B specifies the pz
use in the assessment. Annexes C to F provide supplementary. information or alterng
methodologies. Annex G provides a recommended contents list forthe assessment report.
Technical Report, ISO/TR 19905-2, provides background to sofme of the recommendations g
kes and a detailed sample calculation. Other approaches may be applied, provided that they
h to give a level of structural reliability equivalent, or superior, to that implicit in this pa

ment of the jack-up can be carried out at various levels of complexity as expanded in a), b) an
increasing complexity). The objective of the assessment is to show that the acceptance criter
blexity level. In all cases, the adequacy of the-foundation shall be assessed to level b) or c).

re assessment situations with design‘conditions or other existing assessments determine
ance with this part of ISO 19905.

put appropriate calculations .according to the simpler methods (e.g. pinned foundation, SI

l/complex (e.g. secant orlyield interaction foundation model, time domain dynamics) calculatior

ion or continuum'foundation model, time domain dynamics) given in this part of ISO 19905.

the
e of

nce
des
rtial
tive
The
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ave
t of

d c)
a of
Br a

d in

DOF

cs) given in this part of ISO 19905. Where possible, compare results with those from existing more
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Obtaln jack-up data, (6.2)
Establlsh proposed welghts and C of G's, (6.2)
Obtain site and metocean data, (6.3 and 6.4)
Obtain geotechnical data, (6.5)
Obtain earthquake data, (6.6)

Are there "other aspects” that limit acceptability?
- Metocean actlons: marlne growth: VIV, (7.3.2and 7,3.3)

- Earthquake, (10,7)

- Foundat|ons; skirted spudcans, hard sInFIng strata, footprints, Are preventative
leaning Instablllty, leg extraction difficultles, cycllc moblilty, Yes mee:jsurlﬁstﬁvallible
scour, Interactlon wlth adjacent Infrastructure, gechazards E;ccg tab?es"? e
and carbonate materlals (9.4) 3 pl -
NG e T o
- . UNIT\NDT
Determine hull elevation, (5.4.5 and 13.6) :
Select condltions for ULS 3 AQSEPTABLE
Determine assessment sltuatlon(s), (5.4)
Determine exposure |evel ﬁ5.5}
Estimate leg penetratlons based on maxlmum preload (9.3,2) Np
[ Rfun ?]ssessr egl
o or the redupe
‘ |s adequate |eg length available? (5.4.6 and 13.7) }N—-' payload that fesults
1 in adequat leg
Yes| Do comparable calculatlons according to thls document length
{ exlst and show acceptabllity (5.2)7 vhs
Assess foundation | Not OK No
(9 and 13.9)
Determline actlons (7)
Prepare or update analysis models, 8.1 to 8.7)
oK Determine foundation madelg, (9.3.1)
i
Apply actlons(8.8)
Determine resposes (9.3.3u0 9.3.5 and 10.1 to 10.5)
If applicable, check effegtof fixity on dynamic response (8.6.3)
1
Assess struci(ral strength and overturning stablllty Not OK
(12, 131 to 13,5 and 13.8)
jok
Assess foundatlon (9.3.6 and 13,9.1)/ Not OK
Rigure A.9.3-17 to level 1, 2 or 3 as appropriate
{ ok
Check effect of foundation displacements, (13.9.2) Not OK
foK
If required, re-assess penetration, (9,3,2) hull elevation Not OK
and leg length, (5.4,5-6, 13,6-7)
T not required/OK
If applicable, report potential for interaction with adjacent  |Not OK
structures (5.4.7, 9.4 8)
It applicable, repeat assessment for other penefrations | Not OKJ(-
In the range predlcted, (8.6.2, 9.2, A.9.3.2.1.1) |
nat appleablei™ A 1if hosslble, Choose more detalled
- structural model (8.2.3)
UNIT - Foundation model (8.6.3/9.3)
ACCEPTAELE - Dynamlc response calculation—=
(8.8.1/10.3,10.5) Yes
- Analysis method (10.9)
to resolve failure of acceptance,
NOTE 1 A cross-referenced clause number Includes reference to the * No
corresponding clause in Annex A,
UNIT NOT
NOTE 2 Thls flgure does not fully address: ACCEPTABLE
Long term appllcatlons (11); Temperature (13,10),

Earthquake (6.6, 7.7, 8.8.8, 10.7)

Figure 5.2-1 — Flow chart for the overall extreme storm assessment
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5.3 Selection of limit states

ISO 19900 divides the limit states into four categories as described below; normally, it is necessary to assess
only the ULS in a jack-up site-specific assessment.

a) Ultimate limit states (ULS)

The site-specific assessment shall include evaluation of the ULS for assessment situations including
extreme combinations of metocean actions and the associated storm mode gravity actions. Earthquake
actions shall also be considered in combination with the associated operational mode gravity actions;
however, evaluation is required only in _some areas of the world. The applicable partial action _and
resistance factors for the ULS and exposure level shall be as summarized in Annex B. For the ULS| the
integrity of the structure should be unimpaired, but damage to the non safety-critical (secondary).strugture
of the jack-up can be tolerated.

When the ULS metocean conditions are within the defined SLS limits for the jack-up (i.e-ythe metodean
conditipns are less severe than those defined for changing to the elevated storm configuration), this PLS
situatign shall be assessed with the jack-up in the most critical operating configuration)(increased varigble
load, dantilever extended and unequal leg loads). This is particularly important when the factpred
functiopal actions are close to the preload reaction and a small additional leg-reaction due to metogean
actiong can cause significant additional penetration.

Similarly, for jack-ups where the operations manual permits increases.in, or redistribution of, the varigble
load with reduced metocean conditions (operating configuration, nomograms, etc.), the assessor ghall
performp the ULS assessment using the operational metocean cenditions with the associated opergting
mode pravity actions and configuration. Where nomograms.are used, a representative selectiop of
situatigns applicable to the site shall be assessed (e.g. thecextreme storm event and one or more Jess
severe|metocean conditions).

NOTE | The situations above are often found in benign;areas where the ULS metocean conditions are within) the
defined|SLS limits for the jack-up and do not exceed the limits for changing the jack-up to the elevated sform
configuration.

b) Servicgability limit states (SLS)

The SIS is normally covered by thetlimits specified in the operations manual and, therefore, it is| not

necessary to assess it unless the operational configuration requirements for the site are outside those

limits. However, the requirements of a) above always apply.
c) Fatigug limit states (FLS)

The FUS is generally,addressed at the design stage. It is not necessary to evaluate fatigue unless| the
jack-up is to be deployed for a long-term operation (see Clause 11).

d) Accideptal limitstates (ALS)

The AlS~are generally addressed at the design stage and it is not necessary to evaluate it in|the
assessment unless there are unusual risks at the site under consideration (e.g. when it is necessary to
perform an ALE analysis).

5.4 Determination of assessment situations

5.41 General

A jack-up can be used in various modes at a single site (e.g. drilling mode/workover mode/tender
mode/production mode). In each mode, the jack-up can be in the operating or storm survival configuration.
Where more than one configuration is contemplated, the differences (e.g. the varying hull elevations required
for each, skidding the cantilever in for a storm, reducing variable deck load) shall be considered in the
assessment. The practicality of any required configuration change shall be evaluated and appropriate
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assumptions incorporated into the assessment calculations. Any required restrictions on the operations shall
be included in the operating procedures. The assessment situations shall be determined from appropriate
combinations of mode, configuration and limit state.

Where the assessment indicates that an assessment situation does not meet the appropriate acceptance
criteria, the assessment configuration may be adjusted to achieve acceptability, providing that any resulting
deviations from the standard operating procedure of the jack-up are practically achievable, are documented
and are communicated by the jack-up owner to his offshore personnel and, if relevant, to the operator.
Alternatively, metocean data applicable to the season(s) of operation may be considered.

5.4.2 Reaction point and foundation fixity

The

assumed reaction point at the spudcan shall be documented in the assessment report. Fhe\ja

Ck-up's legs

are hormally assumed to be pinned at the reaction point. Any divergence from this assumption’shall be stated.
NOTE The assumption of pinned footings is a conservative approach for the bending momént in the leg|in way of the
leg-fo-hull connection; see 8.6.3.

5.4.3 Extreme storm event approach angle

The| critical extreme storm event approach angles relative to the jack-up are usually different for|the various
chegks that shall be made (e.g. strength versus overturning checks),, The critical direction for each|check shall
be Jysed.

5.4.4 Weights and centre of gravity

For feach limit state and configuration being assessed, theappropriate magnitude and position of tme fixed and
varigible loads shall be used. The tolerances on beth” magnitude and position shall be consigered when
determining the weights and centres of gravity to use'in the assessment.

Where the location of the cantilever, substricture, etc., or the hull elevation, differ between the elevated
opefating and storm survival configuration/~the practicality of making the changes required to pchieve the
storm survival configuration shall be established.

5.4.

The)
is th

5.4.

Th

5 Hull elevation

hull elevation used in the assessment shall comply with the requirements specified in 13.6. G
e larger of that required 16 maintain adequate clearance with

adjacent structures, such as a fixed platform; and

the wave crest.

b Leég-length reserve

assassor-shall determine-the nacessitvfor a raserve of laa lenath ahove-the Linner auides-to.
—SHAd—-GetsH e Hy—+o—a— i —H8g—+8RgHH—aBbeVeHeHppei—gHtia t

enerally this

account for

any uncertainty in the prediction of penetration and to provide a contingency against settlement or scour. Leg
length reserve requirements are given in 13.7.

5.4.

7 Adjacent structures

The potential interaction of the jack-up with any adjacent structures shall be reported, as appropriate. Aspects
requiring consideration by the operator include the effects of the jack-up's spudcans on the foundation of the
adjacent structure and the effects of relative motions on well casing, drilling equipment and well surface
equipment (risers, connectors, flanges, etc.).

© 1SO 2012 — Al rights reserved 19


https://standardsiso.com/api/?name=0ae59eee340d53e55ccc34fede5731b6

ISO 19905-1:2012(E)

5.4.8 Other

The assessment is based on the best estimate of the conditions at the site. In some cases, it can be found
that the actual conditions are inconsistent with the assumptions made, e.g. penetration, eccentricity of
spudcan support, orientation, leg inclination. In other cases, the effects of factors such as large guide
clearances and sensitivity to RPD cannot be properly quantified prior to installation. In all such cases, the
validity of the assessment shall be confirmed once the jack-up has been installed.

NOTE The RPD is usually a good indicator of the degree of eccentricity and the acceptability of the resulting action
effects when elevated.

5.5 Exposure levels

5.5.1 General
Jack-ups can be categorized by various levels of exposure to determine criteria that are appropriate for {heir
intended sefrvice. The levels are determined by consideration of life-safety and of environpdental and econgmic
consequenges.

The life-safety category addresses personnel on the jack-up and the likelihood-of successful evacugtion
before an ektreme storm event occurs.

The consequence category considers the potential risk to life of personfiel brought in to respond to |any
incident, the potential risk of environmental damage and the potential risk)of'economic losses.

5.5.2 Lifetsafety categories
The categofy for life-safety (S1, S2 or S3) shall be determined by the jack-up owner prior to the assessment.
When eithef S2 or S3 is selected, this shall be agreed with'the operator and, where applicable, the regulator.
It is recogn|zed that matching actual situations to generic S2 or S3 life-safety category definitions requirgs a

degree of jydgement.

a) S1 Manpned non-evacuated

can beg affected by the failure~of/the jack-up) is continuously manned and from which persopnel

The mimned non-evacuated categofy-refers to the situation when a jack-up (or an adjacent structure [that
evacudtion prior to the extreme _storm event is either not intended or impractical.

A jack-pp shall be categorized as S1 manned non-evacuated unless the particular requirements for §2 or
S3 apply throughout the.expected period of operations at the assessment site.

A jack-up shall always be considered S1 for the assessment of earthquake events.

b) S2 Manned evacuated

The manned evacuated category refers to a jack-up that is normally manned except during a forefast
extreme storm event. A jack-up may be categorized as S2 manned evacuated only if

1) reliable forecasting of an extreme storm event is technically and operationally feasible, and the
weather between any such forecast and the occurrence of the extreme storm event is not likely to
inhibit an evacuation; and

2) documented plans are in place for obtaining forecasts and effecting evacuation prior to an extreme
storm event; and

3) following the forecast of an extreme storm event, sufficient time and resources exist to safely
evacuate all personnel from the jack-up (and any adjacent structure that can be affected by the
failure of the jack-up) with due consideration of the other demands on those resources (e.g. the
evacuation of other manned platforms in the area).
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The unmanned category refers to a jack-up that is manned only for occasional inspection, maintenance

and modification visits. A jack-up may be categorized as S3 unmanned only if

1)

operations on the jack-up; and

visits to the jack-up are undertaken for specific planned inspection, maintenance or modification

5.5.

Fac

NOT

2) visits are not usually expected to last more than 24 hours during seasons when severe weather can
be expected to occur; and
3) the evacuation criteria for S2 manned evacuated jack-ups are met.

A jack-up in this category is often also referred to as “not normally manned”.

B Consequence categories
ors that should be considered in determining the consequence category include the following:

life-safety of personnel either on or near the jack-up who are brought.ifi-to respond to any cons
failure, but not personnel that are part of the normal complement of the'jack-up;

damage to the environment; and

anticipated losses to the jack-up owner, to the operator, to\the industry and/or to other third pa
as to society in general.

E1 This classification includes risk of loss of human life for people other than personnel being part of

normal complement and personnel on any adjacent strdcture that can be affected by failure of the jack-u

drive
a co|
is bd
toler

NOT

The|
sha
recq
judd

a)

r for the classification in consequence categories_issdamage to the environment or to society (e.g. the sif
mmunity/state/country suffers significant losses-as a consequence of the interruption of production). The
hsed on the assumption that the jack-up owner and the operator agree on the economic loss category
ance of risk.

E 2 The anticipated loss should refleéct the cost of plugging and abandoning wells on damaged facilitig
consequence category that applies shall be determined by the jack-up owner prior to the asse

gnized that matching(actual situations to generic consequence category definitions requires
ement.

C1 High consequence category
The high.consequence category refers to jack-ups where the failure of the jack-up has the

cause. high risk to emergency response personnel and/or high consequences in terms of en
damage and/or economic loss.

equence of

rties as well

the jack-up's
p. A primary
Lation where
classification

to suit their

S.

ssment and

| be agreed by the operator and, where applicable, the regulator and operator(s) of adjacent facilities. It is

B degree of

potential to
vironmental

Unless the above conditions apply, a jack-up shall normally be categorized as C2 or C3.

NOTE 1

Adjacent facilities (workover platform, local platforms, transport lines, etc.) are those that are sufficiently

close to the jack-up site for there to be a high probability of impact if the jack-up collapses or drifts from site. They are
unlikely to be “high consequence”, although they can have been designed to a higher categorization than is

applicable during the specific jack-up operation being assessed. In most cases, facility damage does

not result in

significant reduction in throughput or hydrocarbon production and the facility has the protection to meet C2 or C3

requirements.

NOTE 2
from the well(s) or from adjacent major transport lines and/or storage facilities.
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22

NOTE 3

an extreme storm event, the site can be high consequence.

NOTE 4

in5.5.2

a).

C2 Medium consequence category

Where the shut-in of hydrocarbon production is not planned, or not practical, prior to the occurrence of

All earthquake events are considered to be high consequence because of life-safety, see category S1

The medium consequence category refers to jack-ups where production of hydrocarbons on both the
jack-up and any adjacent facility is shut-in during the extreme storm event. A jack-up may be categorized
as medium consequence only if all the following requirements are met.

1) Al wells that can flow on their own in the event of structural or foundation failure are equipped
fully functional means of reliably closing in the well to prevent such flow, and such means sha
manufactured, tested and installed in accordance with applicable specifications.

T
th

2) Oi

3) Pipelines that can be affected by failure of the jack-up are protected-from releasing hydrocarb

eit
log
4) Th
op
C3 Low
The loy
— wd
du
These
jack-up
1) Al
ful

manufacturedjiested and installed in accordance with applicable specifications.

Th
ing

possibility of flow should be considered as a result of a failure in any part of thé system inclu
riser/conductor.

storage is limited to process inventory and “surge” tanks for pipeline transfer.
her by virtue of inventory and pressure regime or by check #alves or sea floor safety va
ated at sufficient distance to be unaffected by the failure.

e failure of the jack-up is evaluated to cause medium .orlow consequences to any facility
erating over, or adjacent to.

consequence category
V consequence category refers to jack-ups operating in
en water sites with no existing surface-or-subsea infrastructure, or

rkover mode or production mode with low production rates and where any production is sh
Fing the extreme storm event.

units may support production departing from the jack-up and low volume infield pipeline
may be categorized ds low consequence only if all the following requirements are met.

wells that can flow’ on their own in the event of structural or foundation failure are equipped

y functional means of reliably closing in the well to prevent such flow, and such means sha

e possibility of flow should be considered as a result of the failure in any part of the sys
luding' the riser/conductor.

with
| be

ding

DNsS,

ves

it is

it-in

5. A

Wwith
| be

tem

2) Oi

storage is limited to process inventory.

3) Pipelines that can be affected by failure of the jack-up are limited in their ability to release
hydrocarbons, either by virtue of inventory and pressure regime or by check valves or seabed safety
valves located at sufficient distance to be unaffected by the failure.

4) The failure of the jack-up is assessed as likely to cause low consequences to any facility it is
operating over, or is adjacent to.

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=0ae59eee340d53e55ccc34fede5731b6

ISO 19905-1:2012(E)

5.5.4 Determination of exposure level

The three categories each for life-safety and consequence can, in principle, be combined into nine exposure
levels. However, the level to use for categorization is the more restrictive level for either life-safety or
consequence. This results in three exposure levels as illustrated in Table 5.5-1.

The exposure level applicable to a jack-up shall be determined by the jack-up owner prior to the assessment
and, where applicable, shall be agreed by the regulator and operator and by the regulator and operator(s) of
adjacent facilities.

For extreme storm assessments, the exposure levels are given in Table 5.5-1.

Table 5.5-1 — Determination of exposure level
Life-safety category Consequence category
C1 High consequence C2 Medium consequence C3 Low corpsequence
S1 Manned non-evacuated L1 L1 L
S2 Manned evacuated L1 L2 L2
S3 PUnmanned L1 L2 L

Thelfollowing provisions apply to categories L1, L2 and L3.

— |L1: A manned or C1 jack-up shall be assessed for-€ither the 50 year independent extremes| with partial
action factor of 1,15 or for the 100 year joint probability metocean data with partial action factor of 1,25
(see 8.8.1 and Annex B).

— |L2: A lower consequence manned evacUated jack-up shall be assessed for the 50 year independent
extremes or 100 year joint probabilitysmetocean data that can be reached at the site prior tol evacuation
being effected (e.g. 50 year 48 hour-notice sudden hurricane in tropical revolving storm areas). The
assessment shall use the partial factors applicable to L1.

The unmanned post-evacuation case shall also be considered according to criteria to be agreed between
the jack-up owner and the operator.

— |L3: The unmanned{lew-consequence (survivability) criteria, to be agreed between the jack-ug owner and
the operator.

For earthquake, a jack-up shall be assessed as L1 using a ULS screening check with al 1 000 year
earthquake'event.

5.6| Analytical tools

Most of the analytical procedures and calculations described in this part of ISO 19905 are commonly
performed with the assistance of computer-aided engineering tools. Many of these tools, particularly structural
analysis programs, consist of recognized commercially available software suites that, when used by
experienced and well-trained operators, can be considered suitable for their standard areas of application. For
these software suites, the original author is expected to have performed adequate validation and verification
for their standard areas of application and to maintain evidence thereof. However, many of these software
suites do not adequately address jack-up specific issues, such as time domain dynamics, foundations, large
displacement effects and appropriate code checks.

In cases where innovative analytical approaches and techniques are used with commercially available
software suites or where proprietary software solutions are adopted, the assessor is expected to validate the
adequacy of methodology and algorithms.
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6 Data to assemble for each site

6.1 Applicability

Clause 6 describes the data that are required to undertake an assessment. In this part of ISO 19905, the field
is the general area where the jack-up is to operate; the site is the specific position/orientation within the field.
The site data are normally a subset of the field data. The data that should be included in the assessment
report are listed in Annex G, which can be used as a check list.

6.2 Jack-up data

The jack-ug data required to perform an assessment include the following:

— jack-ug type;

— installefd leg length;

— latest revision of the drawings, specifications and the operations manual;

— data pgrtaining to the strength, stiffness and operation of the leg-to-hull connection;

— proposgd lightship and variable load and centres of gravity for each\configuration, accounting for [any
changgs that are not included in the latest revision of the operations’manual;

— preloading capacity or pre-drive capability;
— limiting| spudcan capacity, e.g. reactions and bearing pressute distribution(s) used in the design cases

— design|parameters including, where applicable, RPD, limits and any proposed deviations for the inter|ded
operatipn;

— details jof any relevant modifications.

6.3 Site and operational data

The site dafa should include the site ‘coordinates, sea floor topography and water depth referenced to a clgarly
specified dgtum, e.g. lowest astronomical tide (LAT) or chart datum (CD). Be aware that charts derived for{use
by compargtively shallow draft'shipping are often not sufficiently accurate for siting jack-ups.

At platform|sites, platform.drawings, the required hull elevation or the required clearances with the platform,
the jack-up |heading and>ether interface data shall be obtained from the platform operator.

The assesspor can.use directional metocean data to optimize the jack-up heading. When directional metogean
data are usgd ihthe assessment, the jack-up heading shall be specified.

The data provided by the operator shall include the proposed mode of use (drilling, production,
accommodation, etc.) and the number and size of any supported risers or conductors. The life-safety and
consequence category of adjacent infrastructure whilst the jack-up is on site shall be provided.

6.4 Metocean data

It is of prime importance to obtain appropriate metocean data for the site with due recognition of the quality of
the data. Site-specific data shall be obtained from or on behalf of the operator for the following:

a) water depth (LAT or CD);

b) tide and storm surge;
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wave data:

— significant wave height and spectral peak period (stating whether intrinsic or apparent, as discussed

in A.7.3.3.5),

— maximum wave height and associated period (stating whether intrinsic or apparent, as d
A.7.3.3.5),

— abnormal wave crest elevation (see A.6.4.2.4);

current velocity and profile:

e)
Furd
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Oth

Dirs
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spa

Ger
jack
Eith
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alte

NOT

retufn period of individual extremes and for a 100 year return period of joint probability metocean data.

As
100
For

hurnicane”.

wind speed and profile.
her reference to metocean data can be found in Table A.7.3-1.

hidirectional data can be sufficient but, in particular circumstances, directional(data can also
br data, such as the following, shall be evaluated, when applicable:

marine growth distribution;

icing;

lowest average daily air temperatures, etc.
ctionality of wind, wave and current may be considered.if accurate data are available. For d
ysis, wave kinematics factors may be applied to.@a¢c¢ount for wave shortcrestedness and

Cing; see A.6.4.2.3.

eral information on metocean data are given,in ISO 19901-1. Details of the required metoce
-up site-specific assessment are given in Al6.4.

er the 50 year return period of individual extremes or the 100 year return period of join{
bcean data shall be used for the site’specific assessment of manned jack-ups. Partial action fa
rnative return periods are giveniin 5.5.4, 8.8.1 and Annex B.

E To provide consistent reliability levels, different action factors are used with actions determined

year joint probabijlity metocean data that can be reached while the jack-up is still manned, bu
example in @RS area, consideration may be given to the use of a 50 year return peri

As

6.5

@ minitpdm, an unmanned jack-up shall be assessed to an agreed exposure level; see Table 5.

iscussed in

be required.

eterministic
jack-up leg

an data for

probability
Ctors for the

for a 50 year

B minimum, a manned evacuated jack-up shall be assessed for the 50 year independent éxtremes or

t see 5.5.4.
pd “sudden

b-1.

Geophysical and geotechnical data

the months

Site-specific geotechnical information applicable to the anticipated range of penetrations shall be obtained
from or on behalf of the operator. The type and amount of geotechnical data required depend on the particular
circumstances, such as the type of jack-up and previous experience at the site or nearby sites. Such
information can include geophysical survey (sub-bottom profiler, side-scan sonar, bathymetry, magnetometer)
data; boring/coring data; in-situ and laboratory test data; and diver's survey data.

The field shall be evaluated for the presence of geohazards, as described in Table A.6.5-1.
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For sites where previous operations have been performed by jack-ups of the same basic design, it can be
sufficient to identify the location of the existing footprints, to assess the hazards associated therewith and refer
to previous site data and preloading or penetration records; however, the accuracy of such information should

be verified.

At sites where there is any uncertainty, borings/corings and/or in-situ testing (e.g. piezocone penetrometer
tests) data are recommended at the planned site. Alternatively, the site can be tied-in to such data at another
site by means of shallow seismic data. If data are not available prior to the arrival of the jack-up, it can be
possible to take boring(s)/coring(s), etc., from the jack-up before preloading and jacking to full hull elevation.
Suitable precautions should be taken to ensure the safety of the jack-up during this initial period on site and

during subs

equent preloading.

The site shja

and/or curr

Certain site
specialist sf

6.6 Earth

Earthquake
exposure l¢g

7 Actio
7.1 Appl
This clause

assessmen

Details reg

includes prI

hydrodynan

In this claus
factored as

Il be evaluated for potential scour problems. These are most likely to occur at sites with high W

5 prone to mudslides can involve additional risks. Such risks should be assessed by“carrying
udies.

quake data

data shall be obtained through the use of ISO 19901-2. A jack-up shall-always be assessed u
vel L1 earthquake data.

ns
cability

presents an overview of, and basic requirements for, the modelling of actions for site-spg
in accordance with this part of ISO 19905.

rding applicable methods and formulatiens to calculate actions are presented in A.7 which
sentation of hydrodynamic formulations-and coefficients for detailed and equivalent modellin
hic actions on legs.

e, and the corresponding A.7,1@actions are presented without partial action factors. Actions sha
given in 8.8 prior to the determination of the action effects.

nt water particle velocity near a seabed that is composed of non-cohesive soils. See als¢ 9.4.7.
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7.2 Gengral
The following outlines the actions that shall be considered in general terms:
a) metocdan actions:
1) actions on-legs and other structures from wave and current, and
2) actionson hull and exposed areas (e.g. legs) from wind;
b) functional'aclions:
1) fixed actions, and
2) actions from variable load;
c) indirect actions resulting from responses:
1) displacement-dependent effects, and
2) accelerations from dynamic response;
d) earthquake actions;
e) other actions.
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7.3 Metocean actions

7.3.1 General

Wind, wave and current actions are typically considered to act simultaneously and from the same direction.
This colinearity should normally be assumed. The directionality of wind, wave and current may be considered
when it can be demonstrated that such directionality is applicable at the site under consideration.

7.3.2 Hydrodynamic model

7.3.

Wa
Mor
peri
calo
freq

NOT
the

dire
wav

apparent wave length.

Thel

profjle when the height ef.thé water column varies in the presence of waves. Guidance is provided

Vor{ex induced vibration (VIV) is normally considered to be covered by class, but should be

jack
exa

7.3.

B ANind actions

niques. The hydrodynamic models shall represent all structures and appurtenances subjec
current action. The effect of different hydrodynamic properties in different directions shallybe
ppropriate for the analysis.

rodynamic (drag and inertia) coefficients shall be selected that are appropriate for-the flow re
al jack-up leg structure and chosen wave theory. Applicable test resultsmay be used td
ficients for non-circular members (and not the complete leg). The effects of raw water piping,
r appurtenances shall be considered in the calculation of the hydrodynanic coefficients for the

effect of marine growth on the actions shall be considered. Because jack-ups are mobile, 0
pvailable to clean the leg to reduce hydrodynamic actions.

3B Wave and current actions

e and current actions on the legs and appurtenances-(e.g. raw water tower) shall be computg
son equation and an appropriate hydrodynamic mdel. A wave theory appropriate to the w

ulation of actions caused by waves shall be ‘derived from the intrinsic wave period (or the in
Liency).

E When waves are superimposed op“a-(uniform) current, the intrinsic reference frame for the wa
speed and in the direction of the underlying current. An observer travelling at the same speed and
tion as the current is stationary with ‘respect to the intrinsic reference frame and, therefore, measures
b period (see A.7.3.3.5 and ISO 19901-1:2005, 8.3 and A.8.3). The wave has only an intrinsic wave lengf

derived actions are directly affected by the current profile chosen and the method used to

Fups with largé=diameter tubular legs when the current velocity exceeds that used in the des
mple DNV=RP-C205[7-3-1l: Grundmeier, Campbell and Wesselinkl”-3-2] and Blevinsl7-3-3],

‘equivalent”
ed to wave
epresented

gime of the

select the
adders and
legs.

pportunities

d using the
ave height,

bd and water depth shall be used for the determination of particle kinematics. Wave kinematics for the

rinsic wave

es travels at
in the same
the intrinsic
h; there is no

modify the
nA.6.4.3.

checked for
ign; see for

All

structures and appurtenances subjected to wind action shall be considered. Wind acfions shall be

computed using wind velocity, wind profile and exposed areas. Wind velocities and wind profiles presented in
A.6.4.6 shall be used. These actions can be calculated using appropriate equations and coefficients or can be
derived from applicable wind tunnel tests. Generally, block areas are used for the hull, superstructures and
appurtenances.

Wind actions on legs can be a dominant factor for jack-ups operating at less than their maximum design water
depth.

The potential effects of wind-induced vortex induced vibration (VIV) should be considered, see for example
DNV-RP-C205[7-3-11; Grundmeier, Campbell and Wesselinkl[7-3-21 and Blevins[”-3-3],
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7.4 Func

tional actions

For functional actions, it is usual to consider the jack-up with the maximum permitted variable load for
structural checks and with the minimum anticipated variable load (often 50 %) for the overturning calculation.
If the assessment of the jack-up shows that it is marginal in one of these configurations, consideration may be
given to limiting the variable load to a lower or higher level (depending on the critical parameter), providing the
jack-up can be successfully operated under such restrictions. The assessor shall document any restrictions on
the variable load that apply to the operating limits at the site and communicate them to the jack-up owner. The
intent is to ensure that these limits are included in the operating procedures for the site.

7.5 Displ

Indirect for
considered
enhancems
see A.8.8.6

7.6 Dynamic effects
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and 10.5.3.

7.7 Earth

Actions and

7.8 Othe

Additional |
considered

Other typeg

can occur i
other appro

8 Struc

8.1 Appl

This clause
structure. |
modelling o

acement dependent effects

ces that are a consequence of the displacement of the structure and its foundation~shal
in the analysis. The effects are due to the first-order sway, foundation settlement,’ and to
nt due to the increased flexibility of the legs in the presence of axial actions (Euler amplificat

es due to dynamic response of the jack-up shall be considered andare particularly importan
having significant energy near the natural periods of the jack-up of;multiples thereof; see 10

quakes

action effects due to earthquakes shall be consideredwhere appropriate; see 8.8.8 and 10.7.

r actions

g moments due to leg inclination resulting from leg-to-hull clearances and hull inclination sha
as described in 8.3.6 and 10.5.4.

of action, for example actions due_to icing and snow or sudden drop due to reservoir subsidg

n certain geographical regionsy These actions shall be computed and applied in combination
priate concurrent actions.

fural modelling

cability

presentsvmethods for the development of an analytical model of an independent leg jac
hcluded>in a jack-up structure are the legs, hull, leg-to-hull connection, and spudcans.
f the'foundation is presented in Clause 9.

be
the
on);

t for
5.2

| be

nce
Wwith

-up
The

The modelli

ng provisions cover the generation of stiffness, self-weight, mass and application of actions.

8.2 Overall considerations

8.21

General

In general, structural modelling for the assessment of a jack-up shall achieve the following objectives for both
static and dynamic responses:

applica

28

ble environmental and functional actions;

realistic global response (e.g. displacement, base shear, overturning moment) for the jack-up under the
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— suitable representation of the leg, leg-to-hull connection and the leg-foundation interaction, including non-
linear effects as necessary;

— adequate detail to enable realistic assessment of the leg structure, the structural/mechanical components
of the jacking and/or fixation system and the foundation.

8.2.2 Modelling philosophy

The purpose of structural modelling is to estimate the forces and displacements in a structure when subjected
to the calculated applied actions.

Thel distribution of global actions and estimates of internal forces and displacements can be obtained through
the pse of simplified, equivalent modelling techniques.

To getermine displacements and forces in the leg, leg-to-hull connection, leg/spudcan connectign and local
hull|displacements, a finite element (FE) model shall be developed.

An gxplicit model of the conductor is rarely warranted.

8.2.3 Levels of FE modelling
In general, a jack-up model shall include the leg, leg-to-hull connection and representative hull structure. FE
models can contain combinations of detailed and simplified stru¢tural modelling. Four modelling| techniques
are pummarized below:

a) |[fully detailed model of all legs and leg-to-hull connections, with detailed or representative stiffness model
of hull and spudcan;

b) |equivalent leg (stick model) and equivalent hull; equivalent stiffness model of all legs and spudcans,
equivalent leg-to-hull connection springs and-representative beam-element hull grillage;

c) |combined equivalent/detailed leg and~hull; simplified lower legs and spudcans, detailed upper legs and
leg-to-hull connections with detailed-or’representative stiffness model of the hull;

d) |detailed single leg (or leg section) and leg-to-hull connection model. This model shall be used in
conjunction with the reactions at the spudcan or the forces and moments in the vicinity of the lower guide
obtained from model b).

8.3| Modelling the leg

8.3.1 General

Thelleg can-be’modelled as a “detailed leg”, an “equivalent leg” or a combination of the two.

8.3.2C-Detailed leg

A “detailed leg” model consists of all structural members, such as chords, horizontal, diagonal and internal
braces of the leg structure and the spudcan (if required). Each structural component of the leg is represented
by one or more appropriate finite elements. In the development of a detailed leg model, the use of beam
elements is generally accepted practice. However, other finite elements can be utilized, when necessary, to
accurately represent individual structural members.

8.3.3 Equivalent leg (stick model)

An “equivalent leg” model consists of a series of collinear beam elements simulating the complete leg
structure. In this model, a series of one or more beam elements represents the overall stiffness characteristics
of the detailed leg.

© 1SO 2012 — Al rights reserved 29


https://standardsiso.com/api/?name=0ae59eee340d53e55ccc34fede5731b6

ISO 19905-1:2012(E)

8.3.4 Combination of detailed and equivalent leg

In this model, the areas of interest are modelled in detail and the remainder of the leg is modelled as an
equivalent leg.

8.3.5 Stiffness adjustment

The leg stiffness used in the overall response analysis can account for a contribution from a portion of the rack
tooth material. Unless detailed calculations indicate otherwise, the assumed effective area of the rack teeth
should not exceed 10 % of their maximum cross-sectional area. When checking the strength of the chords,

the chord p

roperties should be determined discounting the rack teeth

8.3.6 Leg

The additio
be consider

The design

8.4 Modelling the hull

inclination

nal leg moment due to leg inclination resulting from leg-to-hull clearances and hull. inclination s
ed (see 10.5.4), but it is not necessary that it be explicitly modelled.

pd-in leg inclination of slant-leg jack-ups shall be modelled explicitly.

hall

8.4.1 General

The hull stqucture shall be modelled so that the actions can be corregtly transferred to the legs and the|hull
flexibility is fepresented accurately.

8.4.2 Detailed hull model

The detailed hull model shall include primary load carrying structures, explicitly modelled with appropfiate
finite elemepts.

8.4.3 Equivalent hull model

If a detailed

8.5 Modelling the leg-to-hull connection

hull model is not used, an equivalent hull model shall be constructed using a grillage of beams.

8.5.1 General

The leg-to-hull connection controls the distribution of leg bending moments and shears carried between| the
guides and|the jacking/fixation system. In the elevated mode, the most heavily loaded portion of the I€g is
normally within the-vicinity of the leg-to-hull connection. The model shall provide the means to identify [any
possible led-to-hull~contact at locations other than the guides.

8.5.2 Guidesystems

The guide structures restraining the chord members shall be modelled, accounting for clearances and their
direction of action. When chord-to-guide contact occurs in the span between chord-brace connections,
significant local chord bending moments can occur. Therefore, various guide positions shall be investigated.

8.5.3 Elevating system

The elevating systems shall be modelled using either the stiffness derived from detailed analysis or from
testing. Generally, the manufacturer specifies this information.

30
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8.5.4 Fixation system

If the jack-up is equipped with a fixation system, e.g. rack chocks, it shall be modelled to resist both vertical
and horizontal forces, using appropriate stiffnesses.

8.5.5 Shock pad - floating jacking systems

For floating jacking systems, the shock-pad stiffness shall be modelled and the shock pad shall be modelled
to resist vertical compressive forces only. Generally, the manufacturer specifies the stiffness information.

8.5.p—Jackcaseand-associated-bracing

Theljackcase or jackhouse structures and associated bracing shall be modelled based on théir actpal stiffness.

8.5.f Equivalent leg-to-hull stiffness

Thelmodel shall represent the overall stiffness characteristics of the leg-to-hull cofinection.
8.6| Modelling the spudcan and foundation

8.6.1 Spudcan structure

Thel spudcan structure shall be modelled with sufficient detail te/accurately transfer the seabed reaction into
the |eg structure.

Where there is insufficient data available regarding therstructural strength of the spudcans, the suitability of
the ppudcans for the site shall be determined from applicable analyses.

8.6.2 Seabed reaction point

Selgction of the reaction point shall be based on the estimated penetration using geotechnical|information
from the site and shall consider any anticipated horizontal eccentricity.

8.6.3 Foundation modelling

For|the analysis of an independent leg jack-up unit in the elevated storm mode, the foundatigns may be
asstimed to behave as pinned supports, which are unable to sustain moment. This is a conservatiye approach
for the bending momerit.in’'the leg in way of the leg-to-hull connection.

In chses where the.nclusion of rotational foundation fixity is justified and is included in the structufal analysis,
the |non-linear_ soil-structure interaction effects shall be taken into account. The model shall |include the
intefaction_of\rotational, lateral and vertical soil forces. Methods of establishing foundation fixity @re given in
Cladise 9:

When {ixity brings the structural natural period closer to the excitation frequency. the inclusion of foundation
fixity can amplify the response and shall, therefore, be considered.

When assessing the spudcans, the leg-to-can connection and the lower parts of the leg, the spudcan
reactions shall be obtained from a foundation model that properly estimates the spudcan moment.

For earthquake excitation, foundation fixity tends to increase the inertial response and shall be considered.

Spudcan settlement resulting from earthquake excitation shall be considered. Differential settlements can
have the most serious consequences.
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8.7 Mass modelling

The mass model shall reflect the mass distribution of the jack-up. The model shall include structural and non-
structural mass, including entrapped fluids and added mass. The added mass shall be computed based on
the displaced volume of the submerged components, including marine growth, acting in the direction of motion
normal to the component. The mass of the variable load (e.g. consumables stored within the hull) shall be
included in the mass model. Other actions due to variable load, such as conductor tension and hook loads,
that are not associated with masses should not be included.

— The structural mass shall include

— legs;
— hujl structure;
— sppdcans.
— The nop-structural mass shall include
— hull equipment and outfitting;
— mass of the variable load;
— sep water supply system;
— leg appurtenances;
— marine growth;
— entrapped water in flooded members and spudcans.
— Added mass shall include contributions from
— supmerged legs and leg components, e.g. chords and braces;
— sep water caissons;

— forl earthquake assessments only, spudcans; see A.8.7.

8.8 Application of actions

8.8.1 Asspessment/actions

i d: d rtlal
factors are applied before undertaking the structural response analysis to ensure that the non-linear behaviour
is properly captured, as given in Equation (8.8-1):

Fy=%60F + %vOy + #E(Ee + 71pDe) (8.8-1)
where

Gg are actions due to the fixed load positioned such as to adequately represent their vertical and
horizontal distribution; see 8.8.2;

G, are actions due to maximum or minimum variable load, as appropriate, positioned at the most
onerous centre of gravity location applicable to the configurations under consideration; see 8.8.2;

32 © 1SO 2012 — Al rights reserved


https://standardsiso.com/api/?name=0ae59eee340d53e55ccc34fede5731b6

ISO 19905-1:2012(E)

E, are metocean actions due to the extreme storm event; see 8.8.4 (£, = 0 for earthquake assessment);

- is an equivalent set of inertial actions representing dynamic extreme storm effects or ground motion
effects due to earthquakes; see 8.8.5 (D, = 0 for stochastic storm assessment according to 10.5.3);

D, is an equivalent set of inertial actions induced by the ELE or ALE ground motion for earthquake
assessment; see 8.8.8;

y  are the partial action factors, as given in 8.8.1.2 to 8.8.1.4.

NOTE Reference can be made to Annex B, which contains all of the applicable factors for use in a site-specific
analysis-

Thelactions and action effects to be included in the analysis are outlined in 8.8.2 to 8.8.8.

8.8.1.2 Two-stage deterministic storm analysis

Thel partial action factors for the deterministic storm analysis described in 10.5.2yand A.10.5.2.2{3 are given
belqw:

— [#%e=1,0and is applied to the actions due to fixed load;
— [%v= 1,0 and is applied to the actions due to the variable load;

— [7%e=1,15 when applied to the actions due to the 50 year ¢eturn period independent extreme metocean
data;

— [% e =125 when applied to the actions due to the 100(year return period joint probability metodean data;

— [%p=1,0 and is applied to the inertial actions dueto dynamic response.

8.8.1.3  Stochastic storm analysis

As dliscussed in A.10.5.3.2, in a stochastic storm analysis the metocean wind wave and current|parameters
are [increased such that an action factor of 1,0 can be applied whilst achieving comparable global factored
actipns. Consequently the stochastic storm analysis described in 10.5.3 is carried out using unfactgred actions,
resulting in the partial action factors given below:

— |ne=1,0 and is appliedto the actions due to fixed load;
— |%v=1,0 and is applied to the actions due to the variable load;

— |#e=1,0 when-applied to the metocean actions derived from the factored wind, wave and current
metocean-parameters, see 10.5.3, A.10.5.3;

— | #p =\H0 and is applied to the inertial actions due to dynamic response.

8.8.44—Farthquake-analysis
8.8.1.4.1  The partial action factors for ELE analysis described in 10.7 are given below:
— g = 1,0and is applied to the actions due to fixed load;

— v =1,0and is applied to the actions due to the variable load;

— %g = 0,9 when applied to the ELE actions;

— »%p=1,0and is applied to the inertial actions induced by the ELE ground motion (£, = 0).
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8.8.1.4.2 The partial action factors for the ALE are given below:

— %= 1,0andis applied to the actions due to fixed load;

— v =1,0and is applied to the actions due to the variable load;

— e = 1,0 when applied to the ALE actions;

— x%p=1,0and is applied to the inertial actions induced by the ALE ground motion (£ = 0).

NOTE R the

analysis met
resistance fa
WSD. The A

8.8.2 Fun
8.8.2.1
— weight

weight

buoyar

8.8.2.2
readily rem

— weight
— applied
— weight

The actiong
horizontal W

8.8.3 Hul

Hull saggin

tors is taken from ISO 19902. The 0,9 partial factor was determined in the API calibration of LRFD agai

E action factor of 1,0 is used in conjunction with a system survival assessment.

tional actions due to fixed load and variable load

The actions due to fixed load (i.e. hull, legs, outfit, stationary and movable equipment) include
n air including appropriate solid ballast;

of permanent enclosed liquid;

cy.

The actions due to variable load, which comprises supplies or equipment that are expends
bvable, or consumable during operations, include

of liquid and solid stores;
drilling and conductor loads;
of readily removable equipment.

b due to fixed load and variable. load shall be modelled to represent the correct vertical
eight and mass distribution,

sagging

j resulting from distributed actions and hull flexibility can impose bending moments on the leg

shall be vefified that the amount of hull sag-induced moment transferred to the legs in the analytical mod

appropriate
8.8.4 Met

Wind action

given the opefating procedures of the jack-up and site-specific conditions.

bcean_actions

s‘on the legs and hull shall be modelled to represent their vertical and horizontal distribution.

ble,

and

s. It
B| is

Wave/current actions on the leg and spudcan structures above the sea floor shall be modelled to represent
their vertical and horizontal distribution.

8.8.5 Inertial actions

The application of inertial actions depends on the dynamic approach adopted; see Clause 10. For the SDOF
approach, the inertial actions are applied as horizontal force(s) acting through the hull centre of gravity. For
deterministic storm analysis, with dynamics from a stochastic analysis, the forces are distributed to better
approximate the dynamic overturning moment. Inertial actions should not normally be applied on the legs
below the hull.
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8.8.6 Large displacement effects

P-A effects occur because the jack-up is a relatively flexible structure and is subject to lateral displacement of
the hull (sideways) under assessment actions (see 7.5).

P-A

effects shall be included in the structural analysis.

8.8.7 Conductor actions

An explicit model of the conductor is rarely warranted. However, the top tension and actions on the jack-up

due

ta-tha factaorad hvdrodvynamic-actione-on-the conductor(e) chall hainecluded-inthe - analbucic if o
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B Earthquake actions

hquake actions shall include accelerations due to the fundamental modes of vibration as we
uency modes associated with the legs above and below the hull, and significant drilling

vant. The associated inertial actions on all significant masses shall be taken ‘into account.

Foundations

Applicability

brds associated with the foundations that supporfindependent leg jack-ups. Additional
'mation can be found in ISO 19901-4, however the provisions of this part of ISO 19905 should
edence in case of conflict.

E The foundations of mat-supported jack-ups are not specifically covered in this part of ISO 19905.

General
quate geotechnical and geophysical information as outlined in 6.5 and A.6.5 shall be gathered
bss the spudcan penetration and foundation stability of the jack-up at the site. Applicable infor
ious operations, other surveys or activities in the area should be used in the assessment of
A.6.5 for details of the recommended geotechnical and geophysical information.
re are two objectives of gathering geotechnical and geophysical information. The first is to ens
dation is adequate to carry static, cyclic, and transient forces without excessive settlement or

assessment shall consider:

thedpassible range of predicted leg penetrations;

Il as higher
facilities. In

tion, the local actions from soil movement on the spudcans and the legs should be consid¢red, where

clause addresses the geotechnical considerations, “soil-structure interaction, capacity, sfiffness and

supporting
plways take

Aand used to
mation from
ne site. Soil

stigation shall be carried -out for sites where the available data are inadequate or not applicalple. See 6.5

ure that the
movement.

the possibility of rapid leg penetration and/or punch-through;
likely scale of spudcan movements, e.g. due to consolidation, capacity exceedance;
the effects of cyclic loading;

the consequences of specific site conditions, such as are listed in 9.4.

The second objective is to provide adequate information for foundation models of increasing sophistication for

use

in structural response analyses.
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9.3 Geotechnical analysis of independent leg foundations

9.3.1 Foundation modelling and assessment

The forces imposed on the foundation due to environmental actions are time-varying and random in nature.
The response to the horizontal, vertical and rotational forces on the spudcan and the embedded portion of the
leg is non-linear and hysteretic. The non-linearity of the foundation response can have a major effect on the

response of the structure.

Two types of structural response analyses use a range of foundation models and are carried out as described

in 10.4.4. These-foundation-models can-include mnjnr cimplifir‘:\finne and-the limitations-of the models_should

be understgod by the assessor.

The foundation behaviour under the action of combined forces is appropriately described by a theoretical yield

surface in the vertical reaction, horizontal reaction and moment reaction (VHM) space. Foundation sgfety

assessment is achieved by comparing the imposed forces with the yield surface.

However, for structural response analysis, the foundation can be modelled as pinned or with a degrep of

foundation fixity. Foundation fixity is the rotational restraint offered by the soil supporting the spudcan [and

shall only e used in a model that also includes finite vertical and horizontal, foeundation stiffnesses. [The

degree of fixity is dependent on the soil type, the maximum vertical spudcan reaction during installation| the

foundation ptress history, the structural stiffness of the jack-up, the geometryof the spudcan, the spudcan

translational and rotational displacements, and the simultaneous vertical and‘horizontal actions.

The structufal response analysis shall be carried out using one of the following foundation models, which have

increasing lpvels of complexity:

— pinned|model: simple pinned foundation for all legs;

— secant|model: linear vertical, linear horizontal and secant rotational stiffness where the iterative redugtion
of rotatjonal stiffness ensures compliance with the-yield interaction surface;

— yield interaction model: non-linear vertical, hrizontal and rotational stiffness model where the non-linear
behavipur ensures compliance with the yield interaction surface;

— continyum model: non-linear continuum foundation model coupled to the structure; this model shall plso
account for the load-penetration behaviour beyond the penetration achieved by preloading.

The assessment procedures for.each of these models are described in 9.3.6.

9.3.2 Leg|penetration during preloading

The purpose of preloading is to develop adequate foundation capacity to resist the forces on the foundgtion

due to assgssment.events. During preloading, the jack-up should normally be capable of generating spudcan

reactions im excess of the maximum vertical reactions due to the factored actions determined in|the

oad

The methods for calculating ultimate vertical bearing capacity of a foundation in various types of soil are
discussed in A.9.3.2. The gross bearing capacity equations adopted are based on the assumption that
penetration in sand is a drained process, and penetration in clay is an undrained process. Cases that deviate
from this assumption shall be assessed using appropriate methods. Uncertainties regarding the geotechnical
data should be properly reflected in the interpretation and reporting of the analyses. For the special case of
carbonate material, see 9.4.10 and A.9.4.10.

The predicted spudcan penetration is obtained from the bearing capacity versus spudcan penetration curve at
the specified preload. Soil backfill directly above the spudcan, composed of backflow and infill, shall be
included when computing the penetration.
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The use of these data during jack-up deployment provides essential information on the compatibility between
theoretical assessment and operational reality. Where there is significant deviation, the validity of the site-
assessment should be re-evaluated.

9.3.3 Yield interaction

The yield interaction surface is used to describe the limiting combinations of vertical, horizontal and moment
loading that the soil at a given penetration depth can sustain without becoming fully plastic. When the yield
surface is transgressed, plastic deformation occurs and the spudcan reactions are redistributed.

Dur;
pen

unig
jack

ess
exp
load
stor

The)
emk
vert]

For
surf

9.3.

Fou
This
stiffi
elas
Pois
leve

The)
the

rediiction of stiffness is pet.ihcluded in the soil model, the provisions of A.9.3.4.2.3 should

detd
stiffi
mod

When the foundation is comprised of layered soils, additional analysis should be used to de

effe

The

ng preloading a significant volume of soil below the spudcan is made to plastically deform as

e spudcan

btrates, thus expanding its yield surface and increasing its capacity. During removal of the prel
ads elastically and the foundation response is stiffer than during preload penetration: P,
-up's preload capacity is appropriate for a site's environmental conditions, the soil~beh
bntially elastic manner for most combinations of vertical, horizontal and moment loading that t
briences while on site. Inelastic response occurs when the combination of verticalihorizontal &
ing approaches the yield surface; this is likely only for a few, if any, loading-cycles during
M. Degradation can take the form of a softened foundation, additional penetration or both.

yield surface can be described by the equations given in A.9.3(3,for a range of soil
cal reaction to be assessed against the yield surface.

the case of layered soils, additional analysis should be performed to determine the apprd
bce.

B  Foundation stiffnesses

is usually described by spring stiffnesses in the vertical, horizontal and rotational m
hesses, as described in A.9.3.4.1, can bé)estimated from the solutions for a rigid circular
tic half-space using the small strain shear moduli for clay (see A.9.3.4.3) or sand (see A.9
son's ratio; alternatively, a continuutn:model can be used. The soil shear modulus is depende
I; therefore, suitable adjustments should be made for cyclic and dynamic loading.

reduction in stiffness as the-spudcan reactions approach or exceed the yield surface shall be
analysis. There are different approaches to determining the softening of the stiffnesses.

rmine the reduced rotational secant stiffness; the vertical and horizontal stiffness remain unch
ness reduction isdmplicit in fully coupled yield interaction models and in non-linear continuunm
els, as discussedyin A.9.3.4.2.4 and A.9.3.4.2.5, respectively.

Ctive stiffnesses.

effects of soil-leg interaction for deep penetrations may be included. Guidance is given in A.9.]

bad, the soil
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9.3.

5 Vertical-horizontal foundation capacity envelopes

When the foundation is represented with the pinned or secant models, the spudcan reactions shall be
assessed using the vertical-horizontal capacity envelopes. For the secant model, this assessment shall be
performed after achieving compliance with the yield interaction surface. Spudcan reactions resulting from
responses based on a model with pinned foundations for all legs may be assessed using the simplified
preload and windward leg checks, provided that the individual spudcan reactions satisfy the associated
applicability requirements.

The envelopes should be developed using the applicable subclause of A.9.3.5. The weight of all soil backfill that
occurs during preloading shall be included in the spudcan vertical reaction when evaluating the capacity
envelopes. Backfill after preloading shall be considered when its effect is to increase the foundation utilizations.
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9.3.6 Acceptance checks

The overall jack-up foundation stability shall be assessed for the forces F; and Fy,, and the moment £, acting
on each spudcan due to the assessment load case Fy, using Levels 1, 2 or 3, as listed below (in order of

increasing complexity and reducing conservatism); see Figure A.9.3-17. If a lower level check fails to meet the
foundation acceptance criteria given in A.9.3.6, a higher level check can be performed.

a) Level 1: Preload and windward leg check with reactions from a response analysis based on a pinned
spudcan model for all legs; Steps 1a and 1b shall both be completed for a Level 1 check:

.6.2),

b) el 2

tical

— Step 2b: Foundation capacity check and sliding resistance check (A.9,3:6.5), based on the verijcal,
horizontal and moment reactions from a spudcan model that ,includes rotational, vertical [and
horizontal foundation stiffness with rotational stiffness reduction; or.

— Step 2c¢: Foundation capacity check (A.9.3.6.5), based on_the vertical, horizontal and morent
reactions from a spudcan model that includes rotational, &#€rtical and horizontal foundation stiffjess
with reduction of vertical, horizontal and rotational stiffnesses. A Level 3 displacement check shall be
pefformed.

c) Level 3: Displacement check (A.9.3.6.6). One of the. following two steps shall be completed for a Leyel 3
check:

— Step 3a: Simple check using the leg-penetration curve based on the results of a Level 2 check when
thg foundation capacity check fails andfor a check of the effects of windward leg sliding when| the
Level 2 sliding check fails; or

— Stép 3b: Numerical analysis ofsthe complete jack-up and non-linear foundation coupled in verfcal,
horizontal and rotational degrees of freedom, e.g. finite element approach.

The maximum vertical reaction-isexpected to occur on the leeward leg. Likewise, the minimum verical
reaction is g¢xpected on the windward leg.

In Step 1a,|the preload €heck of the leeward leg is based on the assumption that the net ultimate vertical
bearing cagacity is equalto the maximum spudcan reaction during preloading. Care shall be taken to accpunt
for the submerged weight of any backfill, Wz 5 that occurs after the maximum preload has been applied.
Typically backflow..and infill after preloading, WB,:A is uncertain; for this reason, it should conservatively be
included on|théleeward leg but not on the windward leg. The check of the windward leg shall be performdd to
ensure that[the’sliding resistance is adequate under minimum vertical reaction conditions.

In Step 2a, the combined vertical and horizontal forces on the spudcan shall be checked against the factored
foundation capacity of all legs and the factored sliding capacity of the windward leg. The vertical bearing
capacity of the foundation is a function of the horizontal forces and moments. The sliding capacity of the
foundation is a function of the vertical forces and moments. However, the moments are ignored in Step 2a
analyses as the spudcans are considered to be pinned.

For Step 2b, the combined vertical and horizontal forces on the spudcan shall be checked against the factored
foundation capacity of all legs and the factored sliding capacity of the windward leg. The reactions are
determined for a spudcan with "fixity" conditions whereby the interaction of moment with vertical and
horizontal reactions is implicitly included through the use of the yield function.

38 © IS0 2012 — Al rights reserved


https://standardsiso.com/api/?name=0ae59eee340d53e55ccc34fede5731b6

ISO 19905-1:2012(E)

For Step 2c, the foundation capacity and sliding checks are performed implicitly through the use of an
unfactored yield function as described in A.9.3.3.

When a Level 2a or 2b assessment results in a foundation over-utilization, a Level 3 assessment can be used
to calculate the associated displacements. For all Level 2c analyses, a Level 3a assessment shall be
performed. The procedure shall account for the redistribution of forces resulting from the overload and
displacement of the spudcan(s). The acceptability of structural utilizations, overturning utilizations, foundation
utilizations and displacements shall be re-evaluated in accordance with the acceptance criteria in Clause 13.
The resulting displacement of the jack-up shall neither lead to the possibility of contact with any adjacent
structure nor exceed practical limitations for continued operations.

Step 3a shall be accomplished by using the load-penetration curve to estimate the additional settiement for
leeward legs. Sliding of windward legs shall be investigated. Additional settlement and slidind cause the
magnitude and distribution of the foundation reactions to change. The effects on thecstructure shall be
evaluated, including displacement dependent effects. If the effects are significant the procedyre shall be
iterated.

Step 3b shall be performed using a structural model including non-linear response)of soil and strycture (large
dispglacement effects).

9.4| Other considerations

9.4.1 Skirted spudcans

Special consideration shall be given to the analysis of skirted spudcans including, but not limited to|
— | skirt penetration;

— |filling of any voids within skirt should partial pefietration occur;
— |bearing capacity (which can exceed preload);

— |settlement, including consolidation-of:trapped soils;

— |moment capacity;

— |sliding resistance;

— |foundation stiffness;

— |drainage paths;

— |resistaneeto extraction;

— | soil trapped within the skirt after extraction.

9.4.2 Hard sloping strata

Problems associated with positioning of spudcans on a hard sloping stratum at or below the sea floor shall be
carefully considered. In this respect, a hard stratum is a soil layer where only partial spudcan penetration is
expected and can be either a surface or a buried feature. Where a spudcan partially penetrates into a hard
sloping stratum, there is potential to generate eccentricity in the spudcan reaction, which should be taken into
account. There is also increased potential for slippage on sloping or undulating strata.
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9.4.3 Footprint considerations

The depressions in the sea floor, or in harder layers within the seabed, that remain when a jack-up is removed
from a site are referred to as footprints. The form of the depression depends on several factors such as the
spudcan shape, the soil conditions, the spudcan penetration achieved and the method of extraction. The
shape and the time period over which the depression exists can also be affected by the local sedimentary
regime.

The positioning of spudcans very close to, or partially overlapping, footprints shall be carefully considered.
This is because of the difference in resistance between the original soil and the disturbed soil in the footprint
area and/or the slope at the footprint perimeter. The resulting leg displacements and/or eccentric spudcan

loading car xed
structure or

edge-to-edd

cause damage to the jack-up. The situation can be complicated by the proximity of a,fi
wellhead. The interaction between a spudcan and a footprint is expected to be minimal whef

e distance exceeds one spudcan diameter, see Stewart and FinnielA-94-15] Cassidy etaf[A-94

the
-16].

Gaudin et g.1A-94-201 and Gan et al.[A-94-21],

9.4.4 Leahing instability

Leaning instability of jack-ups can occur during operations in soft clays where the rate of increase in begring
capacity wjth penetration is small, leading to uncontrollable leg penetration;) The potential for |and
consequenges of such instability shall be considered.

9.4.5 Leg|extraction difficulties

Prior to emplacement of the jack-up, consideration shall be given:to potential leg extraction difficulties;
see A.9.4.5

9.4.6 Cyclic mobility

Cyclic loads$ can cause a progressive build-up of pore pressures within the foundation soils and conseqpent

soil strength degradation (liquefaction). The effects can‘be either local to the soils under the spudcan or 0V

larger area
storms, rota
soil mass g

Local foundation cyclic loading can be caused by the jack-up response to earthquakes, se
ting machinery, etc. Earthquakes catr cause large-scale cyclic loading and result in failure of
ver a large area. Depending on. the magnitude of pore pressures developed, cyclic loading

result in large vertical displacements of the'spudcans, which can be differential in some cases.

The assess

9.4.7 Scour

When a sp
wave and d
around spu
recognized
further guid

idcan is installed on the sea floor, its presence can cause increased local flow velocities (du
urrent) that'\can result in the sea floor soils being eroded. The phenomenon of scour is obse
icans that.are embedded in granular materials at sites with high sea floor flow velocities. If sco
to potentially cause problems, then preventive measures shall be implemented. See A.9.4.7
nce:

er a
ere
the
can

ment shall consider the effects of cyclic loading on the stability and displacements of foundations.

e to
'ved
Ur is

for

9.4.8 Spu

dcan interaction with adjacent infrastructure

For jack-ups located in close proximity to pile-founded structures, soil displacements caused by the spudcan
penetration can induce actions on the nearby piles. The magnitude of the soil displacement depends on the
spudcan proximity (distance of the spudcan edge to the pile's outside surface), the spudcan diameter,
penetration, and soil stratigraphy. If the proximity of the spudcan to the pile is greater than one spudcan
diameter, then no significant lateral actions on the pile are expected in a homogeneous single-layer soil
system. However, this is not necessarily true for a layered soil system. When the proximity is less than one
spudcan diameter or layered soil conditions are encountered, then the assessor should report the possibility of
induced actions on the pile(s).
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Guidance regarding the analytical procedures available for assessing these spudcan induced actions on piles,
pipelines and other adjacent infrastructure is given in A.9.4.8.

9.4.9 Geohazards

Natural, shallow geological features and conditions such as faults, scarps, fluid expulsion features and gas-
charged or over-pressurized sediments can pose additional threats to jack-ups that are independent of the
forces on the foundation. These geological hazards, collectively called geohazards, can result in unforeseen
events such as submarine slides and uncontrolled fluid releases that can adversely affect jack-up
performance and/or stability. These events can be triggered by natural phenomena such as earthquakes or by
human_activities such as drilling

Sha
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9.4.
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Acti

llow geohazard risk assessments are performed routinely in the offshore industry to safegus
installation shallow hazard assessment for a jack-up consider the overall geological, setting

hazards that can threaten the jack-up or its operations while on site. This work should be cor
Ired by competent geohazard specialists. Further information is given in A.9.4.9.

10 Carbonate material

bonate materials can exhibit unexpected behaviour and should be addressed with care (see IS

Structural response

| Applicability

response of a jack-up is determined by applyingtactions in accordance with the assessment |
8.8) to the structural model to determine displacements, internal forces in components and
foundations. Responses shall be compared with resistances to determine the utilization of
Cture and its foundation; acceptance criteria are given in Clause 13.

clause presents methods for cal€ulating the response of a jack-up including static and dyng
clause also presents a discussion of the important parameters affecting the dynamic respong

s, stiffness and damping. Actions are presented in Clause 7. Stiffness and mass modelling
ication of actions are addressed in Clause 8. Foundation modelling is addressed in Clause 9.

P General considérations

bn effects required for the assessment of jack-ups in the ULS typically include

rd well and

echnical drilling operations from subsurface hazards such as shallow gas. However, it is-important that a

and all the
ducted and

D 19901-4).

bad case Fy
Feactions at
the jack-up

mic effects.
e, including
as well as

component forces that shall be checked to determine the adequacy of individual structural compponents;

foufidation reactions that shall be checked to determine foundation performance and global sthiIity;

displacements to check for interaction with adjacent structures.

Action effects required for the assessment of jack-ups in the FLS, when applicable for long-term operations,
typically include local cyclic stresses which shall be checked to assess fatigue damage (see Clause 11).

10.3 Types of analyses and associated methods

A jack-up shall be assessed for the in-place elevated storm mode. Additionally, in unusual circumstances,
assessments for fatigue resistance, accidental situations, earthquake and abnormal environmental events can
be required.
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Different methods of analysis can be used for the various limit states to be considered. The methods of
analysis include

— deterministic two-stage analysis, in which the responses of the jack-up are determined by analysing a
single combination of actions for each assessment situation;

— stochastic one-stage analysis in which extreme values of the responses of the jack-up are determined
statistically by analysing multiple combinations of (environmental) actions for each assessment situation.
Because of the inherent non-linearity of jack-ups, stochastic analyses are performed in the time domain;

— ultimate_strength analysis in which the collapse strength of the jack-up structure and its foundation are
determjned.

Table 10.3-f summarizes the analysis requirements for different assessment situations. The analyses $hall
consider th¢ parameters discussed in 10.4.

Table 10.3-1 — Analysis requirements for different assessment situations

Deterministic analysis Stochastic analysis Ultimate strength

In-place - - — - analysis

elevated mode Linear Non-linear Dynamic linear Dynamic
nonslinear

Ultimate anﬁi Generally outsifle
serviceability the scope of this
limit states See 10.5,A.10.5.2and A-10.5.3 part of ISO 19905.
(ULS and SL.S) See 10.9
Fatigue lim]t See 10.6 not applicable See*10.6 not applicable not applicablg

state (FLS)

. . Appropriate, but Generally outsifle
Afapr:%%”i:]%u?m outside the scope Apprg;):f:’ but outside the scope the scope of th|
conservativey of this part of conservative of this part of part of ISO 19905.
ISO 19905 ISO 19905 See 10.8

Appropriate, but

(7]

Accidental Jimit
state (ALS)

Generally outsifle
Earthquake Appropriate, but outside the scope of the scope of th
(ULS or AL§) See 10.7 and A. 1 this part of ISO 19905 part of ISO 19905.
See A.10.7.4

(7]

10.4 Common parameters

10.4.1 General

In 10.4 is presented.a description of important parameters that are applicable to all analysis methods.

10.4.2 Natural'periods and affecting factors

10.4.2.1 General

The estimation of natural periods is critical for the determination of the structural responses because jack-ups
can exhibit significant dynamic effects. As a result, the dynamic responses can differ markedly from the static
responses. The assessment of responses shall consider the possible variation of the natural periods and its
implication on the accuracy of the analyses.

Determining the correct natural periods depends upon accurate estimates for

— the water depth and hull elevation;
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— the magnitude and location of masses associated with actions due to fixed load and variable load.

10.4.2.2 Stiffness

The overall stiffness of the jack-up shall be determined including the hull, legs, leg-to-hull
foundation and the P-A geometric effects as defined by the modelling practices in Clause 8.
stiffness values should be considered if stiffness information is not well defined.

connection,
A range of

10.423— Mass

The|mass model shall include contributions from structural, non-structural and added massgs.(see
For
the
be

sign

all analysis types, the most likely mass distribution should be considered, e.g. the position of th

considered if mass information is not well defined or when the toleranceson the known
ificant.

10.4.2.4 Variability in natural period
The)
naty
jack
foun
Fou
the
into
rein

variability in natural period shall be considered. There are several factors that can cause
ral periods including stiffness non-linearities in the structurey'and foundation. The natural pe

dation behaviour. Structural non-linearities can result from' stiffness changes (gap impact, yie
hdation non-linearities can result from changes in stiffness as a function of the force level wit
yield surface and force reversal (hysteresis). For example, the variability in natural period shot
account when selecting the levels of fixity to use in the analysis as it can affect the influen
forcement and/or cancellation effects.

NOT

E The calculated natural periods can vary.considerably between linear elastic and non-linear analys|

10.4.2.5 Cancellation and reinforcément

Can
lend

cellation is the situation where,” due to the spacing between the jack-up legs with respect f{
th, the wave action on the jack-up is close to zero over the complete wave cycle. The primary

8.7).

e cantilever,

distribution of the variable load, and the level of marine growth. A range of values-or distribufions should

position are

ariability in
riods of the

-up are a function of the static and time-varying response*due to non-linearities in the stiuctural and

Iding, etc.).
N respect to
Id be taken
ce of wave

o the wave
parameters

for reinforcement and cancellation effects are the wave length and the leg spacing. First cancellation occurs

whs
Firs
can

n the crest and trough.of the same wave cycle are at two legs (leg spacing one half of the w
reinforcement occurs’ when the crest of successive wave cycles are at the legs. Subsequent
cellations and reinfercements occur at progressively shorter periods.

The
A.6

wave period-used in the deterministic extreme storm analysis shall be chosen with the ran
4.2.3 to ‘minimize the effects of cancellation.

a fandom wave dynamic analysis, wave action cancellation can significantly reduce th

bve length).
brder period

ge given in

e dynamic

the cancellation periods.

10.4.3 Damping

away from

Contributions to the system damping include foundation damping, hydrodynamic damping and structural
damping. Non-linear behaviour of the foundation and the jacking system also contributes to system damping.
The degree to which each of these contributions affects the system damping depends on the type of analysis
and the level of system response.
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10.4.4 Fou

ndations

The analysis of the structure and the assessment of the foundation can be performed essentially in two

different wa

ys.

Option 1: Deterministic two-stage approach. The first stage is to calculate the dynamic amplification factor

and inertial loadset, often using linearized analyses. The foundation and structural assessment is then
performed using a quasi-static iterative or elasto-plastic analysis technique, for which the dynamic actions
are approximated by the pre-determined inertial loadset.

— Option 2: Stochastic one-stage approach, where dynamic structural analysis and assessment is
performed using one model. Here, a fully detailed non-linear time domain stochastic analysis is performed
taking into account the elasto-plastic behaviour of the foundation.

10.4.5 Storm excitation

Wind, currgnt and waves all contribute to the storm excitation. The primary source of dynamic excitatign is

from the flugtuating nature of waves.

As waves and currents interact, these two metocean factors should be considered in combination when

generating fime-varying hydrodynamic actions in accordance with Clauses 7 and A:7.

Various men wave directions shall be considered. The effect of wave spreading around the mean diregtion

may be taken into account, provided reliable information is available.

When using joint probability metocean data, all relevant combinations of wind, waves and current shal

considered

Sea states
resulting in
periods clog

to determine the most onerous combination (see A.7-31.1).

with a peak period close to the natural period of-the jack-up can give larger dynamic amplifice
larger responses in lower sea states than the-extreme storm event. Therefore, waves with g
e to the natural period of the jack-up should)be considered (see A.6.4.2.9).

10.5 Storm analysis

10.5.1 General

be modelle
be determi
due to fixed
actions.

A jack-up r$

A two-stagsg
The inertia
analysis, in

sponds dynamically to_time-varying wave actions (see 10.4.5 and A.10.4.5). This behaviour §
appropriately in the.analysis by including the static and dynamic contributions. These effects
ed by a two-stage.deterministic or by a one-stage stochastic analysis procedure. Static act

deterministic storm analysis involves developing static metocean actions and an inertial load
loadset can be developed from either a classical SDOF analogy or from a random dyn3
both.cases through the development of a DAF (see 10.5.2). The inertial loadset shall be applie

be

tion
eak

hall
can
ons

loads, variable-gads and wind actions shall be combined with the time-varying wave and cufrent

set.
mic
d to
the

be in phassq

with, and to increase the response to, the metocean actions as one of the loadcases. When

natural period divided by the apparent wave period is greater than 0,9, caution shall be exercised and
additional loadcases for different inertial phases should be considered.

A more detailed time domain stochastic storm analysis procedure, in which inertial actions are directly
included, can also be used. This analysis predicts the combined static and dynamic response of the jack-up to
random wave actions from which the most probable maximum extreme (MPME) responses are calculated;
see 10.5.3.

Action effects due to leg inclination shall be combined with action effects due to the extreme storm event to
maximize leg and holding system strength utilizations.
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Table 10.5-1 summarizes the two approaches to incorporating foundation response (10.4.4) and dynamics in
the analysis.

10.5.2 Two-stage deterministic storm analysis

The most common method of analysis adopted for the determination of the extreme response is the
deterministic, quasi-static wave analysis. This method does not reflect the random nature of wave excitation
and assumes that the extreme responses are uniquely linked to the occurrence of a single and periodic
extreme wave.

Deterministic responses are normally calculated by time stepping the single and periodic extreme wave
through the structure. The extreme responses are determined from
— [the actions due to fixed loads, variable loads and wind actions;
— |the time-dependent, but quasi-static wave/current actions;
— |an inertial loadset representing dynamic effects.
Thelactions of the first and second group shall be determined in accordance-with Clause 7.
Table 10.5-1 — Methods of extreme storm analysis
Two-stage One-stdge
deterministic storm analysis stochastic storm analysis
Parameter Stage 1 Sta
. ge 2 . .
Determine DAF Single deterministic Multlpl_e rgnd om_tlme
. domain simulations
storm analysis
DAF,SDOF DAF,RANDOM
Waye/current . Randqm . Random
not applicable (superposition of High order regular wave . .
actjons . (linear or higHer order)
linearcomponents)
Time d . Inertial loadset determined
. Equation (A.10.5-1) ime domain by means of Time domain sjmulations
Dynamics simulations
(see A.10.5.2.2:2) (see A10.5.2.2.3) OAF.SDOF OAF RANDOM (see A.10.5.3)
(see A.10.5.2)
Wind actions not applicable Ignore Quasi-static Quasi-static
Foyndation kinearized Linearized Non-linear Non-lingar
Stiffness from Non-linear
Str{icture . or calibrated Non-linear Non-lingar
non-linear structure .
to non-linear
Output AR SDOF AR RANDOM (Global) responses (Global) responses

The inertial actions induced by time-varying wave and current actions are approximately represented by an
inertial loadset. The magnitude of the inertial loadset is determined from a DAF and the quasi-static
wave/current actions. Methods of calculating the DAF include

a classical single degree-of-freedom analogy;

determining the ratio of dynamic and quasi-static responses from random dynamic analyses.

A.10.5.2.2.3 gives load cases that should be considered when Kpar ranpowm is Used to determine the inertial

loadset in a two-stage analysis. The first load case, Equation (A.10.5-4), is always required. When
(Tn/Tp) > 0,9, additional load cases should be considered such as the three shown in A.10.5.2.2.3, Equations

(A.10.5-5) to (A.10.5-7).
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When determining DAFs, P-A effects shall be included in both the quasi-static and the dynamic analyses and
the contribution of the P-A effect to the overturning moment shall be included in the overturning moment.

10.5.3 Stochastic storm analysis

In the stochastic method, one or more random dynamic analyses are performed for a given sea state or for a
range of sea states. As the stochastic wave and current excitation varies with multiple realizations of a sea
state, the extreme responses in each realization also vary. The most probable maximum extreme response
can be determined through statistical analysis of one or more simulations.

In each si o
varying wa e/current actlons The actlons shall be determlned in accordance W|th Clause 7. The |anuence of
dynamic effects is inherently included in the results of the dynamic stochastic analyses.

When undgrtaking a fully integrated dynamic stochastic analysis that directly results in a, time history of
structural anpd foundation utilizations, it is necessary to determine the MPME of each utilization!

The action factors on metocean actions for this analysis method are set to 1,0 according to 8.8.1.3. Howqver,
the metocejan parameters (i.e. wind velocity, wave height and current velocity) shall be factored instead;
see A.10.5.B.

NOTE he inclusion of action factors not equal to unity is complex and gpen-to physical inconsistencies|and
misapplicatign. The more logical approach of applying partial factors to the metoecean parameters has been adoptefl for
fully integrateéd dynamic stochastic analyses. However, the partial factors on metocean parameters for stochastic andlysis
used for detgrmining the DAF are set to unity.

10.5.4 Initipl leg inclination
The initial leg inclination resulting from guide clearances;and from the permitted hull inclination resulfs in
additional leg moment. If the initial leg inclination is expliCitly modelled, the additional moments are inhergntly
included in fhe results.
If the initial|leg inclination is not explicitly modelled, the member forces and holding system forces from| the
analysis acgording to 10.5.2 or 10.5.3 shall b€ increased to account for the effect of the additional leg moment
prior to undprtaking the structural strength.checks; see A.10.5.4.

In all cases| the direction of the moment-shall be such as to maximize the utilization checks in way of the hull;
this can be pchieved simply by copsidering the base of the legs to be offset in the up-wind direction.

10.5.5 Limjt state checks

Limit state ¢ghecks shall.bé performed for

— strength of leg-méembers, particularly in the vicinity of the upper and lower guides and adjacent to leig to
spudcgn cennéections;

t t S tha baldina ovotama LI otean ot oA ool b on o Aol na Hona o naidarad—td b
— S reng O T Oy Sy SteTTT— o St oTrgtT arntd JaCiimotgST—tU—UT UK CofReetHonRS—are—eonsiaerea—to e

covered by classification unless special circumstances apply;

— overturning stability and spudcan sliding;
— spudcan strength and foundation bearing capacity.
Checks shall be performed for a range of sea state directions to determine the maximum limit state utilizations.

See also Clauses 9, 12 and 13.
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A fatigue analysis is normally undertaken during the jack-up design phase. For jack-up operations of shorter
duration than the RCS special survey period of five years, fatigue analysis is not required provided that an
RCS structural integrity regime, or equivalent, is in place. For jack-up operations of relatively long duration,

see

Clause 11.

10.7 Earthquake analysis

An earthquake assessment shall be performed for sites where the ISO 19901-2 seismic zone is 2 or above. It
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reprlesentation-of the earthquake demand on the jack-up.

At 4

............ to-p
bssment should be considered when any of the following conditions apply:

sites with the potential for cyclic mobility (e.g. liquefaction) (ISO 19901-2 site class F);

sites with the potential for unacceptable additional leg penetrations if the preload\reactions ar
(settlement limits can be reduced when operating adjacent to other structures),

jack-ups where the ratio between the individual leg preload reaction at the seabed and the m
water operating reaction at the seabed is less than 1,25.

uch cases, the structure shall be assessed to the ULS for strength and stiffness, when it is s

0 year earthquake response spectrum criteria can be found in 1ISO 19901-2. In this kind of
ack-up should sustain little or no damage.

e jack-up does not satisfy this 1 000 year ELE screening to ULS assessment criteria, the
bssment methods (see 10.9) in combination with {SO 19901-2 shall be used to evaluate com
earthquake performance requirements. In. this case the jack-up is acceptable if the

onstrates that structural failures causing loss' of life and/or major environmental damage d
br any of the earthquake events considergd, although in some cases considerable structural ¢
ustained.

e it is not possible to ready the jaek-up for an earthquake, it is important to consider all reasg
operating configurations.

E A low mass tends tg lead to a shorter natural period and, hence, greater amplification. A higher
longer period, but can-be.associated with greater lateral forces depending on the reduction in th
lerations in combination.with the increased mass.

assessment model shall include a realistic range of spudcan-soil modelling that encom

priainties in “foundation stiffness and capacities; see 8.6.3. Where the penetration pred
ificantly, the(range shall be considered. A pinned spudcan model, in general, produces an ung

ites where cohesionless soil conditions dominate, the possibility of earthquake-induced soil
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10.8 Accidental situations

Accidental situations are not normally addressed as part of an assessment unless specifically required by the
jack-up owner, operator or regulator (see also 5.3).
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10.9 Alternative analysis methods
10.9.1 Ultimate strength analysis

An ultimate strength analysis is intended to identify the collapse strength of the jack-up structure and
foundation under applied actions. For manned situations, the acceptance criteria is typically set by the
regulator. For unmanned/de-manned situations, the acceptance criteria shall be agreed between the operator
and the jack-up owner. In some areas of the world, the analysis can entail

— assessing the jack-up for abnormal wave condition to demonstrate survivability (e.g. for a 10 000 year
return period in the North Sea);

— scaling[the extreme storm actions until failure is predicted to occur, to meet a target reserve strength’fatio
(e.g. GpIf of Mexico fixed structures; see ISO 19902:2007, 9.10.2);

— perfornping time-history analyses for the ALE (see ISO 19901-2).

The uncertainties associated with foundation capacity can be significantly greater than these associated with
the ultimatg strength of the structure. In performing ultimate strength analyses, it is, therefore, important to
make this distinction and to evaluate both structural and foundation failure modes:._Therefore, the folloying
strategy is ecommended.

a) Structdral or foundation failure should be identified using an analysis based on mean (or best estimdtes)
of strugtural steel properties and soil properties.

b) Wherelfoundation failure occurs before structural failure, structuralfailure should be determined assuring
a foundation capacity based on upper bound or, if necessary, artificially strong, estimates of |soil
properties. This should provide an assessment of the steel.strdcture strength.

Ultimate stiength evaluation is used to estimate the maosbtlikely collapse strength of a structure with p3rtial

resistance factors set to 1,0. Due to the absence of partial resistance factors, an ultimate strength evalugtion
shall be intgrpreted and used with care.

10.9.2 Typps of analysis

Methodology for performing an ultimate_ strength analysis can be found in ISO 19902. The determination of
actions and|foundation properties shall(bein accordance with this part of ISO 19905.

11 Longiterm applications

11.1 Applicability

When a jack-up isd0:be operated at one particular site for longer than the normal special survey period oflfive
years, the |site-specific assessment shall be supplemented by the provisions of Clause 11 and RCS
requiremengse

The specific requirements of the jack-up owner, operator and regulator related to the long-term application
shall be investigated.

11.2 Assessment data

In addition to the data normally required for short-term assessment, further data associated with long-term use
are required. These data shall include

— the duration for which the jack-up is intended to be on site;

— a list of modifications to the jack-up, which affect the time-varying actions, structural resistance or, fatigue
endurance of structural components;
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the limitations on the ability to re-level the hull and maintain hull elevation, e.g. in connection with

supported conductors;

the deviations from the standard operating and elevated storm mode configurations given in
operations manual;

the metocean data suitable for fatigue assessment, including directionality of wind, waves and

the marine

current;

the expected accumulation and vertical distribution of marine growth and relevant mitigation procedures;

the geotechnical data reauired for the assessment of lona-term operations:
I - ) L T
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11.3
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11.3
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other data required for fatigue assessment (see 11.3.1).
B Special requirements

.1 Fatigue assessment

remaining fatigue life of all relevant structural components shall be shownto be adequate for
pd on site. In the assessment, any fatigue damage contributions freni\the jack-up's prior serv
n into account; historical jack-up and site data shall be requestedom the jack-up owner. In

rent uncertainty of fatigue life assessments, a margin of safety.shall be applied through a fatig
gn factor (fzp). See A.11.3.1 for further details.

partial action factors used for fatigue analysis can be ‘reduced to unity when using S-N cury
Is two standard deviations of log(N).

.2 Weight control

nges in weight during the long-term eperations shall be monitored to ensure complian
bssment assumptions. A sufficient allowance for weight growth shall be included in the assessn

.3 Corrosion protection

quate corrosion protection shall be implemented to cover the entire duration on site. Special at
iven to corrosion protection in the splash zone.

.4 Marine growth
assessmentshall include the effects of the long-term accumulation of marine growth.

.5 Foundations

assessment shall include consideration of the potential for and effects of

he planned
ice shall be
view of the
ue damage

es at mean

be with the
hent.

ention shall

settlement under extreme storm actions;

long-term foundation settlement;

seabed subsidence, e.g. due to reservoir depletion;
scour;

seabed mobility.
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11.4 Survey requirements

Surveys are required to ensure that the integrity of the jack-up is maintained during the long-term application.
As a minimum, the jack-up owner shall develop a plan which includes the following surveys:

a) a speci

b) project

al survey prior to deployment on site;

specific surveys in accordance with an in-service inspection programme (PSIIP).

The PSIIP required for long-term operations shall be developed based on

— RCS rgquirements;

— the jack-up's prior operating and inspection history;

— the asgessment results for the expected operations.

Sea floor sprrveys shall be included in the PSIIP for sites where scour and/or seabednmebility are known to
occur.

If changes fo the initially planned duration are proposed by the operator, the jagk-up owner should docuent
that the jagk-up has sufficient remaining fatigue life, and approval should be’ obtained from the RCS [and
regulator.

12 Structural strength

12.1 Applicability

12.1.1 General

This claussg
guidance is
strength of

Equations
utilizations

A suitable method for carrying.out the required calculations is given in A.12. The resistance factors give

Annex B ar
methods ar

RCS requin

provides the basis for the determination of the structural strength of truss type legs. Lin
given for other leg types. The strength of the fixation system and/or the elevating system and
he spudcan are normally provided by the manufacturer.

or the required strength-checks are given in this clause, which result in structural stre
n accordance with Clause 3.
b specifically ti€d)to the calculation methods presented in A.12 and shall be re-calibrated if o

b used.

ements-cover the design, construction, and periodic survey of the jack-up and address iss

such as ma
than the I4
assessmen

erial ‘properties, fabrication tolerances, welding, construction details and parts of the jack-up g
gs

ited
the

ngth

nin
ther

es,
ther
cific

the

manufacturer and are approved by the RCS, no additional assessment is required of the hull and jackhouse.
Similarly, if the foundation's vertical and rotational reactions on the spudcan are within the structural limits set
by the manufacturer, it is not necessary to check the strength of the leg to spudcan connection.

12.1.2 Truss type legs

The requirements set out in Clause 12 relate to chords and braces of truss type legs. Weld sizes, gusset
plates, the strength of joints, etc., are covered by RCS requirements, and should not control the overall
structural integrity. Chords and braces are covered in 12.2 to 12.6.
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12.1.3 Other leg types

Some of the checks included in Clause 12 are applicable to either tubular or box-type legs, but for these
configurations, Clause 12 should be supplemented with other documents to address stiffened sections,
e.g. APl references [12.1-1] and [12.1-2] or DNV references [12.1-3] and [12.1-4].

12.1.4 Fixation system and/or elevating system

Strength of the fixation system and/or the elevating system is normally supplied by the manufacturer. The
manufacturer's data should represent the unfactored ultimate strength of the system(s) normally given
sep aratply for the vertical and haorizaontal directions

12.1.5 Spudcan strength including connection to the leg
Thel strength of the spudcan is normally supplied by the manufacturer. The manufacturer's data afe expected

to rgpresent the unfactored ultimate strength of the spudcan and spudcan to leg connection, nofmally given
for all applicable vertical and horizontal forces, and for moments about the horizoptalaxes.

12.1.6 Overview of the assessment procedure

The|basic approach consists of the determination of

— |classification of member cross-sections (12.2);

— |section properties of non-circular prismatic members (12.3);

— | Euler amplification of member forces (if not included\within the structural analysis) (12.4);

— |strength of lattice leg members [tubular \meémbers (12.5), and prismatic members in|truss type
legs (12.6)]; and

— | strength of joints (12.7).
12.2 Classification of member. cross-sections

12.2.1 Member types
The| methodology used*to classify member cross-sections is different for circular cross-sectiong of tubular

mermbers and for ali”other cross-sections of prismatic members. Longitudinally reinforced tybulars and
tubylars with pin-holes, cut-outs, etc., shall be considered to be non-circular prismatic members.

12.2.2 Material yield strength

The| material yield strength used in the member cla33|f|cat|on and the calculatlon of member str¢ngths shall

be used when the materlal does not exh|b|t sufficient work- hardenlng

12.2.3 Classification definitions

The strength of a steel cross-section is affected by its potential to suffer local buckling when subjected to
compression due to a bending moment or an axial force, or a combination thereof. By classifying
cross-sections, the requirement to explicitly calculate local buckling strength is avoided.

For non-circular prismatic members, the components and cross-sections are classified as plastic, compact,
non-compact (or semi-compact) and slender, in order of decreasing strength. When a cross-section is
composed of components of different classes, it shall be classified according to the class of its component(s)
with the lowest strength in compression. Slender components within a cross-section can be ignored, provided
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that only the remaining cross-section is used for all aspects of the assessment. The following classification
shall be applied.

Class 1 Plastic: Cross-sections with plastic hinge rotation capacity. Compliance with this classification

enables a plastic hinge to develop with sufficient rotation capacity to allow redistribution of moments to
occur within the member. All plastic sections are inherently compact.

Class 2 Compact: Cross-sections with plastic moment capacity. Compliance with this classification

enables the full plastic moment capacity of a cross-section to be developed, but local buckling prevents
the development of a plastic hinge with sufficient rotation capacity to permit plastic assessment.

Class J
plastic
extrem

Non-compact (or semi-compact): Cross-sections with between full yield moment capacity

a)

-

compression fibre, but elasto-plastic local buckling prevents development of thefull pl

and
moment capacity. Compliance with this classification enables the yield stress to be realized aithe

stic

moment capacity.

— Class 4 Slender: Cross-sections that buckle locally before the yield stress cafbe achieved. A
cross-dection is classified as slender if any of the compression components of the cross-section doeq not
comply] with the limits for non-compact components.

There is np requirement to classify tubular member cross-sections to the ¢<same extent as non-cirqular

prismatic member cross-sections other than to identify those tubulars for which_plastic hinge rotation capacity

is possible {i.e. class 1). This is because the equations for tubular membercross-sections presented in A.[12.5

account forflocal buckling, whether plastic or elastic.

12.3 Sectjon properties of non-circular prismatic members

12.3.1 General

The requiregments in 12.3 apply to rolled and welded non-circular prismatic members comprising one or more

components$, such as can be found in a chord section-of a jack-up leg. Their cross-sectional properties ghall

be determirjed as described in 12.3.

Cross-sectipnal properties of tubular members are included within the determination of their strength [and

addressed

n12.5.

12.3.2 Plastic and compact sections

For class 1
properties.

Where elas
these can b

ic section_properties are determined for class 1 and 2 sections instead of plastic section prope
e based on/a fully effective cross-section and shall then be treated as for class 3 sections.

plastic and class 2'cempact sections, section properties can be determined assuming fully plastic

ties,

12.3.3 Senri-compact sections

Section properties for class 3 semi-compact sections shall be based on elastic properties assuming fully
effective cross-sections. When considering a cross-section comprised of components having different yield
strengths, the critical stress locations shall be evaluated as these do not necessarily coincide with the
minimum section modulus or the principal axes.

The strength check is based on an interpolation between class 2 plastic capacity and class 3 elastic capacity.

NOTE The critical stress locations are typically at the edges of the components and are a function of the member
forces, the yield strength of the component and its position within the cross-section of the member.
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Cross-section properties for class 4 slender sections shall be determined using elastic principles. When the
stress across the entire section is tensile, the full section may be used. If any part of the section is in
compression, the sectional properties shall be reduced as required based on effective sections (see A.12.3.5).

12.3.5 Cross-section properties for the assessment

The nomenclature and selection of variables for use in the assessment of members are summarized

in A

12.3.5.

12.4 Effects of axial force on bending moment

Thel moment resulting from the eccentricity between the elastic and plastic centroids, oflClass

sec!
diffe
that]
mer
con

ions shall be included in the assessment moment; this can occur in sections that include cor
ring yield strengths. Similarly, for class 4 sections, there is an eccentricity betwegen-the full ela
is used in the structural response analysis and the centroid of the reducedysection that is
hber strength check. This moment correction shall be included for members in both t
pression.

1, 2 and 3
hponents of
stic centroid
used in the
ension and

Eulgr moment amplification, or p-6 effects, shall be included for members in axial compression. When p-6
efferts are not included in the structural response analysis, they shall be included in the strength ¢hecks. The
effeptive length factors and moment reduction factors (C,) fo5*use in strength checks afe listed in
Tabje A.12.4-1. Alternatively, they can be determined using a rational analysis that includes joint flexibility and
sidg-sway.

It i§ mentioned that, traditionally, the effects of Euler~amplification are included in the strength checks.
However, some analysis results implicitly include the, effects of Euler amplification. The assessment should
inclide the effects of both the global large displacement effects (P-A) and the local member moment
amplification (p-3). Large displacement effects (P-A) are addressed in Clause 8.

12.5 Strength of tubular members

Thel strength of tubular members shall be checked for combined axial forces and bending, and for shear and
torsjonal shear.

Thelrequirements given in_12.5ignore the effects of hydrostatic pressure. The validity of this assumption shall
be ghecked for all sealed-tubular sections (see Table A.12.5-1).

12.6 Strength of<non-circular prismatic members

The| strength.of hon-circular prismatic members shall be checked for combined axial forces and bgending, and
for ghear andutorsional shear.

The| requirements given in A.12.6 ignore the effects of hydrostatic pressure. The validity of this [assumption
Sha: bU uhculr\cd fUI O:: ocalcd LAY} \J;Ibu:al PI ;Olllat;h IIIUIIIbGIO (DUU rlyulc A120 1 il Id Tﬂb:U I"\\.1 2.5'1)

12.7 Assessment of joints

Joint strength is normally addressed by the RCS for the metocean conditions given in the operations manual.
If the assessor has concerns that the site conditions lead to joint loads that exceed those assessed by the
RCS, joint strength shall be assessed.
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13 Acceptance criteria

13.1 Applicability

13.1.1 General

This clause defines the criteria for checking the acceptability of a jack-up for operation at a specific site for the
various limit states.

The partial action and resistance factors set out in the acceptance criteria have been developed in conjunction

with the andlysis methodology set out in the rest of this part of ISO 19905 and are valid only iT used with

methodolog
The criteria
structu
hull ele
leg len

overtur

exceed
interac
temper

The assess|
and assess

y. The factors do not necessarily provide adequate reliability if used with other methodologies:
for checking the acceptability of a jack-up include consideration of the following issues:

al strength of legs, spudcan, and holding system (13.3, 13.4, and 13.5, respectively);

vation (13.6);

hth reserve (13.7);

hing stability (13.8);

ance of the capacity envelope (13.9);
ion with adjacent infrastructure (13.10);

pture (13.11).

ment checks for structural strength, overturning stability and foundation integrity for each limit s
ment situation are based on a utilization(parameter as described in 13.2.

13.1.2 Ulti

The assesgment of the ultimate limit states (ULS) shall ensure that the acceptance criteria are not excee

in any of th
The integrit

Areas on ja
legs betwe
fixation sys
lower parts
included in
made.

ate limit states

applicable assessment situations; see 5.1, 5.3 and 5.4.
of the foundation is-central to the site-specific assessment of a jack-up.

ck-ups that are“often critical with regard to structural strength are the legs at the lower guides
bn guides, thé. pinions and/or rack teeth, the fixation system and/or fixation system support
em is fittéd) and the leg to spudcan connection. Where there is a degree of foundation fixity
of thesleg shall be checked assuming an upper bound fixity value. Foundation fixity shal
the<evaluation of the upper leg only when an applicable and detailed foundation study has b

this

foundation integrity including preload, foundation capacity, sliding displacement, settlement resulting from

tate

ded

the
s (if
the

be
een

Compliance in whole or in part can also be demonstrated through comparison with prior assessments

conducted i

n accordance with the provisions of this part of ISO 19905.

13.1.3 Serviceability and accidental limit states

Serviceability limit states and accidental limit states are discussed in 5.3.
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For jack-up operations with a duration less than the RCS special survey period, a fatigue analysis is not
required, provided that structural integrity is maintained through an appropriate programme of inspection. For
long-term applications, fatigue shall be considered in accordance with Clause 11.

NOTE

The special survey period is normally five years.

13.2 General formulation of the assessment check

The

assessment shall follow a Innrﬁ:\l anpfy factar format_The Ir'mn‘inl action factors shall he Qplnlip

to actions,

not

the action effects. The partial resistance factors shall be applied to representative foundatio

and| structural strengths. When undertaking a stochastic time domain procedure that incorp
nontlinear foundation responses, the MPME utilizations shall be calculated using the ‘proced
in 10.5.3.
Thel utilization (see definition 3.78) for each limit state and assessment situation shall satisfy the
of Blquation (13.2-1):

U<1,0
whdre U is the utilization to one significant decimal place.
Forlassessments where the relevant action effect can be expressed by a single response, U is of
form:

U action effect due to factored actions

factored resistance

Forjassessments where the relevant action effect-consists of a combination of responses, the indiy

effe
equ

For
inte

Fac

Acti
ass
by t

cts and factored resistances combine into-an interaction equation, 1. In these cases the ultiliz
bl to the value of 1.

assessments where the resistance-is given by the yield interaction surface (for foundations) g
raction surface (for strength of non-circular prismatic members) the utilization is of the general f

3 length of the'vector from a specified origin to the action effect
length of the vector from the same origin to the factored interaction surface

ored actions shall be determined in accordance with the assessment load case F in 8.8.

bn effects shall be determined in accordance with the requirements of Clauses 9, 10 and
pciatedwguidance given in A.9, A.10 and A.12. The particular form of the utilization equation is
he foundation and strength checks formulated in these clauses.

[\ capacities
orates fully
lre set out

equirement

(13.2-1)

the general

(13.2-2)

idual action
ration, U, is

r the plastic
orm:

(13.2-3)

12, and the
determined

Ann

calculation

methodology and the associated assessment check(s) can be found, and lists the values of the partial action

and

NOTE

resistance factors that shall be used.

Normally, both partial action and partial resistance factors are greater than unity: actions are

partial action factors and resistances are divided by partial resistance factors.

13.3 Leg strength assessment

multiplied by

The equations given in 13.2 shall be used to assess the utilization of the leg structure. The methodology for
undertaking checks on the strength of members is described in Clause 12, together with the associated
resistance factors.
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13.4 Spudcan strength assessment

The forces on the top and bottom of the spudcan due to factored actions, for any of the applicable assessment
situations, shall be checked against the factored ultimate strength derived from the manufacturer's
specification using a partial resistance factor for spudcan strength of y =1,15. Where limited information is

available, a

NOTE 1

rational approach shall be used.

This check addresses issues such as: spudcan overburden (at maximum penetration); spudcan strength (over

the range of predicted penetration); and eccentric spudcan support (e.g. due to foundation fixity, sloping seabed or
existing spudcan footprints).

NOTE 2  \Mhenthe-globalresponse-analysisisperformed-with-pinned-spudcan-supperttheforces-on-the-spudean can
be derived frpm the preload reaction and the soil ultimate moment strength.

13.5 Holding system strength assessment

The forces |on the holding system due to factored actions, for any of the applicable assessment situatipns,
shall be che¢cked against the factored ultimate strength derived from the manufacturer'scspecification using a
partial resigtance factor for holding system strength of 5  =1,15. Where limited information is available, a
rational apgroach shall be used. ’

13.6 Hull plevation assessment

A hull elevation resulting in at least 1,5 m clearance between the assessment return period extreme wave
crest elevafion and the underside of the hull shall be provided (see 6:4).>The extreme wave crest elevatign is
normally dgtermined from the extreme still water level (SWL) in A.6.4.4 and the wave crest elevation alove
SWL in A.64.2.4.

In some areas of the world an abnormal wave crest elevation (see A.6.4.2.4) that can affect the glpbal
response, ¢an be greater than the extreme wave crest(elevation plus 1,5 m. The hull elevation shall be
sufficient to| clear this abnormal wave crest elevation. Where appropriate metocean databases and reliability
models exigt, the abnormal wave crest elevation can<be determined accounting for the joint probability of fide,
surge and drest elevation.

The hull elgvation shall account for any settlement due to the extreme or abnormal storm event.

NOTE 1 Metocean studies after hurricarres Katrina and Rital!3-6-1] have suggested that there exist local wave ¢rest
enhancements with a small area of effect. When calculating the hull elevation for jack-ups, it is not necessary to congider
these local effects over and above the-abnormal crest elevation since they do not affect the jack-up globally.

NOTE 2  The air gap is defined in<SO 19900 as the clearance between the highest water surface that occurs during the
extreme metpcean conditions,and-the lowest exposed part not designed to withstand wave impingement. This differs from
the definition| historically used by the jack-up industry.

13.7 Leg |length reserve assessment

The leg length. reserve above the upper guides should account for the uncertainty in the prediction of leg
penetration and account for any settlement _The Ing Inngfh reserve shall be at least 1,‘§ m_The grnnfnr the

uncertainty, the larger the leg length reserve that should be available. A larger reserve can also be required

due to

strength limitations of the top bay;

effective reduction in leg stiffness at the upper guide;

56

additional settlement due to scour;
long-term foundation settlement;

reservoir settlement.

the increase in the proportion of the leg bending moment carried by the holding system due to the
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13.8 Overturning stability assessment

The equations given in 13.2 shall be used to assess margin of safety against overturning of the jack-up. The
utilization shall be calculated as the ratio of overturning moment due to the factored actions, Mgy, and the
factored stabilizing moment, Ry o1

The overturning moment, Mg, shall be calculated about the overturning axis in the most critical assessment
situation using the assessment load case Fy. For independent-leg jack-ups, the overturning axes shall pass
through any two or more spudcan reaction points. The reaction points are described in 8.6.2 and A.8.6.2.

The factored stabilizing moment R, ot is calculated by Equation (13.8-1):

Ry .0mm = BrotM/7R,0TM (13.8-1)
whegre

R.otm s the representative stabilizing moment;

’Rotm IS the partial resistance factor for stabilizing moment, g o1y =.1,05.
The| representative stabilizing moment, R, ory, shall be calculated forythe same assessment sftuation and
abolit the same axis as used for the calculation of the overturning mement and shall account for the following
confributions:

the stabilizing moment from fixed action with the jack<up at the displaced position resultipg from the
factored actions;

Larg
ove

reduiction in stabilizing moment due to large deflection effects is implicitly included within the

mor
disp
ove

NOT
foun

the minimum stabilizing moment from the mast onerous combination of minimum variab
position of centre of gravity in accordance with6.3, 5.4.4, 7.4 and A.7 4;

the stabilizing moments provided by, a-"degree of foundation fixity; any stabilizing mo
foundation fixity shall be calculated. in;accordance with Clause 9, taking account of any redu
moment fixity to comply with the yield*surface of the foundation.

e deflection (P-A) effects_shall be included when computing the overturning utilization.
turning moment is calculated from the foundation reactions obtained from a large deflection &

nent. Otherwise, the\.increase in utilization from fixed actions and variable load caus
lacement resulting\from the factored actions shall be explicitly included either as an incr
'turning moment-gr-as a reduction in the stabilizing moment.

E The_overturning check serves only the purpose of a traditional benchmark; the assessment is go
dation checks.

13.1) Foundation integrity assessment

e load and

ments from
ction of the

When the
nalysis, the
overturning
ed by the
pase in the

erned by the

13.9.1 Foundation capacity check

The equations given in 13.2 shall be used to assess the foundation. The spudcan reactions due to factored
actions shall be checked against the factored capacity in accordance with the requirements of 9.3.6 using the
formulations given in A.9.3.6.

For a foundation integrity check at all levels, the preload utilization, Ug , shall be computed and reported in
accordance with A.9.3.6.2. The utilization shall satisfy Equation (13.9-1) or the alternative formulation of
Equation (13.9-2):
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US,pI =

or

US,pI =

where the s

Vet +WBEF A <10

_StTBRA (13.
Vo ! 7R PRE

Fy —Wgg o + Bs -

1,0 (13.

Vo ! 7R PRE

ymbols are as defined in A.9.3.

9-1)

9-2)

For a Leve
Us vhm sha
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where the

For a Levgq
accordance

US,SI 7

where the

For a Leve
remain valig

In a Level 2
yield surfag
when slidin
and Equatig

13.9.2 Displacement check

If the forcq
accordance
This assesq
effects are
and re-esta

NOTE A

2a check with pinned spudcans, the utilization of the vertical and horizontal foundation capa
| be determined in accordance with A.9.3.6.4.1 and shall satisfy Equation (13.9-3):

_ length of vector 1 _
length of vector 2 ~ °

(13.
ectors are defined in A.9.3.6.4.1.

| 2a check the utilization of the foundation resistance to sliding;,\Us ¢, shall be compute
with A.9.3.6.4.2 and shall satisfy Equation (13.9-4):

length of vector 1 <
length of vector 2 ~ °

(13.
ectors are defined in A.9.3.6.4.2.

2b check with a degree of foundation fixity,~the conditions of Equations (13.9-3) and (13.
; see A.9.3.6.5.

¢ check, using a yield interaction or.continuum foundation model, compliance with the founds
e is inherently included and the aboéve utilization checks are generally not performed. Howe
j is not included in the model,«a sliding check shall be undertaken in accordance with A.9.3.6
n (13.9-4).

s on any spudcan ‘due to the assessment load case Fy result in a utilization, compute
with 13.9.1, that/exceeds 1,0, a further assessment may be performed as discussed in A.9.3
ment shall show that any additional settlements and/or the associated additional structural ac
within acceptable limits. Furthermore, there shall be no operational limitations on levelling the
blishingza*safe hull elevation, or alternatively safely departing the location.

conservative estimate of the allowable settlement can be derived from the hull inclination limit, if th

city,

0-3)

tion
ver,
4.2

d in
6.6.
tion
hull

is is

specified in t

TS operations manuat:

13.10 Interaction with adjacent infrastructure

The displacement of the jack-up shall not

lead to

58

contact or adverse interaction with any adjacent structure;

exceed practical limitations for continued operations.
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13.11 Temperatures

The 50 year lowest mean daily average air and water temperatures shall be in compliance with the limits given
in the operating manual.

NOTE The purpose of this check is to ensure that the field temperature is compatible with the material used in the
jack-up construction.
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Additional information and guidance

Annex A

(informative)

NOTE The clauses/subclauses in this annex provide additional information and guidance on clauses/subclauses in
the body of this part of ISO 19905. The same numbering system and heading titles have been used for ease in identifying

the subclaus

A.1 Scoj

Although th
provides gu

A.2 Norn

No guidanc

A.3 Tern

No guidanc

A.4 Sym

e

native references

B is offered.

)s and definitions

b is offered.

bols

A.4.1 Symbols used in A.1

No guidanc

b is offered.

A.4.2 Symbols used in A.2

No guidanc

b is offered.

A.4.3 Symbols used;in A.3

No guidanc

b is offered.

o inthe hnr‘ly of this Ir_\nrf of 1ISQ 19905 towhich it relates

14

s part of ISO 19905 does not address the integrity of well conductors, The Instifute for Petroleum
idance on their assessment; see Reference [A.1.1-1].

A.4.4 Symbols usedin A4

No guidance is offered.

A.4.5 Symbols used in A.5

No guidance is offered.
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A.4.6 Symbols used in A.6

riodic wave

ref

D, directional spreading function as a function of n

D, directional spreading function as a function of s

Dy directional spreading function as a function of &

d water depth

F(a) directionality function
f wave frequency

H o dy individual extreme wave height

Hg increased significant wave height to account for wave asymmetry

Hgpg significant wave height for the assessment return period

h reference depth for wind driven current

L wave length of the wave with H ., and T,., in water depth’d, according to the pe

theory used

N inverse exponent of the power law wind profile

n parameter exponent in D,

Sy smallest spacing between the legs of 3-legged,jack-ups

Sevl @) Pierson-Moskowitz wave spectrum for a.sea state

S5(w) JONSWAP wave spectrum for a sea'state

S wave spectral density function expressed as a function of wave frequency
Snn]’/: a) directional short-crested power density spectrum

s parameter in D,

Tyed intrinsic wave pefiod associated with H, .

T, apparent modal or peak period of the spectrum

Tp.i intrinsics-modal or peak period of the spectrum

T,; intrinsic mean zero-crossing period of the water surface elevation in a sea state
Ve eurrent velocity as a function of z

Vs downwind component of associated surge current (excluding wind driven component)
Vief 1 min sustained wind velocity at elevation Z 4 (normally at 10 m above MSL)
Vi downwind component of mean spring tidal current

Vi wind generated surface current

Vs the wind velocity at elevation Z above SWL under consideration

VA elevation above SWL under consideration

z vertical coordinate relative to SWL under consideration, positive upwards

Z reference elevation above MSL
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a angle between the direction of elementary wave trains and the dominant direction of the
short-crested waves

¥ shape parameter of the peak enhancement factor in the JONSWAP spectrum

K kinematics reduction factor

1/ directional spreading factor based on latitude

o standard deviation of the normal distribution in D5

% latitude

A47 Syr]|bols used in A.7

A area

Ag effective area of leg per unit height

A; effective area of member or gusset i

Aw; projected area of the block i perpendicular to the wind direction

Ca added mass coefficient

Cpe equivalent value of the drag coefficient of a leg bay

Cpei equivalent value of the drag coefficient of member i

Cp, Cp; drag coefficient, drag coefficient of member i

CDpr(H) drag coefficient related to the projected diameter:

Cpo drag coefficient for a tubular with appropriate‘roughness

Cb1 drag coefficient for flow normal to the rack related to projected diameter, W

Cwr Cwi inertia coefficient, inertia coefficienbof member i

CMe equivalent value of the inertia-coefficient of a leg bay

CMei equivalent value of the inertia coefficient of member i

Cs shape coefficient

D, D; reference diameter, reference diameter of member i

Dg equivalent'diameter of leg

Dg face.width of leg, outside dimensions, orthogonal to the flow direction

Dp,.(e) projected diameter

d water depth

Hg increased significant wave height to account for wave asymmetry

[ length of member i node to node centre

my added mass contribution (per unit length) for a member

P; pressure at the centre of block i

s height of one bay, or part of bay considered
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intrinsic period of a periodic wave (in a reference frame that is stationary with respect to the wave,

i.e. with no current present)

first natural period of surge or sway motion of the jack-up

apparent modal or peak period of the spectrum

intrinsic modal or peak period of the spectrum

apparent mean zero-crossing period of the water surface elevation in a sea state

intrinsic mean zero-crossing period of the water surface elevation in a sea state

~
3

5

in

ag

ertia

~

marine growth thickness
projected width

velocity of the considered member, normal to the member axis and<in the dire
combined particle velocity

acceleration of the considered member, normal to the member_axis and in the dire
combined particle velocity

wave particle velocity

wave particle velocity resolved normal to the memberaxis
wave particle acceleration resolved normal to the.member axis
current velocity for use in the hydrodynamic model

far field (undisturbed) current velocity

wind velocity at the centre of block i

fluid particle velocity resolved normal to the member axis
modified coordinate for ugein particle velocity formulation

vertical coordinate _relative to SWL under consideration, positive upwards, at
kinematics are required

angle between-flow direction and member axis projected onto a horizontal plane
angle defining the member inclination from horizontal

wave aetion per unit length

drag action per unit length

inertia action per unit length

ttion of the

ction of the

which the

wave Ipngth

AN N

mass density of water or air
angle in degrees

instantaneous water level (same axis system as z)
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A.4.8 Symbols used in A.8

A axial area of equivalent leg model

Ag effective shear area

E Young's modulus of steel

F applied axial action

G shear modulus

1 second moment of area

Ko horizontal leg-to-hull connection stiffness

K rotational leg-to-hull connection stiffness

Kun vertical leg-to-hull connection stiffness

L cantilevered length (from the hull to the seabed reaction point)

M applied moment

P applied shear

Py sum of the leg forces due to functional actions on legs at_hull, including the weight of the |egs
above the hull

A axial deflection (shortening) of the leg at the point of force application from the detailed leg mgdel

Ac axial end displacements of the combined leg and\leg-to-hull connection model

1) lateral deflection of the cantilevered leg at-the point of moment application from the detaileq leg
model

oc lateral deflection of the combined legland leg-to-hull connection model

O slope of the end of the cantilever ffom the combined leg and leg-to-hull connection model

2y slope of the cantilever at theypoint of moment application from the detailed leg model

Gp slope of the cantilever-at.the point of shear application from the detailed leg model

A.4.9 Symbols used in Clause A.9

A spudcan effective bearing area based on cross-section taken at uppermost part of bearing grea
in contaet with soil (see Figure A.9.3-3)

Ag spudcan laterally projected embedded area.

a depth-interpolationparameter

ag bearing capacity squeezing factor constant

B effective spudcan diameter at uppermost part of bearing area in contact with the soil (for
rectangular footing B equal to width)

Binax diameter of the contact area in plan when the spudcan is fully seated

Bg soil buoyancy of spudcan below bearing area i.e. the submerged weight of soil displaced by the
spudcan below D, the greatest depth of maximum cross-sectional spudcan bearing area below
the sea floor

bg bearing capacity squeezing factor constant dependent on spudcan diameter
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ad case F

CH horizontal capacity coefficient

D greatest depth of maximum cross-sectional spudcan bearing area below the sea floor (see
Figure A.9.3-3)

Dy, depth of backflow; infill should not be considered

Dgr relative density of sand (percent)

d depth beneath sea floor

dg bearing capacity depth factor

it depth at which maximum bearing resistance occurs (layered case)

dg depth factor for drained soils

dY depth factor on surcharge for drained soils

Fy horizontal force applied to the spudcan due to the assessment load case (see 8.8)

Iy moment force applied to the spudcan due to the assessment lodd case (see 8.8)

Fy gross vertical force acting on the soil beneath the spudcan:due to the assessment Iq
(see 8.8)

(F\AO ) vertical load at intersection of adhesion yield surface)and foundation yield surface

f factor used in yield surface equation for embeddéd spudcans on clay

fo factor used in yield surface equation for embedded spudcans on clay

e foundation rotational stiffness reduction factor

G shear modulus of the foundation sejl
distance from spudcan maximym bearing area to weaker layer below

Heg limiting depth of cavity thatremains open above the spudcan during penetration

hy embedment depth te'the uppermost part of the spudcan, (if not fully embedded, /4, =0

hy spudcan tip embedment depth

InG rigidity index.for normally consolidated clays

Ip plasticity' index

j dimensionless stiffness factor

kg active earth pressure coefficient (for s, = 0)

ko passive earth pressure coefficient

K4, Ky, K3 stiffness factors for vertical, horizontal and rotational foundation stiffness respectively

K41, K40, Ky3depth factors for vertical, horizontal and rotational foundation stiffness respectively

coefficient of punching shear

length of strip footing

parameter to define effect of adhesion on the foundation yield surface envelope
load spread factor for sand overlying clay

bearing capacity factor, taken as N, s. = 6,0 for circular footings
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QHs
Owm
QMp

QMps
QMpv

Qpeak

Qu,b

Ov
QVnet

QVo

66

bearing capacity factor for a flat rough circular footing

bearing capacity factor for a flat rough circular footing

effective overburden pressure at depth, D, of maximum bearing area
atmospheric pressure

spudcan bearing capacity at sea floor

maximum horizontal foundation capacity

£ olat: Lol MY
ounuautul’ olidinty Lapdaulty
ultimate moment capacity of foundation

increased ultimate moment capacity due to further spudcan penetration under énvironmg
actions

ultimate moment capacity when further spudcan penetration leads to full €ontact of the e
underside of the spudcan with the seabed

ultimate moment capacity under further spudcan penetration, when.the applied vertical forg
too low to achieve full contact of the entire underside of the spudcan.with the seabed
maximum bearing capacity at d = d;;

ultimate vertical foundation bearing capacity assuming the spudcan bears on the surface of
lower (bottom) clay layer with no backfill

gross ultimate vertical foundation capacity

net ultimate vertical foundation capacity

initial gross ultimate vertical foundation capacity established by preload operations
failure ratio

over-consolidation ratio

bearing capacity shape factor

undrained shear strepgth

undrained shear.strength of backfill material above the spudcan

undrained shear strength at deepest depth of maximum bearing area (D below sea floor)

undrained)shear strength at depth of H,, below sea floor

av

undrained shear strength at the spudcan tip

ntal

htire

e is

the

uadrained shear q’rmng’rh at the sea floor

undrained shear strength of lower clay layer below spudcan

undrained shear strength of upper clay layer below spudcan

thickness of weak clay layer underneath spudcan

volume of the spudcan below the maximum bearing area that is penetrated into the soil

available spudcan reaction

maximum vertical reaction under the spudcan considered required to support the in-water weight

of the jack-up during the entire preloading operation (this is not the soil capacity; see 3.48)
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Vet vertical reaction beneath the spudcan due to the assessment load case, see 8.8, (includes
effects of leg weight and water buoyancy but excludes effects of backfill and spudcan soil
buoyancy)

Vspud the total volume of the spudcan beneath the backfill

Vsw gross vertical spudcan reaction under still water conditions for the spudcan being considered
(includes effects of backfill and spudcan soil buoyancy)

WgF submerged weight of the backfill

WaE A rs]uﬁadmerged weight of the backfill that occurs after the maximum preload has been applied and

e

Wed.o submerged weight of the backfill during preloading

WeHomin  Minimum value of the submerged weight of the backfill, due to backflow during preloadiing

a adhesion factor
equivalent cone angle

1) steel/soil friction angle in degrees

7R, Hfc partial resistance factor for horizontal foundation capacity

7R WH partial resistance factor for foundation capacity

¥’ submerged (effective) unit weight of soil

P rate of increase in undrained shear strength with depth

@’ effective angle of internal friction for sand in degrees

v Poisson's ratio

A.4.10 Symbols used in A.10

B equivalent spudcandiameter at uppermost part of bearing area in contact with the poil

Cry radiation damiping coefficient of a dashpot (force per unit velocity)

Dg equivalent set-of inertial actions representing dynamic extreme storm effects or grqund motion
effects due\to earthquakes

Eg nmietoCean actions due to the extreme storm event

Fis|amplitude ) Single amplitude of quasi-static base shear over one wave cycle

Fps|asiwax ~ Maximum quasi-static wave/current base shear

Fpshasmm minimum guasi-static wave/current base shear

Fin magnitude of the inertial loadset

G shear modulus

Gg actions due to the fixed load positioned such as to adequately represent their vertical and

horizontal distribution

G, actions due to maximum or minimum variable load, as appropriate, positioned at the most

onerous centre of gravity location applicable to the configurations under consideration

Ko effective system stiffness
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KpaF,RANDOM

K paF,spoF
Meff

A.4.11 Sy

c,e
C,Ss
JfrDe

JrDss

A.4.12 Sy

Aec
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DAF from random wave time domain (stochastic) analyses

DAF from single degree-of-freedom representation of dynamic behaviour
effective system mass

total horizontal offset of the leg base with respect to the hull

offset due to leg-to-hull clearances

offset due to maximum hull inclination permitted by the operating manual

firstmaturat-period-of-surge-or-sway motionof- thejack-up

apparent modal or peak period of the wave spectrum

intrinsic modal or peak period of the wave spectrum

Poisson's ratio of the foundation soil

ratio of jack-up natural period to wave excitation period

total, saturated, (mass) density of the foundation sail

damping ratio or fraction of critical damping

radiation modal damping ratio to account for spudcan vertical motion

natural frequency (rad/s)

mbols used in A.11

calculated existing fatigue damage prior to arriving at site

calculated fatigue damage during planned-operations on site

fatigue damage design factor applicable to D o

fatigue damage design factor.applicable to D ¢

number of cycles to failure.in fatigue of a specified constant amplitude stress range, S

constant amplitude sfress range
mbols used in-A12

gross cross=sectional area

total éffective area of a slender section in compression of a non-circular prismatic member

cross-sectional area for use in the assessment of a non-circular prismatic membef

CUITTPTCOOoIUTI

effective area of a component of a non-circular prismatic member in compression
cross-sectional area of a semi-compact section of a non-circular prismatic member
cross-sectional area of the ith component comprising the structural member

the area enclosed by the median line of the perimeter material of a section

fully plastic effective cross-sectional area of a non-circular prismatic member

cross-sectional area for use in the assessment of a non-circular prismatic member in tension
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effective shear area of a non-circular prismatic member in the direction being considered
member moment amplification factor for the axis under consideration

overall breadth of cross-section

width of the wall of a component forming the closed perimeter of a section

effective width of a component

width of base plate

SN

3

0D

[

U O T

=

.

t

\2

width-of reinforcingptate

moment reduction factor

critical elastic buckling coefficient

outside diameter of a tubular

overall depth of cross-section

effective depth of a component

effective head of water

distance between the centroid of the ith component,and the plastic neutral axis
Young's modulus of steel (elastic modulus)

eccentricity between the axis used for structural analysis and that used for structural strength
checks

effective eccentricity between the axis’used for structural analysis and that used for structural
strength checks for class 3 members

reduced material strength
yield strength in stress units
effective yield strepgth*of the cross-section of a non-circular prismatic member in stregs units

yield strength_of-the ith component of the cross-section of a non-circular prismatic| member in
stress units

minimunyield strength of all components in the cross-section of a non-circular prismatic member
(minimum value of F;, in stress units)

yield strength, Fy of the material that first yields when bending about the minor axis

acceleration due to gravity

quhqr*ript rpfprring to the component that Inmdur*pq the smallest value of PP;
second moment of area
effective second moment of area of a non-circular prismatic member cross-section

second moment of area of a plastic, a compact or a semi-compact section of a non-circular
prismatic member cross-section

polar moment of inertia of a tubular
polar moment of inertia a non-circular prismatic member

major axis second moment of area of the gross cross-section
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70

minor axis second moment of area of the gross cross-section
torsion constant

effective length factor

unbraced length of member for the plane of flexural buckling
effective length of a beam-column between supports

limiting plastic length

:il 1 I;til gy ul Ibl abcd :UI Iuth fUI ;I IC:GOt;b tUI O;UI IG: buu'r\il Y

representative bending moment strength of a tubular or a non-circular prismatic member
representative bending moment strength about member y- and z-axes, respectively
plastic moment strength of a tubular or a non-circular prismatic member

plastic moment strengths of a tubular or a non-circular prismatic member about member y- an
axes, respectively

bending moment in a member due to factored actions determined in an analysis that incld
global P-A effects

amplified bending moment M,

corrected effective bending moment A,
amplified bending moments due to factored actionscabout member y- and z-axes, respectively
corrected bending moments due to factored agctions about member y- and z-axes, respectivel

bending moments due to factored actions-about member y- and z-axes, respectively, determ
in an analysis that includes global P-A effects

representative axial compressivesstrength of a tubular
Euler buckling capacity

representative axial compressive strength based on local strength for column buckling of a
circular prismatic member

representative axial-strength of a non-circular prismatic member

d z-

des

ned

lon-

representative™Mocal axial compressive strength of non-circular prismatic member prismatic

members
representative axial tensile strength of a non-circular prismatic member

axial force in a member due to factored actions determined in an analysis that includes gl

bbal

DA ££, +
T X CITCUTS

axial tensile force due to factored actions
axial compressive force due to factored actions

representative shear strength of a tubular

are the representative shear strengths in the local y- and z-directions of a non-circular prismatic

member, respectively
representative elastic local buckling strength of a tubular

plastic strength of a non-circular prismatic member
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PyC representative local buckling strength of a tubular

p depth below sea floor (zero if above sea floor)

Titb radius of gyration about the minor axis when used for lateral-torsional buckling considerations
r radius of gyration for the plane of flexural bending

Tt maximum distance from centroid to an extreme fibre for torsional shear check

Se reduced effective section modulus of a slender section of a non-circular prismatic member
S etastic-section-moduits-of-asemi-compact-sectiomof-anon=circutar-prismatic-member

Sy ¥, section moduli for use in the assessment of a non-circular prismatic member in flexure

T, torsional moment due to factored actions

T, representative torsional strength of a tubular

t wall thickness of a tubular

2 thickness of base plate

ty thickness of reinforcing plate

7 thickness of a flange component

tw thickness of a web component

V beam shear due to factored actions

Vo V2 beam shears due to factored actions in-the local y- and z-directions, respectively

Vi distance from the neutral axis associated with I, to the critical point i

Zy fully plastic (effective) section‘medulus

a factor that varies depending on the type of loading

y' submerged (effective)unit weight of soil

7R pa partial resistance.factor for axial strength of a non-circular prismatic member

YRPb partial resistance factor for bending strength of a non-circular prismatic member

7Rl partiakresistance factor for local axial compressive strength of a non-circular prismatid member
7R Pt partial resistance factor for axial tensile strength of a non-circular prismatic member

YRpc partial resistance factor for axial compressive strength of a non-circular prismatic member
YRy partial resistance factor for torsional and beam shear strength of a non-circular prism’]!ic member
YRTb partial resistance factor for bending strength of a tubular

YRTt partial resistance factor for axial tensile strength of a tubular

YRTc partial resistance factor for axial compressive strength of a tubular

YRTv partial resistance factor for torsional and beam shear strength of a tubular

k buckling coefficient

A column slenderness parameter

An ratio b/t or 2R/t as applicable for component /4
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Ao prismatic column slenderness parameter for a non-circular prismatic member

A elastic plate slenderness parameter

/lp plastic plate slenderness parameter

Aplim limiting plate slenderness ratio

Apo plate slenderness ratio coefficient

n exponent for biaxial bending, a constant dependent on the prismatic member cross-section
geometry

ol reduction coefficient

Puw mass density of water

o4 compressive stress if o, tensile or the larger compressive stress if o, is also compressive

oo tensile stress if o, tensile or the smaller compressive stress if o, is compressive

W ratio of compression to bending stress

A.5 Overnall considerations

No guidanck is offered.

A.6 Datajassembled for each site
A.6.1 Scgpe

No guidanck is offered.

A.6.2 Jack-up data

No guidancg is offered.

A.6.3 Site data

No guidanck is offered.

A.6.4 Metpcean data

A.6.4.1 Grneral

The jack-up should be assessed for the extreme storm event (ULS assessment). For manned jack-ups
(category S1) the 50 year return period independent extremes should be used. Alternatively, 100 year joint
probability metocean data may be used. The action factors for these two alternatives differ.

If the jack-up life safety category is manned evacuated, it is assumed that reliable forecasting of the extreme
storm event is feasible, that evacuation plans are established and documented, and that time and resources
are available to safely evacuate all personnel from the jack-up and any adjacent structures that can be
affected by failure of the jack-up (see 5.5). Under these conditions, hindcast storm characteristics may be
computed based on the threshold time horizon of storm formation relative to the jack-up site. The time horizon
is defined as the time required for safe evacuation, and the extreme storm event is derived from the
population of storms that can develop and impact the jack-up site within that time horizon.
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A “sudden hurricane” is defined as one that forms locally and, due to speed of formation and proximity to
infrastructure at time of formation, might not allow sufficient time to evacuate manned facilities. The population
of storms used to derive the sudden hurricane at a given site can therefore be defined in terms of the time
horizon required to evacuate the site. For manned evacuated jack-ups utilized in these circumstances,
consideration should be given to the use of a 50 year return period “sudden hurricane”. An unmanned jack-up
may also be assessed using these criteria.

Partial factors for each of these options are presented in 5.5.4.

Site-specific data, if available, should be used for the assessment as regional data do generally not take
account of local variations.

WhJare the actions due to metocean conditions at the site are directional, the jack-up may be.ali
advantageous heading subject to practical and infrastructure limitations at the site.

gned on an

A.6/4.2 Waves

A.6/4.2.1 General

The|
bas
extr|

extreme wave environment should be determined in accordance with A76.4.2.2 to A.6.4.2.10.
bd on the three hour storm exposure for the relevant assessment return period (e.g. 50 year i
emes or 100 year joint probability). The seasonally adjusted wave ‘height may be used when

t should be
hdependent
appropriate

for the proposed operation. When a fatigue analysis is required (see*Clause 11), long-term wave fdata should

be gbtained.

The)
peri

assessor should check the consistency of the wave data“provided, giving particular attention fo the wave

bds and the ratio of H,,, to Hgrp and query any apparéent inconsistencies with the data provider.

A.6/4.2.2 Extreme wave height

The) hal extreme

waM
HSFF
add
dep

usin

wave height information for a specific, Site can be expressed in terms of H,,,, the individ

e height for the assessment return.périod, or the significant wave height Hgpp.- The relationship between
and H_ ., should be determined accounting for the duration of a storm (three hours minimum}) and for the

max
tional probability of other return” period storms; see ISO/TR 19905-2:2012, 6.4.2.2. This [relationship
from H,

ends on the regional and site-specific conditions, however Hg,, may usually be determined max

g the generally accepted'relationship for non-cyclonic areas as given in Equation (A.6.4-1):

ax = 1,86 Hypy (A.6.4-1)

For [cyclonic area§’the recommended relationship is as given in Equation (A.6.4-2):

Hpax =075 H (A.6.4-2)

wave action can be computed determ|n|st|cally (through an individual maX|mum wave a

bproach) or
42.3 and in
A.6. 4 2.5 to A 6 4.2.8, respectlvely (see also ISO/TR 19905 2: 2012 6.4.2). The two methods should be used
in conjunction with the associated kinematics modelling recommended in A.7.3.

A.6.4.2.3 Deterministic waves

For the calculation of wave actions using a deterministic (regular) wave, it is appropriate to apply a kinematics
reduction factor to the horizontal and vertical velocities and accelerations in order to obtain realistic estimates of
the actions for the extreme storm event. This factor ensures that both the deterministic (regular) calculation of
wave action using a regular wave and the three-hour stochastic simulation produce statistically comparable
results (i.e. both target the MPME response in the 50 year extreme storm event). In addition, the factor takes
some account of wave spreading and the conservatism of regular wave kinematics. The kinematics reduction
factor can be applied either by scaling of wave kinematics (preferred) or by a wave height reduction, but not both.
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The kinematics reduction factor, x, to be applied to the kinematics obtained from H,,, can be determined

from Equation (A.6.4-3):

ax

K= 4 (A.6.4-3)

¢ is the directional spreading factor defined in ISO 19901-1:2005, A.8.7.2, for the site-specific
metocean data or for open water conditions; it is based on the latitude win degrees and the type of
storm or region:

for{low latitude monsoons with typically || < 15° ¢=0,88
forjtropical cyclones below approximately 40° latitude ¢=0,87
forl extratropical storms for the range of latitudes 36° < || < 72° ¢=1,019 3 - 0,002 08 | .

Alternatively, Equations (A.6.4-4) to (A.6.4-7) can be used; see Reference [A.6.4-1]:

2 Sy Sy ’ d
x=0,824¢ +0,4264“ — 0,043 A ¢—1,450 A ¢ —0,800 7 d+...
(A.6.4-4)
d)? H Hog )2
...+0,658(—j ~0,640| —max | 4 4303| —max | 42
L d d
and subjecf]to the following:
Sy
0,08 < A <0,43 (A.6.4-5)
d
0,14 < ZJSO,YG (A.6.4-6)
Hmax
0,07 < 5 <0,58 (A.64-7)
where
Sy is the smallest'spacing between the legs of 3-legged jack-ups;

d is the water depth;

Hmax I thc Illal\;lllulll wWdAaveoe hclyht,
T,ss s the intrinsic wave period associated with H,,;
L is the wave length of the wave with H,,,, and T4 in water depth d, according to the periodic wave

theory that is being used.

S
The limiting values %:0,43, %:0,76 and %:0,07 may be applied for calculation of « in

Equation (A.6.4-4) in case these bounds are transgressed. In all cases, it is not necessary that x be greater
than ¢.
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The kinematics reduction factor formulation was developed for 3-legged drag-dominated jack-ups. Caution
should be exercised if it is applied to other cases. The equations should not be applied for the low wave
conditions that dominate in FLS assessment; such cases are likely to be outside the limits of applicability,
where k= ¢ can be applied.

In lieu of using the kinematics reduction factor, the effects of wave spreading can be explicitly included in the
analysis method, provided that higher frequency interaction effects (e.g. those due to frequency sum terms)
are appropriately modelled through the use of second (or higher) order wave theory. Frequency interaction
effects introduce additional actions that offset some of the reduction in actions predicted by three-dimensional
linear wave theories. See A.7.3.3.3.2.

The|l wave actions should be determined using an appropriate wave kinematics model in jaccordance
with A.7.3.3.1.

In the analysis, a single value for the intrinsic wave period T4, expressed in secondsjassociated with the

ma)imum wave can be used. The “intrinsic” period of the wave as seen by an observer moving with the
current should be used in the derivation of wave kinematics required for action calculations; guidapce is given
in 15O 19901-1:2005, 5.2 and 8.3. Unless site-specific information indicates, otherwise, 7,4 [is normally

between the limits as given in Equation (A.6.4-8):

3,44 [(Hp) < Tass <442, [(Hor) (A.6.4-8)

whdre Hgyp is the return period of the extreme significant wave height, expressed in metres.
A.6}4.2.4 Wave crest elevation

Thel wave crest elevation used to determine the minimum hull elevation above the extreme still| water level
in Al6.4.4 can be obtained from the extreme wave height, H,,,, in A.6.4.2.2, and the appropriate deterministic

wave theory in A.7.3.3.3.1.

A rgasonably foreseeable extreme return:period should be used for this calculation, and should b¢ no shorter
than 50 years, even if a lower return period is used for other purposes (e.g. the ULS assessment in tropical
storm areas).

For|some regions, the abnormal wave crest elevation should be calculated based on storm statistics and
according to principles described in ISO 19901-1:2005, A.8.8. Examples for the regional applicatjon of these
pringiples can be found.in’Reference [A.6.4-2], or for general application in Reference [A.6.4-3].

If a [wave height reduction factor is used in a deterministic wave analysis to account for wave spfeading and

the [conservatism.of deterministic (regular) wave kinematics (see A.6.4.2.3), it should not be applied in the
calqulation of\the wave crest elevation.

A.6)4.2.5 "' Wave spectrum

Where the analysis method requires the use of spectral data, the choice of the analytical wave spectrum and
associated spectral parameters should reflect the width and shape of the spectra for the site and the
significant wave height under consideration. In cases where the fetch and duration of extreme winds are
sufficiently long, a fully developed sea results (this is rarely realized except, for example, in areas subject to
monsoons). Such conditions can be represented by a Pierson-Moskowitz spectrum. Where the fetch or
duration of extreme winds is limited, or in shallow water depths, a JONSWAP spectrum can normally be
applied (see A.6.4.2.7).

Further discussions of wave spectra and spectral density functions for the Pierson-Moskowitz, Spy(®), and the
JONSWAP, S ,5(w), wave spectra are presented in ISO 19901-1:2005 A.8.6. The wave spectral density functions
expressed as a function of wave frequency, i.e. S, (/), can be found in ISO/TR 19905-2:2012, 6.4.2.5.
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A.6.4.2.6 Airy wave height correction for stochastic analysis

When Airy wave theory is used for stochastic (random) wave action calculations, see A.7.3.3.3.2, then it is
necessary to account for wave asymmetry, which is not included in Airy wave theory. The significant wave
height should be increased to capture the largest wave actions at the maximum crest amplitude. The
increased significant wave height, H, should be determined as a function of the water depth, d, expressed in

metres, as given in Equation (A.6.4-9):

H, =1

H,

Srp

IT,

+(10 A

’i2) e(fd/25)] HSrp

where
i

K
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5 the still, or undisturbed, water depth (positive);

5 the return period extreme significant wave height, expressed in metres;

5 the intrinsic modal or peak period of the wave spectrum, and should beCused with the w
inematics model described in A.7.3.3.3.2.

Peak and zero-upcrossing periods

rtaking a stochastic analysis (either for a one-stage analysis_ or for determining a DAF for a
sis), it is necessary to either consider a range of wave periods or a suitable wave spectrum
fficient breadth of the peak to capture the dynamic characteristics. Information on the rang
Ise is given in A.6.4.2.7, however, to avoid the requirement for dynamic analyses with sey
ve periods, a practical alternative is to use a two-parameter spectrum, such as Pierson-Mosko
in combination with the site-specific most probable*peak period; when using the relationshig
-1, the value of y used should be as given by the-data provider.

significant wave height the wave period~depends on the significant wave steepness whic
bs in deep water often lies within the range 1/20 to 1/16. This leads to the expression for intri
sing period T, ;, related to Hgo in metres, given in Equation (A.6.4-10):

(orp) < T < 3.6 (Hgrp) (A.6.4

shallow water the wave steepness can increase to 1/12 or more, leading to an intr
sing period 7, ; as law,as 2,8, /(H, ) - This is because in shallow water the wave height incres

ngth decreases-fora given 7, ;.

dering a JONSWAP spectrum, the peak enhancement factor y varies between 1 and 7 with a 1
erage yalue of 3,3. There is no firm relationship between y, Hg and 7}, ;. Relationships betw
r diffetent y according to Reference [A.6.4-4] are given in Table A.6.4-1.
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Table A.6.4-1 — Relationship between y, H; and 7}, ;

1:2012(E)

' Tp,i/Tz,i

1 1,406

2 1,339

3 1,295

3,3 1,286

4 1,260

5 1,241

6 1,221

7 1,205
Unlgss site-specific information indicates otherwise y= 3,3 can be used.
If a JONSWAP spectrum is applied, the response analysis should consider.a range of periods asspciated with
Hg | based on the most probable value of 7},; plus or minus one standard-deviation. However, |t should be
enspred that the assumptions made in deriving the spectral period parafeters are consistent with the values
usefl in the analysis. Alternatively, applicable combinations of wave‘height and period can be obtgined from a
scafter diagram determined from site-specific measurementssin’ this case, specialist advice| should be
obtgined on a suitable spectral form for the site.
For fother spectrums the assessor is referred to DNV-RP-G205!A-6-4-3] for guidance.
A.6/4.2.8 Short-crested stochastic waves
For| calculations of stochastic (random) waye actions, the short-crestedness of waves (i.e. the angular
distfibution of wave energy about the dominant direction) may be taken into account when ite-specific
information indicates that such effects are"applicable. In all cases the potential for increased resppnse due to
shoft-crested waves should be investigated. The effect may be included by means of a directionglity function
F(a), given in Equation (A.6.4-11):

Sl @) =Sy, () F(a) (A.6.4-11)
where
a is the"angle between the direction of elementary wave trains and the dominant dirgction of the

short-Crested waves;
Sm(f, d)\is the directional short-crested power density spectrum;

F(a) is the directionality function.

Directionality functions for extreme and fatigue analyses can be found in 1SO 19901-1:2005, A.8.7, and
ISO/TR 19905-2:2012, 6.4.2.8. When referring to the formulations in ISO 19901-1:2005, A.8.7, swell sea
parameter ranges should be used for extreme analysis and wind sea parameter ranges for fatigue analysis.

NOTE

If using the approach in ISO 19901-1:2005, A.8.7, then the directional spreading function D, with n = 8 gives

good agreement with the formulation in ISO/TR 19905-2:2012, 6.4.2.8. For directional spreading function D, with s =15
and for directional spreading function D; with o=0,34 there is good agreement with the formulation in
ISO/TR 19905-2:2012, 6.4.2.8.

The modelling of short-crested stochastic waves should not be combined with the wave kinematics factor
used in deterministic wave analysis to represent wave spreading and the conservatism of deterministic
(regular) wave kinematics; see A.6.4.2.3.

© 1SO 2012 — All rights reserved 77


https://standardsiso.com/api/?name=0ae59eee340d53e55ccc34fede5731b6

ISO 19905-1:2012(E)

A.6.4.2.9

Maximizing the wave/current response

Where the natural period of the jack-up is such that it can respond dynamically to waves; see A.10.4.1, the
maximum dynamic response can be caused by waves or sea states with periods outside the ranges given
in A.6.4.2.3 and A.6.4.2.7. Such conditions should also be investigated to ensure that the maximum (dynamic
plus quasi-static) response is determined by considering sea states with different combinations of significant
wave height and spectral period, or deterministic waves with different combinations of individual wave height
and period. Such combinations may be limited to probabilities of exceedance that are equal to or lower than
the intended probability level of the assessment.

A.6.4.2.10

For fatigue
term data p

the associgted physical parameters. This can be presented in the form of a significant wave height ve

Zero-upcrog

A.6.43 C
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Ve =V
Vo=
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NOTE
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calculations (see 11.3.1), the long-term wave climate is required. For fatigue analysis,-the’l
resent the probability of occurrence for each sea state, characterized by wave energy §pectra

sing period scatter diagram or as a table of representative sea states.

urrent

ther current velocity components is available, the downwind compoenent of the maximum sur|
mean spring tidal current and the assessment return period surge current should be added to
surface current as indicated below. When appropriate, the €urrents can be seasonally adjustg
Hata are not available, the components should be sunmmed algebraically and assumed td
nal.

fic study should normally define the current velocity eomponents.

profile can be defined by a series of velocities at a range of elevations from sea floor to w
less site-specific data indicates otherwise{and in the absence of other residual currents (suc
eddy currents, slope currents, internalwaves, inertial currents, etc.), an appropriate methog
urrent profile (see Figure A.6.4-1) is.a@s’given in Equations (A.6.4-12) and (A.6.4-13):
+ Vg + (V= Vg) [(h + 2)/h]

for |zl <hand Vg < Vy (A.6.4

+ Vs

for|z|>hor V<V, (A6.4

he current velogity as a function of z;

A reduction can be applicable according to A.7.3.3.4.

he’downwind component of mean spring tidal current;

bNg-
and
['sus

nponents should be applied in the downwind direction. The extreme wind driven surface cufrent
velocity should be that associated with the assessment return period wind,*\When directional inform3

tion
face
the
d. If

be

ater
N as
for

[12)

13)

as

10

is the downwind component of associated surge current (excluding wind driven component);

2,6 % of the 1 min sustained wind velocity at 10 m;

m;

in the water column).

78

is the wind generated surface current; in the absence of other data, this may conservatively be taken

is the reference depth for wind driven current, in the absence of other data, /# should be taken as

is the vertical coordinate relative to the SWL under consideration, positive upwards (always negative
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Alternative formulations are provided in ISO 19901-1:2005, A.9.3. Comparisons of combined current and
wave actions in ISO/TR 19905-2:2012, 6.4.3, show that the constant current profile is on the conservative side
compared to the power law formulations presented in ISO 19901-1.

z

Vs

SIS,
Key
d |water depth

h  |reference depth for wind-driven current

V. |downwind component of surge current

V. |downwind component of tidal current

wind driven surface current

z |vertical coordinate relative to the SWL under consideration, positive upwards

Figure A.6.4-1 — Suggested current profile

In the presence of waves the current profile should be stretched/compressed such that the surface|component
remgins constant. This Can be achieved by substituting the elevation as described in A.7.3.3.3.2{ Alternative
methods can be suitable; however mass continuity methods are not recommended.

The| current profile. can be changed by wave breaking. In such cases the wind induced current coyld be more
unifpbrm with depth.

Fora fatigue analysis, current can normally be neglected.

A.6.4.4 Water depths
The mean sea level (MSL) related to the sea floor is defined in 3.40.

The SWLs used for the assessment of the site should be determined and related to LAT. The relationship
between LAT and CD is discussed in ISO/TR 19905-2:2012, 6.4.4.

— Different extreme water levels are required for the ULS assessment and hull elevation determination:

— Unless reliable joint probability data are available, the extreme SWL, expressed as a height above
LAT can be taken as follows:

mean high water spring tide + relevant return period extreme storm surge.
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he

ight above LAT should be taken as follows:

mean low water spring tide + relevant return period negative storm surge.

When lower water levels are more onerous for action calculations, the minimum SWL expressed as a

— When determining the SWL for air gap calculations (safe hull elevation), a reasonably foreseeable
extreme return period should be used. This should be no shorter than 50 years, even if a lower return
period is used for other purposes (e.g. the ULS assessment in tropical storm areas).

A.6.4.5 Marine growth

Site-specifi
distribution

A646 W

A.6.4.6.1

The wind Vi
reference le

The wind v¢locity profile may be defined by a logarithmic function according’ toSO 19901-1, or approxim

by a power

severe than the 1SO 19901-1 logarithmic profile, see ISO/TR 19905-2:2012,6.4.5.1. Typically, the ave

difference i
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Different ja
operating a
mode shou

Equations f

A.6.4.6.2

The expres
Equations (
Vz

:Vr

Vz=7",

"
where

V is

data should be obtained. In the absence of such data, default values for thickness
pre given in A.7.3.2.5.

ind
General
elocity used for the assessment return period should be the 1 min sustained wind, related
vel of 10 m above MSL.
law (see A.6.4.5.2). A comparison of wind actions shows thatdhe*power law profile is slightly n

5 in the range of 7 % for a 1 min average wind speed of 20:m/s at 10 m above sea level, and
average wind speed of 40 m/s.

ck-up configurations (weight, centre of gravity, \cantilever position, etc.) may be specified
nd elevated storm modes. In such cases, the maximum wind velocity considered for the opera
d not exceed that permitted for the change to.the elevated storm mode.

br the calculation of wind actions are givenin A.7.3.4.

Wind profile

sion for the vertical profile of the mean wind velocity in the form of a power law is giver
A.6.4-14) and (A.6.4-15)t

forz>Z7

bf (Z/ Zref) N ref

(A.6.4

forZz<Z A.6.4
ref

pf

he wind velocity at elevation Z above the SWL under consideration;

and

by

14)

15)

Vet is the 1 min sustained wind velocity at elevation Z4 (normally 10 m);

VA

Z

r

N

is the elevation above the SWL,;

of IS the reference elevation above the SWL,;

alternative value of N is appropriate.
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is the inverse exponent of the power law profile; N =10 unless site-specific data indicate that an
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.5 Geophysical and geotechnical data

5.1 Geoscience data

511 General

1:2012(E)

Adequate geophysical and geotechnical information should be available to assess the suitability of the site
and the foundation stability. The area covered should be sufficiently large to encompass any stand-off
location; normally a 1 km x 1 km square is sufficient. Aspects that should be investigated are shown in
Table A.6.5-1 and are discussed in more detail in the referenced subclauses. The information obtained from

the
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Huate data available from previous operations. In areas where information is pav
mmendations set out herein may be considered using information obtained from-‘other
ities in the field.

erience of prior jack-up operations in the same field may be used provided_that the previ
sures exceed those for the present operation by an adequate margin.

5.1.2 Bathymetric survey
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5.1.3 Sea floor survey

sea floor should be surveyed using sidescan\sonar or high-resolution multibeam echosounder
should be of sufficient quality to identify, obstructions and sea floor features and shoulq
ediate area (normally a 1 km square).around the intended site. The slant range selection sh
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icient information should be obtained to enable safe positioning and removal of the jack-u
ructions, such as pipelinegs'and wellheads, should be identified to sufficient depth to avoid the
ican interference during both installation on and removal from site. In some cases an RO
ection should be obtained in addition to the sea floor survey.

floor and debrisysurveys can become out-of-date, particularly in areas of construction/drillin
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s with mobite~sediments. Close to existing installations sea floor surveys should, subject

congiderations;, \be undertaken immediately prior to the arrival of the jack-up at the site. At si
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accpunt.ofitocal conditions.
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Table A.6.5-1 — Foundation risks, methods for evaluation and prevention

Soil sampling and other geotechnical testing and analysis

Risk Methods for evaluation and prevention Subclause
Installation problems Bathymetric survey A.6.5.1.2
Sea floor survey A.6.5.1.3
Punch-through Shallow seismic survey A.6.51.4
Soil sampling and other geotechnical testing and analysis |A.6.5.1.5, A.9.3.6
Settlement/bearing failure Shallow seismic survey A.6.51.4

A.6.5.1.5,A.9.3.6

Ensure adequate jack-up preload capability

A9.3.6

Sliding failure Shallow seismic survey A6.5.14
Soil sampling and other geotechnical testing and analysis A.6.5.1.5, A.9.3.6
Increase vertical spudcan reaction
Modify the spudcans
Scour Bathymetric and sea floor survey (identify sand waves) A.6.5.1.2
Surface soil samples and sea floor currents A.6.5.1.3
Inspect spudcan foundation regularly
Install scour protection (gravel bag/artificial seaweed) when [A.9.4.7
anticipated
Geohazardg (mudslides, mud Sea floor survey A6.5.1.3
volcanoes efc) Shallow seismic survey A6.51.4
Soil sampling and other geotechnjcaltesting and analysis |A.6.5.1.5
Gas pocketg/shallow gas Shallow seismic survey A.6.5.1.4
Faults Shallow seismic survey A.6.51.4
Metal or othgr object, sunken wreck, | Magnetometer and seafloor survey A.6.5.1.3
anchors, pipelines etc.
Local holes [depressions) in sea Sea floor survey A.6.5.1.3
floor, r.eefs, binnacle rocks, non- Diver/ROV inspection
metallic struptures or wooden wreck

Leg extracti

n difficulties

Soil sampling and other geotechnical testing and analysis
Consider change in spudcans

A.6.5.1.5, A94.5

Soil sampling and other geotechnical testing and analysis
Seabed modification

A.6.5.1.5,A.9.4.2

Jetting/Airlifting A.945
Eccentric spudcan reactions Bathymetry, sea floor & shallow seismic surveys A.6.5.1.2, A.6.5.1.3,
A.6.5.1.4
Shallow seismic survey (buried channels or footprints) A.6.51.4

Seabed sloge Bathymetry, sea floor & shallow seismic survey A.6.5.1.2, A6.5.13,
A6.5.14
Seabed modification A9.4.2
Footprints of previous jack-ups Evaluate field records A.6.5.1.1,A6.5.1.2,
A.6.5.1.3
Prescribed installation procedures A.943
Consider filling/modification of holes as necessary A9.4.3

82
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A.6.5.1.4 Shallow seismic survey

A shallow seismic survey uses high resolution acoustic reflection techniques to

— determine near surface soil stratigraphy;

— reveal the presence of shallow gas concentrations and other geohazards.

Due to the qualitative nature of seismic surveys, it is not possible to conduct analytical foundation appraisals

based on seismic data alone. The seismic data should be correlated with existing soil boring data in the
vicinity and show similar stratigraphy.

A shallow seismic survey should be performed over an approximately 1 km square area.cenfred on the
proposed site. Line spacing of the survey should typically be not greater than 100 m x 250 m-ovef the survey
areq. The survey report should include at least two vertical cross-sections passing through the proposed site
showing all the relevant reflectors and allied geological information. The equipment used should bg capable of
identifying reflectors of 0,5 m and thicker to a depth equal to the greater of 30 m@©@r-the anticipated spudcan
pengtration plus 1,5 times the spudcan diameter.

A.6)5.1.5 Geotechnical investigation

A.6/5.1.5.1 General

Siterspecific geotechnical investigation and testing are recommended in areas where any of the following
appyy-

— |Nearby geotechnical data are not available.
— | The shallow seismic survey cannot be interpretéd with any certainty.
— |Significant layering of the strata is indicated,

— | The site is known to be potentially hazardous.

A.6J5.1.5.2 Soil investigation and testing

A geotechnical investigation sheuld comprise a minimum of one borehole to a depth below the [sea floor of
30 m or the anticipated spudcan penetration plus 1,5 times the spudcan diameter, whichever is the greater. All
the Jayers should be adeguately investigated and the transition zones cored at a sufficient sampling rate.

The] number of boreholes should account for the lateral variability of the soil conditions, regional| experience
and|the geophysical investigation. When a single borehole is made, the borehole should be at the centre of
the |eg patterrsMore detailed recommendations from the InSafeJIPIA-6-5-1] gre presented in Annex|D.

Undisturbed soil sampling, in-situ testing and laboratory testing should be conducted. Recognized in-situ soil
test|ng-tools include piezocone penetrometer, vane shear, T-bar and/or pressure meter tests.

A.6.5.1.5.3 Geotechnical report

The geotechnical report should include borehole logs, in-situ test records (if appropriate) and documentation
of all laboratory tests, together with interpreted soil design parameters. A competent geotechnical engineer
should select design parameters suitable for spudcan foundation assessment. For the methods recommended
in 9.3 and 9.4, the design parameters should include profiles of undrained shear strength and/or effective
stress parameters, soil indices (plasticity, liquidity, grain size, etc.), relative density, submerged unit weight
and the over consolidation ratio (Ryc).

Additional soil testing to provide shear moduli for cyclic or dynamic behaviour should be undertaken if more
comprehensive analyses are needed or where the soil strength can deteriorate under cyclic loading.
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A6.52 D

ata Integration

The results of bathymetric surveys, sea floor surveys, shallow seismic surveys, seabed samples and
geotechnical investigations should be integrated to assess the soil conditions at the proposed site. Lateral
variations of geotechnical parameters can be assessed from the correlation of the shallow seismic data and
the geotechnical information from the borehole logs and/or in-situ tests.

A.6.6 Earthquake data

No guidance is offered.

A.7 Actiq

A.7.1 App
Clause A.7

The wave
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presents applicable formulations and methods to calculate actions for site-spéecific assessment

And current actions are presented for quasi-static and dynamic analyses in A.7.3. Normal
deterministic extreme wave analysis is performed for jack-up site-specific assessments, and

ulations are also presented. Such analyses are applicable for calculation of inertial loadsets o

ients are presented together with equations for detailed and equivalent modelling of
hic actions.

s, flow coefficients for different structural parts and a formulation for the calculation of static
presented in A.7.3.4.

h the determination of the functional actions.is presented in A.7.4.
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alculation of the structural responses including dynamic effects. The hydrodynamic formulatjons
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the most onerous combinations of the following 100 year joint probability metocean data:

0 year return period wave, the associated current and associated wind;
0 year 1 min wind, the associated wave and associated current;

0 year current and the associated wave and associated wind.
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A.7.3.1.2 Methods for the determination of actions

This subclause describes how the actions are developed for determining the jack-up response by one of two
alternative methods, deterministic and stochastic.

A deterministic analysis involves developing static metocean actions and an inertial loadset. The inertial
loadset can be developed from either an SDOF method or a stochastic assessment of the wave actions to
develop a DAF.

A more detailed stochastic time domain analysis procedure implicitly includes inertial actions and can account
for non-linearities of the action and foundation interaction.

Thelaction calculation procedure should follow the steps in the applicable column of Table A.7.3-1.

Table A.7.3-1 — Metocean action calculation procedures

Fully
Tobic Description Deterministic)| Stochastic ||integrated
P P analysis DAF method ||stochastic
analysis
Water depth Define storm water depth considering LAT, tide and storm A6.4.4
surge T
Current Define current velocity and profile. A.6.4.3
Determine the effective local current profile by multiplying
the specified current profile by a factor accountingfor A.7.3.34
interference from the structure on the flow field:
Determine the current profile above mean\water level in
the presence of waves by stretching the;Current profile A.64.3
such that the surface component remiains constant.
Waye Specify wave height and range of-associated wave A.6.4.2.2
periods. A.6.4.2.3
Determine if supplied wave periods are intrinsic or A.7.3.3.5,
apparent and calculate the other value that has not been ISO 19901-1:2005, 8.3 an¢l A.8.3
supplied
Define the retdrn period significant wave height and not applicable

; ) A6.4.25 A6.4.27
corresponding-spectral peak period

Calculate-effective significant wave height as appropriate | not applicable A.642P6
SpeleY wave spectrum, wave direction and wave not applicable A6.425 A6428
spréading function
Calculate wave velocities and accelerations by not applicable
superposition of intrinsic wave components representing A.7.3.313.2
the wave spectrum and wave spreading functions
ls deterministic wave subiect to cancellation?
g AT0425 not
applicable
Wave theory Determine the two-dimensional wave kinematics from an not applicable
appropriate wave theory for the specified wave height, A.7.3.3.3.1
storm water depth, and intrinsic wave period
Apply a reduction factor to the wave kinematics A6.4.23 not applicable
Scalle the Apply partial fac'to'rs.to wmd, wave and current to match not applicable A10.53.2
environment factored deterministic actions

© 1SO 2012 — All rights reserved 85


https://standardsiso.com/api/?name=0ae59eee340d53e55ccc34fede5731b6

ISO 19905-1:2012(E)

Table A.7.3-1 (continued)

Fully
Tobic Descriotion Deterministic | Stochastic | integrated
P P analysis DAF method | stochastic
analysis
Hydrodynamic | Establish detailed or equivalent leg models to represent A7321,A7322,A7323, A7326
modelling structural members and appurtenances
Determine drag and inertia coefficients (detailed or
: . A7.324,
equivalent) as functions of member shape, roughness
(rari ; ) . A7.325
(marine growth) size and arientation
Include the marine growth thickness relevant for the site
- - A7325
and duration of the planned operation
Wave/curregt | Combine local current profile vectorially with the wave
action kinematics to determine locally incident fluid velocities A.7.3.3,3\%
and accelerations for calculation of wave and current A.7.3:3:312
actions by Morison's equation.
Wind Define wind speed and wind profile A.6.4.6
Wind action Define shape coefficients and calculate the static wind A734
action. T
Fupctlonal Define functional actions A74
actions
Other actions Define other actions A.7.8
Stochastic AF [ Does natural period coincide with cancellation or not apolicable A.7.3.3.3.3, not
reinforcement PP A.10.4.2.5 applicable
. . . A.10.5.2.2.3, not
Determine DAF stochastically not applicable A1053 applicable
Dynamic Determine DAF either deterministically orstochastically. € follow
. N 4 A.10.5.2.2.2 L not
effects Represent dynamic effects by an inertial-loadset deterministic .
A.10.5.2.2.3 . applicable
analysis
Does natural period coincide with cancellation or not anplicable | not applicable A.7.3.3.8.3,
reinforcement? PP PP A.10.4.2.5
Action factofs | Apply action factors tothe metocean actions and dynamic not applicable
8.8.1.2 8.8.1.B
effects
Load cases Develop assessmient load case by linearly combining the 8.8.1.1 not applicable
factored metocean actions with the factored functional N E - 8.8.1.]
. A.10.5.2.2.3
actions
Additienal’load cases if (Tn/Tp) >0,9 A105223 not applicable npt
applicable

1 b P 4 1 b 1 : : I mrqaemrd Vi 402 P B St Ly
When a fLI Iy TIEeyraitcu SWULNASUL  dalldlysls 15 UTNUCTIAdRCIT (SCT 1TU.O), Pdilldl 1aClUls  alt© dpplicu v

the

metocean parameters instead of the metocean actions, as described in A.10.5.3 and 8.8.1.3. When using
stochastic dynamic analyses for the purpose of determining a DAF, no partial action factors are applied;
however, in the subsequent deterministic analysis including the inertial loadset based on the stochastic DAF,
the action factors described in 8.8.1.2 are applied.
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A.7.3.2 Hydrodynamic model

A.7.3.21 General

The hydrodynamic modelling of the jack-up leg can be carried out by utilizing “detailed” or “equivalent”
techniques. The hydrodynamic properties are then found as described in A.7.3.2.2 to A.7.3.2.4. In all cases,
the provisions in the remainder of A.7.3.2.1 should be considered.

The drag properties of some chords represented by the product of the drag coefficient C4 and diameter D differ
for flow in the direction of the wave propagation (in the wave crest) and for flow back in the opposite direction (in

the rarab)—Oftantha-cambinad—deaa—oran aof sl tha charda aon-o laa o adaotal s

part
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Len
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sho
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ot hi P~ WP~V
Werve ooy o T CormomCU—Urag—propC it s~ or—anr taiC—CrnorasS— oo 1Ty~ ygive S a—wowar v

cular axis that is independent of the flow direction. When this is not the case, it is recommenh
Ct is included directly in the wave/current action model. Otherwise, where possible it is recommen

regular wave deterministic calculations use drag properties appropriate to the ,flow dire
consideration, noting that the flow direction is that of the combined wave particle motion and ¢

for random wave analyses which are solely used to determine dynamic leffects for inclusig
regular wave deterministic calculation on the basis of item a) above,)an average drag
considered;

for random wave analyses from which the final results are gbtained directly the drag pro
direction of wave propagation is used.

gths of members are normally taken as the node-to-node.distance of the members in order to
Il non-structural items (e.g. anodes, jetting lines of less"than 4" nominal diameter); see note b
Lstructural items, such as raw water pipes and ladders, should be included in the model. Fr|
juctor pipes and raw water towers should be considered separately from the leg hydrodynamic

E1 For the purpose of this calculation, a node\is defined as the point where two member axes inte

valent Cp.

contribution of the part of the spudcan above the sea floor should be investigated and only ex|
model if it is shown to be insignificant. In water depths greater than 2,5H or where penetrati

ild be modelled with (hydrodynamic coefficients applicable for large diameter mer
TR 19905-2:2012, 7.3:2,4 and 7.3.2.5.

some jack-ups, theJower section of the leg adjacent to the spudcan can be heavily reinforced
should be explicitly modelled.

lue along a
ed that the
ded that

ction under
irrent;

n in a final
property is

perty in the

account for
plow. Large
be standing
model.

sect. Offsets

een terminating members along the axis of theycontinuous member at the node may be used when calculating the

Cluded from
pons exceed

the spudcan height, the effect of the spudcan is normally insignificant. Otherwise, hydrodyngmic actions

hbers; see

for towage;

leg structaral members, shielding and solidification effects should not normally be applied in calc

ions. The-current flow is however reduced due to interference from the structure on the flow field, se

The solldlflcatlon effect, WhICh |ncreases the actlons from waves due to mterference from obj

lating wave
A.7.3.3.4.

cts “side by
ps. Jack-ups

are usually space frame structures with few parallel members in close proximity so that shielding and solidification effects
are usually not important. However, solidification can be important for closely spaced members such as are found in some
raw water systems.

Coefficients for individual members with closely attached appurtenances should be calculated by accounting
for the combined shape with reference to relevant literaturelA7-3-11. Model test data may be used for non-
circular members, if available. In such cases the effects of roughness, Keulegan-Carpenter and Reynolds
number dependence should be considered. The building block methodology described below was developed
and calibrated for SNAME Technical and Research Bulletin 5-5Al7]. Model tests and analytical studies for
complete legs are difficult to interpret and are unlikely to give results that are consistent with the methodology
used here. This is particularly true for legs in which tubular members contribute a significantly to the total drag
coefficient because of Reynolds number dependency.
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“Detailed” leg model

All members are modelled with Morison coefficients accounting for member cross-section orientation relative
to the flow direction. Members can be lumped together using the corresponding CpD =XCp;D; and

Cud = ZCyy;

A.7.3.23

=D /4, accounting for flow direction, as defined in A.7.3.2.4.

“Equivalent” leg model

The hydrodynamic model of a bay is comprised of one, “equivalent” vertical tubular located at the geometric
centre of the actual leg. The corresponding (horizontal) v, u#,, and #, are applied together with equivalent

CpD =2CpdD, and CyAd =ZC\ed,, as defined In A.7.3.2.4. The model should be varied with elevaiion|, as
necessary, fo account for changes in dimensions, marine growth thickness, etc.
When the Hydrodynamic properties of a lattice leg are idealized by an “equivalent” model, the propérties|can
be found uging the method given below.
The equivalent value of the drag coefficient, Cp,, times the equivalent diameter, D, of the\bay can be chqsen
as given in Equation (A.7.3-1):

CDe De = De Z CDez’ (A73'1)
The equivalent value of the drag coefficient for each member, €py;, is determined as given in
Equation (A.7.3 2):

Cpei = |sin?p; + cos?p; sin2a,]%2 Cp, Dili (A.7B-2)

Dgs

where

Cp; ip the drag coefficient of an individual member i as defined in A.7.3.2.4;

D; is the reference diameter of member i (including marine growth as applicable) as definefl in

MN.7.3.2.4;

D, ip the equivalent diameter(of leg, suggested as 1/(2 Dizli /s

[ ip the length of member i node to node centre;

s is the length of/erie bay, or part of bay considered;

o; is the angle’between flow direction and member axis projected onto a horizontal plane;

B ip the ‘angle defining the member inclination from horizontal (see Figure A.7.3-1).
NOTE 1 ¥ indicates summation over all members in one leg bay.
The above expression for Cpg; can be simplified for horizontal and vertical members as given in
Equations (A.7.3-3) and (A.7.3-4):

vertical members (e.g. chords): Cpe; = Cp(D//Dy) (A.7.3-3)

horizontal members: Dl (A.7.3-4)

88

. 3
Cpe; = Sin"a;Cp; [
eS

|
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The equivalent value of the inertia coefficient, Cy,, and the equivalent area, 4, representing the bay can be

determined from the following:

Cye is the equivalent inertia coefficient, which may normally be taken as 2,0 when using A4,
4, the equivalent area of leg per unit height, is equal to (£4,7;)/s.
4;, the equivalent area of member or gusset, is equal to nDi2/4.

D., the reference diameter, is chosen as defined in A.7.3.2.4.

Forfa more accurate model, the C,, coefficient may be determined as given in Equation (A.7:3-5):

Cme Ao =4 Z Cyg;

whdre

Cover =1 + (SN2, + cos2f, sinZay )(Cyy = 1) ( foe J

Cwmi

1
dimension D,.

NOTE2  For dynamic modelling the added mass of fluid per_Gnit height of leg may be determined as p 4, (

single member or p 4,(Cy,, — 1) for the equivalent model, provided that 4 is as defined above.

1 flow direction

is the inertia coefficient of an individual member, whichtis) defined in A.7.3.2.4 related f

(A.7.3-5)

(A.7.3-6)

o reference

Cy; — 1) for a

2 memberi

s bay height

a; angle between flow direction and axis of member i projected onto a horizontal plane
B, angle defining the inclination of member i from horizontal

NOTE Based on DNV Class Note 31.5, February 1992A.7:3-2],

Figure A.7.3-1 — Flow angles appropriate to a lattice leg
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A.7.3.24

Drag and inertia coefficients

Hydrodynamic coefficients for leg members are given in this subclause. Tubulars, brackets, split tube and
triangular chords are considered. Hydrodynamic coefficients including directional dependence are given
together with a fixed reference diameter D,. No other diameter should be used unless the coefficients are

scaled accordingly. Unless better information is available for the computation of wave/current actions, the
values of drag and inertia coefficients applicable to Morison's equation should be obtained from this subclause.

Recommended values for hydrodynamic coefficients for tubulars with a diameter smaller than 1,5 m are given
in Table A.7.3-2, based on the data discussed in the supporting ISO/TR 19905-2:2012, 7.3.2.4.

Table A.7.3-2 — Base hydrodynamic coefficients for tubulars

irfface condition

Cp;

1

Cy; for wave load analysis

Cy; for earthquake

Smooth

0,65

2,0

2,0

Rough

1,00

1,8

2,0

The smootl
as defined
surface sho

values normally apply above MSL + 2 m and the rough values below MSL + 2 m, where MS

n A.6.4.4. If the jack-up has operated in deeper water and the fouled legs are not cleaned
uld be taken as rough for wave actions above MSL + 2 m.

Hydrodynarnic coefficients for large diameter members may be calculated according to ISO/TR 19905-2:2

7.3.2.4 and
Actions dug

CD-:2

1

7.3.2.5.

to gussets should be determined using a drag coefficient as follows:

0

applied togéther with the projected area of the gusset visible in the flow direction, unless model test data s
[his drag coefficient may be applied:-together with a reference diameter D; and correspon

otherwise.

length /; ch
equivalent

psen such that their product equals-the plane area, 4, = D,/; and D, = ; (see Figure A.7.3-2). In

odel of A.7.3.2.3 the gussets.may be treated as an equivalent horizontal member of length /;,
its axis in the plane of the gusset. Cy,~should be taken as 1,0 and marine growth may be ignored.

L is
the

D12,

how
ding
the
with

For non-tuQular geometries (e.g.-leg chords) the appropriate hydrodynamic coefficients may, in lieu of more
detailed information, be taken-in accordance with Figure A.7.3-3 or Figure A.7.3-4 and correspon
equations, @s appropriate,

ding

90
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Key
1 |flow direction
2 |visible part of gusset i
A; |areaofgusseti; 4;=/[D,
D; |reference diameter of gusset i
I, |reference length of gusset i
Figure A.7.3-2 — Gusset plates: equivalent modelling
S A
W
N ™
Yy Wi
—N I % Z I Q
%_ 00 L l ! -
0 30 60 90 0
Key
flow direction

2 rough
3 smooth
Cp; drag coefficient for use with D;

D; reference dimension of chord i
W average width of the rack
¢  angle between flow direction and plane of rack (degrees)

Figure A.7.3-3 — Split tube chord and typical values for Cp,
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For a split tube chord as shown in Figure A.7.3-3 the drag coefficient Cp,, related to the reference dimension
D; =D + 2t,, the diameter of the tubular, including marine growth as in A.7.3.2.3, should be taken from

Equation (A.7.3-7):

(A.7.3-7)

Cbo ; 0°<6<20°
C .=
> cpo +[CD1DK—CDojsinZ[(e—zm)g/?] ; 20° <0 <90°
i
where
ty, I8 the marine growth thickness;

0 ig the angle in degrees; see Figure A.7.3-3;

Cpo 4 the drag coefficient for a tubular with appropriate roughness, see Table A.7.3-2;

Cp1 g the drag coefficient for flow normal to the rack (6= 90°), related to projected diameter, . Cj

given by Equation (A.7.3-8):
18 ; wID; < 1,2
Cp1=114+Y3(W | D;) ; 12 < WD <48
2,0 ; 1,8 < W I D;

(A7)

3-8)

The inertia [coefficient Cy; = 2,0, related to the equivalent volume’ <D /4 per unit length of member, can be

applied to gl heading angles and any roughness.

)
2,5

S |
¥

20 -

1,5 -

1,0

05

0,0 | | | |

WiD, = 1,07

0 30 60 90 120

150

180

1 flow direction

drag coefficient for use with D;

D. reference dimension (height of backplate) of chord i

W width of chord to mid-point of rack tooth

¢  angle between flow direction and plane of rack (degrees)

Figure A.7.3-4 — Triangular chord and typical values of Cp;
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For a triangular chord as shown in Figure A.7.3-4, the drag coefficient Cp, related to the reference dimension

D;=

D, the backplate width, should be taken from Equation (A.7.3-9):

CD[ = CDpr(g) Dpr(g )/Dl

(A.7.3-9)

where the drag coefficient related to the projected diameter, Cp,, is determined from Equation (A.7.3-10):

1,70 ; 6=0°
1,95 ; 6 =90°
Cppr(0) =11,40 ; 6 =105° (A.7.3-10)
1,65 ; 6 =180°-46,
2,00 ; 6 =180°
Lingar interpolation should be applied for intermediate headings. The projected diameter, Dpr(e , should be
detgrmined from Equation (A.7.3-11):
D; cos @ : 0<6<6,
Dpe(0) ={Wsin6+0,5D,|cosd] 0, <0 <180-6, (A.7.3-11)
D;|cosé| ; 180-6, <0 <180

The

The)
mer

Sha
abo
(mo)
nun

A7

Some of the influences of marine.growth are

The)
sea
mer
(i.e.

angle g, is the angle where half the rackplate is hidden, 6, = tan—1[D,-/(2 wm).

inertia coefficient Cy,; = 2,0 (as for a flat plate), related to-the equivalent volume of “Di2/4 per u
hber, can be applied for all headings and any roughness.

pes, combinations of shapes or closely grouped*non-structural items which do not readily
ve categories should be assessed from relevant literaturelA-7-3-1 and/or appropriate inter
del) tests. The model tests should consider possible roughness, Keulegan-Carpenter an
ber dependence.

3.2.5 Marine growth

an increase in the hydrodynamic diameter;

increases in weight, buoyancy, mass and added mass;

thickness and type of marine growth depend on the site and can vary with duration on site
son. \Where possible, site-specific or regional data should be used. If such data are not 3
nbefs tbelow MSL + 2 m should be considered to have a marine growth thickness equal
total of 25 mm across the diameter of a tubular member). In some areas of the world,

variation of the hydrodynamic drag coefficient as a function of roughness (see ISO/TR 19905-2

nit length of

fall into the
bretation of
i Reynolds

).
depth and
vailable, all
o 12,5mm
this default

thic

Kness can be significantly exceeded.

The nominal sizes of structural members, conductors, risers, and appurtenances should be increased to
account for the thickness of pre-existing and new marine growth. Marine growth on the teeth of elevating
racks and protruding guided surfaces of chords can normally be ignored.

The marine growth thickness may be ignored if anti-fouling, cleaning or other means are applied. The surface
roughness should still be taken into account, see A.7.3.2.4 or ISO/TR 19905-2:2012, A.7.3.2.4.

A.7.3.2.6 Hydrodynamic models for appurtenances

Raw water caissons on the legs and their guides should be included in the hydrodynamic model of the
structure.
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NOTE
are comprise

d of high drag sections such as I-beams, flat bar, etc.

The guides for raw water caissons can cause a significant increase in the leg drag load, especially when they

Depending upon the type and quantity, appurtenances can significantly increase the global wave actions.
Appurtenances such as stairways, ladders and jetting lines should be considered for inclusion in the
hydrodynamic model of the structure.

Appurtenances are generally modelled by means of increasing the effective diameter and/or hydrodynamic

coefficients

of a structural member.

A.7.3.3 Wave and current actions

A.7.3.31

Hydrodynarnic actions for deterministic or stochastic analysis should be calculated using the Morison equa
ion with the hydrodynamic model and appropriate wave theories as described in the remainder of

in combinat
A.7.3.3. Th
The intrinsi

A.7.3.3.2

Wave and ¢
with the wa
applicable g

A>5D
where
A s

D.

;s
The Moriso
AF = Al

where the t

To obtain {
reference d

The Moriso

General

tion

94

b wave and current velocities should be combined before they are used in thesMorison equation.
and apparent wave periods should be used appropriately; see A.7.3.3.5.
Hydrodynamic actions
urrent actions on slender members having cross-sectional dimensions sufficiently small compared
ve length should be calculated using the Morison equation. The Morison equation is nornpally
roviding that
(A.7.3+12)
he wave length;
he reference dimension of member (e.g. tubular diameter).
N equation specifies the action per unitlength as the vector sum as given in Equation (A.7.3-13):
Farag = AFinertia = 0.5 D Co vl + p Cy 4 1y = p Cp A7, (A7.3113)
prms of the equation are described as follows.
he drag action, the—-appropriate drag coefficient (Cp) should be chosen in combination with a
ameter, including-any increase for marine growth, as described in A.7.3.2.
n drag action,formulation is as given in Equation (A.7.3-14):
= 0,5 ,0C D vy | vy | (A.7.3114)
is the drag action (per unit length) normal to the axis of the member considered in the analysis

and in the direction of v;
is the mass density of water (normally 1 025 kg/m3);

is the drag coefficient (= Cp, or Cpg from A.7.3);
is the fluid particle velocity resolved normal to the member axis;

is the reference dimension in a plane normal to the fluid velocity v,, = D; or D, from A.7.3.
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The fluid particle velocity, v,, may either be the absolute or relative fluid particle velocity. In a deterministic
analysis, the absolute fluid particle velocity is applied. In a stochastic analysis, the fluid particle velocity, v,
may be taken as given in Equation (A.7.3-15):

Vp = Uup +Ven —a iy, (A.7.3-15)
where

un, + Ve, is the combined particle velocity found as the vector sum of the wave particle velocity and the
current velocity, normal to the member axis;

is the velocity of the considered member, normal to the member axis and in the dirgction of the
combined particle velocity;

a = 0, if an absolute velocity is to be applied, i.e. neglecting the structural velocity;

=1, if relative velocity is being included. It may be used for stochastic/random wWwave action
analyses only if the following applies:

u*T,/D; =20
where
u* is the particle velocity = Vi + nH(/T, ;;

T, is the first natural period of surge or sway-motion;

D; is the reference diameter of a cherd:

NOTE See also A.10.4.3 for relevant damping coefficients depending on «.

To opbtain the inertia action, the appropriate,igertia coefficient (Cy,) should be taken in combinatjon with the
crogs-sectional area of the geometric profile, including any increase for marine growth, as described in
A.7{3.2.3. The Morison's inertia action formulation is as given in Equation (A.7.3-16):

AFinertia = p Cydiiy — p Cp Aiy (A.7.3-16)
whegre

AFinertia 18 the inertiaraction (per unit length) normal to the member axis and in the direction of u, ;

Cwm is the‘ineftia coefficient;

A is\the cross-sectional area of member (equal to 4; or 4, from A.7.3.2);

Up is the wave particle acceleration normal to member;

Ca is the added mass coefficient, Cp = Cj; — 1;

Fq is the acceleration of the considered member, normal to the member axis and in the direction of

the combined particle acceleration.

The last term in Equation (A.7.3-16) is not included in a deterministic analysis. The term should be included in
a stochastic analysis representing the added mass force due to the member acceleration.

mgy ¥y =p Cp A¥, (A.7.3-17)
where m, is the added mass contribution (per unit length) for the member.

In a dynamic response analysis, the added mass (m, integrated over the member length) is normally
transferred to the left hand side of the equation of motion and added to the structural mass.
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A.7.3.3.3 Wave models

A.7.3.3.3.1 Deterministic waves

For deterministic analyses an appropriate wave theory for the water depth, wave height and period should be
used, based on the curves from ISO 19901-1:2005, A.8.4, as shown in Figure A.7.3-5. For practical purposes,
Stokes' 5th (within its bounds of applicability) or an appropriate order of Dean's Stream Function are
acceptable for regular wave elevated storm analysis.

If breaking waves are indicated according to 1SO 19901-1:2005, A.8.4, it is recommended that the wave
period is changed to comply with the breaking limit for the specified height.

H
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0,000 5 /| /
T AT T,
0,000 2 A
(A /
0,000 1 //
0,000 05
0,001140,002 0,005 0,01 0,02 0,05 0,1 d
gTi2
F G H
| |

Key
d  water d¢pth
g acceleration due to gravity
H  maximum wavetheight
H,, breaking wave‘height
T,  intrinsiclwave period
A deep water breaking limit <<H/A = 0,14
B  Stokes' fifth order, New-wave or third order stream function
C shallow water breaking limit H/d = 0,78
D stream function (showing order number)
E linear/Airy or third order stream function
F  shallow water
G intermediate depth
H deep water

NOTE Taken from 1ISO 19901-1.

Figure A.7.3-5 — Regions of applicability of alternative wave theories
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A.7.3.3.3.2 Stochastic waves

Time domain analysis is recommended for stochastic wave jack-up analysis. In such analyses the waves are
modelled using a random superposition model to represent the wave spectrum; see A.6.4.2.5t0 A.6.4.2.8. Iltis
recommended that the random sea state be generated from the summation of at least 200 component waves
of height and frequency determined to match the wave spectrum. The phasing of the component waves
should be selected at random. A two-dimensional first order simulation using linear (Airy) waves is normally
sufficient. However, when the effects of wave spreading is explicitly included in the analysis method, a three-
dimensional simulation using a higher order wave theory should be used to capture higher frequency
interaction effects (e.g. those due to frequency sum terms).

For|first order wave kinematic models, the extrapolation of the wave kinematics to the free sufface (wave
strefching) is most appropriately carried out by substituting the true elevation at which therkingmatics are
required with one which is at the same proportion of the still water depth as the true elevation is of the
instantaneous water depth. This can be expressed as given in Equation (A.7.3-18):

R 1 (A.7.3-18)
1+¢/d

where
Z is the modified coordinate for use in particle velocity formulation;

z is the vertical coordinate relative to the SWL under Consideration, positive upwards, gt which the
kinematics are required;

¢ is the instantaneous water level (same axis system as z);
d is the water depth, still or undisturbed (positive).

Thig method ensures that the kinematics at<the instantaneous free surface are always evaluated from the
linegr wave theory expressions as if they were at the still water level, see Reference [A.7.3-3] and

ISOTR 19905-2:2012, A.7.3.3.3.2.

For|higher order wave-kinematic ‘models, an appropriate alternative for stretching the wave piofile to the
instantaneous wave surface should be adopted.

The| statistics of the underlying random wave process are Gaussian and fully known theorgtically. The
empirical modification around the free surface to account for free surface effects, together with the fact that
drag actions are a nonslinear (squared) transformation of wave kinematics, makes the hydrodynamic action
excitation always-hon-linear. As a result, the random excitation is non-Gaussian. The statistic of such a
prog¢ess are generally not known theoretically, but the extremes are generally larger than the extremes of a
corresponding Gaussian random process. For a detailed investigation of the dynamic behaviour gf a jack-up,
the hon-Gaussian effects should be included. Multiple procedures for doing this are presented in Ahnex C.

Whenithe random d|splacements of the submerged parts are small and the velocmes are S|g ificant with
respe y formulation
in the Morison equatlon which tends to overestimate the damping and underpredict the response. A criterion
for determining the applicability of the relative velocity formulation is given in A.7.3.3.2.

A summary of recommendations for the time domain modelling of random waves is given in Table A.7.3-3.
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Table A.7.3-3 — Recommendations for modelling of time domain stochastic waves

Method Recommendations

assure that H, mean waves and maximum crests are within practical limits.

Time domain | Generate random sea from at least 200 components and use divisions of generally equal energy. It is
recommended that smaller energy divisions be used in the higher frequency portion of the spectrum, which
generally contains the reinforcement and cancellation frequencies. For each component, the relationship
between wave length and frequency should be taken according to its linear dispersion relationshiplA-7-3-41,

Unless indicated otherwise in the site-specific information, the validity of wave surface simulation should
be checked against the criteria given below. The criteria for higher order waves should be taken to

— correct mean wave elevation;

— standard deviation = (H/4) + 1 %;

— -0,03 < skewness < 0,03;

— 2,9 <Kkurtosis < 3,1;

— maximum crest elevation = (H/4) \/2In(N) -5 % to +7,5 %;

where N is the number of cycles in the time series being qualified, N ~ Duration/T,.

Integration time step less than the smaller of
T,/20 or T,/20

where

T, is the apparent zero-upcrossing period of the wave spgectrum;

T, is the jack-up natural period, see A.10.4.2.1

n
(unless it can be shown that a larger time step leads to-n@' significant change in results).

Avoid transient effects, discard at least the first 100s (the “run-in”).

MPME responses; see also A.10.5.3.4 and Annex C.2.

Ensure the simulation is of sufficient duration_se-that the method chosen results in demonstrably stable

A.7.3.3.3.3| The effect of directionality and spreading on dynamic response

Both the magnitude of the actions on the_structure and the dynamic amplification are affected by cancellg
and reinforcement of wave actions, dependent on leg spacing (heading) and wave length. The effect]
directionality and wave spreading should therefore be considered in any random dynamic analysis.
following two methods can be used to develop a representative DAF in conjunction with adjustments to
natural peripd (A.10.4.2.5.3).

Method 1: |n a two-dimensjonal long-crested simulation, the effect of directionality can be included
developing |a base sheat transfer function (BSTF) accounting for spreading, “BSTF with spreading”
described below (see %.6.4 of Reference [A.7.3-4]).

a) Develop asetof two-dimensional BSTFs, one for the “principal” direction of interest, and the others o
from thieprincipal direction.

tion
5 of
The
the

by
as

fset

b) For each offset direction, calculate a directionality contribution factor from I1ISO 19901-1:2005, A.8.7, or
from ISO/TR 19905-2:2012, 6.4.2.8. Each factor corresponds to a given percentage of area under the

directionality function such that the sum of all the factors is 1,0.

c) The “BSTF with spreading” is then the sum of each two-dimensional BSTF (principal one plus the offset
directions) multiplied by the corresponding directionality factors. Be aware that only the principal direction

vector component of the offset direction BSTFs is used.

d) The BSTF for the chosen two-dimensional (long-crested/unspread) analysis direction and the “BSTF with

spreading” are compared to determine whether the selected direction is unconservative. Optimally,

the

direction of the two-dimensional sea state should be chosen to obtain a match with the three-dimensional

BSTF for the entire wave frequency range. If this is not possible, the match between the spread
unspread BSTFs should be good at the natural period.

and
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Method 2: To minimize reinforcement and cancellation effects, it is suggested that the dynamic analysis be
carried out for a single wave heading along an axis that is neither parallel nor normal to a line through two
adjacent leg centres. Thus, for a 3-legged jack-up with equilateral leg positions and a single bow leg, suitable
analysis headings can be with the weather approaching from approximately 15° or 45° off the bow. The DAFs
should be determined for one, or both, of these headings with suitably adjusted natural period; see
Figure A.10.4-1. The DAFs (or more conservative DAFs) can then be applied to the final deterministic analysis
for all headings.

A.7.3.3.4 Current

The_current velocity and profile as specified in A.6.4.3 should be used. Where the current profile i
disgrete points, linear interpolation between the data points is sufficient.

defined by

The)
the

The)
curr

current induced drag actions are determined in combination with the wave actions. This;is cg
vectorial addition of the wave and current induced particle velocities prior to the drag action cal

current velocity may be reduced to account for interference from the structure,with the flow
ent, as given in Equation (A.7.3-19); see Reference [A.7.3-5] and ISO/TR 19965-2:2012, 7.3.3,

rried out by
culations.

field of the
i

whdre

is the current velocity for use in the hydrodynamic model; V- should not be taken as less

than 0,775

is the far field (undisturbed) current velocity;

is the equivalent drag coefficient of the\leg, as defined in A.7.3.2;
is the equivalent diameter of the\leg, as defined in A.7.3.2;

is the face width of leg, outside dimensions, orthogonal to the flow direction.

A.7]3.3.5 Intrinsic and apparent wave periods

Thel intrinsic wave period.isbased on a reference frame travelling with the speed and direction of jthe current,

and
waV
calg

should be used, except as detailed later in this subclause, to calculate the wave kinematics. T
e period is that"which is observed by a stationary observer and is the period that should
ulate the jackzup dynamics. The intrinsic wave period, in conjunction with the water depth and

ne apparent
be used to
appropriate

wawve theory, are used to calculate the wave length.

NOT

E1 There is only the intrinsic wave length; there is no apparent wave length. If one applies the agparent wave
perigd-in“an analysis, the excitation period is correct but both the kinematics and the wave length are wrong. The wrong
wavg length means that the legs of a jack-up are at the wrong relative positions in the wave. The conceptual|solution is to
model the un-modified intrinsic wave with the jack-up moving into the wave at the current velocity.

It is important to determine whether the supplied wave period is apparent or intrinsic, taking due care to
ensure that ISO 19901-1 terminology is consistently adhered to at all times. ISO 19901-1 terminology can
conflict with the definition of these terms used by the supplier of the metocean data.

NOTE 2 ISO 19901-1 uses terminology conflicting from that in APl RP 2A, Reference [A.7.3-6]. In ISO 19901-1, the
“apparent” wave period is defined as the wave period seen by a stationary observer, while the “intrinsic” wave period is the
wave period seen by an observer moving with the current. In API RP 2A the “actual” wave period is defined as the wave
period seen by a stationary observer, while the “apparent” wave period is the wave period as it “appears” to an observer
moving with the current. By comparison, ISO 19901-1 “intrinsic” equates to RP 2A “apparent”, and ISO 19901-1 “apparent”
equates to RP 2A “actual”.
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Equations for transformation between the intrinsic and apparent wave periods are given in ISO 19901-1:2005,
A.8.3. It gives no direct guidance on modifying short crested sea states, although a suitable method can be
inferred. The assessor should ensure that the correct procedure is used by the software in calculating wave
particle kinematics and dynamics; it is important to understand the terminology used by the software vendor;
see Note above. In summary, the steps taken to convert intrinsic to apparent wave period are as follows.

a) Calculate the wave length based on the intrinsic wave period and the water depth, using a suitable wave
theory.

b) Calculate the intrinsic wave celerity as wave length divided by intrinsic wave period.

c) Calculdte the apparent wave celerity by adding the resolved current velocity to the wave celerity’L(the
celerity] is increased if the current is in the same direction as wave propagation, and decreasedif'in an
opposing direction).

d) Calculgte the apparent wave period as the wave length divided by the apparent celerity.

Conversion| from an apparent wave period to an intrinsic wave period follows a similar approach, bt is
undertakenliteratively.

Care should be taken with opposing currents that the vector sum of apparent.celerity and current is always
greater thanm or equal to zero, otherwise the waves move backwards. This is likely to be relevant only for yery
short period waves when developing the apparent component periods of a.random seastate.

This convefsion procedure between apparent and intrinsic periods\strictly applies in the case of simple
uniform curfents over the full water depth. It can be used practically.ifithe current is uniform over the top 50 m
of the watgr column. In cases of a non-uniform current profile,ca weighted, depth-averaged in-line cufrent
speed, V|n. ines May be used, as shown in ISO 19901-1:20055A.8.3, and Reference [A.7.3-7] and as givgn in

Equation (A.7.3-20):

VoL = ﬁ fd Ve (2)cos 0 coshl 2k (= + 4 )16 (A.7.3-20)
where

k ip the wave number = 2x/4;

A is the actual wave lengthy(i.e., deepwater wave length corrected for water depth);

d is the water depth

Vo(z) ip the current.velocity at depth z;

z is the vertical coordinate relative to the SWL under consideration, positive upwards;

Az) ig_the angular direction of the current at depth z relative to the wave propagation direciion;
&z) = 0,0 when in line.

In a two-stage analysis the deterministic quasi-static wave/current actions should be determined using the
intrinsic period.

The apparent wave period should used for the SDOF DAF calculation of Kpar spor-

For stochastic calculations, the rigorous approach is to develop the particle kinematics for the components
using the intrinsic wave period and to develop the wave/current actions by applying the intrinsic kinematics to
the jack-up by using component wave phases based on the apparent wave period. This approach should be
used for one-stage analysis and for two-stage analysis with a non-linear foundation model for the DAF
calculations. This procedure is difficult if the available analytical tools do not have the feature implemented.
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When undertaking a two-stage deterministic storm analysis (A.10.5.2) using a DAF developed from a random
dynamic analysis (A.10.5.2.2.3) with linearized foundations, it can be acceptable to use a spectrum with an
apparent peak period for all stages in the calculation of Kpar ranpom @nd the inertial loadset. The error is

expected to be small when the ratio Tp‘i/Tp is within the range 1 = 0,08. If this approach is used, the analysis
should also be undertaken without period adjustment and the more onerous DAFs used. When Tp,i/Tp is
outside this range, a more rigorous approach should be considered.

A.7.3.4 Wind actions

A7

341 Wind action

The
conf

whs

The

whs

Win

NOT
proje

A7

Usi

wind action on each component (divided into blocks of not more than 15 m vertical extent),
puted using Equation (A.7.3-21):

Fyy;=P; Ay
re

P; is the pressure at the centre of block i;

Ayy; is the projected area of block i perpendicular to the wind direction.

pressure P; should be computed using Equation (A.7.3-22);

P;=0,5p7,2Cq

re

p s the density of air (taken as 1,222 4(kg/m3 unless an alternative value can be justified fo
V,; is the specified wind velocity atthe centre of block i; see A.6.4.5.2;

C

s is the shape coefficient, as\given in A.7.3.4.2.

d actions on legs below the’hull should be calculated to either the instantaneous wave surface

E The wind area, of the hull and associated structures (excluding derrick and legs) can normally be
bcted area viewed-fram the wind direction under consideration.

3.4.2 Shape coefficient

g building block elements, the shape coefficients in Table A.7.3-4 should be used.

Fw;» can be

(A.7.3-21)

(A.7.3-22)

the site);

br to SWL.

taken as the
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Table A.7.3-4 — Shape coefficients

Type of member or structure Shape coefficient, C,
Hull side (flat side) 1,0 based on total projected area
Hull and associated structures (excluding derrick 1,1 based on the total projected area (i.e. the area enclosed by the
and legs) extreme contours of the structure)

Deckhouses, jack-frame structure, sub-structure,

draw-works house, and other above-deck blocks 1,1 based on the projected area

C, = Cp, as determined from A.7.3.2.3, normally using smooth drag

Leg sections nrr\jar\ﬁng above. Jiar\l{ framag striicture.

g coeffclents (Ignorimng marine growtt)
and below tIIe hull

A\y; determined from D, and section length

Isolated tubdilars (crane pedestals, etc.) 0,5

Isolated structural shapes (angles, channels, box,

. 1,5 based on member projected area
I-sections)

The appropriate shape coefficient for the members concerned
applied to 50 % of the total projected profile area of the item (28 %
from each of the front and back faces)

Derricks, crane booms, flare towers (open lattice
sections only, not boxed-in sections)

Shapes or cpmbinations of shapes that do not readily fall into the above categories should be subject to special
consideration.

A.7.3.4.3 | Wind tunnel data

Wind pressures and resulting actions for the hull and associated structures may be determined from Wind
tunnel testg on a representative model. Care should be exercised when interpreting wind tunnel datg for
structures mainly comprised of tubular components, such as truss legs.

A.7.4 Functional actions

Provided appropriate procedures exist and it is practical to change the mode of the jack-up from operating to
elevated stpbrm mode on receipt of an unfavourable weather forecast, it is necessary to assess only| the
elevated stgrm mode. Consideration should\be given to actions on the conductors if supported by the jackqup.

[

The following should be defined:

a) actiong due to the maximum and minimum elevated weight. In the absence of other information| the
minimym elevated weight'can normally be determined assuming 50 % of the variable load permitted by
the opgrating manual;

b) extremg limits ofthe centre of gravity position (or reactions of the elevated weight on the legs) for| the
configyrations:in.a) above;

c) substrycture. 'and derrick position, hook load, rotary load, setback and conductor tensions for|the
configurations in a) above;

d) weight, centre of gravity and buoyancy of the legs.

If a minimum elevated weight or a limitation of the centre of gravity position is required to meet the overturning
acceptance criteria (see 5.4.4 and 13.8), then the addition of water in lieu of variable load is permitted in the
assessment, provided that

— the functional actions do not exceed the operations manual limits;

— procedures, equipment and instructions exist for performing the operation of adding water offshore;

— the action due to the maximum variable load, including added water, is used for all appropriate
assessment checks (preload, stress, etc.).
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If a reduction in elevated weight or a limitation of the centre of gravity position is required to meet the
foundation acceptance criteria with respect to foundation sliding, see 5.4.4 and 13.9.1, then the variable load
used in the assessment can be revised accordingly provided that procedures, equipment and instructions
exist for the timely performance of the operation offshore.

A.7.5 Displacement dependent actions

No guidance is offered.

A.7.6 Dynamic effects

No guidance is offered.

A.7l7 Earthquakes

No guidance is offered.

A.7|8 Other actions
Other actions should be represented as relevant for the site.
Forlareas where icing is possible during the planned operation, thé effect on weight and on the enyvironmental

actipns should be considered. Relevant data for the region shoéuld be applied. For calculating wave, current
and|wind actions, increases in dimension and changes in shape-and surface roughness can be sighificant.

A.§ Structural modelling

A.8{1 Applicability
Techniques for modelling the legs, hull,. (eg-to-hull connection, and leg/spudcan connection arg discussed.
Thel leg-to-hull connection model inclddes the upper and lower guides, jacking pinions, fixation systems, and
jacKcase/associated bracing. Modelling of the foundation is limited to the structural details in this clause;
geofechnical aspects are presentedin A.9.

Becpause of the interaction of the mass and stiffness models, e.g. the effect of mass modelling on Rull sag, it is
recgmmended that the assessor be familiar with the whole of this clause before commencing the mjodelling.

A.8l2 Overall considerations

A.8]2.1 General

No guidance is offered.

A.8.2.2 Modelling philosophy

The structural model should accurately reflect the complex mechanism of the jack-up; for most jack-up
configurations this requires the use of an FE computer model. A.8.3 to A.8.5 describe the structural aspects of
the model. A.8.6 describes the interaction of the structural model with the foundation. A.8.7 describes
modelling the mass and A.8.8 describes the application of the actions.

A.8.2.3 Levels of FE modelling
While it can be desirable to fully model the jack-up when assessing its structural strength, this is rarely

necessary for a site-specific assessment. An overly complex model can introduce errors and unnecessarily
complicate the assessment. Consequently assumptions and simplifications, such as equivalent hull,

© IS0 2012 — Al rights reserved 103


https://standardsiso.com/api/?name=0ae59eee340d53e55ccc34fede5731b6

ISO 19905-1:2012(E)

equivalent leg, etc., are often made when building the model(s) used for the assessment. In view of this, one
of the various levels of modelling described in a) through d) below can be used. It should be recognized that
some of these methods have limitations with respect to the accuracy of assessing the structural adequacy of a
jack-up. Table A.8.2-1 outlines the limitations of the various modelling techniques and should be referenced to
ensure that the selected model addresses all aspects required for the assessment. When simplified models,
such as those described in b) and d) are used, it is usually appropriate to calibrate them against a more

detailed mo

del.

a) Fully detailed leg model:

The model consists of “detailed legs”, hull, leg-to-hull connections and spudcans modelled in accordance

with A.
aspect
strengt

b) Equiva

The mq
leg-to-1
The re
model

the vici

B.3.2, A.8.4, A.8.5 and A.8.6, respectively. The results from this model can be used to examin
5 of a jack-up site-specific assessment, including foundation stability, overturning resistance
h and the adequacy of the jacking system or fixation system.

ent leg (stick model):

del consists of “stick model” legs (A.8.3.3), hull structure modelled using beafelements (A.8.4
ull connections (A.8.5) and spudcans modelled as a stiff or rigid extension to the equivalent
bults from this model can be used to examine foundation stability and pverturning resistance.
can also be used to obtain reactions at the spudcan and internal forces-and moments in the le
hity of the lower guide for application to the “detailed leg” and leg-toshull connection model d).

c) Combined equivalent/detailed leg and hull model:

The m
the low
accord

bdel consists of a combination of “detailed leg” for the upper portion of legs and “stick model
er portion of the legs (A.8.3.4). The hull, leg-to-hull connections and spudcans are modelle
bnce with A.8.4, A.8.5 and A.8.6, respectively. The:results from this model can be used to exar

foundation stability, overturning resistance, leg strength.in the region of the leg-to-hull connections

the ade

d) Detaile

quacy of the jacking and/or fixation systems. See Figure A.8.2-1.

d single leg and leg-to-hull connection model:

The model consists of a “detailed leg” orga portion of a “detailed leg” (A.8.3.2), the leg-to-hull conneq

(A.8.5)
leg strg

and, when required, the spudcan (A.8.6). The results from this model can be used to examing
ngth and the adequacy of the jacking and/or fixation systems.

B all
€g

1.3),
leg.
[his
gin

" for
d in
nine
and

tion
the
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RIRA

Figure A.8.2-1 — Combined equivalent/detailed leg and hull model
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Table A.8.2-1 — Applicability of the suggested models

Applicability
| | 1] v \' Vi Vil
Base shear . N
Model type and Overturning | Foundation Global Leg Jacking/fixation Hull
overturning checks checks leg member system element
forces forces reactions forces
moment
a) Fully detailed leg Yes Yes Yes Yes Yes Yes See note
b) EqUiValcl t :cs — — —
(stick model) Yes Yes Yes Yes
c) Combinped
equivalent/detail Yes Yes Yes Yes Yes Yes See note
ed leg and hull
d) Detailti/{j single
leg and leg-to- . . . . o
hull copnection Yes s
model
NOTE Hyll stresses are only available from more complex hull models.

A.8.3 Modelling the leg

A.8.3.1

General

For truss lggs the model(s) can be generated in accordance with A.8.3.2 to A.8.3.4 as applicable. Sipgle

column legy

with due copsideration for local and global buckling.

A.8.3.2 Detailed leg

can be modelled with beam elements (A.8.3.3) or by means of other appropriate finite elemgnts

Modelling should account for offsets betweéen ‘'member work points and centroids, as omitting this detail cap be
unconservative. If member offsets aré“\not included in the model, analysis of the relevant joints shpuld
consider their effect. Gusset plates are typically omitted in the structural leg model. However, their beneficial

effects can

A.8.3.3 Epuivalent leg (stick model)

be taken into account iffthe calculation of member and joint strength.

The leg stjucture canibe simulated by a series of collinear beams with the equivalent cross-sectipnal

properties
application

Calculated, using the equations indicated in Tables A.8.3-1 and A.8.3-2 or derived from
bf suitable unit load cases to the 'detailed leg'. The stiffness properties of the equivalent leg shpuld

the

equate to thHose of the 'detailed leg' model described in A.8.3.2. Where such a model is used, relevant analysis

results can

be applied to a detailed leg model to determine member stresses, fixation system/pinion forges,

etc.

The determination of stiffness for the equivalent leg model can be accomplished as outlined below.

a) From hand calculations using the equations presented in Tables A.8.3-1 and A.8.3-2. If the leg scantlings
change in different leg sections, this can be accounted for by calculating the properties for each leg
section and creating the equivalent leg model accordingly. Provided that there are no significant offsets
between the brace work points, these are reasonably accurate for cases A (sideways K bracing),
C (X bracing) and D (Z bracing). Case B (normal K bracing) should be used with caution as the values of
equivalent shear area and second moment of area are dependent on the number of bays being

considered.
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b) From the application of unit load cases to a detailed leg model prepared in accordance with 8.3.2 and
8.3.5: The leg should be rigidly restrained, generally at the first point of lateral force transfer between the
hull and the leg, although it can be more convenient to use a different reference point, e.g. level of the
fixation system or neutral axis of the hull. The variables 4, o, 8y, and &p used in Equations (A.8.3-1) to
(A.8.3-4) are obtained from the detailed leg model. The following load cases should be considered,
applied about the major and minor axes of the leg:

— Axial unit load case: This is used to determine the axial area, 4, of the equivalent beam according to
standard beam theory as given in Equation (A.8.3-1):

L _FL
A=—=A=—
AE EA

(A.8.3-1)

where

A is the axial deflection (shortening) of the cantilever at the point of foreg application;

=]

F is the applied axial action;
L is the cantilevered length from the hull to the seabed reaction point; see A.8.6.2;

E is Young's modulus.

— Pure moment applied either as a moment or as a couple.at the end of the cantilever: This is used to
derive the second moment of area (/) according! to standard beam theory af given in
Equations (A.8.3-2):

2 2
ML ME ang gy = ME L 2 ME (A.8.3-2)
2EI 2ES EI E6y

where
6 s the lateral deflection @f;the cantilever at the point of moment application;
M is the applied moment;

O\ is the slope of the cantilever at the point of moment application.
It should be recognized that the value of I resulting from the two equations can differ somg¢what.

— Pure shear,“P, applied at the end of the cantilever, which can be used to derive I gccording to
standard-beam theory as given in Equation (A.8.3-3):

PL? PIL?
2E] 2E0p

(A.8.3-3)

L
AAARA~I A~

P is the applied shear;
Op s the slope of the cantilever at the point of shear application.

Using either this value of 1, or a value obtained from the pure moment case, the effective shear area,
Ag, can then be determined using Equation (A.8.3-4):

pI® PL _ 7,8PLI

S A = (A.8.3-4)
3El  AG 3EIS - PL

where G is the shear modulus of steel, G = E/2,6 for Poisson's ratio of 0,3.
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Table A.8.3-1 — Equations for determining the effective shear area for two dimensional structures

Structure Effective shear area
S A
l | s CI 2
Ao | Ay ! A = (1+v)sh
S| —
A /§ | < a3 N 53
24p 64,
[ 4 |
S e
' e (1+v)sh?
Ay A== 3 (3 N
B Ap < < d> h s L_le
» Ap SA, NAg| 3 =
I |
" (1+(V)sh?
c < R
44 124,
e (1+v)sh?
D < si PE n3 3
24n 24, 64,
B 48(1+v)Ig
E Asi dlg)d
S g )h
[ I
Key
S bay height
h centre tp centre of chords‘en face
d length df diagonal brace on face
A area of ghord
Ap area of prage diagonal
Ay, area of prace horizontal

v Poisson's ratio (0,3 for steel)
I largest inertia of chord
Iz largest inertia of brace
N number of active bays

NOTE 1  The stiffness properties are the same for all directions unless the chords have different areas.
NOTE 2  The equations can be inaccurate if significant offsets exist between brace work points.

NOTE 3 The equivalent beam end rotations can be inaccurate for bracing type C. This can be important if this
modelling is used in conjunction with rotational foundation stiffness.

NOTE 4 Based on DNV Class Note 31.5, 1992[A-8.3-1] corrected.
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Table A.8.3-2 — Equations for determining the equivalent section properties

of three-dimensional lattice legs

Leg type

Equivalent properties

A=3Ag;
3
Asy =Ag; = EAsi
A 1 2
ly = 12 = EACI”
1 2
IT = ZASIh
A=4A¢
Asy = Agy = 24
B
Iy =1, = Acih®
2
I = Agih
h
| Z
N Q Ac;
Asi
N Ao
.a \,.\ Y Asy = Ag, = 244
C
N\ / 2
\ J/ It = Agih

Key

Asi | efféctive shear area for two-dimensional structure (from Table A.8.3-1)

Aci Lindividual chord area

As effective shear area about representative axis (y or z)

I second moment of area about representative axis (y or z)

It torsional moment of inertia

NOTE 1  Acican be taken as the cord area including a contribution from the rack teeth (see 8.3.5).

NOTE2 Based on DNV Class Note 31.5, 1992[A-8.3-11 corrected.
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A.8.3.4 Combination of detailed and equivalent leg

The combined detailed and equivalent leg model should be constructed with the areas of interest modelled in
detail and the remainder of the leg modelled as an equivalent leg. To facilitate obtaining detailed stresses in
the vicinity of the leg-to-hull connection (guides, fixation/jacking system, etc.), the detailed portion of the leg
model should extend far enough above and below this region to ensure that boundary conditions at the
'detailed leg'/'equivalent leg' connection do not affect stresses in the areas of interest. Care should be taken to
ensure an appropriate interface and consistency of boundary conditions at the connections.

The plane of connection between the "detailed leg" and the "equivalent leg" should remain a plane and
without shear distortion when the leg is bent. The connection should be composed of rigid elements that
control loca] bending and shear distortion.

A.8.3.5 Stiffness adjustment
No guidanck is offered.
A.8.3.6 Legg inclination

No guidancg is offered.
A.8.4 Modelling the hull

A.8.4.1 neral

Recommended methods of modelling the hull structure are givenidn A.8.4.2 and A.8.4.3. Hull mass mode;
is discussed in A.8.7 and the modelling of hull sagging is discussed in A.8.8.3.

ling

A.8.4.2 Detailed hull model
The model
of the stiffe
and out-of-{

should be generated using plate elements in which appropriate directional modelling of the effect
ners on the plates should be included.-The elements should be capable of carrying in-plane shear
lane moment.

A.8.4.3 Epuivalent hull model

e of
the

In an equiv|
beams. The

alent hull model, the deck, bottom, side shell and major bulkheads are modelled as a grillag
axial and out-of-plane properties of the beams should be calculated based on the depth of

bulkheads,
positioned

structures 4

relative to

side shell and the)"effective width" of the deck and bottom plating. Beam elements shoulg
vith their neutral) axes at mid-depth of the hull. Due to the continuity of the deck and bo

he out-of-plane stiffness. The torsional stiffness should be approximated from the closed

be
tom

nd the dimensions of a typical hull box, the in-plane bending stiffness can be treated as large

box

section of the hull and distributed between the grillage members.

A.8.5 Moq

lelling the leg-to-hull connection

A.8.5.1 General

The leg-to-hull connection modelling is of extreme importance to the analysis since it controls the distribution
of leg bending moments and shears carried between the upper and lower guide structures and the jacking or
fixation system. It is, therefore, necessary that these systems be properly modelled in terms of stiffness,
orientation and clearance. A simplified derivation of the equivalent leg-to-hull connection stiffness can be used
for the equivalent leg (stick model).
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A specific jack-up design concept can be described by a combination of the following components (see also
Figure C.1-1):

a) with or without fixation system;
b) with opposed jacking pinions [see Figure A.8.5-1 a)];
c) with unopposed jacking pinions [see Figure A.8.5-1 b)];
d) with pin and yoke jacking system [see Figure A.8.5-1 c)];
e) |with fixed or floating jacking system.
\ —\/—
,\/
a) Single sided rack and pinion b) Opposed rack and pinion
S R —
=l
I
c) Pin and yoke
Figure A.8.5-1 — Types of elevating system
Representative leg-to-hull connections are shown in Figure A.8.5-2 a) through Figure A.8.5-2 d)} The basic
fundtiep-ef-theleg-te-hul-connestion-is-to-transferforcas-betv ,

© 1SO 2012 - All rights reserved

Horizontal shear is transferred by a set of horizontal forces in the lower guides and/or fixation system.
Vertical force is transferred via a set of vertical forces in the support system.

Bending moment is transferred by a combination of horizontal forces in the upper and lower guides and/or
by a set of vertical forces in the support system.
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=

P

i
>

System includes

— jackcase;

— fixed jacking system with opposed or

\_ £—=F i i 7 unopposed jacking pinions
P

Fy

a) Fixed jacking system without fixation system

al

>

A
DA

: System includes
— shockpads;

‘ — floating jacking system with opposeq or
unopposed jacking pinions

M&’j»Fh
v

b) Floating jacking system without fixation system

A,
b d

— jackcase;

Y,
AR

pvavy

Figure A.8.5-2 (continued)
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System includes

— jackcase;

— jacking system with opposed or unopposed
jacking pinions;

— fixation system

c) Jacking system with fixation system

)_Z_ 1 System includes

IS

&)/
0]

— jackhouse;

— upper and lower yokes;

— upper and lower shockpads;

i\
2 . — jacking cylinders;

— jacking pins

d) Pin and yoke jacking system

upper guide reaction
lower guide, reaction
pinion reactions

jacking pin reactions

1

2

3

4 |fixation system reactions
5

FV

axial force in leg at lower guide
F,, shear force in leg at lower guide
M  bending moment in leg at lower guide

Figure A.8.5-2 — Representative leg-to-hull connections

For jack-ups with a fixation system, the leg bending moment is shared by the upper and lower guides, the
jacking system and the fixation systems. Normally, the leg bending moment and the axial force at the leg-to-
hull connection due to the environmental actions are transferred largely by the fixation system because of its
high stiffness. Depending on the specified method of operation, the stiffnesses, the initial clearances and the
magnitude of the applied forces, a portion of the environmental leg loading can also be transferred by the
jacking system and the guide structures. After the fixation systems are engaged, some jack-ups release the
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pinions by disengaging the jacking system. Under this condition, the leg bending moment is shared by the
upper and lower guides and the fixation systems. A complete typical shear force and bending moment
diagram is shown in Figure A.8.5-3, with a more detailed representation shown in Figure A.8.5-4 a). The
diagram below the lower guide is independent of the leg-to-hull connection.

For jack-ups without a fixation system, the leg bending moment is shared by the jacking system and guide
structure. For jack-ups with a fixed jacking system, the distribution of leg moment between the jacking system
and guide structure mainly depends on the stiffness of the jacking pinions. Typical shear force and bending
moment diagrams for this configuration are shown in Figures A.8.5-4 b) and A.8.5-4 c).

For a floating jacking system, the distribution of leg bending moment between the jacking system and guide

structure d¢pends on the combined stiffness of the shock pads and pinions. Typical shear force and ben

moment diggrams for this configuration are shown in Figure A.8.5-4 d).

The leg-to-hull connection should be modelled considering the effects of guide and support system clearar
wear, cons

Key

1
2
3
4
N
M

ding

ces,

uction tolerances and backlash (within the gear train and between the drive pinionjand the rac
4 5 6\
N S M
2 % 7
1 é%
% -
lower guide shear force without lower guide contact

fixation system lower
jacking pinion

upper guide

shear force
bending moment

0 N o O

shear force with lower guide contact

shear due to wave/current action

net shear or bending moment

Figure A.8.5-3 — Complete leg shear force and bending moment — Jack-ups with a fixation system
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4 5 6
S M
R A
] S
e

2 / /

1

a) Jack-ups with a fixation system
4 8 S M

S —— —

b) Jack-ups without a fixation system and having a fixed jacking system with opposed pinions

4 8

N

- e .,

S M

. —

c) Jack-ups without a fixation system and having a fixed jacking system with unopposed pinions

Figure A.8.5-4 (continued)
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4 10 S

N

— N

M

o
1 ]

d) Jack-ups without a fixation system and having a floating jacking system

—_—

Ke

1 Y lower gdiide 6  shear force with lower guide contact
2 fixation pystem lower 7  opposed pinions

3 jacking pinion 8  jack case rigidly fixed to hull

4 upper ghide 9  unopposed pinions

5  shear fdrce without lower guide contact 10 jack case floating.on‘shock pads

S shear fdrce

M  bendind moment

Figure A.8.5-4 — Leg shear force and bending moment within the leg-to-hull connection

If the jacking system has unopposed pinions, local chierd moments arise due to
— the honjzontal pinion force component (du€ te the pressure angle of the rack/pinion);
— the vertical pinion force component agting at an offset from the chord neutral axis.

The techniques in A.8.5.2 to A.8.5.7 ‘are recommended for modelling leg-to-hull connections (specific data for
the various Jparts of the structure-can be available from the design data package).

A.8.5.2 Guide systems

The guide gtructuressshould be modelled to restrain the chord member horizontally only in directions in which
guide contdct occurs."The upper and lower guides can be considered to be relatively stiff with respect tq the
adjacent stjucture;such as jackcase, etc. The nominal lower guide position relative to the leg can be derjved
using the synmrofleg penetrahon water depth and huII elevation. It is, however, recommended that at least|two
positions be-cevered-when-assessinglog-strength—one-at-a-hrode-anrd-the-etheratmidsps v for
uncertainties in the predlct|on of leg penetration and possible differences in penetratlon between the legs.

The finite lengths of the guides can be included in the modelling by means of a number of discrete restraint
springs/connections to the hull. Care should be taken to ensure that such restraints carry reactions only in
directions/senses in which they can act. Alternatively, the results from analyses ignoring the guide length can
be corrected, if necessary, by modification of the local bending moment diagram to allow for the proper
distribution of guide reaction; see Figure A.8.5-5. The bending moments in the chord members at the guides
determined from a finite element analysis ignoring the guide length, as in Figure A.8.5-5 a)i) and b)i), can be
corrected using beam analysis for the simplified guide reactions, as shown in Figure A.8.5-5 a)ii) and b)ii).
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i) Guide reaction ignoring guide length ii) Simplified distribution of the guide|reaction
a) Guide mid-bay
— 2F/h
S
e
/ \
F o/ A
/ | yd
—‘_’ ~ ] ~
\ /
\\\ - /
<>
i) Guide reaction ignoring guide length ii) Simplified distribution of the guide|reaction
b) Guide at node
Key
F|guide reagtion
h  |guide length
bayheight

A.8.5.3 Elevating system

A.8.5.3.1  Jacking (or elevating) pinions

The jacking pinions should be modelled using the manufacturer specified pinion stiffness, and should be
modelled so that the pinions can resist vertical and the corresponding horizontal forces. A linear spring or
cantilever beam can be used to simulate the jacking pinion. The force required to deflect the free end of the
cantilever beam a unit distance should be equal to the jacking pinion stiffness. The offset of the pinion/rack
contact point from the chord neutral axis should be incorporated in the model.
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A.8.5.3.2

Other elevating systems

Elevating system designs not included above should be modelled using stiffness values obtained from the
manufacturer/designer, by appropriate system testing or by rational analysis with due consideration of
member interface gap spacing and mechanical component stiffness.

A.8.5.4 Fixation system

The fixation system should be modelled to resist both vertical and horizontal forces based on the stiffness of
the vertical and horizontal supports and on the relative location of their associated foundations. It is important

that the mqdel reflects the local moment strength of the fixation system arising from its finite size and

number and

A.8.55 S

Floating jag
the other af
pinions. Th
elevated c
configuratio
manufactur

location of the supports.

hock pad - Floating jacking systems

king systems generally have two sets of shock pads at each jackcase, one located’at the top
the bottom of the jackhouse. Alternatively, shock pads can be provided for each)pinion or blog
b jacking system is free to move up or down until it contacts the upper or lower shock pad. In
pnfiguration, the jacking system is in contact with the upper shock pad and in the tre
n it is in contact with the lower shock pad. The stiffness of the shock.pad should be based on
er's data and the shock pad should be modelled to resist vertical<force only. It should alsg

recognized [that the shock pad stiffness characteristics are normally non-linear’and can change significa

over time.

A.8.5.6 Jackcase and associated bracing

The stiffnegs of the jackcase and associated bracing should bemodelled accurately since it can have a d
impact on the distribution of horizontal forces between the .guides and the jacking system. If the hull is
modelled, if is normally sufficient to restrain the base of-the jackcase and associated bracing, as well as
foundationg of the fixation system and the lower guide structures at their connections to the hull.

A.8.5.7 Epuivalent leg-to-hull stiffness

The determination of stiffnesses for the equivalent leg-to-hull connection model can be accomplished by
following means.
— The agpplication of unit load cases to a detailed leg model in combination with a detailed leg-to
connedtion model in accordance with 8.3.2 and 8.5: Unit load cases are applied as described in A.8
ctive stiffness of the_connection can be determined from the differences between the results 1
ailed leg model-alone (see A.8.3.3) and those from the detailed leg plus leg-to-hull conneq
bs follows.

ial unit load ‘case: This case is used to determine the vertical leg-to-hull connection stiffness,

m the.axial end displacements of the detailed leg model, 4, and the axial end displacements o
mbined leg and leg-to-hull connection model, 4., under the action of the same unit load cas
givén in Equation (A.8.5-1):

T,

th = F/(AC - A)

Pure moment applied either as a moment or as a couple: This case is used to derive the rotational

the

and
k of
the
nsit
the

be
ntly

rect
not
the

the

hull
3.3.
rom
tion

th

the
F,

(A.8.5-1)

leg-

to-hull connection stiffness, K,;, from either the end slopes, 6, and 6, or the end deflections, and J,

of the two models under the action of the same end moment, M, as given in Equation (A.8.2-2):
Kin=MI/(0c — 0)) or Ky, = ML/(6g — 0)

Pure shear, which can be used to determine the horizontal leg-to-hull connection stiffness, K,

(A.8.5-2)

in a

similar manner, accounting for the rotational stiffness already derived: Normally, the horizontal leg-to-

hull connection stiffness can be assumed infinite.
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If the model contains non-linearities, e.g. due to the inclusion of gap elements, care should be taken to ensure
that suitable magnitudes of unit load cases are applied to accurately linearize the connection stiffness for the
final anticipated displacement including wind actions, etc.

A.8.6 Modelling the spudcan and foundation

A.8.6.1 Spudcan structure

When modelling the spudcan, rigid beam elements are considered sufficient to achieve an accurate transfer of
the seabed reaction into the leg chords and bracing. It should be noted that, due to the sudden change in

stiffi
mod
mer

For
con

A8

Unl
spu

a)
b)

The)
and
stat

The|
hori
poin
sea
detr

1TSS, ti ICSC IIQIL.II IL.)Udlllb Udll Cadustc dltlflbld“y illyil Dtl CooFCS di t;IU iUg 1lU Dpuljbdll bUIIIIUbtiUI 15,
elling and selection of element type should be carefully considered when an accurate calcu
hber stresses is required in this area.

Hence, the
ation of leg

a strength analysis of the spudcan and its connections to the leg, a detailed model with approprigte boundary

jitions should be developed. This analysis can be performed on an independent model of the spudc

6.2 Seabed reaction point

@ss geotechnical analyses demonstrate otherwise, the vertical positioh of the reaction po

ican should be located at a distance above the spudcan tip equivalent to
half the maximum predicted penetration (when spudcan is partially penetrated); or

half the height of the spudcan (when the spudcan is fully.penetrated).

an.

int at each

legs of an independent leg jack-up can be either<assumed to be pinned or supported with {ranslational

rotational foundation springs at the reaction point. The assumed boundary conditions shoul
bd together with the assumptions for any moment fixity provided to the spudcans by the soil.

spudcan geometry, sloping seabeds, bottom obstructions, existing spudcan holes, etc., ¢
vontal eccentricity of the spudcan suppert: In such cases, the horizontal position (eccentricity) of
t used in the analysis should be established through calculations that consider the spudcan gg
ped topology under the action of preload and should, normally, only be taken into account w
mental to the assessment results. In such cases, the strength of the spudcan should also be con

1l be clearly

Bn result in
the reaction
ometry and
here this is
Sidered.

Nor-symmetrical geometries'shiould be specially considered.

Further discussion on seabed reaction is contained in Clause 9.

A.8/6.3 Foundation modelling

d further in
reas of the

Methods of ‘establishing the degree of rotational restraint, or fixity, at the spudcans are discusse
Clalise 9%and A.9. Upper or lower bound values should be considered as appropriate for the &
strupturewunder consideration.

When it is necessary to check the spudcans, the leg-to-can connection and the lower parts of the leg,
appropriate calculations should be carried out to determine the upper bound spudcan moment considering
soil-structure interaction. These areas can be checked conservatively by assuming that a percentage of the
maximum storm leg moment at the lower guide (derived assuming a pinned spudcan) is applied to the
spudcan together with the associated horizontal and vertical seabed reaction forces. This percentage is
normally not less than 50 %. For such simplified checks, the spudcan-soil interaction can be modelled
assuming that the soil is linear-elastic and incapable of taking tensile stress.

For earthquake screening analyses, the simplest adequate spudcan-soil models should normally be used.
These models should incorporate the maximum interpreted small strain stiffnesses and capacities (see
Clause 9). Soil stiffness degradation should not normally be included in an earthquake screening analysis.
More detailed spudcan-soil interaction representations may be used.
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A.8.7 Mass modelling

The vertical distribution of mass is important for all dynamic analyses as it affects the lateral inertial actions.
Care should be taken when modelling the hull mass to ensure that the horizontal distribution of mass is
correct as it affects the yaw response. This is important particularly in fatigue and earthquake analysis. The
cantilever position should be considered when distributing the mass.

For earthquake assessments, the spudcan internal entrapped mass should be included in the mass model
and the spudcan added mass (surrounding water and/or soil) should be included where significant.

Normally, the correct functional actions cannot be simply obtained from a mass model of the hull and legs with
the applicafion of gravity since it is not possible to consistently account for buoyancy, marine growth,cadded
mass, entrapped water, etc. If the mass model is used to develop the functional actions and-dynamic
response, then extreme care should be taken to ensure that the proper corrections are made to the)functipnal
actions. Se¢ A.8.8.2 and A.8.8.3.

A.8.8 Application of actions

A.8.8.1 sessment actions
din
hnd,
the

The assesgment follows a partial factor format. The partial action factors are applied to the actions define
other clausegs (i.e. they are action factors, not action-effect factors). The jaCk-Up response is non-linear
hence, the ppplication of the combined factored actions does not in general develop the same result as

factored co

The actions

A8.82 F

The actions
to represen
multiplied &
combinatior
redistributio
distribution
be used.

The mass 4
functional 3
water, etc.

In benign 3
assessmen
In such ca
configuratig
reactions u

bination of individual action effects.

and action effects are discussed in turn below.

Linctional actions due to fixed load and variable load

on the hull due to fixed load and variable load should be applied to the model in such a manng
t their correct vertical and horizontal distribution. The hull functional actions are the hull mas
y the vertical gravitational acceleration. The hull mass distribution can be represented &

n of the hull weight is used to correct for hull sag moment (A.8.8.3), the correct horizontal we
can be compromised; when this\is undesirable, one of the alternative approaches in A.8.8.3 sh

nd weight modelling of the legs is more complex than for the hull (see A.8.7). Separate mass
ction models shouldZconsistently account for buoyancy, marine growth, added mass, entrag

reas, the ULS environment is sometimes within the defined SLS limits for the jack-up and
metocean)conditions do not exceed the limits for changing to the elevated storm mode (see

ses, the assessment should be for the ULS environment and the proposed operating m
ns;/€.g. with increased variable load, cantilever extended and unequal leg loads. Individua
hder the functional actions can approach the preload reaction. A small additional leg reaction

ras
Ses

y a

of self-generated mass and applied point masses at the node points of the model. When

ight
buld

and
ped

the
b.3).
ode

leg
due

to environmental actions can then result in additional spudcan penetration.

When the operations manual permits the variable load to be increased as metocean conditions reduce, the
jack-up should be assessed to the ULS for operational environments and/or lower return periods (see 5.3).
This is of particular importance in areas where significant additional penetrations are possible.

A.8.8.3 Hull sagging

When a jack-up is installed on site, the legs normally engage the seabed with the hull supported by its own
buoyancy in a hogged condition. Subsequently, with the hull slightly clear of the water, preload ballast is taken
on board thus preloading the legs to achieve their final penetration. This normally leads to an extreme hull
sagging condition. Finally, the preload ballast is dumped and the hull elevated to the required elevation for the
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site. In this configuration, the hull is sagging under self-weight and variable load. The leg shear and bending
moments caused by hull sagging are very dependent on leg guide clearances, the design and operation of the
jacking system operational parameters, etc. Such moments should be considered in the assessment analyses,
and are larger in shallow waters where the leg extension below the hull is small and consequently the leg
bending stiffness is higher.

An FE model with distributed hull stiffness and distributed functional actions incorporates hull sag effects if the
functional actions are applied to the jack-up in its initially undeflected shape at the operating hull elevation.
The hull sag moment is generally overpredicted by this modelling technique and may be reduced by up to
75 % of the value that would be obtained from an analysis using a hull model with

a) [the maximum extreme storm weight distributed according to A.8.8.2;

b) |guide clearances set to zero; and

c) [the elevating system loads equalized within each leg.

Thelreduction of the hull sag moment should be achieved by one or more of the following:
— |applying correcting moments to the hull in the vicinity of each leg;

— |redistributing the hull weight, whilst maintaining the correct centre éf)gravity;

— |including realistic guide clearances; and/or

— |adjusting position of the spudcan reaction point (prescribed displacement).

Methods that affect the stiffness of the model such.ras increasing the hull stiffness or incfeasing the
compliance at the base of the legs should be avoided:

If tHe jack-up is to be operated in an area where the assessment storm falls within its operatirlg limits (as
opppsed to between operating and survival limits, see 5.3), and for all earthquake assessments, the hull sag
morhent should be based on the operating.condition. This is found as above with the addition of the full effects
due|to the increase in hull weight and the'revised distribution, e.g. 25 % of the initial hull sag plus 100 % of the
sag|due to the change to the operating condition.

A.8]8.4 Metocean actions

A.8/8.4.1 Wind actions

Wind actions are-determined from 7.3.4. The wind actions on the legs above and below the hu|l should be
modelled to represent their correct vertical and horizontal distribution. Actions can be applied as djstributed or
as phodal actions. Where nodal actions are used, a sufficient nhumber should be applied to| reflect the
distributed nature of the actions, and it should be ensured that the correct total shear and overturnjng moment
are pchieved on each leg.

Similarly, the wind actions on the hull and associated structure can be applied as distributed or as nodal
actions. The application should also ensure that the correct total shear and overturning moment on the hull
are achieved.

A.8.8.4.2 Wavel/current actions

Wave/current actions are determined from 7.3.3. The wave/current actions on the leg and the spudcan
structures above the sea floor should be modelled to represent their correct vertical and horizontal distribution.
Where nodal actions are used, their application should ensure that the correct total shear and overturning
moment are achieved on each leg, and reflect the distributed nature of the actions.
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A.8.8.5

Inertial actions

A deterministic dynamic storm analysis requires the explicit determination of an inertial loadset, F;, (see

Clause 10).

This loadset should be applied to the model in combination with the other actions.

For the SDOF approach, Fi, is applied to the hull as lateral force(s) acting through the hull centre of gravity.

When the inertial loadset is derived from a random dynamic analysis, the applied loadset should match both
the inertial base shear and the inertial overturning moment. This can be accomplished by a combination of

a) lateral

b) lateral
actions
c) correct
The ratio o
should not
moment du

moment req
moment in

Forces or moments due to inertial actions should normally be applied only to structure above the lower gu

Internal leg
application

NOTE L

A.8.86 L
There are t

lateral
and

— Euler a
The assess
effects are
member co
account for

ar () aetina-an-thae-b
OTrCC S/ attmg o aICTTalT;

force(s) acting equally on all the legs above the upper guide in the direction of the_metog
; and

ng moment(s) applied as a horizontal or vertical couple(s) to the hull.

the total lateral forces acting on the legs above the hull to the lateral forees acting on the
bxceed the ratio of the mass of the legs above the upper guide to the t6tal mass of the hull.
b to the lateral forces applied to the legs above the upper guide should”not exceed the correg

uired to match the overturning moment, i.e. when applying the forces'in b) above, the correq
L) should increase the overturning moment.

forces and foundation forces are both important aspects of a site-specific assessment
bf inertial actions to the legs below the lower guide directly’affects these in an unrealistic mann

he application of the inertial loadset using concentrated forces can result in spurious local stresses.

hrge displacement effects
vo displacement effects that it is necessary to capture:

Hisplacement of the hull causes the-functional actions to increase global OTM (global P-A effe

mplification of local member forces increases member stresses (local p-6 effects).
or should be cognizant of how specific software includes these effects. Global displacen
normally accounted for as described below. Euler amplification is frequently accounted fq
e checks through use of the member moment amplification factor B (see A.12.4). Some meth
only global effects, while other methods account for both global and local effects.
isplacement methods:

b "displacement methods, the solution is obtained by applying the load case in increments

ean

hull
The
ting
ting

ide.
and
br.

Cts);

hent
rin
ods

and

generating the stiffness matrix for the next load case increment from the deflected shape of the prev

ous

increment, iterating on each step if necessary. This method accounts for both global displacement and

mplification effects such that B = 1,0 in the moment amplification equations (see A.12.4).

Geometric stiffness methods:

Geometric stiffness methods incorporate a linear correction to the stiffness matrix based on the axial
forces present in the elements. It is important that the assessor understand specifically which large
displacement effects the software approximates (global and perhaps local) so that the correct value of B

a) Larged
In larg
Euler a

b)
can be
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chosen for use in the moment amplification equations (see A.12.4).
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Negative spring method:
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A simplified geometric stiffness approach allows linear-elastic incorporation of P-A effects in an FE
program without recourse to iteration. In this approach, a correction term is introduced into the global
stiffness matrix prior to analysis. When the analysis is complete the hull deflections, leg axial forces and
leg bending moments include the global P-A effects. The derivation of the method is described in

ISO/TR 19905-2:2012, A.8.
correction term is

—P_/L

whe

Thig

proportional to the structural deflection. The resulting (additional) base, overturning moment is

time

The
tran
are
the

If th
ove
leg
whs
four
reag
bety

Thel
loca

for amplification of localmoments (see A.12.4).

A.8

The)
acti
sup

re

P

9 is the sum of the leg forces due to functional actions on legs at the hull including the w

legs above the hull;
L is the distance from the spudcan reaction point to the hull vertical centre.of gravity.

negative stiffness correction term applied at the hull produces an‘additional lateral force

s the hull displacement.
negative stiffness is incorporated into the global stiffness matrix by attaching orthogong

pttached to the hull in the vicinity of each leg, using the total spring stiffness divided by the nu
orsional stiffness is also corrected.

e negative spring(s) are earthed, the additionalclateral force (due to the negative stiffness term
rprediction of the horizontal leg reactions. Typically, this is not critical and the horizontal reacti
can be reduced by an amount equal to the force in the spring divided by the number of leg

dation reactions and results in erroreous foundation responses. The overprediction of the hq
tions can be avoided if sets of ‘negative horizontal springs are defined for each leg and
veen the hull and the spudcan.

application of negative springs to the model accounts for global displacement effects but does
| Euler effects for individual members; therefore, code checks should include appropriate term

8.7 Conductor actions

conductor)actions can be applied as static forces. The reaction due to the tension and hy
bn on.the” conductor should be included in the jack-up's global analysis model and applied
pbort‘point on the hull.

Slational spring elements to a node(s) representing the huli*centre of gravity. If sets of orthogzl)

eight of the

at the hull
equal to Py

| horizontal
nal springs
ber of legs,

causes an
bns at each
5. However,

n non-linear foundation elements arelused, the earthed-spring approach overpredicts th¢ horizontal

rizontal leg
connected

not include
b to account

drodynamic
through the

The effects of stiffness and damping in the conductor are not generally modelled in a jack-up structural
assessment because they normally have negligible influence on the global jack-up response.

Structural integrity assessment of an individual conductor is outside the scope of this part of ISO 19905.

A.8.

8.8 Earthquake actions

No guidance is offered.
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A.9 Foundations

A.9.1 Applicability

No guidance is offered.

A.9.2 General

No guidance is offered.

A.9.3 Geg

A9.31 F

A.9.3.11

In 9.3.1 and

respon

The respon
model. Dyn
included in
models that

technical analysis of independent leg foundations
pundation modelling and assessment

General
A.9.3.1 are addressed the approaches to foundation modelling for

5e analysis;

foundation assessment checks.

se analysis should incorporate dynamic effects using ascompatible or conservative foundd

the analysis. There is a specific set of foundation assessment checks for each of the founds
can be selected for the response analysis, as shown.in Table A.9.3-1.

The found
spudcans.
30° to the
(see Figure
manufactur
diameter. T
on the legs
spudcans W

g
v

NOTE

ions of independent-leg jack-ups approximate large inverted cones, commonly known

t
%oughly circular in plan, spudcans typically-have a shallow conical underside (in the order of 14

orizontal) and can have a sharp protruding point. Other spudcan geometries are not uncom
A.9.3-1). Large jack-up spudcans can be in excess of 20 m in diameter, with shapes varying
br and jack-up. Non-circular spudcans can be approximated by means of a disc with equiva
he foundation capacity equations given in A.9.3.2 are applicable to circular spudcans. Skin frig
or spudcan is often ignored.«Due consideration should be given to the tapered geometry of 1
hen assessing the foundation capacity.

ymbols that are not defined in the text can be found in A.4.9.

tion

amic effects can either be applied by means of a set. of added inertial actions or be dirgctly

tion

as
°to
non
with
lent
tion
nost
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Figure A.9.3-1 — Typical spudcan geometries
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A.9.3.1.2

Approaches to foundation assessment

The jack-up and its foundation can be assessed using any of the fixity treatments in Table A.9.3-1. The overall
assessment procedure of the jack-up is given in Figure A.10.4-2.

There are certain cases that are not covered in the checks described above, which should be considered
separately; some of the more common examples are listed below.

— Cases where the long-term (drained) soil bearing capacity is less than the short-term (undrained) capacity,
e.g. for overconsolidated clays or cohesive silts with significant sand seams.

— Cases
signific

— Cases
due to

— Cases
inadeq

If any of thg

above circumstances exist, further analysis should be carried out.

where a reduction of soil strength occurs due to cyclic loading. This can be of partiqular
Bnce for silty soils and/or carbonate materials.

where an increase in spudcan penetration occurs and a potential for punch-through. exists, |e.g.
cyclic loading.

where horizontal seams of weak soil are located beneath the spudcan“that can resujt in
ate horizontal (sliding) capacity and sliding instability.

In the casg¢ of partial embedment of a conical spudcan, e.g. in sandy~Soils, after preloading, additipnal

spudcan en

assessment checks.

Table A.9.3-1 — Approaches to foundation assessment

nbedment can result in a considerable increase in foundation ‘eapacity, which can be used inf the

Fixity treatment in Foundation assessment Acceptance Subclause
response analysis category
Simple preload check, .
(both are subject to Jimitations) ’ P R
Pinned Bearlqg and sliding checks using vertical-horizontal Level 2; Step 2a A93.6k
capacity envelope
Displacemientcheck using the vertical-horizontal
capacity~envelope and load-penetration curve; should Level 3; Step 3a A.9.3.6)6
alsomeet the Level 2; Step 2a sliding checks
Be_arlng and §I|d|ng checks (uses the same procedure Level 2; Step 2b A936l5
Sinple interaction/2|:@s in Level 2; Step 2a)
surface (secant Displacement check using the vertical-horizontal
mogel) capacity envelope and load-penetration curve; should Level 3; Step 3a A.9.3.6)6
Fixity also meet the Level 2 sliding checks
Full interaction Foundation checks are implicit in the non-linear model; | Level 2; Step 2¢ A.9.3.6/5
SUI al’T (le:d ohuu:d G:OU IIIUUt t: 1T LUVU: 2 O:;d;lly bhculr\e uII:UDo Ul
interaction model) |implicitly included Level 3; Step 3b A.9.3.6.6
Continuum Foundation checks are implicit in the non-linear model | Level 3; Step 3b A.9.3.6.6
A.9.3.1.3 Simple pinned foundation

Pinned foundation treatment incorporates a simple preload and sliding check (both subject to limitations).
Otherwise a check on foundation capacity in terms of vertical-horizontal capacity and sliding capacity should
be performed.
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This foundation fixity treatment incorporates a check on foundation capacity in terms of vertical-horizontal
capacity and sliding capacity. The amount of rotational fixity is not directly involved in a checking equation.
However, the moment, bearing and sliding interaction is implicitly checked through the use of the yield surface
function. Vertical-horizontal and sliding capacities should still be checked explicitly through the procedures
described in A.9.3.6.

A.9.

The

3.1.5 Non-linear vertical, horizontal and rotational stiffness

vertical harizontal and moment interaction is implicitly checked through the use of the yield interaction

mod
mod

A.9
Thidg
ben

stra
acc

A9
A9

A9

The
follg

a)

b)

el as described in A.9.3.4.2.4. No other checks are required providing that sliding is incorpo|
el.

3.1.6 Non-linear continuum foundation model

model should not be used unless one of the simpler analysis methods above.has been used
chmark for the results. The soil model should be capable of capturing thé\non-linear behay
n levels expected in the response. The interface between the spudcan and the soil should be
punt for effects such as sliding due to insufficient friction.

3.2 Leg penetration during preloading

3.2.1  Analysis method

3.2.1.1 General

conventional procedure for the assessment;of spudcan load/penetration behaviour is ¢
wing steps.

Model the spudcan.

Compute the gross ultimate vertical bearing capacity, Oy, of an open hole for various dg

bearing area below sea floor.using closed form bearing capacity solutions for the best ¢
strength profile. Lower apd\Upper bound soil strength profiles should also be used to
implications of the range(of spudcan penetrations.

Use Equations (A.9.3;1) to convert the gross ultimate vertical bearing capacity at each d
available structucal'spudcan reaction, 7|, by deducting, when appropriate, the submerged w

backfill, Wgpnand adding the soil buoyancy of the spudcan below bearing area, Bg, C3
Bg = yVp.asdescribed in A.9.3.2.1.5.

K= Oy + Bg (with no backfill)

rated in the

o provide a
iour for the
modelled to

ven in the

pths of the

Stimate soil
assess the

epth to the
eight of the

Iculated as

d)

e)

'yL = QV = 'VVBF - ES (Wii.il IUdbklrI“)
See A9.3.2.1.4.

Plot the available structural spudcan reaction, /| as a curve against penetration, accoun

(A.9.3-1)

ting for the

distance of the spudcan tip beneath the depth of the bearing area by increasing the penetration used in

the capacity calculation by this distance. The curve should extend to a suitable depth

beyond the

expected penetration. This depth should normally be 1,5 times the expected penetration or to the

penetration associated with 1,5 times the preload reaction.

Enter the curve of available structural spudcan reaction versus spudcan penetration with the maximum

preload reaction at the spudcans and read off the predicted spudcan penetration.
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A.9.3.2.1.2 Modelling the spudcan

For conventional foundation analyses, the spudcan can often be modelled as a flat circular foundation. The
equivalent diameter is determined from the area of the actual spudcan cross-section in contact with the sea
floor, or where the spudcan is fully embedded, from the largest cross-sectional area in plan (see
Figure A.9.3-2). Foundation analyses are then performed for this circular foundation at the greatest depth, D,
of the maximum cross-sectional area in contact with the soil.

Since the depth of spudcan penetration is normally reported and presented as the distance from the spudcan
tip to the sea floor, care should be taken to use the appropriate value in the analysis and presentation of
results.

Conical shJapes are discussed in Annex E. Other configurations, e.g. rectangular spudcans or legs”with
significant gkin friction, can require alternative treatment.

When a pgnetration analysis uses bearing capacity factors that account for the conical dnderside of| the
spudcan, af each depth the equivalent cone angle (5, Figure A.9.3-3 and Annex E) for the@mount of spudcan
penetrated should be evaluated. With reference to Figure A.9.3-3, the equivalent cone, should be taken such
that

— the digmeter, B, of the cone at its top gives an area equal to the largest plan cross-sectional areja in
contact with the soil;

— the corje angle should be determined so as to enclose the same volume as that of the spudcan below the
sea flogr; and

— once the largest plan area is mobilized, the volume and equivalent cone angle remain constant.
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a) Actual spudcan — Partially embedded b) Actual spudcan — Fully embedded

Fy Fy
RIS RO R
Q
N AN
c) Equivalent modél — Partially embedded d) Equivalent model — Fully embegdded

A |effective bearing area based on cross-section taken at uppermost part of bearing area in contact with soi
B |effective spudcan diameter
D |greatest depth of maximum cross-sectional spudcan bearing area below the sea floor

s, ical § . it hi | I

Figure A.9.3-2 — Spudcan foundation model
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Bmax Bmax

4
B B
a) Tip penetration only b) Partial penetration of main cone

Bmax

B = Bmax

c) Fully seated at sea floor

Bmax

B = Bmax

d) Fully seated beneath sea floor

Key
B ax Maximum effective spudcan diameter

B effectivg spudcan diameter

D  greates| depthref*maximum cross-sectional spudcan bearing area below the sea floor
B effective cone angle

NOTE 1 Effective cone indicated by dashed lines.
NOTE 2 Based on Martin, 1994, Reference [A.9.3-1].

Figure A.9.3-3 — Calculating an equivalent conical spudcan for various embedments

A.9.3.2.1.3 Modelling the soil

The soil beneath the spudcan fails as the foundation is loaded during preloading until equilibrium is achieved
at the end of the preloading operation. Figure A.9.3-4 shows different failure mechanisms for various soil
conditions, which range from conventional bearing capacity failure in uniform soils, potential punch-through for
layered soils, squeezing, and combinations of all of these mechanisms. The soil model should be sufficiently
accurate to represent the behaviour of spudcan and soil characteristics during preloading.
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The appropriate soil model should be used for layered soils to account for the effects of punch-through or
squeezing, e.g. local failure of a weak layer between two stronger layers. It is mentioned that a man-made
punch-through condition can be created as a result of soil consolidation occurring during pauses in leg
penetration whilst the spudcan is loaded to less than full preload. Such pauses can occur during installation
operations or geotechnical investigation from a jack-up prior to full preloading.

The analysis methods in A.9.3.2.1.4 to A.9.3.2.6.6 address the failure mechanisms shown in Figure A.9.3-4.

l Y

///’/’ \\‘\\\\
A\ 7 i i
AN —_— 74 N > J/
a) Conventional bearing capacity failure: b) Deep bearing capacity: uniform soil

uniform soil

i 7%

S N

c) Squeezing d) Punch-through

L

A\ 7
S LA

g T

e) Punch-through:(with trapped soil plug) f) Punch-through (with trapped soil pjug) and
squeezing

Figure A.9.3-4 — Spudcan bearing failure mechanisms

A.9{3,.2.1.4 Backfill

With reference to Figure A.9.3-5, soil backfill on top of the spudcan can result from backflow or infill.
Regardless of the mechanism, this soil

a) increases penetration if it occurs during preloading;

b) reduces capacity available to support downward structural loads at the spudcan if it occurs after
preloading;

c) always increases the uplift resistance.

Backflow is the soil that flows from beneath the spudcan, around the sides, and onto the top and is more likely
to occur in clays than in sands. Backflow can occur at shallow penetrations, but is more likely to occur at
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deeper penetrations. In very soft clays, complete backflow is likely to occur. In firm to stiff clays and granular
materials, where spudcan penetration is expected to be small, the possibility of backflow diminishes. In
general, backflow due to additional penetration during elevated operations is not expected to occur. If it is
predicted, the effects should be taken into account.

Infill is the soil on top of the spudcan that results from cavity wall collapse or sediment transport, e.g. where
there is a sand veneer over clay. Cavity wall collapse can occur during or after preloading; sediment transport
is only of significance after preloading. Cavity wall collapse can occur slowly or suddenly. If it occurs suddenly
during preloading, it can cause a rapid increase in penetration.

Key

1 backfloy
2

3 infill - s4
4  region §
5 region {

NOTE B

The submsg
additional p

Backfill that
This backfil
Conversely

The minimy
depth of
Equations (

infill - wall failure

V

diment transport
ubject to infill processes
ubject to backflow

ackfill includes backflow and infill.

Figure A.9.3-5 — Backflow and infill

rged weight of backfill (Wggy) during preloading loads the top of the spudcan and result
enetration.

occurs after preload-has been applied and held (WBF‘A) provides additional weight on the spug
reduces the verticalreaction that the foundation can support to resist the overturning monm
any subsequent\backfill increases the available uplift capacity of the windward leg(s).

m value of the backfill weight due to backflow during preloading, Wgg omin, depends on the lim
cavity, Hg),, that remains open above the spudcan during penetration as given
A.9.32):

ek omin =7 TAD — Heay) = (Vspud = VD) (with backflow, i.e. Wgg omin always positive)

S in

can.
ent.

ting
in

WBE omin =0 (with no backfill) (A.9.
where

Vspua IS the total volume of the spudcan beneath the backfill;

b is the volume of the spudcan below the maximum bearing area that is penetrated into the

refer to Figure A.9.3-6; V7, is zero for a flat-based spudcan.

3-2)

soil,

Care should be taken when calculating V4 when the spudcan is not fully covered with backflow material;
refer to Figure A.9.3-6.
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Key

AN OT P>

For

Equation (A.9.3-3)from Hossain and RandolphlA-9-3-2] can be used to estimate H,,. This express
supporting data‘are graphically presented in Figure A.9.3-7. Equation (A.9.3-4)

mulf

————— <
A B C
)
ZW ™
—————— <
-

partial spudcan penetration

full spudcan penetration with partial backfill

full spudcan penetration with full backfill

the total volume of the spudcan below the backfill, Vspud

the volume of the spudcan below the maximum bearing area that is penetrated into the soil, V'
depth of cavity that remains open, above spudcan, H,,

greatest depth, D, of maximum-cross-sectional spudcan bearing area below the sea floor

Eigure A.9.3-6 — Definition of spudcan volumes

a single-layer clay) ‘with uniform shear strength or shear strength increasing with depth af a rate, p,

i-layer clays with moderate changes of strength, iterating to establish consistent values for A, /4

[B=25055_025¢

Hca \%

whe

HegyIB = [sun /(7" B)I?® — 0,255 /(7' B)]
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\
g —| Sum .
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syn is the undrained shear strength at a depth of 4, below sea floor,

sym 18 the undrained shear strength at the sea floor.
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The onset of backflow marks the transition between shallow and localized failure mechanisms. In the absence
of infill, the bearing capacity factor becomes independent of depth for penetrations exceeding the limiting
cavity depth, A,

In addition to affecting the vertical reaction beneath the spudcan during preloading, the degree of backflow
influences the embedment condition of the spudcan and, hence, the uplift resistance (see A.9.4.5), horizontal
and moment restraint and, therefore, the yield surface (see A.9.3.3.3).

In silica sand, it is unusual for a conical spudcan to penetrate beyond its widest point. However, if this is
predicted, the potential for soil infilling on top of the spudcan should be considered during preloading (as the
soil assumes its angle of repose)

S = (sumly'B)1-P4) 4

0(1),001 0,01 0.1 1 10 / —
' d %ﬁé 3 <>

Hoaw/B

0,1

°0fl4 0,2
a0p5 00,29

00
20

™

40,43
% 0,75 B

O

10

a) Experimental data and curve-fit b) ldealized scenario

Key
spudcan
leg trus
cavity

mudline
soil backflow

effectivg spudcan diameter (typically-11 m to 20 m)
depth of maximum cross-section\in/contact with the soil

O o~ N =

H distance from spudcan maximum bearing area to sea floor
H_,, limiting fepth of cavity that remains open above the spudcan during penetration
s,y undraingd shear strength at base of cavity

s undrainged shear strength at sea floor

um

5,0 undraingd shearstrength at depth of maximum spudcan bearing area
s, undraingd-shear strength
Z  depth belowseafloor

'

submerged unit weight of soil

Q0

Centrifuge test data.

o

Non-uniform strength.
¢ Uniform strength.
Typical design range.

Figure A.9.3-7 — Estimation of limiting cavity depth, /,,, due to backflow during installation
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A.9.3.2.1.5 Required bearing capacity

At maximum preload, the initial gross ultimate bearing capacity, 0,,,, under the spudcan is equal to the
preload reaction, V|, (see 3.48), plus the submerged weight of any backfill onto the spudcan, less the soil
buoyancy of the spudcan below the bearing area as given in Equation (A.9.3-6):

QVO = VLO + WBF,O - BS (A93‘6)
where
WeEo is the submerged weight of the backfill during preloading, which is not less than Wgg oin:

Bg=y'Vp is the soil buoyancy of spudcan below bearing area, i.e. the submerged wgight of soil
displaced by the spudcan below D, the greatest depth of maximum cross-sectional spudcan
bearing area below the sea floor;

Vb is the volume of the spudcan below the lowest level of maximum. bearing grea that is
penetrated into the soil; 7 is zero for a flat-based spudcan.

Thelinitial gross ultimate vertical bearing capacity, Oy, is established by preload operations and related to 7| .
However, in some cases, subsequent actions can cause further penetration)and a correspondipg increase
in g\, as is consistent with the load-penetration equations given in A.9.3.2:2through A.9.3.2.6.

A.9{3.2.2 Penetration in clays

The| gross ultimate vertical bearing capacity of a foundation in_clay of uniform shear strength (undrained failure
in clay, ¢ = 0°) at a specific depth can be expressed as given.in*Equation (A.9.3-7):

Oy = (sy"Ng'sgrde +P') nB2/4 (A.9.3-7)
whgre
P, s the effective overburden pressure at.depth, D, of maximum bearing area;

d

C

is the bearing capacity depth factor,d, =1 + 0,2 (D/B) < 1,5.
For [circular footings, the product Vs, Should be taken as 6,0.
For|the selection of the design undrained shear strength s,, an evaluation should be made of the sampling

method, the laboratory test\type and the field experience regarding the prediction and obsgrvations of
spufican penetrations.

Tradlitionally, the valug-of N, has been determined from solutions for strip footing on homogeneoys clay, with
shape and depth/fastors based on Skempton[A-9-3-3. However, these factors are significantly affgcted by the
gradiient of shedpstrength with depth (see Young et al.[A-9-3-41 and Houlsby and Martin[A-9-3-5]),

Thepretical solutions for circular conical foundations on clays of uniform and increasing strength with depth
havg béen provided by Houlsby and MartinlA-93-51 as presented in E.1. The solutions give a theotetical lower
bouphdo the soil resistance and should, therefore, provide an upper bound prediction of penetration.

The total bearing capacity factors for rough spudcans, modelled as rough circular plates, are given in
Table A.9.3-2 and are valid for the following parameter ranges (see Figures A.9.3-2, A.9.3-3 and A.9.3-7):

— cone angles S between 60° and a flat plate of 180°;
— embedment depths, D, between 0 and 2,5 diameters;

— values of shear strength gradient pBIs,,, between 0 and 5, where p is the rate of increase in undrained
shear strength with depth, from a value of s, at the sea floor.

NOTE 1 For soil layers that do not extend to the sea floor surface, s, refers to the undrained shear strength at the top
of the layer.
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The tables in Annex E provide a theoretical lower bound to the total bearing factor N.'s.'d. to apply to the
shear strength at the spudcan base level, s, for the full range of the above parameters. Alternatively,
Houlsby and MartinlA-9-3-%] indicates that using the shear strength, s, at a depth of 0,098 below the spudcan
base level together with the bearing factors given in Table A.9.3-2 for a foundation on uniform strength clay
provides answers that are within +12 % of the theoretical lower bound solutions.

Alternatively, field experience in the Gulf of MexicolA-9-3-4] indicates that for typical Gulf of Mexico shear
strength gradients and spudcan dimensions, spudcan penetrations in clay are well predicted by selecting s, as
the average over a depth of B/2 below the widest cross-section in combination with the use bearing capacity
and depth factors from SkemptonlA-9-3-3],

For clay layers with distinct strength differences, methods for layered soils should be used; see A.9.3.2.6.

Table A.9.3-2 — Bearing capacity factors for rough circular plate
on homogeneous clay[A-9-3-3]

Embedment ratio, Bearing factor,
DIB Ngsgd,
0 6,0
0,1 6,3
0,25 6,6
0,5 71
1,0 7.7
>2,5 9,0

NOTE 2  The bearing factor is nonlinear with respect to.the embedment ratio. It is necessary to use caution when
estimating an appropriate bearing factor for embedment ratios other than those given in Table A.9.3-2.

A.9.3.2.3 | Penetration in soils with partial drainage
It is recommended that analyses for_‘drained conditions (modelled as sand) and undrained conditjons
(modelled gs clay) be performed to estimate the range of penetrations. Cyclic loading can significantly affect
the bearing|capacity of silts.

Penetration| in soils with partial-drainage can be assessed using the approaches described by Finnie [and
RandolphlA|9-3-6] and ErbrighA:9-3-71,

A.9.3.2.4 Penetration in silica sands

netration in silica sand is usually analysed as a drained process, in which no excess pore water
generated. In drained conditions, the gross ultimate vertical bearing capacity of a cirqular

pressure i

foundation =

Oy =7' d NmB’I8 + p'ydy Ny B4 (A.9.3-8)
where

dY is the depth factor on surcharge for drained soils, dy =1,0;

dy is the depth factor for drained soils, d, = 1 + 2tan¢’ (1-sing’)2tan~1(D/B);

B is the effective spudcan diameter in contact with the soil;
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N, and Ny are dimensionless bearing capacity factors calculated for the axisymmetric case (no further

shape factor should be applied).

If the spudcan penetrates beyond its widest point, the overburden of soil above this point creates an effective
surcharge, p,’, at the level of the widest point, which leads to additional bearing capacity.

Theoretical values of N, and N, calculated using the slip-line method for a flat, rough circular footing in
MartinlA-9-3-8] are given in Table A.9.3-3 for soil friction angles from 20° to 40°. These N, and N, factors can

alscmmmmmmmmmfrauy small
compared with that arising from the uncertainty in selecting the soil friction angle; for example, Fable A.9.3-3
shops that a 1° change in ¢’ gives at least a 20 % change in N,. A more detailed penetratign.analysis can be
performed using the values of N, for conical footings tabulated in Annex E; these cover a range of cone apex
angles and interface roughness coefficients.
Adegquate consideration should be given to the selection of an appropriate soil friction angle (see E|2).
Table A.9.3-3 — Bearing capacity factors for a flat, rough circular footing (Martin[A-9-$-8])
Friction angle Bearing factor Bearing factor
4 Ny Nq
degrees

20 24 9,6

21 2,9 10,9

22 3,5 12,4

23 4,2 141

24 5,1 16,1

25 6,1 18,4

26 7,3 211

27 8,8 242

28 10,6 27,9

29 12,8 32,2

30 15,5 37,2

31 18,8 43,2

32 22,9 50,3

33 27,9 58,7

34 341 68,7

35 41,9 80,8

36 816 954

37 63,7 113,0

38 79,1 134,4

39 98,7 160,5

40 123,7 192,7
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A.9.3.2.5 Penetration in carbonate sands

A.9.3.2.5.1 General

Penetrations in carbonate sands are highly unpredictable and can be minimal in strongly cemented materials,
or large, in uncemented materials. Cementation, crushable particles, high in-situ void ratios and
compressibility are some of the characteristics of calcareous sediment that have led to the conclusion that the
routine bearing capacity methods linked to the frictional soil strength are inappropriate (Poulos and
ChualA939 Le Tirant and NauroylA9:3-101 and Finnie and RandolphlA-9-3-11]). Extreme care should be

exercised when operating in these materials.

A.9.3.2.5.2

Uncemented carbonate materials

Relatively large spudcan penetrations have been reported for uncemented carbonate materials despite

laboratory f
these mate

The leg ps
compressib
should be ¢

friction ang
al IA9.3-14]

foundations.

A.9.3.2.5.3

Natural ce
experiment
circular fou

riction angles (Dutt and IngramlA-9-3-12]) This can be attributed to either the high compressibili
ials or low shear strengths due to high voids ratio and a collapsible structure.

netration is governed by both the strength and deformation characteristics~of the soils.
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Randolph et al.[A-9:3-22] gnd Finnie and RandolphlA-9:3-11] outline a bearing modulus method for uncemented
calcareous sands. This is based on the results of a series of centrifuge experiments of model footings that
indicate that the vertical bearing capacity increased linearly with depth. An estimation of the bearing pressure

can be performed as a function of the overburden pressure rather than the self-weight as given in
Equation (A.9.3-9):
qu =7'zNg (A.9.3-9)

where z is the penetration and N, is the bearing capacity factor. Whilst N, ~ 50 was found to provide
reasonable predictions of the centrifuge test data, it can overpredict the foundation bearing capacity of
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spudcans in uncemented carbonate soils. Equation (A.9.3-9) can be adapted to calculate the vertical bearing
capacity for a conical spudcan by sub-dividing the spudcan geometry vertically into a number of equivalent
circular footings as shown in Figure A.9.3-8. The bearing capacity of the area at the base of each slice in
contact with the soil can be summed to calculate iteratively the overall bearing capacity of the conical footing
for different footing penetrations.

Figure A.9.3-8 — Representation of a conical spudcan by equivalent circular footing “slicels” for the
calculation of vertical bearing capacity in carbonate sands

Other predictive methods for circular spudcans on both cemented and uncemented calcareous pands have
beeh published, including IslamlA-9-3-201 |slam et al.[A-9-3-211 Houlsby etallA-9:3-171 Randolph ef al.[A-9-3-22]
Finnie and RandolphlA-9:3-11] and Yamamoto et al.[A-9-3-231[1A.9.3-24] '|n~concluding that the bearirjg response
of shallow foundations on calcareous sands is better modelled withéa compressional deformation [mechanism
and|the punching shear pattern, Yamamoto et al.[A-9-3-231.[A.9.3-24} provide simple equations for the response
of shallow footings on compressible sands.

A.913.2.6 Penetration in layered soils
A.913.2.6.1 General

Thre¢e different foundation failure mechanisms, should be considered when making spudcan predictions in
laygred soils:

a) |general shear;
b) |squeezing;
¢) |punch-through.

The first failure mechanism occurs if soil strengths of subsequent layers do not vary significantly. Thus, an
avefage soil strength“(either s, or ¢) can be determined below the spudcan. The spudcan penetration versus
foundation capacity\relationship is then generated using criteria from A.9.3.2.2 to A.9.3.2.5.

Critgria for the) ‘'other two failure mechanisms (squeezing and punch-through) are given in A.p.3.2.6.2 to
A.918.2.6.65Punch-through is of particular significance since it concerns a potentially dangeropus situation
whgre .a_strong layer overlies a weak layer and, hence, a small additional spudcan penetralion can be

associated with a significant reduction in vertical bearing capacity that results in rapid leg penetration.

Backflow and infill should be considered.

A.9.3.2.6.2 Squeezing of clay

On a soft clay subject to squeezing overlying a significantly stronger layer (see Figure A.9.3-9), the gross
ultimate vertical bearing capacity of a spudcan can be analysed by methods given by Brown and
MeyerhoflA-9-3-25] and by VesiclA-9-3-26] in combination with the bearing capacity and depth factors given by
SkemptonlA-93-3] as given in Equation (A.9.3-10).
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B
0, =4 {(as n bST + 1,2Djsu + pg} > A{N¢ s¢ dg sy + o} (A.9.3-10)
where
dy=1+0,2DI/B

and the following squeezing factor constants are recommended:

and s, is the undrained shear strength of the soft clay layer.

It is pointed out that the lower bound vertical foundation capacity is given by general failure-in the clay |
[right hand| side of Equation (A.9.3-10)], and that squeezing occurs when B> 3,487 (1 + 1,025D/B

DI/IB<2,5. The upper bound capacity (for T'<< B) is determined by the ultimate bearing capacity of
underlying $trong soil layer.

140
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depth of spudcan below sea floor
available spudcan reaction; see Equation (A.9.3-1)
effective overburden pressure at depth, D

thickness of weaker clay layer beneath the spudcan

Figure A.9.3-9 — Spudcan bearing capacity analysis — Squeezing clay layer
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A.9.3.2.6.3 Punch-through: two clay layers

The gross ultimate vertical bearing capacity of a spudcan on the surface of a strong clay layer overlying a

weak clay layer can be computed according to Brown and MeyerhoflA-9-3-25] as given in Equation (A.9.3-11);
(see Figure A.9.3-10):

Oy=4 (3%Su,t+Nc ScSup) S A Ngsg syt (A.9.3-11)

Equation (A.9.3-11) applies to clay layers of uniform undrained shear strengths.

n

nnnnn

Key
spudcan with effective bearing area, 4

stronger clay layer with shear strength, s,

weaker clay layer with shear.strength, s, |,

no backflow and no infill (i.e:;’no backfill)

effective spudcan diameter

depth of spudcan below sea floor

VL |available spudcan reaction; see Equation (A.9.3-1)
p’y |effective overburden pressure at depth, D

H |distance from spudcan to weaker layer below

Sw A WwN

Figure A.9.3-10 — Spudcan bearing capacity analysis — Two clay layers

A.9.3.2.6.4 Punch-through — Sand overlying clay
The gross ultimate vertical bearing capacity of a spudcan on a sand layer overlying a weak clay layer can be

computed using a load spread model (see Figure A.9.3-11). In this model, the bearing capacity of the spudcan,
Oy, is calculated by considering a fictitious footing at the interface between the sand and clay layers. Be

aware that this is a convenient method for expressing the bearing capacity of the spudcan within the layered
soil profile and is not a representation of the actual “punching shear” failure mechanism.

The fictitious footing has an equivalent diameter is as given in Equation (A.9.3-12):

B' =B + 2Hin (A.9.3-12)
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For sand overlying clay, a load spread factor, ng, of 3 (see Figure A.9.3-11) has been recommended by Young
and FochtlA-9-3-27] for jack-up foundations. However, comparison with model test data (Jacobsen et al.[A-93-28]
HighamlA-9-3-29] and Craig and ChualA-2-3-30]) suggests a range of ng from 3 to 5. Conversely, actual spudcan
penetration data are available that suggest smaller ng values (BaglionilA-9-3-31)) |t is, therefore, recommended
that load spread factors in the range of 3 to 5 be used, consistent with current industry practice.

The calculation of the bearing capacity of the fictitious footing should include consideration of the weight of the
sand, W, between the base of the actual spudcan and the fictitious footing at the surface of the lower (clay)
layer as given in Equation (A.9.3-13):

W=0,257(B+ 2HIn )" H ¥ (A.9.3-13)

The total cgpacity is, therefore, as given in Equation (A.9.3-14):
Ov=0\p-W (A.9.3+14)

where O, , s the ultimate vertical foundation bearing capacity for the fictitious footing at the’interface between
the sand and clay layers with no backfill, which can be calculated using Equation (A.9.3+7):

spudcarlm with effective diameter, B

1
2 sand layer with submerged unit weight of ¥

3 clay layer

4  void above spudcan, i.e. no backflow and no infill (i.e., no backfill)

5 fictitious spudcan with effective diameter, B’, at the interface between the upper and lower layers
D  depth of actual spudcan below the sea floor

¥, available spudcan reaction; see Equation (A.9.3-1)

H distance from spudcan to clay layer below

ns, load spread factor for sand overlying clay (typically 3 to 5)

p', effective overburden pressure at depth D

Figure A.9.3-11 — Spudcan bearing capacity analysis — Sand over clay
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Alternatively, the gross ultimate initial bearing capacity may be calculated using Equation (A.9.3-15) derived
from Hanna and MeyerhoflA-9.3-32];

Ov=0,p—AH y'+24H(Hy' + 2p')Ktangl/B (A.9.3-15)

where 0, ,, is determined according to A.9.3.2.2, assuming that the spudcan bears on the surface of the lower
clay layer with no backfill.

The punching shear coefficient, K, depends on the strength of both the sand layer and the clay layer, which
can be derived from the graphs in the reference paper, Hanna and MeyerhoflA-9-3-32]: see Figure A.9.3-12.
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Kq coefficient of puriching shear

Ouay bearing capacity/of clay

Osany  Dearing capacity of sand

@' effective.angle of internal friction for sand in degrees

Figure A.9.3-12 — Bearing capacity ratio versus coefficient of punching shear for spudcans

A new approach based on a centrifuge study has been proposed by Teh et al.lA-9:3-33] The load-penetration
curve typical of the punch-through condition is represented by a simplified profile consisting of three
characteristic bearing capacities, namely bearing capacity at sea floor, O, (at 4=0), maximum bearing

capacity, Opeak (at d = d;;), and bearing capacity in the underlying clay (for d > H). A brief description of the
approach is provided in E.3.

A.9.3.2.6.5 Punch-through — Cemented crust over weak soil
The occurrence of a cemented crust overlying a weak layer of clay or loose sand/silt should be carefully

considered. The analysis relies on accurate information on the thickness and strength of the crust and the
strength of the underlying layer. The analysis can be performed using simplified load spread models or
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advanced numerical models. The potential for punch-through can be significantly affected by the shape of the
spudcan and its tip.

A.9.3.2.6.6 Three layered systems

The gross ultimate vertical bearing capacity of a spudcan at the top of a three soil layer system can be
computed using the squeezing and punch-through criteria for two layer systems. Firstly, the bearing capacity
of a spudcan with diameter B at the top of the lower two layers (layers 2 and 3 in Figure A.9.3-13) is computed.
These two layers can then be treated as one (lower) layer in a subsequent two layer system analysis involving
the upper layer (layer 1 in Figure A.9.3-13). Analysis for the top layer can incorporate load spread effects.

I

e

2

2

3

Analysis 1 — Layer 2 over layer

3

b) Analysis2—< Layer 1 over layers (2 and 3)

~—

Key
1

2

3

"

layer 1
layer 2
laye 3

available spudcan reaction see Equation (A.9.3-1)

Figure A.9.3-13 — Spudcan bearing capacity analysis — Three-layer case

A.9.3.3 Yjeld interaction

A.9.3.3.1 General

During prel
capacity is
small strain
position arg
capacity, arn

The limiting

pading, the soil beneath the spudcan fails plastically and the spudcan penetrates until the bes
in equilibrium with/the preload reaction. When the preload is removed, the soil unloads on
unload-reload._stiffness curve. The spudcan geometry and the soil properties at the penetr
then used\te' determine the maximum moment and horizontal capacities that, with the ver
e the principal values that define the size of the yield interaction surface.

combinations of the spudcan moment, vertical and horizontal reactions are defined by the

ring

the
hted
tical

ield

interaction gurface; see Figure A.9.3-14. Inside the yield surface the foundation behaviour is considered tp be
elastic for small strains, but it becomes increasingly inelastic as the yield surface is approached. On the yield
surface, the foundation undergoes inelastic deformation with increased reaction beneath the spudcan.
Provided the jack-up's preload capacity is appropriate for a site's environmental conditions, the majority of the
foundation load-deflection behaviour during a storm should be essentially elastic and only a few, if any,
extreme events cause stiffness reduction.

When the foundation is considered as pinned, the yield surface degenerates to a vertical-horizontal load
space.

A.9.3.3.2 to A.9.3.3.6 are applicable to traditional spudcan designs. Guidance for the foundation behaviour of
spudcans fitted with skirts is provided in A.9.4.1.
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The modelling approach to the interaction of vertical, horizontal and rotational forces on the spudcan was
initially developed for shallow foundations based on a plasticity relationship; see Dean et al.[A-9-3-34] Cassidy
et al[A-9:3-35] 'Wong and MurfflA-93-36] Baerheim[A-9-3-37] and Van Langen and Hospersl[A-9:3-38]. The plasticity
relationship can account for moment softening at high loading levels, unloading behaviour and work-hardening
effects. The shape of the yield surface for shallow foundations is paraboloidal.

In clay, a deeply embedded spudcan can achieve a greater moment capacity than a spudcan with a shallow
penetration (see Templeton et al. [A.9:3-39] [A.9.3-40] [A.9.3-41]) " |n addition, the shape of the yield surface
changes from paraboloidal to becoming progressively more ellipsoidal with increasing penetration. This was

first shown experlmentally by Martin and Houlsby[A93 -42] further substantiated via numerical analysis by
aLIA.9.3-40] This

¢ for deep
necessary
intefpolation via a single parameter linear variation of the coefficients was shown to be sufficienfly accurate

by Templeton[A-9.3-41],

Thig model does not include sliding; where sliding is important, this should be'incorporated sepa
the method described in A.9.3.5.

rately using

Thefe is no existing data for deeply embedded spudcans in sand..The application of the yield surface

calibrated to shallow penetrations is likely to be conservative for the deep penetration case.

In t
ope
env

the
wor

effe
with
P-A
pos

The)
by t
8.8.
as g

ne yield equation, the gross ultimate vertical bearing capacity, O, is initially established
rations and related to V|, as specified by Equation (A.9:3-6). However, in some cases,
ronmental actions can cause further penetration and acorresponding increase in O\, as is cor

oad-penetration equations given in A.9.3.2.2 through A.9.3.2.6. In assessment analyses that
hardening, such possible increases in 0, can-be included automatically. In other types of a

Cts of such increases in Oy, can be included via-calculations using the load-penetration equatio
values of any additional penetration. In either case, care should be taken to include all contrik

5ibility of excess penetration, rapid penetration and/or punch-through.

forces F\ and F\, and the moment F), acting on the spudcan are the forces transferred to thg
he jack-up in operational, extreme storm or earthquake conditions due to the assessment loac

They include quasi-static.contributions due to factored actions, and contributions from dynami
ppropriate, in accordance with the procedures of Clause 10.

(see 88

FEypis the moment applied to the spudcan due to the assessment load case F (see 8.8).

Fy is the horizental force applied to the spudcan due to the assessment load case F; (see 8.8).

by preload
subsequent
sistent with

incorporate
palyses, the

ns, together
utions from

effects associated with leaning due tolthe additional penetration. Consideration should be given to the

foundation
case Fyin
C response,

F\ is the-gross vertical force acting on the soil beneath the spudcan due to the assessment Ipad case Fy

If a force combination (F\,Fy,F),) satisfies Equation (A.9.3-16) for the interaction yield surface, then this
combination lies on the yield surface. The force combination (F,Fy,F\) lies outside the yield surface if the

left-hand side of Equation (A.9.3-16) is greater than zero. Conversely, the force combination lies inside the
yield surface if the left-hand side is less than zero.
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Key
H  horizonfal capacity
M  momen{ capacity
V' vertical fapacity
Figure A.9.3-14 — Three slices’through the three-dimensional yield surface
(at M =0,0; H=0,0; and V' = V; constant)
A.9.3.3.2 | Ultimate vertical/horizontal/rotational capacity interaction function for spudcans in san
and clay
The genergl equation, Equation (A.9.3-16), from TempletonlA-9-3-411 can be used for fully or parf
penetrated gpudcans:

Iy
OH

]

2 2 2
{F_M} _16(1_6,){1@ {1_F_v} _4{F_v}{1_F_v}o (A93
Om Ov Ov Oy Ov

<V

ially

L 16)

where, for the vertical direction:

Oy is the gross ultimate vertical bearing capacity of the soil beneath the spudcan. In the absence of
additional penetration Oy, = Q\/,, the capacity achieved during preloading, as defined in A.9.3.2.1.5;

F\, s the gross vertical force acting on the soil beneath the spudcan due to the assessment load case,

Fy

146

(see 8.8) as given in Equations (A.9.3-17):

Fy=Vg—Bg (with no backfill)

FV = VSt + WBF,O + WBF,A - BS (W|th baCkflll) (A93

-17)
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Vs is the vertical force applied to the spudcan due to the assessment load case, Fy (see

8.8), which

includes quasi-static contributions due to factored actions and contributions from dynamic response,

as appropriate, in accordance with the procedures of Clause 10, and also includes leg

weight and

water buoyancy but excludes the submerged weight of backfill (Wgg o + Wgg a) @nd spudcan soil

buoyancy (Bg);

where, for the horizontal direction and moment,

a)

Fy is the horizontal force applied to the spudcan due to the assessment load case, F; (see 8.

8);

8.8).

Fy, is the bending moment applied to the spudcan due to the assessment load case, Iy (see
The clay formulation is given in Equations (A.9.3-18) to (A.9.3-25) [variables for sand can-be fq
Oy = Cy(Qy — p'o nB%4)

= CH Ovnet (see-Notes 1 and 2)

Om = 10,1 +0,05a(1+b/2)] (Qy — p , nB?/4) B

=[0,1 + 0,05a(1+b/2)] Oynet B (see Note 1)
a=DI[2,5B for D < 2,5B (see Note 3)

=1,0 forD >2,5B (see Note 3)
where

P’y s the effective overburden pressure at depth, D, of maximum spudcan bearing area
b =(Dy, sy 2)/(D sy0) (see Note 4)

Ovnet = (54" Ng's¢dg) m B4

CH = CHshaIIow + (CHdeep - CHshaIIow) DIB forD<B (See Note 4)
= CHdeep forD> B (see Note 4)
where

D, is the depth of backflow (see A.9.3.2.1.4), equal to (D - H_,,); infill shq
considered,;

und in b)].

(A.9.3-18)

(A.9.3-19)

(A.9.3-20)

(A.9.3-21)

(A.9.3-22)

(A.9.3-23)

uld not be

S is the undisturbed undrained shear strength:

Su,a
disturbance and soil sensitivity;

s, is the undisturbed undrained shear strength at the spudcan tip;

u,l

is the undisturbed undrained shear strength at deepest depth of maximum b
(D below sea floor);

Suo

Chishallow = [Suod + (Syo + su,l) AglOvnet

© 1SO 2012 - All rights reserved

is the undrained shear strength of backfill material above the spudcan, accounting for

earing area

(A.9.3-24)
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Chideep = [1:0 + (5 a5u0)] [0,11 + 0,39(4/A)] (A.9.3-25)

NOTE The formulation given in Equation (A.9.3-25) for the case of deep embedments in clay is

partly based on the finite element results in Templeton!®-9-3-44]1 and reduces to Equation 2 in that paper for
the case of Su.a = Suo-

where

A is the spudcan effective bearing area based on cross-section taken at uppermost part
of bearing area in contact with soil (see Figure A.9.3-2);

As is the spudcan laterally projected embedded area (the projection of the area in corjtact
with the soil).

b) The sapd formulation is given in Equations (A.9.3-26) to (A.9.3-27).
Oy =0/12(Qy - p', © B2/4)
=012 Oypet (see Nate)1) (A.9.3-26)

QM = O 075 B (QV _p'O Y 32/4)

=0J075 B Oypet (see Note 1) (A.9.3-27)
a=0,0
where

y2 is the effective overburden pressure at depth, D, of maximum spudcan bearing area;

Ovhnet = (7'd, N,nB3IB) + (p' od NqmB/4) ~(p, nBI4);

o“q’'q

d, is the depth factor on surcharge for drained soils; d, = 1,0;

B is the maximum effective’spudcan diameter in contact with the soil;
Y is the submerged-unit weight of the soil;

N, is a dimensionless bearing capacity factor calculated for the axisymmetric case (no fufther
shape factor should be applied).

For sand, the values of 0,120, and 0,075B0,,, are based on experimental evidence that inclydes
TanlA-9:3-45] Gottardi and ButterfieldlA-9-3-461[A-9.3-47] - Gottardi et al. [A-9-3-48] Byrne and HoulsbylA-9-3-15],

Bienen et al.A:-3-49] _and CassidylA-9-3-501. There are no existing data for spudcans deeply embedded in sénd.
The application of these parameters, which are calibrated to shallow penetrations, is likely to be conservative
for the deep penetration case.

At zero vertical load a shallow sand foundation has no horizontal or moment capacity because it is
cohesionless and conforms to the yield interaction equation in bearing. Conversely, for spudcans in clay,
when there is adhesion and/or suction, there can be horizontal and moment capacity in excess of the yield
interaction surface given above when F,, <0,5 Qy. In such cases, the yield surface expansion given in

A.9.3.3.3 may be used. For deep penetration cases where suction capacity exists, O\, can be less than zero
and the yield surface may be enlarged; the simplified expansion given in A.9.3.3.3 should not be used.

NOTE 1 The moment capacities are calculated as a function of the product of the net vertical bearing capacity and the
effective spudcan diameter. The horizontal capacity in sand or clay is calculated as a function of the net vertical bearing
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capacity. For clay, the net vertical bearing capacity is used because the weight of soil on top of the spudcan does not
affect the horizontal and moment capacities. For sand, the use of net capacity is conservative because it neglects the
increase in capacity due to the weight of any soil on top of the spudcan which has a beneficial effect on the horizontal and
moment capacities. For the case of shallow embedment in clay, a conservative value for C,; can be established by
considering minimal embedment of a flat-bottomed spudcan on very strong clay where the horizontal capacity per unit
base area is given by the shear strength, and the vertical capacity per unit base area is approximately six times the shear
strength, so that: Q,; = 0,16 Q,/,;- This value can be used as an alternative, conservative, horizontal capacity expression

for shallow embedment in clay.

NOTE2  According to AndersenlA-9-3-561 for clays susceptible to cyclic degradation (i.e. with OCR, Roc 2 4), cyclic

degradation reduces the horizontal capacity by 30 %, i.e. the horizontal capacity calculated from static soil properties
shoyld be multiplied by a reduction factor of 0,7.

NOTE 3  The depth interpolation parameter, «, is given as a function of the embedment, D, which,is)medsured as the
depth below mudline of the lowest point of the spudcan's maximum width. Technically, D =0 does/not og¢cur until the
spudcan penetration is sufficient to fully seat the spudcan's maximum width. As a practical matter; penetratigns shallower
than| this are not normally expected in clay, but in the event that such shallow penetrations aré censidered, thie value a = 0
can pe used.

NOTE4  Both D (the depth of embedment) and D, (the depth of backflow) ar¢"measured upward from the lowest
elevation of the largest spudcan width. Dy is taken as zero unless the top of the spudcan is effectively covered.

In many cases, simpler forms of the yield interaction equation can be used. Results from finite element
analysis (see Templeton et al.[A-9-3-40] or Templeton [A-9-3-41]) indigate that insignificant error is incyirred by the
use|of the value, a = 0 for embedment less than 0,3B or by the use of the value, a = 1 for embedment greater
than 1,7B.

In fhe case of a=0, the yield interaction equation reduces to the paraboloidal formp given in
Equation (A.9.3-28):

F 2 F 2 F 2 F 2
[_H] +[_M] —16[—\/] (1__V] -0 (A.9.3-28)
On Owm Ov Oy

In the case of a=1, the yield .interaction equation reduces to the fully ellipsoidal form given in
Equation (A.9.3-29):

2 2
(EJ {F_M] _4[F_VJ(1_F_V]=O (A.9.3-29)
OH Owm Ov Qv

Equation (A.9.3-16)for the yield surface can be conveniently rewritten to give the maximum availaple moment
on the spudcanify; as a function of the applied horizontal and vertical forces as given in Equation (A.9.3-30):

F 2 F 2 F 2 F F >
Fiw= 0w 16(1-a) ,\—VW (1—,\—\/1 —(A—HW +4a f,\—VW—,\—VW (A.9.3-30)
[ \.ZA VA B N “AVAY BN =4 Wy VT2V
This equation only applies when
0< FV < QV
and the condition given in Equation (A.9.3-31) is satisfied:
F 2 F 2 F 2 F F
0<16(1-a) [—VJ {1——V] —(—Hj +4a{—VJ{1——V] (A.9.3-31)
Oy Ov OH Qv Qv
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A.9.3.3.3

Spudcans in clay with 7\, < 0,5 0,

The yield surface in the region 0 < F\//Q,, < 0,5 (typically applicable to windward legs) can be replaced by an
adhesion envelope that provides additional horizontal and moment capacity due to spudcan-soil adhesion.
The adhesion envelope is applicable for vertical load levels less than (F\/Qy); which defines the tangent
intercept between the adhesion envelope and the standard form of the yield surface and is dependent upon

the adhesion factor, «, and the “a” parameter that defines the form of the yield surface. The adhesion
envelope can be expressed as given in Equation (A.9.3-32):

2 ( 2
Fy Fy - oo o
[ = = LU =0U \f‘\.U.O'32)
J1On L J29m }
where
Fy
J1=a+my| — (A.9.3433)
Ov
Jfo=f1 where suction (i.e. uplift resistance) is available, or (A.9.3-34)
Py ) Fy ) F F
fo=[16(1-a) (—V} [1——"] +4a[—VJ(1——V] where suction canfot be relied upon;
Oy Oy Ov v
a=1,q for soft clays (s, = 20 to 40 kPa), or (A.9.3+35)
a = 0,9 for stiff clays (s, = 75 kPa to 150 kPa), or
a  is|determined by linear interpolation when 40x s, < 75;
m , is|the gradient of the adhesion envelopé.
Figure A.9.8-15 provides a graphical representation of the adhesion envelope and the definitions of| the
parameters|m , and (F\/Qy).

150
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16(1 - @) lel 1- 0 t4a Oy 1- Oy
f
a Fy Fu
94 Owm
Figure A.9.3-15 — lllustration of the adhesion envelope modification

to the standard yield surface for Fy < (S—V]
vVt

« ig the adhesion factor and dcgounts for the degree of adhesion. The assessor should consider « values
withiin the range of 0,5 to 1,0'depending on site-specific soil data, spudcan/soil interface roughnesq, etc. When
hard clay is present at the  sufface with an « value below 0,5, the standard form of the yield surface should be
usefl [Equation (A.9.3-18)].
The|values for mand (F/Qy) have been determined for a = 0,0 (paraboloidal) as given in Equatiors (A.9.3-36)
and|(A.9.3-37)-and for a = 1,0 (ellipsoidal) as given in Equations (A.9.3-38) and (A.9.3-39):
— |For,a=0:
m, = 4(1 _\/E) (A.9.3-36)
[F—VJ i (A.9.3-37)
QV t 4
— Fora=1:
2
m, = 1% (A.9.3-38)
04
2
(F—VJ -2 (A.9.3-39)
Ov )i a“+1
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Values of m, and (F\/Qy); for intermediate values of a can be solved for iteratively.

Selected values of (F\,/Qy); are provided in Table A.9.3-4:

Table A.9.3-4 — Values of (F\/0,/); for various values of « and «

a
a 0,0 0,2 0,4 0,5 0,6 0,8 1,0

0,5 0,354 | 0,334 | 0,308 | 0,293 | 0,276 | 0,238 | 0,200
0,6 0,387 | 0,373 | 0,354 | 0,343 | 0,331 0,300 | 0,265
0,7 0,418 | 0,408 | 0,396 | 0,388 | 0,379 | 0,357 | 0,329
0,8 0,447 | 0,441 0,433 | 0,428 | 0,423 | 0,409 | 0,390
0,9 0,474 | 0,471 0,468 | 0,465 | 0,463 | 0,457 | 0,448
1,0 0,500 | 0,500 | 0,500 [ 0,500 | 0,500 | 0,500 | 0,500

Selected vglues of m are provided in Table A.9.3-5:

Table A.9.3-5 — Values of m, for various values of « and «

a
o 0,0 0,2 0,4 0,5 0,6 0,8 1,0
0,5 1,172 | 1,200 | 1,239 | 1,264 | 1,295 | 1,378 | 1,500
0,6 0,902 | 0,917 | 0,937 |.0y950 | 0,965 | 1,006 | 1,067
0,7 0,653 | 0,661 0,670 0,676 | 0,683 | 0,701 0,729
0,8 0,422 | 0,425 |.0,429 | 0,431 0,434 | 0,440 | 0,450
0,9 0,205 | 0,206 1-0,207 | 0,207 | 0,208 | 0,209 | 0,211
1,0 0,000 | 0600 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000

Equation (A.9.3-32) can be re-4written to give the maximum moment on the spudcan as a function of| the
horizontal force as given in Equation (A.9.3-40):
Fy = /bOwm 1—[ H Jz N (A.9.3440)
' J19n
This equatior-applies-enty-when-the-conditions-giverirEquations{A9-3-4-ard{A-9-3-42-are-satisfied:
o< fv [F_VJ (A.9.3-41)
Ov \Qv J;
and
Fy < f10H (A.9.3-42)

For a vertical and horizontal force combination that lies inside the yield surface given above, the moment on
the spudcan is limited to the maximum available moment capacity Q).
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A.9.3.3.4 Modification of the yield surface for partial penetration in sand

On seabeds of silica sands, conical spudcans that are not fully seated can develop increased moment
capacity due to the rotation of the spudcan causing an eccentric seabed reaction which provides a beneficial
resisting moment.

The effect may be taken into account for spudcans with F\,/Q\, > 0,5. The increased ultimate moment capacity
Owp due to eccentric seabed reaction is estimated as the minimum of Oy,s and Qy,, calculated from

Equations (A.9.3-43) and (A.9.3-44) respectively; see SvanglA-9-3-511:
YMps = VU9 5 Uypet VSmaxlﬁ)3 (A.9.3-43)
QMpv: 0,15 B Fy (A.9.3-44)

Note¢ that the horizontal capacity is unaffected.

Thel combined capacity should be checked against the modified yield jinteraction surface given in
Equation (A.9.3-45):
F 2 F ? F 2 F 2
{_H] I I Y —16[—\/] (1__VJ =0 (A.9.3-45)
OH Owmp Qv Oy

A9

Add
Reo

3.3.5 Expansion of the yield surface for additional penetration in sand

itional penetration of a spudcan in sands can(“be accounted for by using plasticity

principles.

ommendations on updating stiffness and the flow of plastic displacements within a work-hardening
franpework are provided in Houlsby and Cassidy[A.2:3-52] Cassidy et al.lA-9-3-53] and Bienen et al.lA-

D.3-49]

Thig increase in penetration can also result.in increased structural utilizations which should bg¢ assessed;
seelA.9.3.6.6.

A.9]3.3.6 Expansion of the yield surface for additional penetration in clay

For [additional penetration of spudcans in clay, Wong and MurfflA-9:3-36] and Van Langen and Hospers[A-9-3-38]
proyide work-hardening madifications to the yield surface equations. Updated stiffnesses and capacities are
determined through plasticity principles.

A.913.4 Foundationstiffness

A.9/3.4.1 Vertical, horizontal and rotational stiffness

Verficalkand horizontal stiffnesses of the foundation are based on the elastic solutions for a rougp flat-based
circtilarrigid disk on an elastic half-space with modification factors to account for spudcan embgdment. For

the effects of leg embedment, see A.9.3.4.6. The elastic stiffness factors are calculated assuming

full contact

of the spudcan with the seabed. If the vertical reaction is insufficient to maintain full contact as the moment
increases, then reduced stiffnesses should be used. The stiffness factors are derived for a homogeneous,
linear, isotropic soil as given in Equations (A.9.3-46) to (A.9.3-48):

K, =Kg % (vertical stiffness) (A.9.3-46)
-V
K, = Kgy 109B0-V) (horizontal stiffness) (A.9.3-47)
(7-8v)
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GB3
3(1-v)

K3 =Kgy3 (rotational stiffness for relatively low levels of loading; see Reference [A.9.3-54])(A.9.3-48)

Torsional spudcan foundation stiffness (i.e. for spudcan rotation about its vertical axis) should not be used.

The selection of the shear modulus of the foundation soil, G, is discussed in A.9.3.4.3 to A.9.3.4.5. An upper
or lower bound value should be selected as appropriate for the analysis being undertaken, e.g. the upper
value is appropriate for fatigue related analysis. The shear modulus is influenced by the stress level and strain
amplitude. In general, the shear modulus decreases with increasing strain amplitude. In this part of ISO 19905,
the consequences are addressed by reducing the stiffnesses.

NOTE Although the cross-coupling stiffness, K,, which links horizontal footing displacements and footing rotati0||\s to

moment and|horizontal loads, respectively, is not explicitly calculated, it is incorporated to some extent by the ghoice of the
seabed reacfion point as described in A.8.6.2.

A.9.3.4.2 | Stiffness modifications

A.9.3.4.2.1| Embedment

Table A.9.3t6 provides values for the stiffness depth factors Ky;, Ky, and Kgg, t0 account for embedment

effects on the stiffness of flat plate and conical type footings on an elastic half space, after BelllA-9-3-55], Values
for the casq of partial backfill can be interpolated from the values for full agdyno backfill provided in the tables.

Table A.9.3-6 — Stiffness depth factors

Stiffness factors for v<0,0

2DIB Ky K Kys

No Full No Full No Full
backfill backfill backfill backfill backfill backfill

0,0 1,00 1,00 1,00 1,00 1,00 1,00
0,5 1,15 1,21 1,33 1,49 1,28 1,64
1,0 1,28 1,41 1,44 1,71 1,43 2,05
2,0 1,42 1,70 1,51 1,92 1,51 2,31
4,0 1,59 2,00 1,61 2,06 1,57 2,41

Stiffness factors for v=0,2

2DIB Ky Ky K43

No Full No Full No Full

backfill | backfill | hackfill hackfill hackfill backfill

0,0 1,00 1,00 1,00 1,00 1,00 1,00
0,5 1,11 1,18 1,32 1,47 1,23 1,54
1,0 1,21 1,34 1,42 1,67 1,37 1,90
2,0 1,34 1,59 1,48 1,85 1,44 2,15
4,0 1,49 1,85 1,58 1,98 1,51 2,25
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Table A.9.3-6 (continued)

Stiffness factors for v=0,4

2DIB Kgq Kgp Kys

No Full No Full No Full
backfill backfill backfill backfill backfill backfill

0,0 1,00 1,00 1,00 1,00 1,00 1,00
0,5 1,08 1,14 1,31 1,45 1,18 1,43
16 +46 127 444 164 434 76
2,0 1,27 1,48 1,48 1,80 1,39 2,01
4,0 1,41 1,72 1,57 1,92 1,47 2,13

Stiffness factors for v=0,5

2DIB Ky Ky Ky

No Full No Full No Full

backfill backfill backfill backfill backfill backfill

0,0 1,00 1,00 1,00 1,00 1,00 1,00
0,5 1,07 1,10 1,32 1,44 1,18 1,39
1,0 1,15 1,23 1,44 1,62 1,31 1,71
2,0 1,25 1,44 1,51 1,78 1,40 1,99
4,0 1,40 1,69 1,59 1,91 1,51 2,16

A.9{3.4.2.2 Cyclic loading

Accprding to AndersenlA-9-3-56] forclays (with OCR, Ro > 4) subjected to cyclic actions, the cycli¢ foundation

stifffesses can be obtained by/multiplying the static foundation stiffnesses with factors of 1,25 fof horizontal,
1,29 for rotational and 3 to 8(forvertical stiffness. The reference static foundation stiffnesses are first loading,
smdll strain values, not in¢luding unload/reload effects.

A.9/3.4.2.3 Linear-vertical, linear horizontal and secant rotational stiffness

Except for simple*dynamic analyses with linearized foundations contained within A.10.4.4.1.2 Qption 1, the
folldqwing pregedure should be used if the reduction of rotational stiffness is not included in the soillmodel. The
method accommodates stiffness reduction in a simple manner for responses within the yield surfage.

If the*force combination (F\,, Fy, F)) lies outside the yield surface, the linearized rotational stiffness at the
spudcan should be reduced using iterative analysis until the force combination lies on the yield surface.

Although the force combination (F, Fy, F)) lies inside the yield surface, the initial estimate of linearized

rotational stiffness should also be reduced by following the iterative procedure in A.10.4.4.1.2 and using the
foundation rotational stiffness reduction factor, f, which has an increasing effect as the yield surface is

approached. The factor is obtained from Equation (A.9.3-49); see TempletonlA-9-3-571:
Jr=(1=n)rdIn[(1 = nre)/ (1 = 79)] (A.9.3-49)

The parameter, n, accommodates spudcan rotation resistance curves with various degrees of curvature
change. In practice, the value of this parameter should be set to suit the best available data (either empirical
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or analytical) applicable to the jack-up and site. Finite element analysis for the Gulf of MexicolA-9:3-57] clay
indicates the range of n = 0,25 to —1,0, with n = -0,5 providing the best overall representation. In the absence
of directly applicable data, the value of n can be set to 0. In this case, the rotational stiffness reduction factor
expression takes the simpler form given in Equation (A.9.3-50):

fo=—rdIn(1 = r¢) (A.9.3-50)

As n approaches 1,0 the stiffness reduction expression tends towards the form given in Equation (A.9.3-51),
which gives the most conservative treatment of stiffness reduction:

fi=1 - (A-9-3-51)

The variable, 7, in the stiffness reduction expression is the failure ratio defined by Equation (A.9.3-52):

() (2]

r o= 55 <10 (A.9.352)

2 2
16(1—a)[FVJ [1_FV) +4a(F\/](1_Fv]
Qv Ov Qv Oy

where “a” i as defined in A.9.3.3.2.

0,5

NOTE 7> 1,0 implies that the force combination (£, Fy, F,) lies outside the yield surface. Under such conditfons,

the reduced tiffness factor is not applicable, and the rotational stiffness‘is reduced until the force combination lies o the
yield surface

For fully embedded foundations in clays at vertical force ratio F\,/Qy <[F—V] , the failure ratio can be
Vi
expressed as given in Equation (A.9.3-53):
F 2 F 2]
= [ —H j +[ M j <10 (A.9.3.53)
/1O0H J/29m

where [ﬂj , /1 and f, are-as)defined in A.9.3.3.3.
VIVt

A.9.3.4.2.4| Non-linear vertical, horizontal and rotational stiffness

A full yield|interaction surface model that includes non-linear vertical, horizontal and rotational stiffnegses
implicitly incorporates the necessary stiffness reduction as a consequence of work-hardening plastic
displacement and rotation (van Langen et al.lA-9-3-58] Wong et al.lA-9-3-59] and Cassidy et al.[A-9:3-60]). The
stiffness reduction factor should not be applied.

A.9.3.4.2.5 Non-linear continuum foundation model

A continuum foundation model that includes non-linear soil behaviour (e.g. elastic-plastic work hardening)
implicitly incorporates the necessary stiffness reduction. The stiffness reduction factor should not be applied.

A non-linear continuum foundation model should not be used unless one of the simpler analysis methods has
been used to provide a benchmark for the results.
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A.9.3.4.3 Selection of shear modulus, G, for clay

The value of the initial, small-strain shear modulus for clay, G, should be based on the value of the undrained
shear strength, s,,, measured at the depth z =D + 0,158, where B is the effective diameter of the spudcan in

contact with the soil and D is the predicted depth below the sea floor of the lowest point on the spudcan with
diameter B. Where the clay is significantly layered, the average strength within the range z=D toz=D + 0,3B
should be used. Except in areas with carbonate clays or clayey silts the shear modulus should be calculated
from Equation (A.9.3-54), see References [A.9.3-61] and [A.9.3-62]:

G =Gmax =Sy % with G < s I,nc @and subject to the limitations given below. (A.9.3-54)
oc
whegre
Gpmax is the maximum value of the shear modulus, which occurs at small strain;

NOTE 1  In forming estimates of foundation stiffness from linear elastic solutions to represent non-linear soil
behaviour, one general method uses the linear elastic stiffness solution_with a shear modulu$ taken as a
function of strain level. Another method uses a non-linear stiffness function,/which varies with thel amplitude of
the action and a constant shear modulus. In the former method a distiriction is made between the term, G, .,

(the maximum value of the shear modulus, which occurs at small.strain) and the term G (the dgeneral shear
modulus, which varies with strain magnitude). In the latter method, the maximum value of shegr modulus is
used and no such distinction in terms is made. Consequently; in this part of ISO 19905, the term| G should be
taken to refer to the maximum value, which occurs at small strain.

Roc is the overconsolidation ratio;
Inc s the rigidity index for normally consolidated clays.

For extreme loading situations, and.in' the absence of other data, Iy should be copservatively
limited to 400; see Noble Denton[A-9:3-62],

NOTE 2 The recommendations*of Reference [A.9.3-62] are based on overconsolidated clays yith plasticity
indices of up to 60 %. Due consideration should be given to the possibility of determining site-gpecific shear
moduli for cohesive soils other than overconsolidated clays and/or where the plasticity indices exceed 60 %.

Inc =600 is supported by field data for jack-up response in the Gulf of Mexico; see
Templeton[A-9:3-41],

In some<cases, higher ratios of /¢ have been reported. The data in Figure A.9.3-16 [support the
use of higher values (possibly between 1 000 and 2 500) for plasticity indices less than 20 %.

It—=should be recognized that I, generally decreases with increasing plasiicity index

(AndersenlA-9:3-56] - Figure 10.2; reproduced as Figure A.9.3-16). For clays with plast(city indices
less than 20 % or greater than 60 % and where the shear modulus is not supported by kite-specific
data, the assessor should account for this trend when determining G.

The recommendations given above (Cassidy et al.[A-9:3-61]) are intended for use in site-specific assessments
for both extreme loading and applications involving small strain beneath the spudcan. In the calculation of
fixity for extreme loading, the rotational stiffness based on the small-strain G values is degraded, either
explicitly in the linearized foundation model using the stiffness reduction equations given in A.9.3.4.2.3, or
implicitly using non-linear foundation models. In the case of small-strain applications such as in structural
fatigue analysis, the stiffness reductions do not apply, and it can be appropriate to adopt upper-bound values
of G.
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sy undrained shear strength from directSimple shear test
NOTE 1 The determination of G, «-via the use of rigidity index is inherently approximate. The variability in the shear
strength detdrmined by different test-methods is not significant in comparison to the uncertainty in this approximation.| The
approach can, therefore, be used:when direct simple shear test results are not provided.
NOTE 2  Taken from AndersenlA-9-3-56] Figure 10.2.
Figure A.9:3-16 — Normalized initial shear modulus as a function of plasticity index, /p,
for 11 different clays
A.9.3.4.4 'Selectionof-shearmodutusG-for-sand
For sands, the initial small-strain shear modulus should be computed from Equation (A.9.3-55):
. 0,5
G/py=Ji(Vsw/A4Pa) (A.9.3-55)
where

j  is the dimensionless stiffness factor, j = 230(0,9 + 5

Pa

158

Dr

%)

is the atmospheric pressure, typically taken as 101,3 kPa;
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Dg is the relative density (expressed in percent);

Vsw 18 the gross vertical spudcan reaction inclusive of backfill under still water conditions (the reaction
that would be obtained if the jack-up were supported on an infinitely rigid foundation, plus the
reaction due to the submerged weight of any backfill on the spudcan, less the submerged weight of
soil displaced by the spudcan below D, the greatest depth of maximum cross-sectional spudcan
bearing area below the sea floor).

The recommendations given above (Cassidy et al.[A-9:3-61]) gre intended for use in site-specific assessments
for both extreme Ioadmg and apphcatlons |nvoIV|ng small straln beneath the spudcan. In the calculation of
fixity aded, either
exp |C|tIy in the Imearlzed foundat|on model using the stn‘fness reductlon equatlons given in A.9.3.4.2.3, or
implicitly using non-linear foundation models. In the case of small-strain applications such\as |n structural
fatigue analysis, the stiffness reductions do not apply, and it can be appropriate to adopt upper-bound values
of g.

A.913.4.5 Selection of shear modulus for layered soils

RogssetlA-9:3-63] provides equations for the vertical, horizontal, rotational and.torsion stiffnesses of a rigid disc
on a layer of finite thickness, including the effect of embedment into thatayer. Guidance on sqil moduli of
multilayered systems is available in Ueshita and MeyerhoflA-9-3-64],

A.9[3.4.6 Soil-leg interaction

For|deep penetrations, typically experienced in soft clay conditions, the calculation of foundation fixity can be
augmented with the inclusion of the lateral soil resistance @n the leg members (Brekke et al.[A-9:3-63]),

The| lateral soil resistance of the backfill material®* can be modelled based on concepts pfoposed by
Mat|ocklA-9:3-66] for |ateral soil resistance of piles,“The jack-up leg can be modelled as an equivdlent pile for
purposes of determining p-y, or load-deflectionccurves.

The| diameters of the individual members (i.e. leg chords and braces) give appropriate characteristic
dimensions for determining the p-y cufves. The p-y curves for each member are directionally combjned to form
equjvalent p-y curves along the leg,  accounting for soil layering and changes in leg geometry. Any external
facq of each leg in compressive contact with the soil may be assumed to contribute to the lateral resistance.
Typj|cally, equivalent springs at'each bay elevation are used to simplify the calculations.

A.913.5 Vertical-horizontal foundation capacity envelopes

A.9[3.5.1 Generalultimate vertical-horizontal foundation capacity envelope

Thel generali.gross ultimate vertical-horizontal foundation capacity envelope for jack-up spudcans is a
twoidimensional slice of the full vertical-horizontal-moment envelope as given in A.9.3.3.2. If the spudcan
morpent.capacity is zero (i.e. Fy = 0), the ultimate vertical-horizontal foundation capacity envelopq is as given
in Eguation (A.9.3-56):

2 2 2
[ﬂ] _160_@(&] [F_j _4a[F_v][1_F_vj:o (1.9.356)
O Oy Oy Oy Oy
For small embedments (in the limit as « — 0), this equation reduces to Equation (A.9.3-57):
(ﬁ]_4(F_v](1_F_v]:0 (A.9.3-57)
OH Ov Ov
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where 0, is taken to be equal to the gross ultimate vertical foundation capacity of the soil beneath the spudcan
(achieved during preloading), evaluated as described in A.9.3.2.2 to A.9.3.2.6, and Oy, as defined in A.9.3.3.2.

A.9.3.5.2 Ultimate vertical-horizontal foundation capacity envelopes for spudcans in sand

The yield surface used for checking the vertical-horizontal foundation capacity of spudcans in sand is
presented in A.9.3.5.1.

The sliding failure envelope used for checking the sliding capacity of a spudcan in sand is as given in
Equation (A.9.3-58):

QHS = than o+ 0,5]// (kp - ka) (h1 + h2) AS (A93'58)
where

F,, is the gross vertical force acting on the soil beneath the spudcan due to the assessment load casg Fy

(s¢e 8.8):
F\y=Vg4—Bg (with no backfill)
FV = VSt + WBF,O + WBF,A - BS (W|th baCkﬂ”) (A93'59)

hqy is the embedment depth to the uppermost part of the spudcan,(if\not fully embedded 44 = 0);
hy is fhe spudcan tip embedment depth;

. is the active earth pressure coefficient (for s, = 0), k, =tan?(45 — ¢72);

is [he passive earth pressure coefficient, kp = 1k

6 is [he steel/sail friction angle in degrees:

o=¢'-5° (for a flat-bottom spudcan, g= 180°),
o=¢"-0,5(8-170°) (fer170° < B< 180°), (A.9.3-60)
o=¢’ (for a conically shaped spudcan, < 170°)

wllere

B s the effective cone angle in degrees (see Figure A.9.3-3);

¢’ _is-the effective angle of internal friction for sand in degrees.

A.9.3.5.3 | Ultimate vertical-horizontal foundation capacity envelopes for spudcans in clay

The yield surface used for checking the vertical-horizontal foundation capacity for spudcans in clay for
Fy>0,5Qy is presented in A.9.3.5.1 and for F, < 0,5 0y, in A.9.3.3.3.

The sliding capacity, Oy, in clay can be assumed to be Oy as defined in A.9.3.3.2.

A.9.3.5.4 Ultimate vertical-horizontal foundation capacity envelopes for spudcans on layered soils

The foundation capacity of layered soils can be determined using the principles of limiting equilibrium analysis
or the finite element method. Alternatively, the equations given in A.9.3.5.2 and A.9.3.5.3 can be used to make
a conservative estimate of the ultimate vertical-horizontal capacity relationship for layered soils by considering
failure through the weakest zones in such a soil profile.
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A.9.3.6.1 General
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Figure A.9.3-17 shows the overall approach to the foundation acceptance checks.

Perform foundation assessment
See Clause 9 and A.9.3.6.

N

Step 1a

Perform preloa

check, see A.9.3.6.2,
and Step 1b

OK

windward leg check.
See
A.9.3.6.3,

Not OK

Step 2a

Perform foundation
capacity and sliding checks

OK

See A.9.3.6.4.

Perform structural analysis assuming
degrading moment fixity with linear

See A.9.3.4.2.3 and Figure A.10.5-1.

Step 2b
see A.9.3.6.5.

Perform foundation K

capacity and slidin
pchec%/ks. Uses 9

Perform stractural analysis
assuming full non-linear foundation
fixity. \See A.9.3.4.2.4.
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I Step 3a

| Perform displacement

| check on all legs.

| See A.9.3.6.6. OK Step 3b

| Perform structural analysis with .
| non-linear continuum foundation OK | Foundation acceptable
I NotOK [ ———————— - model. See A.9.3.4.2.5.

| Not OK

L ] v Ty Foundation NOT
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Figure A.9.3-17 — Approach to foundation acceptance checks
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A.9.3.6.2 Level 1, Step 1a — Ultimate bearing capacity check for vertical loading of the leeward leg -
preload check (pinned spudcan)

The preload check should be applied only when the horizontal force on the leeward leg spudcan, Fy, is no
greater than F}, (see Table A.9.3-7) and when the forces are determined from an analysis model with pinned
condition for all spudcans. In this case, the maximum gross vertical force F\, should comply with the limit given
in the applicable Equation (A.9.3-61) or Equation (A.9.3-62):

Fy < Vio/YRpPRE — Bs (with no backfill) (A.9.3-61)
Iy < VigArPrE=HEr—Bs pwith-backfih tA-9-3-62)
where

Yr pre|is the preload resistance factor, Yg prg = 1,10;
WgE o |is the submerged weight of any backflow and infill that is predicted to occur dufing preloading;

Fy is the gross vertical force acting on the soil beneath the spudcan du€ to the assessment |oad
case Fy (see 8.8) as given in Equations (A.9.3-63):

Fy="Vg - Bg (with no backfill)
Vet is the vertical force applied to the spudcan due to the assessment load case F (see 8.8). [This

includes quasi-static contributions due to factored actions, and contributions from dyngmic
response, as appropriate, in accordance with the\procedures of Clause 10, and also includeq leg
weight and water buoyancy but excludes the’submerged weight of backfill (Wgg , + WgE a) [and
the soil buoyancy of the spudcan below the bearing area Bg;

Weea |is the submerged weight of any backflow and infill that is predicted to occur after the maximum
preload has been applied and held.

Table A.9.3-7 — Limiting horizontal capacity, I, for Step 1a bearing capacity check

Soil type Embedment Limiting horizontal capacity, F,,, for Step 1a to apply
Partial [0,1 0,07 (B/B2)°] Oymet
Sand
Full 0,03 Oy/pet
Clay Any 0,03 Oy/net

NOTE1  Thelconstants in Equations (A.9.3-61) and (A.9.3-62) include the effects of % pgpe =1,10. The linfiting
horizontal capacity, F,, for Step 1a was determined from the intersection between unfactored vertical-horizontal bearing
capacity envelope and maximum allowable gross vertical reaction, OV maxs with some reduction applied for conservatism.
Assuming a =0, the limiting horizontal capacity, F\;, corresponding to maximum vertical capacity, vamax, can be
computed from Equation (A.9.3-64):

=17, -1V,
F, = 4[1 _ (Yrpre = DVio :||:(7R,PRE Wi :|QH (A.9.3-64)
Vrpre Qv Vrere Qv

For )zpre = 1,10, Equation (A.9.3-64) can be approximated by F; = 0,337, Oy/O, and is equivalent to

Fy1 = 0,04 O/, for shallow penetrations in sand. Conservatively, 0,03 was used for the limits given in Table A.9.3-7 (see
also Note 2).
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NOTE2  For shallow spudcan penetrations and vertical reaction of 0,9 0, the available unfactored horizontal
capacity is approximately 0,04 0,/ If the horizontal reaction exceeds 0,04 O, .., additional penetration can occur. The
use of 0,03 0y, in the check, therefore, includes a level of conservatism. If the spudcan is fully embedded, the additional
penetration can be significant. Additional penetration can increase the soil resistance but, to increase the horizontal
capacity to 0,1 V|, the additional penetration is about 10 % of the spudcan diameter and outside tolerable limits.
Conversely, where the spudcan is partially embedded (i.e. when the maximum spudcan bearing area is not mobilized),
any additional penetration results in a significant increase of bearing capacity due to the rapid increase in the bearing area.
An increase in embedded area of approximately 10 % increases the vertical bearing capacity such that, simultaneously,

the horizontal foundation capacity increases to 0,1 V| ..

NOTE 3 For partial spudcan penetration in sand, Q,,,.; can be taken as being equal to 7|, for the purposes of the
Sted Ta check.
A.913.6.3 Level 1, Step 1b — Check of the windward leg — Pinned spudcan

The

windward leg check should be applied only when the horizontal force on the windward leg spu

no greater than Fy, (see Table A.9.3-7). In this case, the sliding stability of the windward leg is

dcan, Fy, is
checked by

enspring that the vertical reaction complies with Equation (A.9.3-65):

Fy>(1-1Yrpre) Ov (A.9.3-65)
where Yr pre is the preload resistance factor, yg prg = 1,10.
In the case of a sand foundation, this check is valid for sand friction angle ¢’ > 25°. For friction andles ¢’ < 25°,
the pliding check in Step 2 should be performed.
A.9]3.6.4 Level 2, Step 2a — Foundation capacity and sliding check — Pinned spudcan
A.9]3.6.4.1 Step 2a — Foundation capacity check
A reduction in the ultimate vertical bearing-capacity, Oy, of a spudcan foundation occurs|when it is
simylltaneously subjected to a horizontal force, Fy, and a moment, F,. The latter is ignored|in Step 2a
analyses as the spudcans are considered(to be pinned. The following paragraph describes the construction of

the
whi

The)
spu
fact
A9

vert]
read

A n
load
the
the

factored vertical-horizontal foundation capacity envelope and the foundation capacity check
h is also applicable to Step 2b.

vertical-horizontal foundation) capacity for sands and clays can be generated according to A.9
ican reactions should be\evaluated for each spudcan. If the reaction forces on the spudcan li
bred vertical-horizontal ) bearing capacity envelope and the factored sliding failure env
3.6.4.2), the foundation is satisfactory. To obtain the factored vertical-horizontal bearing en
cal-horizontal capacity envelope is scaled by the resistance factor, ygyy, from the point
tion, i.e., (Fys0/F, = Wgg , — Bg). In effect, the envelope is shrunk towards this scaling origin

easure gaf the foundation utilization (see Clause 13) can be obtained by assessing the prox

for Step 2a

3.5 and the
e within the
elope (see
velope, the
of zero net

imity of the

ing point*(Fy, Fy) to the factored vertical-horizontal bearing capacity envelope. When making
magnitude of the vector to the loading point should be compared against the magnitude of t
factored vertical-horizontal bearing capacity envelope. The origin of the vectors is arbitrary;

con

>

the check,
e vector to
owever, for
he vectors

(Fu, Fv)org should be taken on the vertical capacity axis (at zero shear) at 0,5 0\/}r vy (see Figure A.9.3-18).
Accordingly, each spudcan foundation should satisfy the capacity check given in Equation (A.9.3-66):

| (Fu, Fv) = (Fy, Fy)org | < | Quns = (Fu, Fy)ore (A.9.3-66)
where
(Fu, Fv) is the environmental response point (determined from factored actions);

(Fy, Fy)org is the origin used for establishing the utilization; this should be taken as H=0,0;

V'=0,50v/7R vi;
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is the gross ultimate vertical foundation capacity;

is the point where the vector originating from (Fy, F\)org and passing through (Fy Fy)
intersects the applicable factored vertical-horizontal capacity surface. The factored
vertical-horizontal capacity surface is derived by dividing the coordinates of the applicable
surface from A.9.3.5 by the resistance factor gy with respect to the point of zero net
reaction (0,Wgg o — Bg); ’

is the partial resistance factor for vertical-horizontal foundation bearing capacity,
Yrvn =1,10;

represents the vector magnitude.

VoA
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b) Clay with spudcan buoyancy and no backfill

Figure A.9.3-18 (continued)
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c) Clay with spudcan buoyancy and backfill

Key

1 vertical-horizontal foundation capacity

2 factored vertical-horizontal foundation capacity (coordimates multiplied by 1/jz /) relative to the scafing origin as
defined

3 sliding capacity (see A.9.3.6.4.2)

4 factored sliding capacity (unfactored horizontal sliding capacity coordinate multiplied by 1/7R,ch)

5 vectors indicating origin for construction of, the factored V-H bearing capacity envelope

|...| | represents the vector magnitude

H horizontal reaction or horizontal capacity

Oy | gross ultimate vertical foundation capacity (with zero horizontal load)

Oynk point where the vector originating from (F, F\/)org @nd passing through (Fy, F\) intersects the factpred vertical-
horizontal capacity surface)derived by dividing the coordinates of the applicable surface from AP.3.5 by the
resistance factor jz

U utilization for environmental response point (Fy, F\/) as given in A.9.3.6.4
14 vertical reaction or-vertical capacity

7R,V[ partial resistafqce factor for foundation (bearing) capacity

TRH partial résistance factor for horizontal (sliding) capacity

Figure A.9.3-18 — Vertical-horizontal foundation capacity envelopes

A.9.3.6.4.2 Step 2a — Foundation sliding check

In Step 2a, the spudcan foundations should also be assessed using the following sliding check, since the
factored sliding failure surface can lie within the factored vertical-horizontal bearing capacity envelope. The
same procedure also applies for Step 2b.

The horizontal capacity of the foundations of the windward leg(s) should be checked for the horizontal forces
on the spudcan(s), Fy, in association with the gross vertical force F,. The most onerous case is likely to be

with a single windward leg, the minimum variable load and the centre of gravity offset to leeward; however, it
is good practice to assess the horizontal capacity for all legs and load cases.
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The foundation should satisfy the capacity check given in Equation (A.9.3-67):

| (Fy, Fv) = (Fy, Fv)org | <1 Ovhg— (FH, Fv)ore | (A.9.3-67)

where

Ovn¢ is the point where the vector originating from (F, F\/)org @nd passing through (Fy, Fy) intersects
the applicable factored sliding capacity surface derived by dividing the horizontal coordinates of
the applicable surface O, from A.9.3.5.2 (sand) or A.9.3.5.3 (clay) by the resistance factor,
TR Hfc:

Ons |is the foundation sliding capacity; see A.9.3.5.2 (sand) or A.9.3.5.3 (clay);

Yrnre |is the partial resistance factor for horizontal foundation capacity where yg . = 1,25 for sand,
based on drained conditions and effective stress, or yg ¢ = 1,56 for clay, based 'on" undrafned
conditions and total stress;

[...] represents the vector magnitude.

A.9.3.6.5 |Level 2, Steps 2b and 2c — Foundation capacity and sliding check’>— Spudcan with
moment fixity and vertical and horizontal stiffness
Step 2b and 2c foundation analyses inherently ensure compliance with the€ unfactored foundation yield surface,

except that

i.e. the spudican has become pinned.

The capaci
which vertid

in a Step 2b analysis compliance is no longer assured when\the moment fixity has reduced to

y checks to undertake in a Step 2b assessment are.identical to those undertaken for Step 2
al-horizontal capacity and sliding capacity for sands and clays can be generated in accordg

ryero,

a in
nce

with A.9.3.5
from the res
the factored

ons
thin

and the spudcan reactions are evaluated for each spudcan. If the vertical and horizontal react
ponse analysis (which has accounted for spudcan moment fixity with stiffness reduction) lie w
foundation capacity envelopes, the foundation is satisfactory.

A Step 2c a@nalysis implicitly includes a check«er’ compliance with the unfactored foundation yield surface.
When the ffictional sliding surface intersects‘the foundation capacity envelope, sliding can occur before the
response rgaches the yield surface. When_this sliding effect is included in the response analysis, no fufther
Level 2 checks are required. When this-sliding effect is not included, a sliding check should be undertakgn in
accordance with A.9.3.6.4.2. In all cases; the Level 3, Step 3a displacement check should be performed.

A.9.3.6.6
of the fou

Level 3, Steps 3a‘and 3b — Displacement check — Settlements resulting from exceeda
dation capacity

nce

Vertical setflement and/or sliding of a spudcan can occur if the forces on the spudcan due to the extr
event are dutside the yield interaction surface computed for the spudcan at the penetration achieved dy
installation.| Such_settlements often result in a gain in capacity through expansion of the yield interag

Eme
ring
tion
htial
med

2.5

for such ca
and A.9.3.2.6.

A Step 3a check can be accomplished by identifying the “equivalent” preload level that would be required to
expand the V-H yield surface used in Step 2 such that the factored capacity exceeds the forces on the
spudcan. The added penetration associated with this “equivalent” preload is calculated using each of the three
predicted load-penetration curves [using the best estimate, upper bound and lower bound soil strength profiles
and separate global response analyses as appropriate; see A.9.3.2.1.1 b)]. If any of these three additional
penetrations is significant, the effects on the spudcan foundation and the structure should be evaluated and
the procedure iterated to establish whether the consequences of the displacement on the other utilization
checks are acceptable.
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A Step 3a check can also be performed when the Level 2a or 2b sliding or capacity check of a windward leg is
not satisfied, or is no longer satisfied due to the additional penetration of a leeward leg as described above. In
the case of a windward leg, sliding can occur when the factored load exceeds the factored capacity resulting
in redistribution of the horizontal reaction to the leeward leg foundations. This effect can be assessed by
limiting the factored horizontal reaction to the factored sliding limit (dependent on F) and iteratively

determining the redistribution of loads and the associated non-linear displacement of the structure. The effects
on all spudcan foundations and the structure should be evaluated and the procedure iterated to establish
whether the consequences of the displacement on all the other utilization checks are acceptable, including the
foundation capacity of the other legs.

A Step 3b analysis inherently includes a check on the direct consequences of spudcan di
Thefefore, no foundation checks are required, although it should be shown that the results are not
the |load-penetration assumptions, i.e. that small changes in the forces on the spudcan_ or.ag
strepgth do not lead to large increases in penetration.

placement.
sensitive to
sumed soil

Wh
limi
The)

n assessing the acceptability of displacements, due consideration should Jbeygiven to
tions, e.g. jacking operations to level the unit and re-establish a safe hull elevation or to def
limits are dependent upon the jack-up and the configuration at the site.

operational
art the site.

A.9]3.6.7 Foundation settlement not specifically addressed elsewhere

Setflement of the spudcans should be estimated and checked. If necessary, corrective actiong should be

takgn. The settlements of installed spudcans can be assessed fronma-combination of
elastic settlements;

consolidation settlement;

settlements due to cyclic loading;

settlements due to seabed instability.

The
nun
calg
sett

Cyc
be ¢
indy

Sea
indu

The
mea

elastic settlements and consolidation settlements can be calculated using conventional 3
erical geotechnical models. The elastic settlements occur concurrently with applied actions
ulated as function of the basic'elastic soil properties (v and G) and the applied actions. The ¢
ements of cohesive soils canbe calculated using conventional models accounting for time effe

nalytical or
and can be
bnsolidation
Cts.

ic environmental actions or operational vibrations can induce further settlements. Special atte
iven to cyclic loading’in silty sand or silt. Cyclic loading can also involve a soil strength reducti
ce settlements due)to bearing failure.

bed instability>due to scour or gas seeps involves a decrease in the effective bearing capaci
ce settlements due to local bearing failure.

settlements should be checked regularly. If necessary level adjustments should be made g
sures against scour development should be taken (see A.9.4.7).

tion should
n. This can

y. This can

r protective

A.9

.4 Other considerations

A.9.4.1 Skirted spudcans
Skirts are added to spudcans to provide additional foundation capacity and stiffness compared to conventional
conical spudcan geometries.

Within the skirt, the typical geometry of the underside of a skirted spudcan is either relatively flat or conical. In
some cases, the leg chords may protrude below the skirt tip and achieve first contact with the sea floor, thus
protecting the skirt whilst going on and off location. In the case of skirted spudcans with a flat underside, a
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level and undisturbed seafloor surface is required in order to minimize the potential for eccentricity of the
foundation reaction.

In order to realise the maximum benefit from using a skirted spudcan, the underside of the skirted spudcan
should achieve full contact with the sea floor surface. Calculations should be performed to determine the
penetration resistance of the skirt, including any bulkheads and internal or external stiffeners and, hence,
whether the applied preload is sufficient to ensure that full contact is achieved.

Methods for calculating the tip and skin friction components of the skirt penetration resistance are described in
DNV Classification Note 30.4[A-94-1] |n cases where the skirt tip has a greater thickness than the rest of the
skirt, consideration should be given to the potential for a gap to form above the skirt tip during penetration into

the seabed

especially in cohesive soils.

If the penetration resistance exceeds the available preload footing reaction and partial penetration-of-the

occurs, con
infilling the
into the ski
determine t

Considerati
skirt or any

If the voids
of the encldq
cohesionles
bulkheads.

Once full
correspond
spudcan, th

At locations
capacity of
determinati

The bearing
Dean et al.l
et a/.[A.9.4-6
Leland et 4
solid footing
surface tra
additional ¢

When full s
elastic foun

The extract]

sideration can be given to measures such as applying suction for increasing the penétratio

t void. If, after preloading, the skirt is partially penetrated, the assessment should be revise
ne consequences, including a consideration of the strength of the skirt.

bn should also be given to the effects of compaction and/or consolidation of the soils within
nfill material used during preloading.

within the skirt are not completely infilled, consideration should_be given to the effect of moven
sed seawater within the skirt due to spudcan rotation, especially for compartmentalized skir|
s soils where “piping” can occur due to flow of the enclosed water around stiffener plate

5 to that of an embedded footing. As the soil within the spudcan skirt is effectively part of
e weight of the enclosed soil plug should be in¢orporated in the penetration resistance calculat

with relatively strong soils and when the ‘underside of the skirt spudcan is flat, the ultimate beg
the foundation can be significantly greater than the applied preload. Methods are available for
bn of such additional “virtual” capagities, see for example DNV Classification Note 30.4[A-94-1],

capacity envelopes appropriate for skirted footings have been the subject of much research;
(.9.3-34] Bransby and RandolphlA-9-4-21[A-94-3] Bransby and YunlA-94-4] Cassidy et al.[A-9:4-5],
, GourveneclA-9-4-71[A-948]  Gourvenec and RandolphlA-94-9 Kellezi et al.[A-9-4-10] [A.9.4-11] [A.9;

, however, care isswarranted before making such an assumption as weaker soil from the seg
pped within the.spudcan skirt can influence the failure mechanisms developed, reducing
ppacity available;'see Bransby and YunlA-9-4-4],

budcan-seabed contact is achieved, the embedment of the skirted spudcan can permit the us
Hation.Stiffness depth factors corresponding to a solid footing as described in BelllA-9-3-55],

or_resistance for a skirted spudcan can be substantial; consequently, skirted spudcans are]

Skirt
h or

resulting void within the skirt with suitable material introduced through valved pipes.that penefrate

d to

the

hent
s in
5 or

ontact has been achieved, the vertical bearing:.‘capacity of the skirted spudcan essenfially

the
ons.

ring
the

see
Fide
1-12]

/.[A-94-13] and Svano and TjeltalA-94-14] The skirted spudcan has generally been modelled as a

bed
the

e of

not

usually employed at locations where soil backfill can occur on top of the spudcans. Extraction can be assisted
through the use of drainage and/or the application of water pressure within the skirt in order to minimize the
development of suction within the soil below the spudcan.

Soil can remain within the skirts after extraction of a skirted spudcan from a location with cohesive soils, which
can influence the penetration response during subsequent installations.

A.9.4.2 Hard sloping strata

A hard, sloping stratum can be created by a sand wave, sand bank, scour around a platform, buried
geomorphic features such as channels, footprints produced by previous jack-up emplacements, human-
related seabed activity, or a combination of the above. Such slopes can cause eccentricity in the spudcan
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reaction, which can lead to emplacement and removal difficulties, particularly for leg designs with slender
braces, as in the following examples:

— The eccentric reaction can result in a significant leg bending moment in the region of the hull. Where this
bending moment is reacted by the leg guides, the resulting large shear force can overstress the leg
members.

— If a fixation system (rack chocks) is employed at the leg-to-hull interface, the bending moment present at
the time when the fixation system is engaged is locked into the leg. If the eccentricity of the spudcan
reaction is subsequently exacerbated (e.g. by scouring around the spudcan), then the effective leg
bending moment in the region of the hull can increase. When the fixation system is later disengaged, the
redistribution of the moment in the leg for the revised support condition provided by the pinions and
guides can cause overstress.

Anticipated installation-induced stresses should be considered in the site-specific assessment (seg 5.4.8). The
foundation reactions should be assessed against bearing and sliding capacities of the sloping hard|stratum.

Consideration can be given to the potential benefit of seabed preparation prior to 'emplacement of the jack-up.

A.9)4.3 Footprint considerations

Surface or buried footprints from prior jack-up operations in the proposed field can cause eccentific reactions
or Iateral movement of the spudcan. One preventive approach is aveidance (i.e. positioning spudcans at some
minimum distance away from the footprints) while mitigations include working the legs, leg stompjng, seabed
remgediation, etc.

Information on spudcan-footprint interaction can be found'in References [A.9.4-15] to [A.9.4-22].

A.9/4.4 Leaning instability
A lower bound estimate of the leaning stability~¢an be obtained using the theory of HamblylA-9-4-23] However,
such estimates have proven to be generally conservative due to the omission of beneficial effefts such as
spuglcan fixity and lateral soil resistance on’the legs.
In deep water, a potentially unsafe ‘condition (comparable to a punch-through situation) can|occur. The

potential for such incidents can’be*mitigated if appropriate installation procedures are adopted. These can, for
example, include preloading the spudcans individually.

A.9/4.5 Leg extraction.-difficulties
Leg|extraction difficulties can be caused by conditions including the following:
— |deeply penetrated spudcan in soft clay or loose silt;

— | skirted or caisson-type spudcan where uplift resistance can be greater than the installation redction;

— sites where the soil exhibits increased strength with time.

A jack-up pulls its legs from the seabed by lowering the hull into the water, thereby generating a buoyant uplift
force and inducing tensile forces in the legs. The force required to extract the leg is affected by several factors,
including the nature of the soils, the depth of penetration, the geometry of the spudcan and whether soil
backfill has occurred. The force available for leg extraction is frequently less than the force applied during
installation. Where significant leg penetrations are attained, it is not uncommon for pulling of the legs to take
several days, or in some cases much longer.

Where leg extraction problems are predicted, a warning should be included in the site-specific assessment
report.
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Potential mitigations include jetting and/or excavation of the surface soils. However, these measures can alter
soil strength and the seabed topography, which can affect the future emplacement of jack-ups at the same
site.

Further details can be found in References [A.9.4-24] to [A.9.4-29].

A.9.4.6 Cyclic mobility

General guidance on the assessment of the potential for liquefaction and/or cyclic mobility is given by

KramerlA-94-30] and Idriss and BoulangerlA-94-311. DeanlA-9:4-32! presents approximate methods for estimating
settlementsof-st |hmnrgnd foundations st |hJinr\fnr| totime Hopondnnf Ins\ding

A.9.4.7 Stpour

The key conpditions for scour are

— hydrodlynamic conditions;

— flow digturbance due to presence of an obstruction;
— potentigl for erosion of the sea floor material.

For the hydrodynamic conditions, the combination of tidal and non-tidalyeurrent velocities (e.g. storm- drjven
currents) arg key parameters, so that the effects of scour can increase.rapidly during storms, particularly when

the two contributions are aligned.

The maximum depth of scour adjacent to the spudcan iswrelated to the dimensions of the obstrugtion
introduced, |either the spudcan itself or the spudcan in combination with the leg structure.

Particle siz¢ has a strong influence on the erodibility; see Figure A.9.4-1. Particle sizes larger than those of
the original jsea floor, such as gravels and cobbles can-be useful for scour protection.

Scour is mgre important for spudcans with limited*sea floor penetration, as removal of the soil can result ir] the
following:

— aredisfribution of leg forces or loss of jack-up hull trim;
— aredugtion of the bearing capacity of the foundation and seabed fixity;
— eccentficity in the spudcan’reaction;

— an incrgase in an-existing potential for punch-through in layered soils.

There is nq definitive procedure for the evaluation of scour potential, but useful reference material ca be
found in §
experience lc = . . .
of an awareness of the cr|t|cal comblnatlon of tldal and non- tldal (storm drlven) currents that can |nduce scour.
Scour protection measures include the following:

a) gravel dumping prior to installation, provided the selected gravel gradation does not cause damage to the
jack-up spudcans: Particularly for the larger materials, care should be taken to ensure that this activity
does not adversely affect future jack-up emplacements;

b) use of frond mats, gravel bags, gravel dumping or grout mattresses after installation, the effectiveness of
which can be evaluated from scour surveillance monitoring;

c) monitoring and adjusting for reduction in hull elevation.
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Figure A.9.4-1>— Soil particle size and seabed mobility
(after McDowell and O'ConnorlA-9.4-361)

4.8 Spudcan interaction with adjacent infrastructure

interaction of the spudcans with adjacent infrastructure can be addressed with reference to th
Siciliano et al.lA-9437] StewartlA-94-38] | eung et al.[A-94-39] and Kellezi et al.[A-94-40],

4.9 Geohazards

ain areas of the world, including the US, require shallow geohazard surveys and publish doc
give. some useful guidance, e.g. US MMSIA-94-41] and OGPIA-94-42] |t is important that

e literature,

iments that
the work is

ned, performed and assured by qualified geohazard specialists to ensure that it is fit-for

rpose and

meets the actual regulatory requirements of the host country.

A.9.

4.10 Carbonate material

No guidance is offered.
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A.10 Structural response

A.10.1 Applicability

No guidance is offered.

A.10.2 General considerations

The ULS responses typically include overturning moments of the jack-up, reactions and displacements at the
spudcans, horizontal deflections of the hull, the internal forces in the leg members and forces in the holding
system. The¢ responses should be obtained using appropriate combinations of functional actions, metocean or
earthquake|actions, and dynamic, second order and leg inclination effects with the action factors in_Annéx B.
The applicgtion of actions is described in 8.8 and A.8.8. In 5.4.3, it is required that the analysis be-carried out
for a range |of headings with respect to the jack-up such that the most onerous loading(s) for each.item in| the
are determined.

ically not a consideration. However, fatigue response can be important'for long-term applicatjons
of a jack-up| (see Clause 11).

A.10.3 Types of analyses and associated methods

The extrene storm ULS response can be determined either by atwo-stage deterministic storm analysis
procedure yising a quasi-static analysis that includes an inertial loadset (see A.10.5.2) or by a more detailed
fully integrated (random) dynamic analysis procedure that uses_a Stochastic storm analysis (see A.10.5.3).

Table 10.3-l gives a list of some of the references used in-an extreme storm response analysis. A common

approach c@n be to start with a relatively simple analysistand to increase the level of complexity if the simple
method shgws the jack-up is unsuitable for the site.

Table A.10.3-1 — Cross references for extreme storm responses

Topic Reference Comments and additional references
location

Metocean aftion| Table A.7.3-1 |A.7\discusses actions, but Table A.7.3-1 gives an overview of the calculation

calculation procedure and gives references to the required input data, methods of calculating
procedure actions, and action factors.
Structural mpdel A.8 Table A.8.2-1 discusses the levels of detail in different structural models, and the)

information that can be obtained from them.

A.8.3 to A.8.5 discuss modelling of the legs (including some simplified methods fpr
calculating equivalent leg stiffness properties), the hull, and the leg to hull
connection, respectively.

A.8.7 discusses mass modelling.

Action factors 8.8 Action factors are given for both the two-stage, and one-stage stochastic storm
analysis.

Application of A.8.8 Wind and wave/current actions are determined through use of A.7.3.

actions

A.8.8 discusses application of actions, including functional actions, hull sagging,
metocean actions, and inertial actions. Additional load cases that should be
considered when (Tn/Tp) > 0,9, are given in A.10.5.2.2.3.

Large A.8.8.6 Different modelling techniques are discussed, including large displacement
displacement methods, geometric stiffness methods and negative springs.
effects

172 © 1SO 2012 — Al rights reserved


https://standardsiso.com/api/?name=0ae59eee340d53e55ccc34fede5731b6

ISO 19905-1:2012(E)

Table A.10.3-1 (continued)

Topic

Reference
location

Comments and additional references

Conductor
actions

A.8.8.7

Damping

A.10.4.3

Table A.10.4-1 gives recommended explicit damping levels.

A.7.3.3.2 describes relative velocity hydrodynamic damping and Equatio

gives the specific limits for when relative velocity formulation may be used.

A-10-4-3-3-deseribes-the-hystoreticfoundation-damping-that-may-be-use;

cases.

n (A7.3-15)

d in certain

Twq
det
sto

-stage
rministic
m analysis

A.10.5.2

In this method, a DAF is calculated and used to develop an inertial loads
combined with the maximum quasi-static wave action. The DAF can be 1
SDOF analysis (A.10.5.2.2.2) or a random dynamic analysis (A:10.5.2.2

Figure A.10.4-2 gives an overview of a two-stage approeagh incorporating foundation

fixity, which is normally included in the analysis.

A.10.4.4.1.2 gives foundation modelling for a two-stage analysis.

et that is
rom an
3).

SD

DF analysis

A.10.5.2.2.2

This method is very simple and often used for afirst pass assessment, 4

limited range of applicability and, while normally conservative, can undefestimate

the DAF.

utithas a

Rar
dyn
ang

dom
aMmic
lysis

A.10.5.2.2.3

Commonly used to develop the dynamic response and then the DAF in § two-stage

analysis

Sets out the metocean and inertial loadset components of the basic load

should be assessed for all values of (Tn/Tp), and the extra load cases that should be

considered when (Tn/Tp) >0,9

Table A.7.3-3 giveséspecific recommendations on qualifying storm simul

A.6.4.2.3 gives information on wave spreading using either three-dimens
analysis or @ Kinematics reduction factor.

ISO 19901-1:2005, 8.3 and A.8.3, give information on the intrinsic and a
wave'periods, and the methodology for modifying the wave spectrum frg
to.apparent.

A.10.5.3.3 gives additional details on all random wave dynamic analyseq
of whether it is for a one-stage or two-stage assessment.

A.10.5.3.4 gives information on determining the MPME response, which
of the random analysis.

Table A.10.5-1 gives recommendations for calculating the MPME and on the storm

duration to use in the simulations.

case that

ations.

ional

bparent
Im intrinsic

, regardless

is the result

Sto
ang

Chastic storm
lysis

A.10.5.3

In this method, the MPMEs of the responses of interest (e.g. member ut
are determined directly in a one-stage analysis, although multiple one-sf
dynamic analyses can be required (10.5.3). DAFs are not specifically de|

izations)
nge
veloped.

A 105 3 2 describes the determination and qpplir‘nﬁnn of Innrﬁnl factors

o the

metocean parameters, as required in 10.5.3.

Figure A.10.5-4 shows the analysis procedure for a one-stage stochastic storm

analysis including foundation fixity.

A.10.5.3.4 describes the determination of MPME responses.

Leg

inclination

A.10.54

The effect of leg inclination is included in the structural code checks, but
global response analysis.

not in the
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A.10.4 Common parameters

A.104.1 G

eneral

The ULS response can be calculated either by using a quasi-static analysis procedure including an inertial
loadset or by using a more detailed (random) dynamic analysis procedure.

Clause 8 and A.8 identify the factors that affect the structural stiffness of the jack-up and discuss the structural
stiffness modelling at various levels of complexity. The actions are discussed in Clause 7 and A.7.

de-of the dvnamic resnonse-is-affactad by the followina:
J ~ J "

The magnit
a) the dy
founda
b) the ch
signific
quadral

The factors
A.10.4.2 N

A.10.4.2.1

The natura
important ir
are normall
together; w
period varie
considered
effects of w

symmetric gbout the direction of wave propagation.

The natural
(global) stru

Facteristics of the excitation. For metocean excitation at sites with high current, there car

latural periods and affecting factors

namic characteristics (natural periods) of the structural system formed by the jack<up “or
ion;

nt contributions from higher order harmonics in addition to those normaélly “associated
ic drag terms and free surface effects.

that affect these two characteristics are discussed in A.10.4.2 to A.10.4-5

General

period of the jack-up on its foundation in the fundamental (or first) mode of vibration i
dicator of the degree of dynamic response to be expected. The first and second vibrational mg
y the surge and sway modes. The natural periads of these vibrational modes are usually ¢
hich of the two is the higher depends on which’ direction is less stiff. Where the natural or w
s with heading, care should be taken that.the periods used are applicable to the direction b
in the analysis. The third vibrational mode is normally a torsional mode, the three-dimensi
hich can be important, in particular for-fieadings where the legs and, hence, wave actions are

period is dictated by the characteristics of the structural system, which are governed by the ov
ctural stiffness, the mass afd mass distribution, and the damping.

bed natural period is determined from Equation (A.10.4-1):

/(M K) (A.10]

he first hatural period of surge or sway motion of the jack-up;

its

be
Wwith

an
des
ose
ave
Bing
bnal
not

brall

4-1)

The undam
T, =2
where
T, is
M is
K

he effective system mass;

is the effective system stiffness.

ISO/TR 19905-2 contains a manual method for calculating the natural period. The method is not
recommended for use in analyses but is useful for demonstrating some of the factors that affect the natural
period of a jack-up.

A.10.4.2.2

Stiffness

The jack-up on its foundation represents a multi degree-of-freedom system. If available, a finite element
structural model, containing the mass and stiffness properties of the jack-up should be used to obtain the
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various natural periods and mode shapes. Structural modelling at various levels of complexity is discussed
in A.8 and should consider stiffness contributions from the following:

a) bending deformation of the legs;
b) shear deformation of the legs;
c) axial deformation of the legs;

d) hull bending deformation;

e) |horizontal vertical and rotational leg-to-hull connection stiffness;
f) |horizontal, vertical and rotational foundation stiffness;
g) |second order P-A due to lateral displacement of the hull;

The|model can contain a number of non-linear elements, notably the leg-to-hull connections and thhe spudcan-
foundation interfaces.

If dgsired, the system stiffness for the fundamental modes can be determined from an idealized sirjgle degree-
of-fleedom system as described in ISO/TR 19905-2.

A.10.4.2.3 Mass

No guidance is offered.

A.10.4.2.4 Variability in natural period

No guidance is offered.

A.10.4.2.5 Cancellation and reinforcement

A.10.4.2.5.1 General

If the legs of the jack-up werge-lumped together at one position, waves passing through would cause each leg
to hpve the same applied ferce history and the base shear transfer function (base shear versus wave period)
would be a relatively smooth function. Assuming the leg kinematic parameters are axisymmetric, this transfer
fungtion would be the-same for all wave headings. As the legs are moved apart, at an instant in tinpe the wave

Fig A
position of the calculated natural period(s) relative to the cancellation and remforcement points in the global
loading. These can be characterized by the total horizontal wave loading or by the overturning moment;
cancellation and reinforcement of points for these can occur at slightly different wave periods.

The assessor should aim to maximize the overall jack-up responses and not just, for example, the DAF.

The DAF calculated through the SDOF is independent of cancellation and reinforcement.
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A.10.4.2.5.2 Quasi-static deterministic waves

Care should be taken to avoid cancellation in the quasi-static deterministic wave actions. This is not normally
an issue; rarely is the extreme storm wave period close to a cancellation period, but if it is, a range of wave

periods sho

uld be investigated (see A.6.4.2.9 and A.6.4.2.3).

A.10.4.2.5.3 Stochastic dynamic wave response

The natural period(s) used in the dynamic analysis should be selected such that a realistic but conservative
value of the dynamic response is obtained for the particular application envisaged. Care should be taken to

ensure that

the response is maximized not just the dynamic amplification since it is possible to have 3 |

rge

DAF combi
the DAF is
also A.7.3.3
the DAF is
one that ex
natural per
cancellation

Care shoul
cancellation
harmonic e
especially v
If cancellati

hed with low metocean excitation, due to cancellation, leading to low combined response Y\
determined through a stochastic analysis, care should be taken to minimize cancellation
.3.3) as this can result in significant underestimation of the DAF. In a two-stage stochastic-ana
determined as the ratio of the responses of two models (see A.10.5.2.2.3): one that'includes
cludes dynamic effects. A significant percentage of the dynamic effect is due tp. excitation of
od of the jack-up by that component of the wave trace having that sameCperiod. If then
at that period, there is little excitation, so the calculated DAF is unrealistically-small.

 also be taken when there is significant current velocity as this can,tead to slightly diffe

hen
see
ysis,
and
the
e is

rent

effects. When combining current with a cyclic Morison wave loading, the drag term causg¢s a

citation at half the wave period. This second harmonic can result in_significant dynamic excita
hen the current is large and the period of the second harmonie.is the same as the natural pe
bn of the second harmonic actions occurs, the DAF can be significantly underestimated.

In order to

period(s) should be bracketed and compared with the relevant camcellation points in the global wave loa
and the se¢ond harmonic of the wave period. When the natural period occurs at a cancellation point in|

transfer fu

away from fthe cancellation point. The natural period sheéld generally be increased above the cancellz
point, by irjcreasing the hull mass and reducing the-foundation fixity, rather than reduced. This gene
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reducing th
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revent cancellation resulting in potential underestimation of the DAF, the range of possible na

tions, the mass or stiffness should be adjusted:in a logical manner to move the natural pe

t the dynamic response is maximized within reasonable limits.
mended that the definitive selectionof natural period(s) be based on the shape of the gl

n.

e hull mass (within the/normal range) and/or by introducing a degree of rotational fixity at

Sis is for a case.with a degree of spudcan moment fixity, then the adjustment can most logicall
rying the degree of rotational fixity at the seabed.

, whep>the metocean data is omni-directional, the effects of wave spreading can be use
effects of cancellation by carrying out the dynamic analysis for a single wave heading along

ion,
iod.

ural
ding
the
riod
tion
rally

bbal

vave loading (base shear) and overturning moment transfer functions for the case unpder

sis is for pinned spudcans with maximum hull mass, then the adjustment should be madg¢ by

the

V be

d to
an

axis which

is-neither parallel nor normal to a line through two adjacent leg centres. Thus. for a 3-legd

ged

jack-up with equilateral leg positions and a single bow leg, suitable analysis headings can be with the
environment approaching from approximately 15° or 45° off the bow. The DAFs should be determined for one,
or both, of these headings. The DAFs (or more conservative DAFs) can then be applied to the final
quasi-static analysis for all headings.

In a one-stage stochastic analysis, similar care should be taken to avoid cancellation effects at both the
natural period and at the predominant wave spectral energy.

Figure A.10.4-1 presents the periods at which first and second cancellations and reinforcements occur in the
total wave actions. It is valid for the main wave directions of 3- and 4-legged jack-ups in water depths
exceeding 30 m. The potential for increased response due to shortcrested waves should be considered
(see A.7.3.3.3.3).
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Dimensions in metres
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a) Bample of wave period in relation to wave force cancellation/and reinforcement at all phase angles,
including diagrammatic arrangement of jack-up legs with wave length
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b) Horizontal action on jack-up versus wave frequency showing reinforcement and cancellation

Figure A.10.4-1 (continued)
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%ﬁ\

c) Diagrammatic arrangement of legs on 3-legged jack-up in beam seas that can result in complete
horizontal wave action cancellation at all wave phase angles

Key

1 3legge
2 4IeggeE
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9
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A

f wave frg
¢t  wave p§
S jack-up

@  First waye force cancellation over all wave phase anglés:“water depth > 50 m.

b First wa\e force reinforcement over all wave phase(angles; water depth > 30 m.

¢ Second yave force cancellation over all wave phase angles; water depth > 30 m.

d  Second vave force reinforcement over all Wave phase angles; water depth > 30 m.

NOTE 1 R
water results

jack-up
jack-up

wave difection versus leg locations associated with wave action curve 5
wave difection versus leg locations associated with wave action curve 6
indicatije curve of wave action on jack-up versus frequency due waves in directions 3
indicatije curve of wave action on jack-up versus frequency due waves in directions 4
first reinforcement point
second feinforcement point
first cancellation point

0 second [cancellation point

static wave action on jack-up

quency
riod
eg spacing

igure A.10.4-1 a) has been(drawn for effectively deepwater cases only. The reduced wave length in shjllow

in slightly longer wave periods producing first cancellation.

NOTE 2 ®n a 4-legged jacksup,it is possible to get complete cancellation of the horizontal actions at certain wave
lengths (e.g.[in a wave of specificlength that results in two legs at the wave crest and two at the wave trough, as shown by
line 'a' in Fighre A.10.4-1 a) t-is not possible to get complete cancellation of the horizontal actions on a 3-legged jadk-up
two legs parallel to the wave crest. There is partial cancellation in waves that result in one leg at a trpugh
s are at a'crest, as shown by line 6 of Figure A.10.4-1 b), but there is not sufficient cancellation in any wave
length to reslilt in line.5. It can be possible to get complete cancellation on a 3-legged jack-up oriented with any two |legs
parallel to the difection of wave propagation, as shown in Figure A10.4-1 c), but it is not for precisely the wave pefiods
given in Figure-A310.4-1 a).

oriented with
when two leg

Figure A.10.4-1 — Periods for wave force cancellation and reinforcement as a function of leg spacing
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A.10.4.3 Damping

A.10.4.3.1 General

The main components of system damping are foundation, hydrodynamic and structural damping. Each of
these can be modelled either linearly or non-linearly and can be calculated as part of the analysis or input as a
percentage of critical damping (see Table A.10.4-1).

Structural damping is normally modelled linearly and input as a percentage of critical damping, however there
are non-linear components (e.g. gaps in guides, pinion backlash).

Hydrodynamic damping is mainly due to fluid-structure relative velocity effects (see A.7.3.3.2); altelarnatively, a
per¢entage of critical damping can be applied.

Foundation damping comprises three components: small strain material, hysteretic and. radiatign damping.
Thel small-strain soil material damping is typically small. At larger strains, amplitude-depender]t hysteretic
damping can also occur. Where a non-linear foundation model is adopted for dynamic response gnalysis, the
hysferetic foundation damping and soil stiffness reduction are accounted for directly. Where linearized soil
stifffess is used in a time domain analysis, hysteretic damping should not be/included.

A.10.4.3.2 Linear system damping

Where the model relies on damping defined as a percentage of crifical, the total linear system danping should
not pxceed 7 % without credible, applicable justification. Lower Values can be appropriate for fatiglie analyses
and|lower sea states. Care should be taken to avoid the duplication of damping components when|explicit and
implicit representations are used simultaneously in the analyses. Table A.10.4-1 summarizes typical upper
bouhds when using percentages of critical damping.

Table A.10.4-1 — Recommendeéed explicit damping from various sources

Damping source Global linear damping not to exceg¢d
(% of critical damping)
Structure, holding system, ¢tc. 2
Small strain foundation A
Hydrodynarfiic 3orQb

@ | The small-strain soil material damping is typically small; in the absence of specific data, 2 % is considered to be|a reasonable

estimate.

b |in cases where the reltive velocity formulation is used [a = 1 in Equation (A.7.3-15)], the hydrodynamic damping is jpccounted for
diregtly and should not be included as a percentage of critical damping.

A.10.4.3.3 -Hysteretic damping

Foundation hysteretic damping can, in certain situations, increase the 2 % small-strain foundatipn damping
givgn'in’ Table A.10.4-1 and is discussed further in ISO/TR 19905-2.

A.10.4.3.4 Vertical radiation damping in earthquake analysis

In earthquake analyses, the foundation radiation damping from wave propagation can be included for vertical
motion of the spudcan in addition to other foundation damping. Radiation damping should not normally be
used in extreme storm or fatigue jack-up assessments. Radiation damping effects are implicitly included when
the dynamic foundation analysis is performed using a continuum finite element analysis with a model that can
accurately capture the effects of wave propagation in the foundation soils. Additional information on radiation
damping is given in ISO/TR 19905-2. In simpler analyses, the vertical foundation radiation damping can be
estimated from the work of Lysmer and RichartlA-104-1] as given in Equation (A.10.4-2):

C.q=R 0,85 BY(1 - V] V(G,p) (A.10.4-2)
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where

C,q is the radiation damping coefficient of a dashpot (force per unit velocity);

R is a reduction factor applied to avoid unconservatism, which should normally be taken as 0,5;
B s the equivalent spudcan diameter at uppermost part of bearing area in contact with the soil;

v is Poisson's ratio of the foundation soil;

see A.9.3.4.3); for sand, G, = G, the initial small-strain shear

ma@dulus, that occurs at small strain
ma@dulus (see A.9.3.4.4)];

—~

p is the total, saturated, (mass) density of the foundation soil.

In non-linepr dynamic analyses, or in linear time domain dynamic analyses using)direct integration,
Equation (A.10.4-2) can be used directly to establish the damping coefficients for the foundation dashpots.

In linear modal dynamic analyses, the additional contribution of vertical radiation damping to the lipear
damping ratio for the vertical mode only can be calculated as given in Equation((A.10.4-3):

g =R[0,232 B w, N(p/G,) (A.104-3)
where
¢y is the radiation modal damping ratio to account for spudcan vertical motion;

w, is the angular natural frequency of the vertical. mode, expressed in radians per second.

n
NOTE 1 The suggested value of 0,5 for R is a reddction on the amount of radiation damping and is comparable|with
values used |in other industries. The reduction is intended to account for the frequency dependence and spatial varignce
(e.g., stratifigation) in soil conditions below the spudcan.

NOTE 2  Hquation (A.10.4-2) is obtained by combining the definition of the damping coefficient, C, with the damniping
ratio of Equalion (A.10.4-3) and the corrésponding equation for stiffness given by Lysmer and Richart/A-104-1],

NOTE 3  Radiation damping increases with increasing excitation frequency. Radiation damping levels from ocean yave
excitation arg expected to be_less than 1 %, whereas for earthquake actions, radiation damping ratios can be large
(>10 %). Radiation dampingvalues this large can have significant effects on dynamic response.

A.10.4.4 Fpundations

A.10.4.4.1 | Foundations for extreme storm assessment

A.10.4.4.1.1 General

A.10.4.4.1 describes the analysis of the structure and the foundation evaluation which can be performed in
two different ways:

— option 1: deterministic two-stage approach;

— option 2: stochastic one-stage approach.
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A.10.4.4.1.2 Option 1 — Deterministic two-stage approach

Figure A.10.4-2 illustrates the procedure schematically.

-1:2012(E)

In this approach, the dynamic response of the structure is evaluated based on either a simple linear analysis
or a more complex elasto-plastic analysis in order to determine an inertial loadset. The dynamic analysis can
include linearized springs. Typically, the initial linearized rotational stiffness for the dynamic analysis can be
taken as 80 % of the value determined from A.9.3.4.1. This simplified approach does not capture the
temporary reductions in stiffness that occur during plasticity events (generally with detrimental effects), but
also does not capture the increased damping associated with these events (with beneficial effects).

The)
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by

ana
sim
inte
acti

Thig

a)

b)

foundation and structural assessment is next performed using a quasi-static, iterative analysis
vhich the dynamic actions have already been determined. This quasi-static analysis can be. aq
means of either an elasto-plastic foundation model or by a simplified application of)'the fi
ysis as described below. This simple approach is used to apply moments on the spudcah by in
ple linear rotational spring. The moments thus applied are limited to a capacity based d
raction relationship between the gross vertical force (F\,), the horizontal force () and the m
g on the spudcan.

simple procedure is described in the following steps (see the right hand side of Figure A.10.4-

Include vertical, horizontal and (initial) rotational stiffnesses (using)linear springs, see A.9.3
analytical model and apply the factored functional and factored metocean actions togeth
associated and separately calculated inertial loadset from alinearized dynamic analysis, to dg
resulting forces F, F\, and the moment F), on each spudcar:

Calculate the value of the yield interaction function’(see A.9.3.3) using the resulting forc
spudcan. If the value is zero, the force combination.falls on the yield surface; for values greats
it is outside; and for values smaller than zero, itis‘inside the yield surface.

If a force combination initially falls within, the yield surface, the rotational stiffness shoulg
checked to satisfy the reduced stiffness conditions in A.9.3.4.2.

If the force combination initially falls;outside the yield surface, the rotational stiffness should &
reduced and the analysis should be repeated until the force combination at each spudcan lieg
on the yield surface. If at thaf*point the moment is reduced to zero and the force combin
outside the yield surface,then a bearing failure (either vertical or horizontal) is indicated.

Additional penetration.due to a bearing failure can result in increased foundation capacity, wh
expands the yield\interaction surface. See A.9.3.3.5 and A.9.3.3.6 for guidance on expans
interaction surfaceand A.9.3.6.6 for guidance on the displacement check.
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Figure A.10.4-2 — Analysis procedure for two-stage assessment
with foundation fixity — Option 1
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A.10.4.4.1.3 Option 2 — Stochastic one-stage approach

Figure A.10.5-4 illustrates the procedure schematically.

1:2012(E)

In this approach, the dynamic structural analysis and assessment is performed using one model. A fully

detailed, non-linear time domain analysis is performed taking into account the elasto-plastic beha
foundation.

viour of the

The effects of the foundation fixity on the dynamic response and on the foundation reactions are
simultaneously considered. This approach is more complete and often requires a complex incremental and

iterative calculation procedure. The following outline procedure can be used.

a) |Use a time domain random dynamic analysis to determine structural response and foundati
each time step.

b) |Determine the foundation behaviour using a non-linear elasto-plastic model, such-that at ead
the plastic and elastic portions of the behaviour are captured. If desired, this model can includ
This is likely to require an iterative procedure.

c) |As the dynamic response is influenced by the time history of the actions; a number of randg
analyses should be performed for differing input wave histories, cand”the MPMEs determi
procedure described in A.10.5.3.4.

If, due to wave force cancellation effects, small changes in foundation stiffness result in significant

the response, the foundation stiffness should be selected with.care to maximize the response (see

A.10.4.4.2 Foundations for earthquake assessment

the simple screening assessment, the foundationishould be modelled with the maximum interg
ulus from Clause 9, without degradation and with appropriate rate adjustments.

For
mod

more detailed assessments, a fully non=linear coupled yield interaction model or a contin
ild be used with degradation effects,

For
sho

A.10.4.5 Storm excitation

Curfents change slowly compared with the natural periods at which jack-ups oscillate and can be
to be a steady phenomenon: Variations in wind velocity cover a wide range of periods, but thg
enefgy is associated with-periods that are considerably longer than the natural periods of jack-up
Thefefore, the wind can*generally also be represented as a steady flow of air. The periods of wa
lie hetween 3 s and 20 s. Since natural periods of jack-up in typical applications fall within this
primary source ofdynamic excitation is from waves.

Seag wavessare not regular but random in nature, with a more predominant periodicity when a swe
Thig has important implications that should be considered for both the dynamic excitation and t
dynamic response.

bn forces at

h time step
b hysteresis.

m dynamic
hed from a

changes in
A.10.4.2).

reted shear
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oscillations.
es typically
range, the

| is present.
he resulting

A.10.5 Storm analysis

A.10.5.1 General

No guidance is offered.
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A.10.5.2 Two-stage deterministic storm analysis

A.10.5.2.1

General

In the first stage, an inertial loadset is determined from a dynamic amplification factor using either a single
degree-of-freedom analogy (K par spor). see A.10.5.2.2, or a random wave time domain random dynamic
analysis (Kpar ranDoM)> S€€ A.10.5.2.2.3. In the second stage, the maximum quasi-static wave/current action
is determined by stepping the maximum wave through the structure. The maximum wave/current action is
then combined with the inertial loadset to determine the responses. The maximum wave is defined in 6.4 and
the methodology for calculating the quasi-static wave/current actions is described in 7.3. Load cases and

combinatior

The spudcd
A.10.5.2.2

A.10.5.2.2.

When usin
representeq
classical S
method dis
the result d
actions is n

NOTE L
means that t
forces, holdir

S are aiscusSed 1T 8..8.

n-foundation interface can be modelled as described in 9.3.1.
Dynamic amplification factors (DAFs) and inertial loadsets

General

j a deterministic analysis for calculating the jack-up's responses,Cthe dynamic respons
by equivalent inertial actions as described in A.8.8.5. The inertial loadset can be derived from
DOF analogy described in A.10.5.2.2.2, or from the more complex random dynamic ana
cussed in A.10.5.2.2.3; see Figure A.10.5-1. It should be recognized that dynamic amplificatig
f inertial actions that are dominated by the hull mass. Thérefore, amplifying the hydrodynz
bt a correct physical representation.

he difference between the height of the applied wave actiohs and the height of the system centre of r

g system reactions, spudcan reactions) are not equally~amplified by the inertial actions.

B s
the
ySis
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mic

Nass

he global response (e.g. base shear, overturning moment, hull deflection) and local response (e.g. member
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Figure A.10.5-1 — Dynamic amplification factors
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A.10.5.2.2.2 The classical SDOF analogy (X par sporF)

This representation assumes that the jack-up on its foundation can be modelled as an equivalent single
degree-of-freedom mass-spring-damper mechanism. The (highest) natural period of the jack-up's vibrational
modes can be determined as described in A.10.4.2. The torsional mode and corresponding three-dimensional
effects cannot be included in this representation.

The SDOF method is fundamentally empirical because

— the wave/current action does not occur at the hull;

— the exgitatiormrisor=periodic(rardor)and ror=tinear:

The method described below generally leads to an approximation of the jack-up's real behaviour that\has Qeen
calibrated arainst more rigorous methods. The following cautions are noted when using the SDOF method.

a) If the ratio of the jack-up natural period to the wave excitation period, (2, is in the range©,4'to 0,8 and the
currenf| velocity is small relative to the wave particle velocities, the SDOF method can give reasongble
results] subject to items b) to d) below.

b) The SODOF method does not account for reinforcement, as discussed in A.10.4-2.4, and this can makg the
method unconservative, particularly when ©2>0,5. When ©> 0,5, there can be significant energy ip an
irregular sea at the jack-up natural period, and this is not accounted forin the SDOF method becausq the
DAF ig not affected by any periodicity other than the excitation aty0,97,. This lack of excitation is
particularly important when the jack-up natural period is close to a wave reinforcement point. In this cpse,
the respnant response, combined with reinforcement, can result.in a significantly higher action than [that
calculated from the SDOF method. In the calculation of the_natural period, a range in foundation fixity
should|be considered as this variability can shift the jack-up-hatural period within the base shear trar|sfer
function, resulting in different dynamic amplifications.

c) The SIDOF method can be unconservative for cases where the current velocity is large relative tof the
wave particle velocities. If the results of the assessment are close to the acceptance criteria, fufther
detailedl analysis is recommended.

d) The SDOF method can be unconservative and should not normally be used in an extreme sform
assessment when Q2 is greater than 1,0, .i.e. when T, > 0,9Tp. However, the SDOF analogy may be Used
when the calculated Q2is greater than:1,0 providing 2is taken as 1,0.

When using the SDOF method, a~minimum value of 1,2 should be taken as the DAF in an extreme sform
assessmenl, regardless of the DAF calculated using the SDOF method.

NOTE The DAF calculated)in the SDOF analogy (Kpar spor) should not be directly compared to the DAF deternfined
with a stochgstic wave assessment (Kpag ranpon)- Because the method of determining the relevant inertial loadsgt is
different, the|same value of Kpar spor @nd Kpar ranpom Produce different total global responses; see Figure A.10.5-1

The ratio of (the .amplitudes of) dynamic to quasi-static response as a function of frequency (w) or perioq (7)
steady stat¢,periodic and sinusoidal excitation is calculated by means of the classical dynamic amplification
factor (K par spor) @s given in Equation (A.10.5-1):

1

KpAF,SpoF = >1,20 (A.10.5-1)
J1-02)2 4 (200)?
where
Q2 is the jack-up's natural period (7,,) divided by the wave excitation period (7,,); 2 = ;—” <10;
w

¢ is the damping ratio or fraction of critical damping, £< 0,07 (see A.10.4.3);
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w =097

T, is the apparent peak wave period (modal or most probable period of the wave spectrum, corrected to
account for current velocity; see A.7.3.3.5 and ISO 19901-1:2005, A.8.3);

is the natural period as derived in A.10.4.2.1.
The damping parameter, ¢, in this model represents the total of all damping contributions (structural,

hydrodynamic and soil damping). For the evaluation of extreme jack-up responses using the SDOF method, a
value not exceeding 0,07 is recommended.

The] calculated K par spor from the SDOF analogy is used to estimate an inertial loadset, which represents

the pontribution of dynamics over and above the quasi-static response as illustrated in Figure-Ax10.5-1 a). The
inertial loadset should be determined as given in Equation (A.10.5-2) and applied at the hull>centfe of gravity
in the direction of wave propagation:

Fin= (K par,spoF — 1) FBs,Amplitude (A.10.5-2)
whegre
Fi is the magnitude of the inertial loadset;

Fgs Amplitude 1S the single amplitude of quasi-static base shedr over one wave cycle,

Fgs amplitude = [FBS (QS)Max — FBs,(@s)Minl/Z:

Fgs,as)Max I the maximum quasi-static wave/curtent base shear;
Fgs@symin 1S the minimum quasi-static wave/current base shear.

Equation (A.10.5-2) is part of a calibrated procedure and should not be altered. A more general ingrtial loadset
pro¢edure, using the results from random dynamic analysis, is described in A.10.5.2.2.3.

A.10.5.2.2.3 Inertial loadset based on random dynamic analysis (K par rRaNDOM)

In the time domain random dynamic analysis procedure, two DAFs are calculated, one for the BS [and one for
the loverturning moment (QTM). The inertial loadset, F;,, is calculated from these DAFs. The B and OTM
DAKs are the ratios ©of-the MPME of the dynamic BS/OTM to the MPME of the statlc BS/OTM
(RMPME dynamic/ RMPME static): See Figure A.10.5-1 b), determined from corresponding dynamic and|quasi-static
timg domain analySes for random-wave excitation according to the recommendations of the stochastic storm

analysis in A.10.5¢3. The MPME is defined in Table A.10.5-1.

Damping_effects, including relative velocity effects, should not be included in the quasi-static (zero mass)
analysis.

P-A"€effects should be mcluded In both the quasi-stalic (zero mass) and the dynamic analyses. When P-A
effects are included using negative springs, the same springs should be used in both analyses, although when
calculating the BS DAF the shear force induced by the negative spring should be excluded. When the P-A
effects are developed from gravity actions, the effects of vertical gravity loads should be modelled in the zero-
mass analysis, i.e. weight is included even though there is no mass.

The inertial loadset, F;,, normally should be such that it increases both the BS and OTM from the deterministic
quasi-static analysis by the same ratios as those determined between the random quasi-static (zero mass)
analysis and the random dynamic analysis. In such cases, the structural model (used for dynamic analysis)
may be simplified and it is not necessary that it contain all the structural details, but should nevertheless be a
multi degree-of-freedom model. See A.8.8.5 for guidance on applying an inertial loadset to the model that
matches both dynamic BS and OTM.
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Caution should be exercised when the wave period approaches resonance and additional load cases should
be considered when (Tn/Tp) is greater than 0,9. These extra load cases account for the changing phase
between the forcing action and the inertial action as (Tn/Tp) approaches and exceeds 1,0 (see Figure A.10.5-3
and Note 1). The basic load case is the inertial loadset applied in phase with, and to increase the response to,
the metocean actions, Equation (A.10.5-4). This load case is required for all ratios of (7,,/7,). Three additional

load cases,

Equations (A.10.5-5 to A.10.5-7), should be considered when (7,/T;) is greater than 0,9. Four

sample load cases are shown diagrammatically in Figure A.10.5-3. In each case, the inertial loadset should be
applied to the structure as described with A.8.8.5, using the same directional pair of Kpar ranpoOM Values
calculated for base shear and overturning moment.

NOTE 1 figure A-T0.5-3 ShOWS the phase between the forcing action an € nertal action for an sysiern for
varying valugs of Tn/Tp and represents the underlying reason the extra load cases should be assessed in a twolstage
deterministic|analysis when Tn/Tp is greater than 0,9. As the value of Tn/Tp increases beyond 0,9 the phase between the
exciting actign and the inertial action changes from being approximately in phase for low values of Tn/Tp, through Heing
90° out of pghase when Tn/Tp: 1,0 to being approximately 180° out of phase when Tn/Tp is greatet-than 1,2. While
Figure A.10.%-3 is drawn for an SDOF system, a similar phasing analogy can be made in a randem_dynamic anallysis,
albeit withouf the same degree of fine definition. It is because the phasing is not so well defined in(@yandom seastate] that
extra cases ghould be considered when Tn/Tp is greater than 0,9.
The total bgse shear and overturning moment is the same in the first three load,casés. Equations (A.10.544 to
A.10.5-6) pfovide a match to the base shear but it is still necessary to correctthe overturning moment. Both
the base stear and overturning moment can be different in the fourth caseicEquation (A.10.5-7); see Notes 5
and 6.
The base shear inertial loadsets are calculated as given in Equation.{(A.10.5-3):
Fin PHAKE(a) = K DAF,RANDOM F'STATIC ~ F'STATIC,PHASE(a) (A.10.5-3)
and are apglied in load cases as given in Equations (A.10.5-4) to (A.10.5-7):
[Ee + 7Fp Del0) = Fwinp + FsTATIC + 71,0 Fin,PHASE(0) (A.105-4)
[Ee + 70 Del(90) = FwinD + 71,0 Fin,PHASE(90) (A.10.5-5)
[Ee + 7§D Del(180) = FwinD + FsTATICUP'+ 71D Fin,PHASE(180) (A.105-6)
[Ee + 7§D Del(-180) = Fwinp + ESTATIC ~ 71, Fin PHASE(-180) (A.10.5-7)
where
[Ee + 7} D Dela) is-the combined metocean actions and inertial actions for use as (Eq + y ¢p Dg) in
Equation (8.8-1);
(a) is a subscript representing the notional phasing of the four different load cases gjven
in Equations (A.10.5-4 to A.10.5-7) in which (a) is (0), (90), (180), and (-1[80),
FstaTiC is the deterministic quasi-static wave/current loadset in the direction of the MPME
values;
FwinD is the wind loadset;

FstaTIC PHASE() IS the deterministic quasi-static wave/current loadset for the relevant load case:

188

it is equal to Fgratic for the normal PHASE () case when used to calculate
Fin PHASE(0) IN Equation (A.10.5-4), which represents the normal case with

inertia down-wind and crest wave loading [see Figure A.10.5-2 a)];
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it is equal to 0,0 for the PHASE g case when used to calculate Fi, ppasg(90)

in Equation (A.10.5-5), which represents the inertia only load
Figure A.10.5-2 b)];

case [see

it is equal to Fgraticyp for the PHASE 15q) case when used to calculate

Fin pHAse(180) IN Equation (A.10.5-6), which represents the case

down-wind and trough wave loading [see Figure A.10.5-2 c)];

with inertia
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NOT
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NOT
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NOT
simi
mod
whe
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are ip-wind and the maximum wave/current actions are down-wind.

NOT

it is equal to Fgratic.yp for the PHASE ;g case when used
Fin pHASE(-180) In Equation (A.10.5-7), which represents the-case

up-wind and crest wave loading [see Figure A.10.5-2 d)];

is the deterministic quasi-static wave/current loadset in the_up-wind d

maximum upwind loadset, which is normally in the opposite direction
action).

FstaTic.UP

ations (A.10.5-4) to (A.10.5-7) represent the metocean and dynamic components, E,
ation (8.8-1). The gravity components Gg and G, should also be included when developing th
pssment load case Fjy in Equation (8.8-1). The response analysis should include P-A and |
Cts and the effects of leg inclination should be taken into account (see 7.8).

E2 It is relatively unusual to undertake a jack-up assessment where Tn/Tp is greater than 1,0 but suU
ist, e.g. in relatively benign conditions in deep water and with low spudcan fixity. Experience has shown
s the introduction of additional spudcan fixity reduces the natural period to below the wave period ar
ts in an increased DAF.

E 3 Equation (A.10.5-3) is a scalar equation,Itis used to determine the magnitude of the inertial loa
ssociated point of action or direction. Equations (A.10.5-4) to (A.10.5-7) are vector equations in which,
hertial loadset is applied in the relevant direction and at the relevant elevation above the seabed.

E4  The subscript (a) is not the actual phase, but a notional, or indicative, phase taken from the SO
ar to that given in Figure A.10.5-3, (in the full knowledge that the assessment is using a multi-degre
el and loading). For example, PHASE(O) is not necessarily at the wave crest. It is simply used to represe

h the inertial loading is in-phase with the maximum down-wind wave/current action. Likewise F’HASE(S
psent the phase when the wave/current action is zero. PHASE(180) is used to represent the case when th

t wave/current actions-are out of phase, with the inertial actions in the downwind direction and the
ns, represented by-the wave trough actions, in the up-wind direction. PHASEHSO) is the reverse; the in

E5  Thetotal vectored sum of the actions and moments that comprise (E,+ 7 ¢p De)(a) should be

Eq

inte

ugtions
cas%: Equations (A.10.5-4) to (A.10.5-6). This is because the load cases are designed to repreg

(AX10.5-4) to (A.10.5-6). In effect, the base shear and overturning moment are the same for all of

retations of the same results from the random time domain dynamic analysis. Consider the results

o calculate
with inertia

rection (i.e.
fo the wind

and D, in
e complete
ull sagging

ch situations

that in some
d this action

Hset, but has
for example,

OF analogy,
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nt the phase

0y is used to
e inertia and

wave/current
ertial actions

the same in

he first three
ent different
of such an

analysis: the procedure for results interrogation should have been established to capture the maximum base shear and
overturning moment. However, it is possible that the relationship between these two values is not known (i.e. the
maximum base shear can be occurring at a different part of the storm than the maximum overturning moment). It is,
however, known that the values of both items are maximized. MPMEs are then calculated by the method of choice, and
KDAF’RANDOM values are calculated for base shear and overturning moment. These DAFs are well defined, but it is not

necessarily known of what components they are comprised. The intent of Equations (A.10.5-4) to (A.10.5-6) is to present
three different sets of actions that can result in the different maxima base shear and overturning moments. Be aware that
large correcting moments are likely to be necessary in Equation (A.10.5-5), the inertia-only load case. In
Equation (A.10.5-5), the point of application of the actions has effectively moved from being predominantly close to the
waterline (due to wave/current) with a relatively small inertial component at the hull centre of gravity to having the
predominant action applied at the hull centre of gravity. Given that the hull centre of gravity is significantly higher than the
point of application of the wave/current action and the requirement to have a consistent base shear and overturning
moment, the introduction of large correcting couples at the hull is likely to be necessary.
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NOTE 6  As stated in Note 5, the base shear and overturning moments are the same in Equation (A.10.5-4) to
(A.10.5-6), so there are unlikely to be significant differences in global jack-up response. The importance of the different
load cases is the location of the actions and the components that comprise them. This can result in different member loads
and stresses.

NOTE 7  Equation (A.10.5-7) can have a different combined base shear and overturning moment than
Equations (A.10.5-4) to (A.10.5-6). In Equation (A.10.5-7), the magnitude of y ¢ Fin,PHASE(—180) is identical, for both base
shear and overturning moment, to the value of y ¢ 5 Fi, prasg(180) in Equation (A.10.5-6), but it is applied in the opposite
direction. This case represents the wave/current actions in the down-wind direction and the inertial actions in the up-wind
direction. In most cases, the magnitude of the vector (£, + 7f,DDe)(—180) is smaller than the magnitude of the equivalent

vector in Equations (A.10.5-4) to (A.10.5-6). It is, however, possible that the internal leg stresses can be higher due to
changes in ifternal Teg shear and bending moments.
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a) Reprjsentation of b) Representation of c) Representation of d) Representation ¢f
Equatign (A.10.5-4) Equation (A.10.5-5) Equation (A.10.5-6) Equation (A.10.5-7
Key

direction of storm

wind acfion Fyynp

wave agtion Fgratic

up-wind wave action at waveArough Fgratic.up
inertial Ipadset Fin,PHASE(O)

inertial Ipadset Fin’PHASE(go)

inertial Ipadset Fin,PHASE(180)

0 N O o B~ ODN -

inertial lpadset Fin PHASE(-180) with magnitude of base shear and overturning moment equal to Fj; piasg(180) Ut
applied jin-the opposite direction

9 simplified representation of wave/current action on jack-up
10 simplified representation of inertial action on jack-up
11 line indicating relative phase of wave/current action and inertial action for (a)

)

12 line indicating relative phase of wave/current action and inertial action for (a) = (90)
13 line indicating relative phase of wave/current action and inertial action for (a) = (180)
14 line indicating relative phase of wave/current action and inertial action for (a) = (-180)

Figure A.10.5-2 — Diagrammatic representation of the load cases given in
Equations (A.10.5-4) to (A.10.5-7) with the jack-up schematics showing the actions and
the lower curves showing the phase between wave/current action and inertial action
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General

stochastic storm analysis the extreme_response can be predicted by stochastic methods whe
determine the MPME of the responsés of interest using statistical methods (see A.10.5.3.4)

elop DAFs. For a one-stage stochastic storm analysis, the intent is to determine time hist
rations from which the MPME:ufilizations can be calculated; see Figure 10.5-4.

| stochastic analyses all action factors are set to 1,0 (see 8.8.1.3). When the stochastic storn
J to determine a DAF (the first stage of a two-stage analysis), the metocean actions are unfact
dynamic and the-guasi-static analyses; the appropriate metocean action factor, yg, is ap
bnd stage. Howeveér, when undertaking a fully integrated one-stage dynamic stochastic storm &

ctly results jinva-time history of structural and foundation utilizations, the metocean paramete
city, wave-height and current velocity) are factored; see A.10.5.3.2.

wayes-can be modelled using a random superposition model, which is fully described in A.7.
tifies\important constraints associated with this method of random wave dynamic analysis.

stem for
al

e the intent
In the two-

e deterministic storm analysis, the)MPMEs of the base shear and overturning moment are used to

bries of the

analysis is
bred in both
plied in the

nalysis that
s (i.e. wind

8.3.3.2, that
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Develop factored metocean
input parameters
(A.10.5.3.2)

{

Run non-linear elasto-plastic random
dynamic time domain analysis for a
number of differing storm
simulations (A.10.5.3)

Determine basic
metocean parameters
6.4

Develop elasto-plastic
foundation response
(A.9.3.3.2) and (A.9.3.4.2)

Determine time-history of the
responses and perform

A.10.5.3.2

When unde
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assessment Checks
(foundations 13.9 and
structural Clauses 12 and 13)

l

Unit Yes Are MPMEs of Unit not
acceptable assessment checks acceptable
acceptable?

Figure A.10.5-4 — Analysis procedure for one-stage assessment
with foundation fixity — Option 2

Application of partial factors to metocean parameters

rtaking a one-stage fully integrated dynamic stochastic-storm analysis, partial factors are applie
an parameters. To ensure consistency between ‘the one-stage stochastic and the two-s
c approaches, the partial factors on metocean parameters should produce metocean action le
to the factored quasi-static metocean actions\used in the deterministic method.

g dynamic stochastic storm analyses.to determine a DAF for application in a two-s
C analysis, the partial factors should-be-set to unity.

factors on metocean parameters for fully integrated one-stage dynamic stochastic storm analy
rmined as follows.

factor on wind velocity:The wind velocity used when generating the applied actions in accordza
y.3.4.1 should be factored by

15 if 50 year réturn period independent metocean extreme storm actions are used, or

25 if 100lyear return period joint probability metocean data are used.

d to
age
vels

age

Ses

nce

factors on wave height and current velocity: The partial factors for wave height and current ve

imthe stochastic analysis are determined through an iterative process. The process inv

I
cives

city

factoring” the wave height and current velocity unill the metocean parameter-factored quasi-static
stochastic wave/current action matches the action-factored quasi-static deterministic wave/current action

computed using higher-order wave theory (see note below).

The effects of wave spreading

(see A.6.4.2.8) should be consistently included or consistently excluded in the stochastic and
deterministic calculations used in the calibration. As a first approximation, the same partial factors can be
used as given above for wind velocity. Some adjustment can be necessary to achieve a good or
conservative match between the following two pairs of action values:

the stochastic MPME and the deterministic maximum, and

cycle (i.e. not from the average of the maximum and minimum values).

192

the stochastic mean and deterministic mean, the latter determined from integration over a full wave
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The match of MPME/maximum and mean actions is necessary to capture the cyclic behaviour. The
adjustment generally results in different partial factors for the wave height and current velocity.

The wave period used in the stochastic analysis should be modified to maintain the same wave steepness as

that

NOTE

of the unfactored sea state.

For the two-stage approach, the reference level for the wave and current actions is the quasi-static

deterministic action. This reference level action is then modified through a DAF and the action factor to arrive at the final
factored action. The important point is that the final action is founded on the quasi-static wave/current deterministic action.
Conversely, in a fully integrated single stage analysis, there is no simple equivalent reference. It is, therefore, necessary to
determlne a stochastlc equwalent to the factored determlnlstlc quasi-static wave- current action. Thls is achieved by

Time

gen
smM3
use

Wa
the
gen

D.5.3.3 Random wave dynamic analysis method

domain simulations require that a suitable random sea state is generated, that the va
brated sea state is checked, and that the time step for the solution of the equiations of motion is
Il. It is also necessary to ensure that the duration of the simulation(s) is ‘sufficient for the m
I to determine the MPME. Specific recommendations are given in Tables)A.7.3-3 and A.10.5-1

e spreading may be taken into account, either by using a three<dimensional analysis method
kinematics reduction factor in a two-dimensional analysis (se€ A:6.4.2.3). Accounting for wavi
erally results in a smaller DAF.

A.10.5.3.4 Methods for determining the MPME
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extreme response that should be checked in the assessment is the MPME response which
nce of exceedance in a three-hour storm. Thist(MPME response is defined in Table A.10.5-1
e or highest point on the probability density function (PDF). The stochastic waves model
om superposition model result in non-Gaussian responses.

I methods for obtaining the MPME\of the response are included in Table A.10.5-1. Consid

ild be critically assessed. When T/T, > 0,8 other T,/T, ratios should be considered. The

imize the relevant responses’/(see A.10.4.2), but while not being unnecessarily conservative.
e by

assessment of otherwave height and period combinations (see A.6.4.2.9); or
including or ehanging the level of spudcan fixity.

the twe-stage random dynamic analysis procedure the ratio of MPMEs of the dynamic to the
bnd OFM are used to determine the DAFs that are used to calculate the inertial loadset (see A.

» MPME and
factors can,

idity of the
sufficiently
bthod being

or by using
b spreading

has a 63 %

ds the mode

ed using a

erable care

ld be taken when Tn/Tp is greaterthan 0,8 and the use of any method to determine the MPME response

intent is to
This can be

quasi-static
10.5.2.2.3).
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Table A.10.5-1 — Recommendations for determining MPME

Method Recommendations

General The MPME is defined as the extreme with a 63 % chance of exceedance (typically this is the
mode or highest point on the PDF). This is approximately equivalent to the 1/1000 highest peak
level in a three-hour storm and the extreme with approximately a 63 % chance of exceedance.

Determination of the [Fit a Weibull distribution to the distribution of response maxima and determine the maximum
MPME from time value for the probability level of one exceedance in 3 hours. Take results as the average of
domain simulations MPMEs from at least 5 simulations. Each input wave simulation should be of sufficient length
(usually more than 60 min, see Table A.7.3-3). See C.2.1.

Use multiple three-hour simulations and fit a Gumbel distribution to the absolute maximum viom
each simulation. Sufficient simulations (usually 10 or more) should be used to obtain stable
MPME response values. See C.2.2.

or

Use Winterstein's Hermite polynomial model; when the kurtosis is > 5 use)the improvements
proposed by Jensen. Simulations of sufficient duration to provide stable.skewness and kurtpsis
of responses (normally in excess of several hours). See C.2.3.

or

Use the drag-inertia method with appropriate scaling based on. period ratio, to determine|the
DAFs for use in a two-stage deterministic storm analysis{ Simulations of sufficient duratiop to
obtain stable standard deviation of responses are fequired (usually more than 60 npin).
See C.2.4.

NOTE Sge C.2.

A.10.5.4 Initial leg Inclination

The effecty of initial leg inclination should be considered. Leg inclination can occur due to leg-tothull
clearances [and hull inclination. Generally, hull inclination limits are set in the operations manual. The jotal
horizontal offset due to leg inclination, Or, can be €stimated as given in Equation (A.10.5-8):

Ot is the total horizontal offset of the leg base with respect to the hull;
0, is the offset due t0.leg-to-hull clearances;
O, is the offset‘due to maximum hull inclination permitted by the operating manual.

If detailed information is not available, O; should be taken as 0,5 % of the leg length below the lower guide.

It is necessary to account for the effects of leg inclination only in structural strength checks. This can be
accomplished by increasing the effective moment in the leg at the lower guide by an amount equal to the
offset O times the factored vertical reaction at the leg base due to fixed, variable, environmental, inertial and

P-A actions.

A.10.5.5 Limit state checks

The ULS responses for assessment should be determined using appropriate combinations of actions due to
fixed and variable load, wave/current actions and wind actions as required by the acceptance criteria in
Clause 13. The application of actions is described in 8.8; 5.4.3 requires that the analysis be carried out for a
range of headings with respect to the jack-up such that the most onerous force(s) for each item listed in
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Table A.10.5-2 is(are) determined. The relevant ULS response parameters (action effects) are indicated in
Table A.10.5-2.

Table A.10.5-2 — Action effects for limit state checks

e

—

Consider minimum variable load if this is more onerous.

Fixed and variable load are included in response calculation so that P-A effects are captured.

As appropriate for the case under consideration: maximum for bearing and minimum for sliding.

Action effect
Limit state check [ Clause/Sucblause Response parameters(s)? Gg G\P E, D,
min | max
Strength of members 12, 13.3 Member force vectors® Y Yd Y Y
Spydcan strength 13.4 Forces on the spudcan Y Y
Holfing system 13.5 Holding system force vectors Yd Y Y
Overturning moment Y Y
Ovgrturning stability 13.8
Stabilizing moment Ye |~yde
Foyndation capacity: 13.9,9.3.6
— | preload A.9.3.6.2 Vertical leg reaction Y Y Y Y
— | sliding
. A.9.3.6.3 or . . .
—  pinned A 3642 Vertical and horizontal leg«eactions Y Y Y Y
— with moment|[A.9.3.6.5 Vertical, horizontal v v v v
fixity (A.9.6.3.4.2) (and moment) leg reactions
— | bearing
— pinned A.9.3.6.4.1 Vertical.and*horizontal leg reactions | Y Y Y Y
— v.th moment A9365 Vertieal, horizontal . Y Y Y Y
fixity (and-moment) leg reactions
— | displacement A.9.3.6.6 Spud.can displacements and v vf vf v v
reactions
G t actions due to the fixed load positiened such as to adequately represent the vertical and horizontal distrpution
Gy, f actions due to maximum or minimum variable load, as appropriate, positioned at the most onerous cenfre of gravity
location applicable to the coffigurations under consideration
E, + metocean action due\o the extreme storm event
D,  equivalent set oftinertial actions representing dynamic extreme storm effects
@ |In all instances the responses are assessed including the effects of deformation under functional actions (hull shg) and large
displacementi(P:A) effects.
b | Placed'at most onerous centre of gravity position.
¢ he'effe of leg inclination to be included, whi
d
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A.10.6 Fatigue analysis

For jack-up

operations of relatively long duration, see Clause 11.

A.10.7 Earthquake analysis

A10.71 G

eneral

The provisions in A.10.7 complement ISO 19901-2 by presenting special aspects of an earthquake
assessment procedure for jack-ups. The general procedures in Clauses 6 to 10 with the associated guidance

in Annex A
7.7,8.6.3, 8

The greate
excitations

In situation
jack-up sho

NOTE I
substructure
personnel ar

A10.7.2 E

ISO 19901+

evaluation ¢f earthquake activity. The selection of the proceduré and the method of evaluation depend or

emain valid where appropriate; more specific reference to earthquake sittations 1S provided]
.8,9.4 and 10.3.

5t structural threat to a jack-up subjected to an earthquake is likely to be associated with ver
5 where the jack-up is working over a platform, the relative motions between’the platform
uld be evaluated. The relative motions can affect the conductor and should be considered.

h earthquake environments, it is necessary that the operational issues\(e/g. setback, cantilever
b mitigated.

arthquake assessment procedure

P gives alternative procedures for determining earthquake actions and alternative methods for

6.6,

tical
hat result in uneven settlement of the spudcans, which can cause lateral instability-of the jack-{ip.

and

and

and drilling rig clamping, drilling equipment) be given special consideration\to ensure that major hazards to

the
the

-up

iled
pr a
d.

of a
Site-
or a
d in

seismic risK category (SRC). The SRC depends on the expasure level and seismic zone in which the jac

is to be logated and is given in ISO 19901-2. The effects of near-source excitation should be considg¢red

(see A.10.7]5).

The simplified ELE screening methodology is-given below and steps a) and b) are summarized in

Table A.10.J7-1.

a) Deternjine earthquake actions using‘either the simplified earthquake action procedure or the detd
earthqyake action procedure specified in ISO 19901-2 to develop spectral response accelerations f
bedrock base. Use of the simplified procedure (maps) for the initial screening of jack-ups is encourags

b) Evaluafe earthquake activity)and the associated response acceleration spectra for the assessment
jack-ug against excitationof its base by ground motions using either ISO maps, regional maps or a
specifi¢ earthquake hazard analysis, as specified in ISO 19901-2. Since ISO map accelerations are f
1 000 year return period on rock, adjust the spectral shape for the 1 000 year event as describe
ISO 19P01-2 at the'spudcan depth as a function of site soil characteristics.

c) Perform response spectrum analysis in accordance with A.10.7.3.

d) Evaluatethe performance of the Jack-up using the ULS assessment procedures provided In Clause T19.

e) If the jack-up does not pass the simplified procedure, proceed to a more detailed assessment in
accordance with A.10.7.4 using alternative analysis methods (10.9) and the ISO 19901-2 ALE procedures.
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Table A.10.7-1 — Simplified procedure to develop 1 000 year ELE screening spectra

using ISO 19901-2

Item Source in ISO 19901-2
1000 year accelerations — determine S, ., Annex B or site-specific
Determine the site seismic zone 6.4a
Simplified seismic action procedure Clause 7
Determine soil site class 7.1a and Table 5
Spgctral parameters C, and C, 7.1b and Tables 6 and 7
Deyelop horizontal spectrum 7.1c and Figure 2
Deyelop vertical spectrum 7.1d
Select damping 7.1e — use 5 % unless an alternate)value justifieg
Seismic action procedure 7.2, Nyg=1and C,_,

A.10.7.3 ELE assessment

A.10.7.3.1 Partial action factors

The|
acti
be d

NOT
for g

Spu
acti

A.10.7.3.2 Structural and foundation modelling

The)

foundation, leg members and leg-to-hull connection should be assessed for the factored
bns defined in 8.8.1 for earthquake situations. The inertial action induced by the ELE ground mo
etermined using dynamic analysis procedures such'as response spectrum analysis or time histo

E Reference can be made to Annex B, whichnéontains all of the applicable partial action and resis
site-specific analysis.

dcan sliding should be considered far;the minimum vertical reaction (uplift case) when the
bns oppose the weight.

mass used in the dynamic’analysis should consist of the mass of the structure associated with

the fixed load Gg;

the best estimate of the variable actions; in lieu of specific data, 75 % of the maximum varia
can be uUsed,

the'mass of entrapped water, and

assessment
ions should
[y analysis.

ance factors

earthquake

ble load Gy,

the added mass.

The added mass can be estimated as the mass of the displaced water for motion transverse to the longitudinal
axis of individual structural members and appurtenances (A.7.3.2). For motions along the longitudinal axis of the
structural members and appurtenances, the added mass may be neglected (except for spudcans).

The structural model should include the three-dimensional distribution of the stiffness and mass of the structure.

Asymmetry in the distribution of the stiffness and mass of the jack-up can lead to significant torsion and
should be considered in the assessment. The jack-up model should represent the operational configuration
but the effects of the drill string can be ignored. Where the jack-up is supporting more than one conductor,
their mass, added mass and stiffness should be considered in the model.
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In computing the dynamic characteristics of the jack-up, a modal damping ratio of up to 5 % of critical may be
used in constructing spectra for the ELE event. In addition, for the primary vertical mode, radiation damping
according to A.10.4.3.4 can be included in the vertical response spectra definition. Additional damping,
including hydrodynamic or soil induced damping (hysteretic and radiation), should be substantiated by special
studies. Soil springs derived from small strain initial stiffnesses should be used to determine the natural

periods.

The minimum soils information should be obtained in accordance with A.6.5, but to a depth of 2 diameters
below the deepest spudcan penetration. For cohesive soils this information should be supplemented with the
remoulded shear strength data. Depth to bedrock or a competent soil layer is required, and can be estimated

from regional considerations.

Foundation|performance should be determined on the basis of studies that consider the assessment’acti
Except for the simplified screening analysis, the non-linear stiffness and capacity of the foundationyshoul
addressed [n a manner compatible with Clause 9. If uplift or sliding is indicated from the screening anal
non-linear dynamic time history or pushover analyses can be used to evaluate cumulative displacements
the resulting structural condition.

Vertical actions on the foundations should not normally exceed the preload. If the _vertical actions on
foundationg exceed the preload and the ULS Step 3 displacement check (see A.9:3:6/6) reveals the pote

for excessiye additional penetration, non-linear dynamic time history analyses with-Cyclic degradation cam be

used to evaluate cumulative displacements and the resulting structural condition, e.g. encroachment o
adjacent fixed platform.

A.10.7.4 E assessment

For jack-upp that do not satisfy the ULS criteria for the ELE screening assessment, a site-specific non-li
ALE asses$ment can be used to try and demonstrate acceptability. This can be satisfied by a push
analysis or py time history analyses using ALE excitation.

Where subptantial spudcan settlement or liquefaction is a possibility, a fully non-linear cyclic degra
analysis using best available soils modelling technology is recommended.

A.10.7.5 Near-source excitation

If operating|close to an active fault (typically within about 15 km), it can be necessary to consider near-so

bNS.
l be
sis,
and

the
htial

an

hear
bver

ding

irce

ground motjons. At these near-source distances, the ground motions can exhibit substantial rupture direcfivity

effects and|directionality, with motion”characteristics often considerably in excess of normal design val
including pgrmanent offsets, larger’amplitude ground motions at relatively longer periods (e.g. 7> 1 s),
vertical mofjons equal to or greater than horizontal motions at shorter periods (e.g. 7< 0,3 s).

A.10.8 Actidental situations

No guidancg is offered.

es,
and

A.10.9 Alternative analysis methods

A.10.9.1 Ultimate strength analysis

No guidance is offered.

A.10.9.2 Types of analysis

When using the provisions of 1SO 19902:2007, 7.10 (reserve strength analysis), care should be taken in

modelling non-linear behaviour of chords and holding system of a jack-up structure.
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A.11 Long-term applications

A.11.1 Applicability

No guidance is offered.
A.11.2 Assessment data

A.11.2.1 Jack-up data

A list of relevant modifications should be compiled including information about weights, wind| areas and
appprtenances added or removed that affect mass, applied actions and structural integrity.

For fa long-term application, such modifications can typically include

— |increased weight and wind area from such items as production modlles, risers, flare towers,
accommodation blocks, and conductors;

— lincreased wave and current actions due to risers, conductors or other, Structures exposed to whaves.

A.11.2.2 Metocean data

The| data required for a fatigue analysis should include long-term wave data in the form of a wave scatter
diagram or a table of representative seastates, refer to A.6.4,2:10.

Joint probability and/or directional metocean data can pe used to optimize the ULS and FLS asspssment for
the long-term application.

A.11.2.3 Geotechnical data

Effects of seabed scour, differential settlement, consolidation settlement, expected reservoir subsidlence, sand
waves, etc. can be of greater significance for long-term applications. For this reason, the pite-specific
geofechnical data should include the.information necessary to evaluate these phenomena.

A.11.2.4 Other data

Further data associated with/the long-term application can be required. Examples include the possible effect on
geolechnical properties-due to top-hole construction activities, marine growth, effects from adjacent stryctures, etc.

A.11.3 Special requirements

A.11.3.1 Fatigue assessment

A.11L34.1 Historical damage

The assessment should take into account the fatigue history of critical details prior to installation on the planned
site and focus on details of member connections that are essential to the overall structural integrity of the jack-up.
In order to assess existing fatigue damage, specific information relevant to prior installations is required. The
availability of the information depends on the information collected and retained by the jack-up owner over the
life of the jack-up. The quality of the database affects the historical results. The historical data can have a large
variability, requiring the assessor to make assumptions in the historical fatigue assessment. The assessment
can include detailed fatigue analysis of the historical data and/or evaluation of inspection records. Parameters
identified as important in addressing the historical aspects of jack-up fatigue are as follows:

— geographic region (e.g. Gulf of Mexico, North Sea, Eastern Canada, etc.) and, where available, the co-
ordinates of the previous sites so that metocean parameters can be developed for use in historical analysis;
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hull ele

water d

vation and orientation;

epth;

penetration;

soil type and characteristics.

A11.3.1.2 Fatigue sensitive areas

Areas that are susceptible to fatigue damage include

Normally, it
-term c
not fatigue

long

A11.31.3

Special con

200

leg me
leg-to-h
leg me

leg me

spudcgn-to-leg connection.

Inclusig

Areas i

ranges
Effect q

The sti
history
bound

spudc
for the
stiffnes
signific

mbers and joints in the vicinity of the upper and lower guides for the operating leg/guide locatio
ull holding system;
mbers and joints adjacent to the waterline;

mbers and joints in the lower part of the leg near the spudcan; and

is not necessary that the fatigue assessment include considerationof the hull structure since
yclic loading is similar to that experienced in multiple short-term’operations. Generally the ht
bensitive.

Special considerations for fatigue assessment
siderations in the fatigue assessment are listed below.
n of detailed models to arrive at local stress levels:

h the structure with high stress levels ean be identified using models developed for global ana

(suitable methodologies are given in References [A.11.3-1] to [A.11.3-7]).
f foundation stiffness (seabed fixity):

ffnesses of the foundations are a function of the soil properties, the strain amplitudes and loa
(see A.9.3.4). As.a consequence, the foundation modelling should consider upper and Iq
stiffnesses (se€ A9.3.4.3 for clay and A.9.3.4.4 for sand). Typically, the fatigue assessment of
n and lower part of the leg requires the use of upper bound stiffness, while the fatigue assessn
upper leg~and the leg-to-hull interface requires lower bound stiffness. Although the founds
s varieshas a function of the reactions beneath the spudcan, the variation is unlikely to b
Ance except, possibly, for low-cycle fatigue.

=]

the
Il'is

ysis

and thi stress ranges determined using appropriate stress concentration factors (SCFs) from literafure.
Alternatively, more detailed fine-mesh finite)element models can be used to determine the hotspot st

[€SS

Hing
wer
the
nent
tion
b of

1 £ L HH oz H .
Inclusiér-efren-irearities-and-cyramies:

The structural response of a jack-up is such that pure linear techniques can be inadequate. Therefore, the

analysi

s should include the non-linear effects of the structure. These can include

— hydrodynamic actions,

— lar

ge displacement effects (see 8.8.6),

namic amplification (see 10.5.2, 10.5.3),

— leg-to-hull interface, e.g. ensuring that those structures that transfer force in compression contact

on

ly are properly modelled.
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A.11.3.1.4 Fatigue analysis methodology

A robust analysis method should be used to determine the fatigue damage. The method should determine the
response of the jack-up structure to various sea states representing the operational environment. The jack-up
should be considered in the operational configuration, which includes the levels of variable load, hull elevation
and cantilever position.

Wave spreading and directionality effects can be included.

Foundation stiffnesses are generally assumed to be linear in smaller sea states. A check of non-linearity
should be performed to validate this assumption for higher sea states.

For
of t
stru

For
min

Table A.11.3-1 — Sources of guidance on fatigue analysis methodology

guidance on suitable fatigue analysis methodology, S-N curves and SCFs the assessor is reflrred to one
he integral methods outlined in Table A.11.3-1. These should be used taking account of
ctural characteristics of the jack-up as described above.

the specific

fatigue analysis the partial action factor should be reduced to unity when using~S-N curves at the mean
s two standard deviations of log(N).

Ornganization Document Reference
DNV Methods are given in DNV-OS-C104 [A.11.3-1]
Technical guidance on fatigue calculations, e.g. calculation methods, SN-curves, SCFs [A.11.3-2]
are given in DNV-RP-C203 Fatigue Design of Offshore Steel Structures
AB$ Methods are given in the Guide for the Fatigue Assessment of Offshore Structures| [A.11.3-3]
(April 2003)
Commentary on the Guide for the“Fatigue Assessment of Offshore Structures| [A.11.3-4]
(April 2003)
API Methods are given in RP2A-LRFD-1993 [A.11.3-5]
UK[HSE Guidance is given in OTO 2001/015 and [A.11.3-6]
OTH92 390 [A.11.3-7]
1S Methods are givényin ISO 19902 —
A.11.3.1.5 Fatigue@cceptance criteria
Thelfatigue analysis should determine the fatigue damage in the period before, as well as during tHe long-term
application of-thé jack-up. The margin of safety of a structural detail depends on its accessibility fgr inspection
and|the avaitability of one or more alternative load paths (redundancy) after failure of the detail investigated.
The|acceptance criterion for fatigue strength is as given in Equation (A.11.3-1):
7Fb.ePce T/FDsPcs < 10 (A.11.3-1)

where

D,

c.e

D,

is the calculated existing fatigue damage prior to arriving at the site;

cs IS the calculated fatigue damage during planned operations on site;

Jfrpe s the fatigue damage design factor applicable to D ; generally, frp ¢ =ffp s, bUt frp ¢ Should not
be taken larger than 2 if the detail has been inspected thoroughly before the long-term application;

Jfrps s the fatigue damage design factor applicable to D ¢; see Table A.11.3-2 or A.11.3-3.
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Table A.11.3-2 — Fatigue damage design factor fgp ¢

Fatigue damage design factor, Full access for Access for_insp(?ction, _ No access for _
7 inspection and repair no repair during inspection, no repair
/FDs P P operation during operation
Full redundancy/minor consequence 2 3 5
No redundancy/major consequence 3 5 10

The values in Table A.11.3-3 give more detailed guidance for structures that are fully redundant, i.e. the
structure dees—rethave-single-members—ertmember—conrnections—that—when—damaged—ean—eause—a—fajlure

with major ¢gonsequence. This is typical of RCS approved jack-ups with braced legs.

Table A.11.3-3 — Fatigue damage design factor /- ; — Redundant structure

D L. Fatigue damage
. escription . design factoy,
(assumes there is structural redundancy for every member and member connection) feo
,S
Primary hull structure 1
Can inspec} Hull structure Leg-to-hull interface structure with access for 5
and repair inspection and repair
Leg structure in air Leg chords, brace to chord joints, brace joints 2
Leg structure in splash Leg chords, brace to chord joints, brace joints 3
zone
Can inspect .- —
but not rephir | Leg structure under water Leg chords, bracg to chord/joints, brace joints, leg to 3
spudcan connection
Spudcan Structure with access:for inspection and repair 3
Leg-to-hull interface structure without access for
Hull structure . . : 5
inspection and_repair
Cannot_lnspect Leg structure under sea | Leg chords, brace to chord joints, brace joints, leg to
or repair ; 5
floor spudean‘connection
Spudcan Structure without access for inspection and repair 5

If necessary, fatigue life enhancement/methods such as weld profiling, weld toe grinding and peening may be
used, subjgct to RCS approval, Peening should only be used for improving fatigue lives after appropfiate
inspection.

A.11.3.2 Weight control

A weight control procedure should be prepared by the party responsible for operating and maintaining| the
jack-up during theslong-term application. The procedure should be used to track the changes in weights arld to
ensure ongping‘eompliance with the assumptions used in the assessment.

The weight control procedure should be sufficient to satisfy the RCS requirements in lieu of the periodic dead
weight survey. This should include wet weights where applicable.

A.11.3.3 Corrosion protection

No guidance is offered.

A.11.3.4 Marine growth

Marine growth should be taken into account in the site-specific assessment. The assessment can be for either
the growth specified for the application period or for a pre-determined limit. In either case, the actual growth
should be monitored and, when necessary, removed to ensure compliance with the assessment assumptions.
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A.11.3.5 Foundations

Settlements can occur (see 11.3.5 and A.11.2.3), resulting in the loss of air gap or the hull being out-of level.
The consequences of resolving these should be considered in the assessment, e.g. the effect of guide
position on the fatigue or strength analyses, changes in conductor support, etc.

Consolidation of the soil through dissipation of pore pressures during the long-term operation can result in
changes in foundation strength and stiffness. This affects the redistribution of leg moments and changes the
dynamic response. The effects on fatigue life and strength should be considered, especially at the leg to
spudcan connection.

In cpnditions where scour can occur, scour protection can be required.

A.1[1.4 Survey requirements
A.11.4.1 Pre-deployment inspection plan

The|RCS special survey requirements prior to a long-term application can be more extensive than thosg of a typical
spegial survey. Therefore, it is advisable to plan the surveys prior to mobilisation, to a shipyard for mjodifications.
Thel inspection plan should specify the locations and types of inspection, taking into account the arpas that the
asséssor has identified as being critically stressed during the extreme stofm ‘or being fatigue sensitive during the
long-term application. Areas that are not accessible, or are difficult to aceess for in-service inspection, should be
subject to more detailed pre-deployment inspection and should be specially evaluated (see A.11.3.1).

A.11.4.2 Project specific in-service inspection programme

Thel project specific in-service inspection programme (RSHP) should be developed by modifying ahd updating
the |existing in-service inspection programme normally~required by the RCS. The PSIIP should reflect the
requirements for the planned long-term application,

NOTE The PSIIP is likely to be subject to direction and approval by the RCS.

Aregs that require special inspection.procedures, such as underwater parts, should have documented
insgection procedures, giving due consideration to the most suitable and practical methods.

Thel results of the in-service inspections should be reviewed and, if appropriate, the PSIIP modifigd to reflect
the fresults of this review. This information can be relevant to ensure the ongoing validity of the PBIIP and for
extgnding the jack-up's time on’site beyond that originally planned.

A.11.4.3 Alternative’project specific in-service inspection programme (PSIIP)

An Blternative can be derived using a probabilistic approach. The safety philosophy behind thq alternative
PSI|P should’beg’in accordance with the RCS's safety philosophy and the structural reliability leve| inherent in
the RCS rules*Should be maintained. The approach developed should be documented.

prediction
counted for

en usmg a probabilistic approach it should be recognlzed that uncerta|nt|es are assomated wit
of the —Key a€
in the probab|I|st|c analy3|s

A.12 Structural strength
A.12.1 Applicability
A.12.1.1 General

A.12 applies to steel structures only. Where necessary, the equations included in A.12 have been non-
dimensionalized using Young's modulus, E, of 205 000 N/mm?Z (or 29 700 ksi).
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For the purposes of strength assessment, it is necessary to consider the truss type leg structure as being
comprised of structural members. Typically, each structural member can be represented by a single beam-
column element in an appropriate analytical model of the structure. Examples of structural members are
braces and chords in truss type legs and box or tubular legs, all of which form a part of the structure for which
the properties can readily be calculated.

The cross-section of a non-circular prismatic structural member is usually comprised of several structural
components. Table A.12.2-1 shows classification limits for circular and non-circular prismatic members in
typical jack-up chords comprising split-tubulars, rack plates, side plates and back plates (see Figure A.12.1-1).
A component is by definition comprised of only one material. Therefore, where a plate component is
reinforced by another piece of plating of a different yield strength (see Figure A.12.2-1) the reinforcing plate
should be tfeated as a separate component. Non-circular prismatic members should be assessed usjng| the
provisions gf A.12.6.

1
2
L 3
AR
| | _ L. _
| | |
[ [ !
| | | /. \ | — !
| | I | o |
| | |
1 4
a) Opplosed rack split tubular chord member b) Triangular type chord member section
section
Key
1 rack plate component
2 split tubplar component
3  side plafje component
4  back plgte component

Figure A.12.1-1 —Typical components of typical jack-up chord cross-sections

Tubulars should be-assessed as structural members using the provisions of A.12.5.

In Clause 1R, stibscripts y and z are used to define the two axes of hending of tubular and prismatic members,
however Fy is used to define the yield strength in stress units.

NOTE The structural resistance factors for tubular members given in Clause 12 are based on an independent
interpretation of the theoretical values derived from the data used in the calibration of API RP 2A LRFD, 1st edition, to
API RP 2A, 15th edition, and the data used in the development of the ISO 19902 tubular members strength formulations.
The values for non-tubular prismatic members were taken from AISC; see Reference [A.12.5-1], which changed its
equivalent resistance factor from 1,18 to 1,1 between the 1986 and 2005 editions because of a reassessment of the
applicable data, which resulted in an effective reduction in the coefficient of variation.

A.12.1.2 Truss type legs

No guidance is offered.
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A.12.1.3 Other leg types

No guidance is offered.

A.12.1.4 Fixation system and/or elevating system

No guidance is offered.

A.12.1.5 Spudcan strength including connection to the leg

-1:2012(E)

No

A1

No

A1

A1
No
A1
The

this
sho

A1

A1

=l : £ !
yulilalitt 15 UNTCTTU.

p.1.6 Overview of the assessment procedure

juidance is offered.
2.2 Classification of member cross-sections

p.2.1 Member type

juidance is offered.

p.2.2 Material yield strength

value is greater than 90 % of the ultimate tensile‘strength (UTS), the yield strength, Fy, u
ild be taken as 90 % of UTS. The following variables are used in A.12:

Fy, s the yield strength in stress units (minimum of the yield strength and 90 % of the UTS)

Fy, is the yield strength of the ith.component of the cross-section of a prismatic member, in
(minimum of the yield strength'and 90 % of the UTS of the ith component of the cross-s

Fymin is the minimum yieldsstrength of the F,; of all components in the cross-section of
member, in stressgunits;

Fyer is the effective-yield strength of the cross-section of a prismatic member, in s
determined:from the plastic tensile axial strength divided by the minimum cross-sectiona

p.2.3 Classification definitions

p.2.3.4.Tubular member classification

A crioss*section of a tubular member is a class 1 section when Equation (A.12.2-1) applies:

value of the yield strength taken from a tensile test should correspond to the 0,2 % offset value. Where

sed in A.12

stress units
bction);

a prismatic

fress units,
| area.

D/t<0,0517 EIF,

where

D s the outside diameter;
t is the wall thickness;

F,, is the yield strength in stress units;

E is Young's modulus of steel (E = 205 000 N/mm?2).
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NOTE Compliance with class 1 classification is relevant only when undertaking earthquake, accidental or alternative
strength analyses (see 10.7, 10.8 and 10.9). In all other cases, the distinction between class 1 (plastic) and class 2
(compact) is irrelevant to the assessment.

A.12.2.3.2 Non-circular prismatic member classification

Non-circular prismatic members that contain curved or tubular components should have the curved
components classified based on the values given in Table A.12.2-1 and their flat components classified based
on Tables A.12.2-2 to A.12.2-4. The limits given in Table A.12.2-1 tend to be conservative as, in most cases,
there is additional support for the curved component by the flat components (e.g. the rack in a split tube chord
reinforces the split tube and helps to prevent local buckling). When the limits given in Table A.12.2-1 are
considered o be too onerous, it can be possible to justify the use of alternative limits through rational analysis.

NOTE The use of Tables A.12.2-3 and A.12.2-4 to classify cross-sections subject to axial compression @nd bending
is complicatgd and requires knowledge of the cross-section stress distribution. It is always acceptable to,conservatjvely
base the cro$s-section classification on the relevant axial compressive case.

Table A.12.2-1 — Classification limits for non-circular prismatic members
containing curved components

DIt limits
Class
Section in bending Section in compression
1 DIt < 0,052 E/Fy DIt&0,052 E/Fy
2 DIt <0,103 E/Fy Djt < 0,077 E/Fy
3 DIt <0,220 E/Fy DIt <0,102 E/Fy
4 DIt > 0,220 E/Fy DIt > 0,102 E/Fy

When clasgifying non-circular prismatic components in accordance with Table A.12.2-2 to A.12.2-4, a
distinction i$ made between internal componepts.and outstand components as follows:

a) internal components are components:that are supported by other components along both longitudinal
edges,|i.e. the edges parallel to thé direction of compression stress, and include

— flaphge internal components: internal components parallel to the axis of bending,
— wegb internal components: internal components perpendicular to the axis of bending;

b) outstarld components are components that are supported by other components along one longitudinal
edge and at botthends of the member under consideration, with the other longitudinal edge free.

When a cross-Section is composed of components of different classes, it is classified according to the highest
(least favoyrable) class of its compression components. Slender components within a cross-section can be
ignored, provided that only the remaining cross-section is used for all aspects of the assessment. However, if
a slender component that has been ignored is required to carry local loading, e.g. horizontal pinion thrust, the
effects of the global actions should be considered when that component is assessed for the local loading. The
effects of the global actions can normally be included by considering the global deformations of the member in
addition to the local loading.

In calculating the ratios given in Tables A.12.2-2 to A.12.2-4, the dimensions that should be used are those
given in the relevant table. The components are generally of constant thickness; for components that taper in
thickness, the average thickness over the width of the component should be adopted.
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Members that do not satisfy the applicable simplified lateral torsional buckling (LTB) criteria should be
assessed further to determine a reduced representative member bending moment strength, M, using the

guidance in A.12.6.2.6.

The LTB criterion for singly symmetric open sections is taken from F2-5 of AISCIA-12.5-1] as given in
Equation (A.12.2-2):

L—bs1,76 £

(A.12.2-2)
Mitb Fy ito

The|LTB criterion for any closed section is derived from BS 5400-3[A-12.5-2] | a5 given in Equation)(A.12.2-3):

Ly 036LE \/ AJ (A.12.2-3)
Mo ZpFymin (I1=12)(I1-J/2,6)
where
14 is the major axis second moment of area of the gross cross-sectior;
1, is the minor axis second moment of area of the gross cross-section;

Ly is the effective length of a beam-column between supports, i.e. the length between pojnts that are

either braced against lateral displacement of theccompression flange, or braced agains{ twist of the
cross-section, in addition to lateral support;

A is the gross cross-sectional area;

442

> (/1)

J is the torsion constant, J =

where
A, isthe area enclosed by the median line of the perimeter material of the section
b, is thewidth of each component (wall of the section) forming the closed perimeter,
t is'the thickness of each component (wall of the section) forming the closed per|meter;

nyw  isdhe radius of gyration about the minor axis as defined in Equation (A.12.3-6);

Fyiis is the yield strength, Fy of the material that first yields when bending about the [minor axis.
Conservatively E, in Equations (A.12.2-2) and (A.12.2-3) may be taken as the maximum yield
strength of all the components in a non-circular prismatic cross-section;

E is Young's modulus;

Z is the fully plastic effective section modulus about the major axis determined from
Equation (A.12.3-2);

is the minimum vyield strength of the Fy, of all components in the cross-section of a non-circular
prismatic member, in stress units, as defined in A.12.2.2.

ymin
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A.12.2.3.3 Reinforced components

Reinforcement of member cross-sections is often of the form shown in Figure A.12.2-1.

1 2

\ g

1 base plate

2 reinforcing plate

b, width offbase plate

b,  width offreinforcing plate

t,  thicknegs of base plate

t,  thicknegs of reinforcing plate

Figure A.12.2-1 — Definitions for reinforced plate

To be considered a reinforcing plate, the plate should nominally be in contactwith the base plate across it$ full
width and cpntinuously welded to the base plate on all edges with adequate’ welds.

When a rginforcing component is used, there should be four independent checks of the cross-segtion
classification in accordance with Tables A.12.2-2 to A.12.2-4:

a) the reipforcing plate (using 1,) over the width b,, using;buckling coefficient increased by a factor of 1{573
(see bglow in A.12.2.3.3);

b) the combined plate using #,cc, Over width b4;'see Equation (A.12.2-4);

c) the bage plate (using ¢4) over the width b5using buckling coefficient increased by a factor of 1,573 (see
A.12.23.3);

d) the bage plate (using ¢;) over the-dimension of the unreinforced widths (conservatively taken as b, — bp).

If the crosg-section is found: te~“be slender (class 4), then the effective width of each of the base pl|ate,
reinforcing plate, and the combined plate should be determined from Table A.12.2-2.

Because the reinforcing plate is welded to the base plate around all edges, their ability to bugckle
independently overthe width b, is restricted. Therefore, the coefficients in Tables A.12.2-2, A.12.2-4, [and

A.12.3-1 mpy ,be(increased by a factor of 1,573 for cases a) and c) to account for this limited buckling
capability.

NOTE As an example, the first limit in Table A.12.3-1, 0,72tf\/(E/Fy), can be increased to 1,13 tf\/(E/Fy) as derived
from 1,13 =0,72 x 1,573.

The reinforcing plate should be classified as a compression flange internal component or web internal
component in accordance with Tables A.12.2-2 and A.12.2-4 depending on the type of in-plane loading. The
value of yield stress used is that of the reinforcing plate.

The composite section should be classified as a compression flange internal component, a web internal
component or a compression flange outstand component in accordance with Tables A.12.2-2 to A.12.2-4
depending on the type of in-plane loading and support conditions. The value of thickness #,, for use with

width b, in the equations in Table A.12.2-2 and A.12.2-4 should be determined from Equation (A.12.2-4):
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foheck = (Bt 11) 14 (A.12.2-4)
tog = (12 11b4) 13 (A.12.2-5)
[=[b(ty + 1)> = (bg = b)to3)I3 — At + 1y — y4)? (A.12.2-6)
A = b1t1 + bztz (A122'8)

The| value of yield stress for use in Tables A.12.2-2 to A.12.2-4 is the larger of the yield stress vdlues for the
reinforcing plate or the base plate.

Table A.12.2-2 — Cross-section classification — Flange internalycomponents

Limiting width-to-thickness ratios for compressed internal components

A — T A —— LA
‘ "
[ I
[
A-Ais the axis of bending
Class Type Section in bending Section in compression

and across section

(comnpression positive)

Plastic stress distribution in component

T I
E—

5

Plastic — Class 1

Rolled or welded blt; < 1,03\/(E/Fy)

bltg < 1,03V(IF,)

Conr1pact “— Class 2

Rolled or welded blt;< 1,1 7\/(E/Fy)

blte< 1 ,17\/(1?/Fy)

and across section

(compression positive)

Elastic stress distribution in component

L
+ 1 [Ty

1
+ Fy

T 7

o
|
V1T

Semi-Compact — Class 3

Rolled or welded blt; < 1,44\(EIFy)

bly< 1,44\(EIF,)

Slender — Class 4

Rolled or welded blt; > 1,44\/(E/Fy)

blte> 1 ,44\/(E/Fy)
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Table A.12.2-3 — Cross-section classification — Outstand components

Limiting width-to-thickness ratios for outstand components

S
R
y - b b
v )
A———— — — —_ —— — o — A
b A / [
- —
A-A is the axis of bending
Outstand subject to Outstand subject to compression and-bending
Class Type :
compression Tip in compression Tipin tension
Plastic stregs distribution - ab o ab
in component M —
(compressign positive) +
N i
I‘T I b i b
|
Plastic — Rolled blt; < 0,33\/(E/Fy) blt; < (0,33/a)\/(E/Fy) blt; < [0,33/(0:\/a)]\/(E/Fy)
Class 1 Welded bltg < 0,30\(EIF,) blig2(0,30/ )\(EIF,) bltg < [0,30/(erN ) N(EIF,)
Compact — Rolled blt; < 0,37\/(E/Fy) Blt; < (O,37/a)\/(E/Fy) blt; < [0,37/(0[\/a)]\/(E/Fy)
Class 2 Welded bltg < 0,33(EIF,) bltg < (0,33/ )\(EIF,) bltg < [0,33/(er ) N(EIF)
Elastic stress distribution Maximum compression Maximum compression,
in component at tip at connected edge
(compressidn positive) \ ]
Y + s
— _ — _ ;v
e == I I 57" N I B (G
SO I ; |
f b I b
i
Rolled blt; < 0,55V(EIF,) blt; < 0,84(k, EIF,) blt; < 0,84(k, EIF,)
Welded bltg < 0,50\(EIF,) blt; < 0,76(k, EIF,) blt; < 0,76(k, EIF,)
Semi- W= 0,/04 W= 0,/04
Compact — k,=0,57 - 0,21y + 0,072 ks =0,578/(y+ 0,34)
Class 3
for1> y>-1 for1>y>0
k=17 -5y +17,1 y?
for 0> > -1
Slender — | Rolled or blt; > than for Class 3 blt; > than for Class 3 blt; > than for Class 3
Class 4 Welded f f f

In the figures relating to stress distributions, the dimension, b, is illustrated only in the case of rolled sections. For welded
sections, b should be assigned as shown in the diagrams at the top of the table.

When determining « for Class 1 and 2 members, the loads should be scaled to give a fully plastic stress distribution. For
all classes, it is conservative to use the relevant compression case.

210
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Table A.12.2-4 — Cross-section classification — Web internal components

Limiting width-to-thickness ratios for web internal components

-\ A
\1
]
S =
A 77777 Y S, JRS S R .
,Z,
A-A is the axis of bending
Claks Web subject to bending Web subject to Web subject to benfing and
compression compressiop
Plagtic stress +Fy +Fy +Fy
distfibution in -—— i y ) A
conpponent ~5
(compression positive) = ~ _ =
I ' Y PR
——
Fy Fy F, -
Plagtic — Class 1 a=0,5 a=1,0 when o> 0,5
dit,, < 2,56\/(E/Fy) dit,, < 1,03\/(E/Fy) 5,18\/—(E /| F))
[ty <————
W' (6,043 o —1
when ¢<0,5
dlt,, < 1,28\/(E/Fy)/(x
Compact — Class 2 dit,, < 3,09\/(E/Fy) dlt, < 1,1 7\/(E/Fy) when «> 0,5
e 4,82\ (E/F))
t <-—-— 3
YT (5 12a-1)
when ¢<0,5
1,55+ (E/F,
dl tW < L,
a
Ela$tic stress +/b +/c +Jb
distfibution in y ;
conlr'f)onent
(compression{positive) — ~ aS] ~
! ! b
Jo- + -
Semi-Compact — dlt,, < 4,14\(EIF,) dlt,, < 1,44\(EIF) when > -1,0
Class 3 s
1,44+ (E!F,
dl tW < #
(6,674 + 0,327y)
when y <-1,0

dlty, < 2,07(1 = yN(-y)(EIF,)

Slender — Class 4

dit,, > than for Class 3

dit,, > than for Class 3

dlt,, > than for Class 3

When determining o for Class 1 and 2 members, the loads should be scaled to give a fully plastic stress distribution. For
all classes it is conservative to use the relevant compression case.
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A.12.3 Section properties of non-circular prismatic members

A1231 G

eneral

Cross-sectional properties appropriate for the strength assessment of non-circular prismatic members of all
classes should be determined as described in A.12.3.2 to A.12.3.4; the nomenclature and definition of
variables is summarized in A.12.3.5. The properties appropriate for the stiffness assessment of prismatic
members should be based on elastic considerations.

Where elastic section propertles are determlned for class 1 and class 2 sectlons |n place of plastic section

properties
should be d

Cross-secti
prismatic m

Cross-secti
The cross-9
natural per
properties
stiffness. T
assessmen
amplificatio
A1232 P

A12.3.21

For class 1

termlned in accordance W|th A 12 3 3 7

bnal properties are normally required in respect of both major and minor axes of a .non-cirg
mber.

bnal properties for tubular members are specified in A.12.5.

ectional properties used in the stiffness model (e.g. when determining (Structural deflections
ods) can differ from those used when assessing member strengths-)For example, leg ¢
ay include approximately 10 % of the maximum rack tooth aréa ‘when determining the
is additional material should not be included when calculating the-section properties for stre

, except it may be used when determining the column buckling\strength (A.12.6.2.4) and mon
N (A.12.4).

astic and compact sections

Axial properties — Class 1 and class 2 sections

plastic and class 2 compact sections, section*properties should be determined assuming that

plastic behaviour can occur. The properties requiredi\for a strength assessment should be determined ta

into accour
For simplici

For axial t
assessmen

t the physical distribution of components comprising the cross-section and their yield streng
y, the following approximations can be used to determine the relevant properties.

bnsion and compression, the\fully plastic effective cross-sectional area for use in a stre
, Ay is as given in Equation((A:12.3-1):

F,.A

yiA)F

ymin

(A12.

5 the yield strength of the ith component of the cross-section of a prismatic member, as def|
nA.12.2.2;

5 the_cross-sectional area of the ith component comprising the structural member;

jese

ular

and
hord

leg
ngth
hent

fully
king
ths.

ngth

3-1)

ned

F

ymin !

S the minimum yield strength of the I*y[- or all components In the cross-section Of a prisn

member, in stress units as defined in A.12.2.2.

NOTE 1
strength can

NOTE 2

A.12.3.2.2

be offset from the centroid of the elastic section.

Ap can be larger than the physical cross-section of the member.

Flexural properties — Class 1 and class 2 sections

The second moment of area, I;, should be determined using the fully effective cross-section.

212

atic

The centroid of the plastic section (or squash centre) of a member comprising components of differing yield
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fully plastic effective section modulus Z; is as given in Equation (A.12.3-2):

Zy= (2 Fyd; A))IF,

min

where d; is the distance between the centroid of the ith component and the plastic neutral axis.

NOTE

diffe

The plastic neutral axis does not necessarily coincide with the equal area axis for cross-sections
rent yield strengths.

-1:2012(E)

(A12.3-2)

composed of

When using this definition of Z_, the value of yield stress that should be used in the calculation of plastic

mo

A1

For
the

Equ

The|
both
stre

NOT
force

A1

A1

Clas
slen
ass

des

When analysing structures that contain class 4 sections, care should be taken when determinin

dist
and
ove
cau

Effe
effe

nent strengtns should be r as defined in A.1£2.2.2.

ymin
p.3.3 Semi-compact sections

class 3 semi-compact sections the section properties should be based on elastic-pfoperties as
ation (A.12.3-3), the second moment of area, I, and the elastic section modulus, S;.
A= 4;

properties I; and S; should be determined assuming that the full. eross-section is effective for be
major and minor axes. When considering a cross-section comprised of components having d
hgths, the section moduli used in the calculations should encompass all critical points on the cros

E Critical stress locations are typically those at the _edges of components and are a function of
s, the yield strength of the component and its position within the cross-section of the member.

P.3.4 Slender sections

p.3.4.1 General

s 4 classification is determined from Tables A.12.2-1 to A.12.2-4. Cross-sectional properties
der sections should be determined using elastic principles. In tension, fully effective section
imed, i.e. 4; and S;. In compression, the sectional properties should be based on effective

Cribed here.

ibutions. It is recommended that the structural analysis be performed using full elastic sectio
that the reduced section properties are used only for the member strength checks.
restimates the.forces in class 4 members, care should be taken when the use of the reduc
5es a significantly different force distribution. In this case, an iterative analysis process can be 1

ctive Sections should be based on actual plating thicknesses combined with plating effective

Ctive widths of compression flange internal or outstand components should be determined in

suming that

full cross-section is effective. The relevant variables are the cross-sectional’ area, A4;, @s given in

(A.12.3-3)

nding about
fferent yield
5-section.

the member

for class 4
5 should be
sections as

g the force
N properties
Since this
ed sections
equired.

widths. The
accordance

with

the equations presented In lable A.1Z.5-1T a) or D), respectively. Ihe eflective widins oOf

veb internal

components subject to compression and/or bending should be determined as shown in Table A.12.3-1 c) for
which the following definitions apply (compression is taken as positive and tension as negative):

v is the ratio of compressive stress to bending stress;

o1 is the compressive stress if o, is tensile or the larger compressive stress if
compressive;

02 is the tensile stress if o, is tensile or the smaller compressive stress if o, is compress

k is the buckling coefficient;
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P is the reduction coefficient;

/1p is the plate slenderness parameter;
Apiim 18 the limiting plate slenderness ratio;
Apo s the plate slenderness ratio coefficient.

When determining effective widths for web internal components, the stress ratio, ¥, used in Table A.12.3-1
should be based on compression flange internal and outstand component effective widths, but the gross web

section properties may be used.

The area rgduction of curved components should be determined through the use of A.12.5.2.3. Thefolloying

steps shoulfl be followed.

a) The representative local buckling strength should be determined for a tubular member with the |wall
thickngss and diameter equivalent to the curved component in the non-circular prisniatic member.

b) The strength of a tubular, of the same diameter and wall thickness used in step‘a), should be determ|ned
based pn its full cross section and material yield.

c) The rafio of the strengths should be determined as in step a) strength divided by step b) strength.

d) This rdtio of strengths should then be used to determine an eQuivalent reduced area of the cufved
compopent in the non-circular prismatic member.

The use of plating effective widths generally leads to a shift in the“neutral axis compared with that found uking

gross sectipnal properties. This shift should be taken into account when determining effective widths. When

the structurpl analysis is performed using gross section properties, the additional moment caused by the
in the neutrpl axis should be found as the product of thelaxial force acting on the member and the shift in
neutral axid. This moment should be treated as additional to other moments acting on the effective seq

unless mor

A.12.3.4.2

The effectiy
effective wi
component
its strength
strength wh
steps a) to

onerous conditions arise if it is omitted]

Effective areas for compressive-loading

e area Ay ; of a compressed component should be found as the product of its thickness an
jth (which should never bejtaken as greater than the actual width). The effective area of a cu
subject to uniform compression should be determined from its actual area reduced by the rat
when treated as a.glass 3 or class 4 tubular [Equation (12.5-5), when 0,170 < 4 F, /P, ] versu
en treated as class 1 or class 2 tubular [Equation (12.5-5), when 4 F| /P, < 0,176], as set o

i) in A.12.3.4,4.\The total effective area, 4, is the sum of the component effective areas, as g

Shift
the
tion

d its
'ved
o of
5 its
it in
ven

in Equation|(A.12.3-4):

Age =Y et (A123-4)

A.12.3.4.3 | Effective moduli for flexural loading

For web or flange internal components subject to combinations of flexural and compression loading, effective
widths should be determined from Table A.12.3-1 ¢). For web or flange outstand components subject to
combinations of flexural and compression loading, effective widths (which should never be taken as greater
than the actual widths) should be determined from Table A.12.3-1 b). The effective area of a curved
component subject to flexure should be determined from its actual area reduced by the ratio of its strength
when treated as class 3 or class 4 tubular [Equation (12.5-10), for 0,103 4 < (Fy D)I/(E 1)] versus its strength
when treated as class 1 tubular [Equation (12.5-10), for (¥, D)/(E ) < 0,051 7], as set out in steps a) to d) in
A.12.3.4.1. The effective second moment of area /, should be found by calculating the properties of the
section based on fully effective areas for components subject to tension, on effective areas as defined in
A.12.3.4.2 for components subject to compression, and on effective areas as defined in the first paragraph for
components subject to combinations of compression and flexure.
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Table A.12.3-1 — Section properties — Effective widths for components in slender sections

/
0.72tf\/(E/Fy) 0.72tf\/(E/Fy) 0.72tN(E/F )

AN

4
a) Compression internal components
0.75tN(ko E/F y) 0.50tV(E/F y) 0.75t\(ko E/F y)
0.504,V(E/F. y) /
| =TT ReEbE .50tf\/(E/Fy)
A———t+ —t—— — 5 —A
| A
|
b) Outstand components under compression and/or bending
_47 tw <\
[
\ ]
~ =
A | L ol f
/ :
|
‘ 1 12y 20 v =0,lo,
)
”Gi det=pd p=1 if ,40,75
~ dg1 = 2dggd (5 — ) p=I[4,-0,047(3 + Y22 if 1,50,75
dop = dggy = dgy and (3+ ) >0
@“I
v
02
O —
4 ‘ 1 w<0 2, = 1,04(dl1,,) \/[Fy/(Ek)]
Q,
‘i deg=pde=pdI(1-y) k=8,2/(1,05 + y) if1>p >0
~ :I S deq =04 dg k=7,81-6,29 w+9,78 y2 if0> y > -1
N
“i } dgp =0,6 dogs k=5,98 (1 - p)? if 1>y >-3
5
| |
02
c) Internal components under compression and/or bending
Key

A-A  axis of bending
- ineffective area, which is ignored when calculating effective section properties

NOTE a) is a special case of c) with no bending and is included for clarity.
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Application of this procedure to determine effective second moments of area when applied to cross-sections
with slender components, especially when the section is not symmetric with respect to a particular axis, leads
to two values of /, about such an axis, depending upon the sign of the bending moment. Conservatively, the

smaller value of /, can be used throughout the strength analysis.

When considering a cross-section comprised of components having different yield strengths, the reduced
elastic section modulus S, used in the calculations should encompass all critical points on the cross-section:

Se =1ely;

where y; is {

NOTE q
forces, the yi

A12.3.5 C

A.12.3.5.1

In tension, fhe cross-sectional area for use in the assessment should be 4; where

Ay

Cr

Equation (A.12.3-4).

Where the

minimum cl
replace all

A.12.3.5.2

In compres

he distance from the neutral axis associated with /,, to the critical point ;.

bld strength of the component and its position within the cross-section of the member.
ross-sectional properties for the assessment

Tension

Ay for class 1 plastic or class 2 compact sections, see Equation (A.12.3-1),
4; for class 3 semi-compact sections as defined in Equation*(A.12.3-3),

4; as defined in Equation (A.12.3-3) for class 4 slender sections in tension across the whole of
pss-section (including bending); otherwise -use 4., for class4 sections as defined

cross-section contains cut-outs, pin-heles, etc., 4; should be determined at the location off
0ss-section, unless the section is equipped with doubler plates surrounding the hole that at |
e lost area.

Compression

ion, the cross-sectionalarea for use in the assessment should be 4. where
£ for class 1 plastic or class 2 compact sections, see Equation (A.12.3-1),
4; for class 3 semi-compact sections as defined in Equation (A.12.3-3),

4. for class 4 slender sections as defined in Equation (A.12.3-4).

(A.12.3-5)

Pritical stress locations are typically those at the edges of components and are a function of (the’member

the
by

the
bast

A.12.3.5.3

Flexure

In flexure, the second moment of area with respect to the y and z axes of bending that should be used in the
assessment should be determined from the following:

I, I, =

I; for class 1 plastic and class 2 compact sections as defined in A.12.3.2.2,

= I; for class 3 semi-compact sections as defined in A.12.3.3,

= I, for class 4 slender sections as described in A.12.3.4.3 accounting for both the chosen axis and

216

the direction of bending.
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section moduli for the two bending axes should be determined from the following:

Sy, S, =7, for class 1 plastic or class 2 compact sections, see Equation (A.12.3-2),

= S; for class 3 semi-compact sections as defined in A.12.3.3 for each critical stress location,

= S, for class 4 slender sections as defined in A.12.3.4.3 for each critical stress location,

accounting for both the chosen axis and the direction of bending.

The radius of gyration about the minor axis that should be used for lateral-torsional buckling considerations,

Ttos

A1

A1

should be determined as given in Equations (A.12.3-6):
"itb = (If4,)">° for sections in classes 1 to 3,

= (Io/400)"° for sections in class 4.

ec)
2.4 Effects of axial force on bending moment

P.4.1 General

Eulgr moment amplification (p-38) applies to all members in axial campression.

For
add

For
crog
stre

A1

Thel
mor
conf

classes 1, 2, and 3 cross-sections, the eccentricity between the elastic and plastic centroids
tional moment. This affects members in both tension and 'compression.

class 4 members, in addition to the Euler moment*amplification, there is an eccentricity betw

ngth check. This can affect members in both.tension and compression.

P.4.2 Member moment correction due-to eccentricity of axial force

plastic centroid or “centre of squash” is defined as the location at which the axial force p
nent on the fully plastic section.’For chords with material asymmetry (e.g. when the secti
ponents of differing yield stfengths) the centre of squash can be offset from the elastic centro]

(A.12.3-6)

induces an

een the full

s-section area normally used in the structural analysis and the effective neutral axis used in {he member

roduces no
bn includes
jd. Before a

seclion is checked, the moments should be corrected by the moment due to the axial forcgé times the

eccC
acc

pntricity between the (€élastic centroid (used in the structural analysis) and the “centre of
prdance with Equatiom(A.12.4-1). There is no eccentricity for tubular members or for non-circul

squash” in
ar prismatic

members with materialF-symmetry.
Thel corrected (effective moment, M, should be calculated for each axis of bending, gs given in
Equation (A.12)4-1):

Mie="M, + eP, (A.12.4-1)
where

M, is the moment in a member due to factored actions determined in an analysis that includes global

P-A effects;

P-A effects;

is the axial force in the member due to factored actions determined in an analysis that includes global

e is the eccentricity between the axis used for structural analysis and that used for structural strength

checks, taking due account of the sign in combination with the sign convention for P :
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for class 1 and 2 members, is the distance between the elastic and plastic neutral axes
orthogonal to the axis of bending under consideration. Annex F presents data including this

offset distance (together with other geometric data) for many members of each chord family,

for class 3 members, is equal to e, as defined in A.12.6.2.3,

for class 4 members, is the distance between the neutral axes of the full and effective

cross-sections, orthogonal to the axis of bending under consideration,

is equal to 0O if the structural model fully accounts for the offset between the neutral axes of the

modelled member in the strength checks,

is equal to O for tubular members; for other cross-sections in classes 1, 2 and 3 with mat
symmetry and when an elastic strength check is used for the assessment of mé&mber
classes 1, 2 and 3.

A.12.4.3 Member moment amplification and effective lengths

The amplifigd moment, M,,,, should be calculated for each axis of bending as given in.Equation (A.12.4-2)

where

218

M,

B

ua

ue

=1

is

is
fol

b My (A12)

hs defined in A.12.4.2;

the member moment amplification factor for the axis;under consideration, equal to one of
owing:

B =1,0 for (i) members in tension, or (ii) members in compression where the individual men
forces are determined from a second. order analysis, i.e. the equilibrium conditions
formulated on the elastically deformed structure so that local p-6 effects are already include
My,
— Cm

- (1- By /PE)
from a first-order linear elastic analysis, i.e. the equilibrium conditions are formulated on
undeformed structure and therefore M, does not include the local member p-5 effects:

for membersiin compression where the local member forces are determ

where

Pg = (W~E I)/(K L)?, and should be calculated for the plane of bending;

v is the second moment of area for the plane of bending as defined in A.12.3.5.

brial
S in

4-2)

the

ber
are
d in

ned

the

K and f‘m are gi\/pn inTable A 12 4-1:

K is the effective length factor for the plane of flexural buckling;

L is the unbraced length of member for the plane of flexural buckling normally

taken as one of the following:

— face to face length for braces,

— braced point to braced point length for chords,

— longer segment length of X-braces (one pair is in tension, if not braced

out-of-plane).
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When the analysis of a jack-up with single-column tubular or box section legs has been undertaken
accounting for the member moment amplification effects of global P-A/hull-sway, B may be taken as 1,0 as
local p-6 and global P-A are the same. For these jack-ups, local strength due to guide reactions should be
assessed in conjunction with the member forces.

Table A.12.4-1 — Effective length and moment reduction factors

Structural member K C2
Tubular or box complete legs 2,00 A
Chqrds with lateral loading 1,0 C
Chqrds without lateral loading 1,0 B
Primary diagonals and horizontals 0,7 BorC
K-braces® 0,7
TuBular braces Longer segment length 0,8 C
X-brace®
Full lengthd 0,7 C
Secondary horizontals 0,7 C

The value of C, | can be determined from rational analysis. In lieu of such analysis, the following values may be used:

A For members whose ends are restrained against sidesway C,=0,85

For members whose ends are unrestrained against sidesway C,=10

B For members with no significant transverse loading, ignéring self-weight; buoyancy; and direct wave/current and wind
actions:

C,=06-04 M,/M,
where M,/M, is the ratio of the smaller to the larger non-amplified end moments of the segment of the membgr in the plane
of bending under consideration. M,/M, is positive for the segment subject to reverse curvature and negative when subject to
single curvature.

M,=M, at end 1; similarly for M,

C For members with significant\transverse loading, other than self-weight; buoyancy; and direct wave/current and wind
actions:
C,=10-02P/P; (aIsclA-12.5-1] taple c-c2.1)

P = PEy or P, as-appropriate for the axis of bending under consideration.

b Alternatively use effective length alignment chart in Figure A.12.4-1.

€ |For either in-plan€-or out-of-plane effective lengths, at least one pair of members framing into a K- or X-joint is in tengion if the joint
is not braced, out-of-plane.

d

For X-bfaces, when all members are in compression and the joint is not braced out-of-plane.
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Gp K Gr To estimate the effective length of an unbraced column,
such as tubular or box complete legs, the use of the

— =200 — alignment chart in Figure A.12.4-1 provides a simplified
100,0 10" 100,0 ini i
. - ¥ 10'0 * ) method for determining adequate K values. The alignment
50,0 — - = 50,0 chart can be modified to allow for conditions different from
30,0 — —| 5,0 — 30,0  those assumed in developing the chart.
20,0 — —+ 4.0 — 20,0
— 1 ' — The subscripts A and R refer to the joints at the two ends
of the column section being considered. G is defined as
10,0 — —+ 30 — 10,0
90 — 4+ — 9,0 7
8,0 T —89 Lo
7.0 7.0 oo Le
6,0 T 6,0 z Iy
50 — + — 5.0 Lo
L0 ] — 2,0 40
7] —+ B in which X indicates a summation of'all“members rigidly
3,0 — 1 — 3,0 connected to that joint and lying(in“the plane in which
- 1 - buckling of the column is being\ considered. I, is| the
20 _ | 1 |20 moment of inertia and L, the.unsupported length of the
' ' column section, and / is the-moment of inertia and L} the
] 15 * unsupported length, of )a girder or other restrajning
T member. /. and /y-are taken about axes perpendiculgr to
10— —+ — 10 the plane of buckling being considered.
| T B For column. ends supported by a pinned restraint, |G is
: + : theoretically infinite but, unless truly friction free, cah be
taken"as 10 for practical cases. If the column end is rigidly

0 — — 1,0 T 0 restfained, G may be taken as 1,0. Smaller values may be
tised if justified by analysis.

NOTE Taken from ISO 19902:2007, Figure A.13.5-4.

Figurg A.12.4-1 — Alignment chart for.determining the effective length of unbraced columns

A.12.5 Strength of tubular mémbers

A.12.5.1 Applicability

The strength of unstiffened tubular members that satisfy Equation (A.12.5-1) should be assessed in
accordance| with A, 12.5.

DIt < 120 (A125-1)

Tubulars that do not satisfy Equation (A.12.5-1) should be assessed using alternative methods that result in
levels of reliability comparable to those implicit in this part of ISO 19905, such as References [A.12.5-3] and
[A.12.5-4].

The strength equations in A.12.5.1 to A.12.5.3 for D/t < 120 are unconservative for tubulars with reductions in
their cross-section. Where a tubular includes cross-sections with cut-outs, pin-holes, etc., it should be treated
as for a non-circular prismatic member, unless it is adequately reinforced. Reinforcement can comprise either
doubler plates that surround the hole or stiffeners that extend at least half the width of the hole above and
below the hole. If the reinforcement replaces all the lost area the tubular, the strength equations in A.12.5 may
be used.
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The strength equations are considered applicable for steels with a yield strength up to 700 N/mmZ2. The yield
strength used should be as specified in A.12.2.2.

NOTE The strength equations for tubular members are based on ISO 19902:2007, Clause 13. However, for use in
this part of ISO 19905, the ISO 19902 formulations have been converted to a force base rather than a stress base.

The equations ignore the effect of hydrostatic pressure. The condition under which hydrostatic pressure can
be ignored for a specific member is as given in Equation (A.12.5-2):

(DIf), = 211/d,,0-335 (A.12.5-2)
whdre
dy, is the effective head of water in metres applicable to the tubular in question; it is the depth

below the water surface (including penetration into the seabed where applicable) plus py'/(0,g);

P is the depth below the sea floor in metres (zero if above sea floor);
7' is the submerged (effective) unit weight of the soil;

Pw is the mass density of water;

g is the acceleration due to gravity;

(DIt)y, is the maximum D/t ratio possible given d,,.

For [convenience, some typical (D/f),,, values are listed inTable A.12.5-1.

Table A.12.5-1 — Maximum (D/i), ratios for given effective head of water

Effective head of water Maximum tubular
d,, (DI,
m
43 60,0
50 56,9
75 49,7
100 45,1
125 41,9
150 39,4
200 35,8

If the member D/t exceeds the limiting value (D/f).... the assessor should refer to ISO 19902, which is based
on stress rather than strength.

A.12.5.2 Tension, compression and bending strength of tubular members

A12.5.2.1 Axial tensile strength check

Tubular members subjected to axial tensile forces, P, due to factored actions should satisfy
Equation (A.12.5-3):

Py<AFJrg (A.12.5-3)
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is the yield strength in stress units as defined in A.12.2.2;

is the gross cross-sectional area;

7rTt Is the partial resistance factor for axial tensile strength, y g 1y =1,05.

A.12.5.2.2

Axial compressive strength check

Tubular members subjected to axial compressive forces, P, due to factored actions should satisfy

Equation (A.12.5-4):

Puc < Hl7RTC (12}5-4)
where

P, ip the representative axial compressive strength as determined in A.12.5.2.4;

7YrTc S the partial resistance factor for axial compressive strength, y g 1o = 1(18:
A.12.5.2.3 | Local buckling strength

The represg¢ntative local buckling strength, P,

Py =4

4

PyC =

—

A

[«

where, in
calculated g

P.=2

Xe

where C, is

The theoretf

should be determined as@iven in Equations (A.12.5-5):

yc!
F, (for 4 F/P,q < 0,170)
047 —0274 AFJPJAF,  (for 0,170 <A FylP,, < 200F,JE) (A.12)

ddition to the variables in A.12.5.2.1, P, is the representative elastic local buckling stren
s given in Equation (A.12.5-6):
Cy E 4 (tID) (A12)

the critical elastic buckling coefficient.

ical value of C, for ansideal tubular is 0,6. However, a reduced value of C, = 0,3 is recommer

5-5)

gth,

5-6)

ded
hlue

5-7)

5-8)

for use in the determination of . Pgg to account for the effect of initial geometric imperfections. A reduced v
of C, = 0,3 Is also implicit in-the limits for 4 Fy/Pxegiven in Equation (A.12.5-5).
A.12.5.2.4 | Column-buckling strength
The repregentative’ axial compressive strength of tubular members, P,, should be determined from
Equations (A(12.5-7) and (A.12.5-8):

Py=(1,0- 0,278/12)Pyc (for 1<1,34)

P,=0,9 Pyc//12 (for 1>1,34) (A.12.
where

A= (Pyo/Pg)*® (A.12.

Pye

A

222

is the representative local buckling strength (see A.12.5.2.3);

is the column slenderness parameter;
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Pg is the smaller of the Euler buckling strengths about the y- or z-direction, Pg = 2 E I/(KL)?;

E is Young's modulus as defined in A.12.1.1;
K s the effective length factor in y- or z-direction; see A.12.4.3;
L is the unbraced length in y- or z-direction; see A.12.4.3;

I is the second moment of area of the tubular.

A.12-5:2.5Bending strengththeck

Tubular members subjected to bending moments, M|,, should satisfy Equation (A.12.5-9):

M, < Mypl1R T

where

M, s equal to M, or M,; it is the bending moment due to factored, actions about memb
axes, respectively, determined in an analysis that includes global P-A effects;

M, s the representative bending moment strength, determined as given in Equations (A.12
My =M, for (FyD)(E1#)<0,0517
My, =[1,13 - 2,58 (FyD)I(E 1)] M, for 0,051 7 < (F, D)/(E#) < 0,103 4
M, =1[0,94 - 0,76 (F,D)(E 1)] M, for 0,103 4 < (F\ D)/(E t) < 120 (F\/E)

M, is the plastic moment strength as-given in Equation (A.12.5-11):

My =F, [D®~ (D -21)%)/6

YrTb IS the partial resistance factor for bending strength, yg 1, = 1,05.

A.12.5.3 Tubular menmber combined strength checks

A.12.5.3.1

Axialtension and bending strength check

Tubular members subjected to combined axial tension and bending should satisfy the conditi
Equation {A:12.5-12) at all cross-sections along their length:

(A.12.5-9)

br y- and z-

5-10):

(A.12.5-10)

(A12.5-11)

bn given in

(A.12.5-12)

e Palld E) 4 ¥ oo (M2 M 205/, < 1.0

where, in addition to the previously defined variables

P is the axial tensile force due to factored actions;
is the gross cross-sectional area;
Fy is the yield strength in stress units as defined in A.12.2.2;
My, M, are the bending moments due to factored actions about member y- and z-axes, respectively,

determined in an analysis that includes global P-A effects;
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M,,
VRTt
YR,Tb

A.12.5.3.2

is the representative bending moment strength, as defined in Equation (A.12.5-10);
is the partial resistance factor for axial tensile strength, y g 1 =1,05;

is the partial resistance factor for bending strength, y g 1, = 1,05.

Axial compression and bending strength check

Tubular members subjected to combined axial compression and bending should satisfy the conditions given in
Equations (A.12.5-7) and (A.12.5-7) at all cross-sections along their length:

beam-colun

(YR T

and local st

(YR T

where

™

YR,Tb
YR,Tc

A.12.5.3.3

n check:

Duc/Pa) + (]/ R,Tb/Mb) (Muay2 + Muazz)o’s < 1,0 (A125
rength check:

)UC/PYC) + (}/ R,Tb/Mb) (Muey2 + Muezz)o’s < 1,0 (A125

is the axial compressive force due to factored actions;
is the representative local buckling strength in A.12.5.2.3;
is the representative axial compressive strength as determined in A.12.5.2.4;

is the corrected effective bending moment about’ member y-axis due to factored actions
determined in A.12.4.2;

is the corrected effective bending moment about the member z-axis due to factored action
determined in A.12.4.2;

is the amplified bending moment about the member y-axis due to factored actions as determ
in A.12.4.3;

is the amplified bending(moment about the member z-axis due to factored actions as determ
in A.12.4.3;

is the representative bending moment strength, as defined in Equation (A.12.5-10);
is the partial,resistance factor for bending strength, y g 1, = 1,05;

is the partial resistance factor for axial compressive strength, y g 1. = 1,15.

-13)

[14)

as

5 aSs

ned

ned

Beam shear strength check

Tubular members subjected to beam shear forces due to factored actions should satisfy Equation (A.12.5-15):

V<PJyRr1v (A.12.5-15)
where
vV is the beam shear due to factored actions;
P, is the representative shear strength, as given in Equation (A.12.5-16):
P,=4 Fy/(2\/3) (A.12.5-16)
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A is the gross cross-sectional area;

7R Tv Is the partial resistance factor for torsional and beam shear strengths, y g 1, = 1,05.

A.12.5.3.4 Torsional shear strength check

1:2012(E)

Tubular members subjected to torsional shear forces due to factored actions should satisfy
Equation (A.12.5-17):
T, < Tyr1y (A.12.5-17)
where
T, is the torsional moment due to factored actions;
T, is the representative torsional strength, calculated as given in Equation (A.12.5-18):
T, = 21 F,/(D 3) (A.12.5-18)
I, is the polar moment of inertia, calculated as given in Equation (Ax2:5-19):
I,=(n/32) [D* — (D - 2t)4 (A.12.5-19)
A.12.6 Strength of non-circular prismatic members

A1

The)
on

moq
for

stre
ena
vary
spe

a)

b)

The)

The)

P.6.1 General

he AISC 2005[A-125-1 The AISC 2005 specification for LRFD was interpreted and, in s

ower strength steels in A.12.6.2.4 were modified for consistency with the approach useqg
hgth steels, which was taken from GalamboslA-12:6-11 |nterpretation of the specifications was n
ble presentation of a straightforward method for the assessment of beam-columns with con
ing yield strength and/or with ‘€ross-sections having only a single axis of symmetry. Develop
cifications was necessary to-provide the following:

a method to deal withrmember cross-sections comprising components constructed of steels W
yield strengths;

a method for.the assessment of beam-columns under biaxial bending to overcome a conse
has been identified in the standard AISC interaction equations.

yield strength used in A.12.6 should be as specified in A.12.2.2.

effects of hydrostatic loading on non-circular prismatic members should be considered.

structural strength provisions for rolled and welded non-circular prismatic members are gengrally based

pbme cases,

ified for use in the assessment of mobile'jack-up structures. The strength equations for column buckling

for higher
ecessary to
hponents of
ment of the

ith different

rvatism that

The critical

con

Lo £ 1 ! P L . } . m 1 ! 1 FOR T D s 1 1
JILTOTTTOT TTYUrOstatiC 10auir’y U TTOT=eirtuidln Prisitiallt CIUTUTTICTITUTTS 15 TIRTTY 11U ULLUT WITICTT TI

fixity results in high chord axial loads in deep water.

h spudcan

Hydrostatic pressure effects on split tubular and similar members should be addressed as described in
A.12.5.1. If the section fails to meet the un-reinforced tubular check, additional analysis can be used to
determine the effects of the stiffening provided by the non-tubular components.

Hydrostatic pressure effects on flat plate components of members should be assessed as shown in
Figure A.12.6-1 for values of gless than 2,0. If the component is used under conditions with an effective head
of water greater than that given in Figure A.12.6-1, or if the calculated g is greater than 2,0, then rational
analysis should be used to assess the effects of hydrostatic pressure on member utilization. For convenience,
Table A.12.6-1 gives the limiting effective head of water for components of differing plate slendernesses.
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d =208 20028 +5542/2  _66038+3025for 3<20
\"\" A U Al A A 7

Key

b width jof base plate

t thickness of base plate

d,, limiting effective head of water in metres for which additional analysis is not required; it is the depth’below the water
surfage (including penetration into the seabed where applicable) + p y'/(p,g)

Yij plate slenderness parameter 4= (b/t)(Fy/E)O’5

P is the|depth below the sea floor in metres (zero if above sea floor)

y' is thelsubmerged (effective) unit weight of the soil

Pw is the|mass density of water

Figure A.12.6-1 — Example chord showing plate dimensions for hydrostatic pressure screening chieck

Table A.12.6-1 — Maximum plate slenderness parameter, S for given effective head of water

Effective head of water Plate\slenderness parameter

dy B
m

170 1,0
120 1,1
85 1,2
48 1,4
32 1,6
24 1,8
20 2,0

In A.12.6.2 pnd A.12:6:3, y and z are used to define the axes of a non-circular prismatic member.

A.12.6.2 Nrn-circular prismatic members subjected to tension, compression, bending or shear

A.12.6.2.1 General

Non-circular prismatic members subjected to axial tension, axial compression, bending or shear should satisfy
the applicable strength and stability checks specified in A.12.6.2.2 to A.12.6.2.7.

A.12.6.2.2 Axial tensile strength check

Non-circular prismatic members subjected to axial tensile forces, P, due to factored actions should satisfy
Equation (A.12.6-1):
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where
Py is the representative axial tensile strength of a non-circular prismatic member, calculated as given
in Equation (A.12.6-2)
Py=3(Fy4)) (A.12.6-2)
Fy is the yield strength of the ith component of the cross-section of a prismatic member, in stress
units, as defined in A.12.2.2;
A; S the cross-sectionat area of the 7th cormponent (,omprising e structural meirnoper,
7Yrpt Isthe partial resistance factor for axial tensile strength, yrpt = 1,05.
A.12.6.2.3 Axial compressive local strength check

Non
sati

wheg

-circular prismatic members subjected to axial compressive forces, P ., due’to factored acfjons should
5fy Equation (A.12.6-3):
re, in addition to the definitions given in A.12.6.2.2
7YrRpa s the partial resistance factor for local axial compressive strength, yrpa = 1,1;
Py is the representative local axial compressive strength of a non-circular prismatic nember as
given in Equations (A.12.6-4) to (A.12;6-6);
P =ZFyA, for class 1 and class 2 members (A.12.6-4)
A = Ap
Poy=XFyAd; = (EFd; — FyminZA,;) P for class 3 members (A.12.6-5)
r Py
Poi=Fymind for class 4 members (A.12.6-6)
Fymin is the minimum vyield stress of the Fyi of all components in the cross-section of [a prismatic
membier,-in stress units, as defined in A.12.2.2;
A; is,the cross-sectional area of the ith component comprising the structural member;
Ag is the cross-sectional area for use in the assessment of a non-circular prismatic lnember as
defined in A.12.3.5.2;
h is the subscript referring to the component that produces the smallest value of Py;
An = blt or 2R/t as applicable for component 4, with effective width 5, or outside radius R;
Ao is as determined for component & from Tables A12.2-2 to A12.2-4 as given in

Equations (A.12.6-7) to (A.12.6-10):

— for rectangular rolled or welded web or flange components supported along both edges:

Ao =7 JETF, (A12.6-7)
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— for rectangular rolled flange or web components supported along one edge:

Ay =037 |E/ Fy, (A.12.6-8)
— for rectangular welded flange or web components supported along one edge:

Ap =033 [E/ F, (A.12.6-9)

— for components derived from tubulars (with reference to Table A.12.2-1):

A, =0,077 EIF,, (A.1218-10)

is determined for component 4 from Tables A.12.2-2 to A.12.2-4 as given in Equations (A.12.6-11)
to A.12.6-14):

— for rectangular rolled or welded web or flange components supported along both edges:
A =144 |EIF; (A.12.6+11)
— for rectangular rolled flange or web components supported{along one edge:
A =0,55 |E Fy; (A.12.6+12)
— for rectangular welded flange or web components supported along one edge:
A =0,50,/E Fy; (A.12.6+13)
— for components derived from tubutars (with reference to AISCIA-12.5-11 gand Table A.12.2-/1):
A =0,102 EIF, (A.12.6-14)

The eccentficity between the elastic.and plastic neutral axes, e,, for class 3 members (see A.12.4) can be
calculated 3s given in Equation (A.12:6-15):

eg=e A= (A.12.6(15)
A= ),

where e is gs definediin A.12.4.2.

A.12.6.2.4 | Axial compressive column buckling strength

There is no axial compressive column buckling strength check because it is inherent in the combined strength
check for compression in A.12.6.3. However, the representative axial compressive strength of all member
classifications subjected to flexural buckling should be determined as given Equations (A.12.6-16)
to (A.12.6-19):

a) for all grades of steel (conservative for high strength steel):

2
P, = (0,658’Ic ij for A, < 1,5 [derived from AISCIA12.5-11 Equation E3-2] (A.12.6-16)
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When section contains un-reinforced cut-outs, the slenderness parameter, 4., should be ba

P, = (0,877//1(;2)Pp| for A, > 1,5 [derived from AISCIA-125-1] Equation E3-3] (A.12.6-17)

alternatively, for high-strength steels (Fy > 450 MPa), the following may be used (see F.1):
4322

P, =10,7625% Ry for ,<1,2 (A.12.6-18)

P, =(0.860 8/4}854)11,' for Ay > 1,2 (A.12.6-19)
where, in addition to the definitions in A.12.6.2.3,

p.\05
Ao = (P—'DIJ (derived from AISCIA-12.5-1] Ch. E3; see also F.1) (A.12.6-20)
E
Pg is the minimum Euler buckling load for any plane of bending, a$ defined in

A.12.4.3 (including rack teeth of chords; see A112.3.1).

sed on the

min|mum section unless otherwise determined by analysis.
A.12.6.2.5 Bending moment strength
A.12.6.2.5.1 General
The| classification of member cross-sections in A.12:2 is used to identify the potential for local bdickling. The
slerlder section properties determined in A.12.3.4\account for the local buckling of class 4 cross-seftions.
The| bending moment strength of typical closed section jack-up chord members used in trussjlegs is not
norinally limited by lateral torsional buckling. However, this should be checked as described in A.12.2.3.2.
A.12.6.2.5.2 Class 1 plastic and ¢lass 2 compact section bending moment strength
Thelrepresentative bending moment strength, M, is given by the plastic bending moment of the entire section
as given in Equation (A.12.6:21):

My, = ZFymin (A.12.6-21)
where

M, is the representative bending moment strength;

Zy is the fully plastic effective section modulus, determined from Equation (A.12.3-2);

Fymin is the minimum yield strength of all components in the cross-section of a prismatic member, in

stress units, as defined in A.12.2.2.

NOTE Hybrid sections built up from components of different yield strengths are addressed by the
described in A.12.3.2.

A.12.6.2.5.3 Class 3 semi-compact section bending moment strength

methodology

The representative bending strength, M,, is obtained by interpolating between the plastic bending moment

and

the limiting buckling moment as given in Equation (A.12.6-22):
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My =My — (M, —MR)[—"J (A12.6-22)
h

where, in addition to the definitions in A.12.6.2.5.2

M, is the plastic moment strength;

My, = ZF\min as calculated by Equation (A.12.6-21);

Mg = S[F, <M, A T128-23)

S; is the elastic section modulus of a semi-compact section of a non-circular prismatic member forf the
plane of bending under consideration; see A.12.3.3;

h is the subscript referring to the component which produces the smallest value of M;
An % blt or 2R/t as applicable for component #;
A is as determined for component /& from Tables A.12.2-2 ~fo A.12.2-4, as given| in

Equations (A.12.6-24) to (A.12.6-29):

— for rectangular rolled or welded flange components<supported along both edges when| the
bending results in to uniform compression:

Ao =T NETF,) (A.12.6124)

+ for rectangular rolled flange or web components supported along one edge and subjegt to
combinations of compression and bending:

2o =037 (ETF) (A.12.68125)

+ for rectangular welded (flahge or web components supported along one edge and subje¢t to
combinations of compression and bending:

A = 0,33 JUEPF,;) (A.12.6/-26)

p

+ for rectangular rolled or welded web components supported along both edges and subje¢t to
combinations of compression and bending:

A = [4,82 /(E/Fy,.)]/(s, 120 1) (for o> 0,5) (A.12.8/27)
A = [1,55 /(E/Fyi)}/a (for o < 0,5) (A.12.6-28)

where « is a factor that varies depending on the loading, given in Table A.12.2-4, and
equals 0,5 in bending, 1,0 in compression, and variable between these values for combined
bending and compression.

— for components derived from circular tubes and subject to pure bending (see Table A.12.2-1):

25 =0,103 EIF,, (A.12.6-29)
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When the location of the tubular component results in combined bending and compression the
value of 4, can conservatively taken from Equation (A.12.6-10). Alternatively, the value of 4,

may be interpolated between the values for pure bending and pure compression.

A is determined for component / from Tables A.12.2-2 to A.12.2-4, as given in Equations (A.12.6-30)
to (A.12.6-35):

— for rectangular rolled or welded flange components supported along both edges when the
bending results in uniform compression:

A =144 (ETF,,) A.12.6-30
r N yi

— for rectangular rolled flange or web components supported along one edge and subject to
combinations of compression and bending:

2 =055 [(ETF,;) (A.12.6-31)

— for rectangular welded flange or web components supported-along one edge and subject to
combinations of compression and bending:

2 =050 (E1F,;) (A.12.6-32)

— for rectangular rolled or welded web companénts supported along both edges anfl subject to
combinations of compression and bending:

Iy = [1,44 (E/Fyi)}/(0,674 +0,327y) (for y > —1,0) (A.12.6-33)
2, =[2,07(1 - w(-v)] JEETF,) (for v <~1,0) (A.12.6-34)

where y is the stress.ratio as shown in Table A.12.2-4.
— for components derived from circular tubes and subject to pure bending (see Table[A.12.2-1):
A =0,22EIF,; (A.12.6-35)

When the location of.thé tubular component results in combined bending and compression, the value of A, can
congervatively taken“from Equation (A.12.6-14). Alternatively, the value of A, may be interpolated hetween the
valyes for pure\bending and pure compression.

A.12.6.2.5.4 Class 4 slender-section bending moment strength

The Tepresentative bending moment strengin, 4, Of class 4 sections IS given by the imiting ilexural bending
moment in Equation (A.12.6-36):

My =S, Fy (A.12.6-36)

where S, is the reduced elastic section modulus of a slender section of a non-circular prismatic member for
the plane of bending under consideration, see A.12.3.4.3.
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A.12.6.2.6 Bending moment strength affected by lateral torsional buckling

The reduced representative bending moment strength A4, due to LTB should be calculated for all members
that do not meet the screening checks of either Equation (A.12.2-2) or Equation (A.12.2-3) for open and
closed sections, respectively, regardless of the class of section. When the representative bending moment
strength is reduced due to LTB compared to the strength calculated in A.12.6.2.5, the reduced bending
moment strength should be used in the strength checks.

Further guidance on the bending moment strength accounting for LTB can be found in the AISC 2005
Specification/A-125-1] and BS 5400-3[A-12.5-2]

A.12.6.2.7 | Bending strength check

Non-circula prismatic members subjected to bending moments, M,,, should satisfy Equation (A.12:6-37):

where

M,

u is My or M,,, the bending moment due to factored actions about”member y- and z-axes,

respectively;

M, is the representative bending moment strength, determinedd{rom A.12.6.2.5 and A.12.6.2.6;

7Yrpp |is the partial resistance factor for bending, y g p, = 1,1,

A.12.6.3 Npn-circular prismatic member combined strength checks

A.12.6.3.1 | General

There are tyo different assessment approaches-for the strength of non-circular prismatic members subjefted
to combined axial forces and bending moments:

a) the intgraction equation approach (see'A.12.6.3.2), which is applicable to all member classifications;

b) the plaptic interaction surface-approach (see A.12.6.3.3), which is applicable to members in class 1|and
class 2

A.12.6.3.2 | Interaction equation approach

Each non-cjrcular prismatic structural member should satisfy the following conditions in Equations (A.12.6-38)
to (A.12.6-40) at_all-eross-sections along its length. When the shear due to factored actions is greater than
60 % of thg shear strength, the bending moment strength should be reduced parabolically to zero when| the
shear equalsthe shear strength (P, in A.12.6.3.4).

Local strength check (for all members) is as given in Equation (A.12.6-38):

1
7 7 |n

P M M
YRpPalu [7R,Pb uey] +(7R,Pb uez] <1.0 (A.12.6-38)

Ppls Mby sz

Beam-column check (for members subject to axial compression) is as given in Equation (A.12.6-39) or
Equation (A.12.6-40):

— if yrpaPulPp > 0.2, then
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1

n
7rPaty N 8 [7R,PbMuay J N 7R,PoM yaz (K

B My, My,

5 <1,0 (after AISCIA125-1] Equation H1-1a) (A.12.6-39)
p

— if 7R,PaPu/Pp < 0,2, then

<1,0 (after AISCIA-125-1 Equation H1-1b)  (A.12.6-40)

1

n n n

YR,patu +{ 7R,PbMuayW 7R,PbMuaz) —|77
)

AL + AL
z1 p L\ Vi by \ WIhz / J

whdre

P, is the applied axial force in a member due to factored actions, determiried in an ahalysis that
includes P-A effects (see A.12.4);

ols is the representative local axial strength of a non-circular prismatic(member where
Pys = P for members in tension, as defined A.12.6.2.2,
Ppis = Py for members in compression, as defined A.12.6:2.3;

P is the representative axial strength of a non-circular-prismatic member where

Py, = P, for members in compression, as defined A.12.6.2.4;

<

uey 1 the corrected bending moment dug to factored actions about the member y-axis from pA.12.4;

Lez 18 the corrected bending momentdue to factored actions about the member z-axis from A.12.4;

is the amplified bending moment due to factored actions about the member y-axis from A.12.4;
M,,,, is the amplified bending moment due to factored actions about the member z-axis from A.12.4;

is the represernitative bending moment strength about the member y-axis, as defined in A.12.6.2.5 or
A12.6.26

When/the shear due to factored actions is greater than 60 % of the shear strength, the bending
mement strength should be reduced parabolically to zero when the shear equals the she¢ar strength
(P, in A.12.6.3.4). For a more detailed description of the method see Eurocode 3[A-12.6-3,

s-the-representative-bending-mormer strengthabottthe-member exis-as-defined-nA.12.6.2.5 or
A12.6.2.6

When the shear due to factored actions is greater than 60% of the shear strength, the bending
moment strength should be reduced parabolically to zero when the shear equals the shear strength
(P, in A.12.6.3.4). For a more detailed description of the method see Eurocode 3[A-12.6-3];

7R pb IS the partial resistance factor for bending strength, yg pp, = 1,1;

7R pa IS the partial resistance factor for axial strength where
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)Rpa=Rpt for axial tensile strength, jgp,=1,05 in Equations (A.12.6-38, A.12.6-39 and

A

12.6-40),

7R Pa = 7R pcl fOr axial compressive strength, g p, = 1,1 in Equation (A.12.6-38),

7R,Pa = /R pc for axial compressive strength, yg p, = 1,1 in Equations (A.12.6-39) and (A.12.6-40);

determined as follows:

Annex F pré
the variable

4

a) Muey, 4

M., M|

b) My,

A.12.6.3.3

In the interaction surface approach, the assessor develops a plastic strength interaction surface in term

the axial st
can be use

which is defined as the location at which the axialforce produces no moment on the fully plastic section.

IMPORTAN

sections wjithout material or geometric:symmetry. The sign convention should, therefore, be obsel

with care.

NOTE A

applying them to a series of parametric equations that can have a different axis convention.

A measure
functional o
the surface
environmen

- for purely circular tubular members 7 = 2,0;

- for solid or hollow rectangular sections 7 = 5/3;

- for doubly symmetric open section members 7= 1,0;

- for all geometries, a conservative value of 7= 1,0 may be used.

bsents an approach to determining the value of 7 by manual calculatioh-The following mappin
s should be applied.

Mo, M,

should be set to the applicable of M,q,, M,

or M, .y, Moy, respectively, as described al

/
M ez uay’

2 Should be set to My, , M,,,, respectively.

Interaction surface approach

ength and biaxial moment strengths. The-interaction surface can be based on DyerlA-12.6-2]
j for the strength checks. The approach is'based on axial force applied at the “centre of squa

T — The assessor should be aware that the sign of the moment is crucially important

common case where-errors in sign can be introduced is when taking the results of a computer analysis|

of the interaCtion ratio can, then, be obtained as the ratio between the vector length from
rigin to the_member forces, and the vector length from the functional origin to the nearest poin

The fungtional origin is the force point associated with the functional actions in the abseng
tal actions.

is the exponent for biaxial bending, a constant dependent on the member cross-section geometry,

g of

ove.

s of

and
Sh",

for
ved

and

the
t on
e of

s of

Annex F pr

pvides, by way of example, conservative interaction equations and curves for generic familig

chord cross-sections based on plastic strengths P,

by the asse

orPy=

py’

ssor. This is achieved by the definitions as given in Equations (A.12.6-41) to (A.12.6-43):
Py=PyslyRpa strength check (for all members) (A.12.6
Pp/y R Pa beam-column check (for members subject to axial compression)
(A12.6

My, = Mp,ly R po

234

and M,,. The resistance factors should be introduced

-41)

-42)

-43)
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is the representative bending moment strength, as defined in A.12.6.3.2;
M, s the representative bending moment strength, as defined in A.12.6.3.2;
is the representative axial strength of a non-circular prismatic member, as defined in A.

is the representative local axial strength of a non-circular prismatic member,
in A.12.6.3.2

-1:2012(E)

12.6.3.2;

as defined

7rpp IS the partial resistance factor for bending strength, y g pp, = 1,1;
YRrpa Is the partial resistance factor for axial strength where

YRpa= ¥Rrptforaxial tensile strength, y g py = 1,05;

YRpPa= ¥ Rpc for axial compressive strength, yg p = 1,1;

YR Pa = IR pcl fOr local strength, yg po = 1,1.

the strength check, the applied member forces (P, M, M, imAnnex F) should be P, M e, M,
12.6.3.2.

the beam-column check, the applied member forces\(P, My, M, in Annex F) should be P, M
hed in A.12.6.3.2.

P.6.3.4 Beam shear

-circular prismatic members subjected' to beam shear forces due to factored actions sh
ations (A.12.6-44) and (A.12.6-45);

Vy< va/YR,Pv

V2 < Pylyrpy

re

e isithé beam shear due to factored actions in the local y- and z-direction, respectively;

Py, Bz is the representative shear strength in the local y- and z-directions, respectively,

Equation (A.12.6-46):

L as defined

M, as

ay. " uaz

buld satisfy

(A.12.6-44)

(A.12.6-45)

as given in

P, P, =A 3

vy vz v

F,

ymin
Ay is the effective shear area in the direction being considered; see Table A.12.6-1;

yrpy Is the partial resistance factor for torsional and beam shear strengths, yg p, = 1,1.
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Table A.12.6-1 — Effective shear area for various cross-sections

Section Effective shear area, 4,
Rolled I, H and channel sections, load parallel to web t Dy
Welded | sections, load parallel to web td
Rectangular hollow sections, load parallel to webs ADY(Dg + By)
Welded box sections, load parallel to web 2td
Rolled Tee-sections, load parallel to web tD,
Welded Teetrsections, load parallel to web t(Dg—T)
Circular hollpw sections 0,54
Solid bars apd plates 0,9 4
Closed sections with inclined plates 0,9 2[cos(0;) 4,,]

is the

T s the flange thickness of a welded T-section.
t is the web thickness.

D, is the gverall depth of cross-section.

inside flaces of flanges.

veb depth; for rolled sections measured with respect to root radii, forywelded sections measured between

By is the gverall breadth of cross-section.

A is the grea of cross-section.

Ay; is the grea of rectilinear component ;.

0, is the angle between the shear force direction being considered and the larger dimension of the cross-sectiop of
compopent i.

A.12.6.3.5 | Torsional shear

Closed-section non-circular prismatic: members subjected to torsional shear forces due to factored actjons

should satigfy Equation (A.12.6-47:

Ty < TR py (A.12.6¢47)
where
T, ip the torsional moment due to factored actions;
Typ ip “the representative torsional strength of the non-circular prismatic member as given in
Equation (A.12.6-48):
Typ = Ipp Fymin/ (- V3) (A.12.6-48)
Iop is the polar moment of inertia of the non-circular prismatic member;
"t is the maximum distance from centroid to an extreme fibre;
7rpv Is the partial resistance factor for torsional and beam shear strengths, g p, = 1,1.

236
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Open-section non-circular prismatic members subjected to torsional shear forces should be checked as
appropriate.

A.12.7 Assessment of joints

Joints should be assessed when the site conditions (metocean combinations, eccentric spudcan loading, etc.)
fall outside the limits that are normally assessed by the RCS.

The designer can make joint strengths available to the assessor. When the supplied axial joint strength is less

than the member strength, the supplied joint strength should be used in lieu of the member axial strength in
member ernngfh checks

If it]is considered necessary to evaluate joint strength, the resistance of tubular joints canbe f@ssessed in
accprdance with 1ISO 19902:2007, 24.9.2.2.2 and A.24.9.2.2.2 (Connections), and that of nop-tubular joints by
ratignal analysis. The internal forces (action effects) due to factored actions should ‘be defermined in
accprdance with 8.8, rather than using ISO 19902 and ISO 19901-3.

NOTE The intent of the joint check is to ensure that the joint is strong enough to.resist the internal forces due to
factgred actions. The joint strength is not required to meet or exceed the full membersstrength. Guidance of non-tubular
joint|strength can be found in other provisions of ISO 19902 and ISO 19901-3.
A.13 Acceptance checks

No guidance is offered.
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Annex B
(normative)

Summary of partial action and partial resistance factors

Symbol Description Factor Subclause(s)
parﬁnl action factor applind to-the inertial actions. I')e due-to rl\llnamir‘ 0 58T 5814
%p response, in combination with % ¢ ' 1.1t 8.4
%G partial action factor applied to the fixed actions G 1,0 8:8.1
%v partial action factor applied to the actions due to variable load G, 1,0 8:8.1
partial action factor applied to the metocean or earthquake actions 8:8°1.1 t0 8.8.1|4
when applied to deterministic ULS storm action £ (used with 50 year
; e 1,15 8.8.1.2
independent extreme values)
when applied to the deterministic ULS storm action £, (used with 125 8.8.1.2
100 year joint probability metocean data) ’ T
%E when applied to the stochastic ULS storm actions £, using factored 10 8813
metocean parameters determined in accordance with A.10.5.3.22 ’ T
when applied to the inertial action induced by the ELE ground motions in
. 0,9 8.8.1.4.1
earthquake analysis
when applied to the inertial action induced by the ALE ground motions in
) 1,0 8.8.1.4.2
earthquake analysis
’rpre | Partial resistance factor for preload 1,1 A.9.3.6.2
partial re3|stanc§ factor for horizontal foundation’capacity for effective 125 A9.3.6.2
stress (sand/drained)
"
RiHfe partial resistance factor for horizontal foundation capacity for total stress 156 A.9.3.6.2
(clay/undrained) ’ DA
YrRyvH |Partial resistance factor for vertical-horizontal foundation bearing capacity 1,1 A9.3.6.4
'R Tb partial resistance factor for bending strength of a tubular® 1,05 A.12.5
R Te partial resistance factérfor axial compressive strength of a tubular® 1,15 A12.5
Rt partial resistance factor for axial tensile strength of a tubular® 1,05 A12.5
Yoy partial rl')e3|stance factor for torsional and beam shear strengths of a 1,05 A125
v tubular
partiatresistance factor for bending strength prismatic of a non-circular
7R Pb ) : b 1,1 A12.6
: prismatic member’
palALia: |caiata| 1T fa\.,tw fUl d}\;d: bUIIIpIUaD;VU thUI Iytil Uf a 11Ul I'b;lbu:dl
JRPc | prismatic member® 11 A126
partial resistance factor for local axial compressive strength of a non-
IR Pl ) . . b 1,1 A.12.6
: circular prismatic member
Yot pa!rtlal r§3|stance I;actor for axial tensile strength of a non-circular 1,05 A12.6
: prismatic member’
partial resistance factor for torsional and beam shear strengths of a
IR Py . . - 1,1 A.12.6
: non-circular prismatic member
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Symbol Description Factor Subclause(s)
RS partial resistance factor for spudcan strength 1,15 13.4
TRH partial resistance factor for holding system 1,15 13.5
YrRoTtm | Partial resistance factor for stabilizing moment 1,05 13.8

NOTE

Values given in this table are normative. The reference subclauses provide the methods of application and the factors are
specifically tied to the calculation methodologies given in each reference subclause.

@  The metocean partial factors used in the quasi-static stochastic analysis are determined through an iterative procedure. The
procedure involves factoring the metocean parameters (wave height, current velocity and wind) until the partial-factored quasi-static

reagsessment of the applicable data resulted in an effective reduction in the coefficient of variation.

btation of the
and the data
embers were
ns because a
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Annex C
(informative)

Additional information on structural modelling and response analysis

C.1 Guidance on 8.5 — Modelling the leg-to-hull connections

The potential leg-to-hull connection component arrangements are shown in Figure C.1-1, which also 'gjves
examples of jack-ups designs in each category.

LEG-TO-HULL CONNECTION

Fixation System No Fixation"System
[ [
Oppgsed Pinions Unopposed Pinions Opposed Piniors Unopposed Pinions
Fixed Floating Fixed Floating Fixed Floating Fixed Floating
Jacking Jacking Jacking Jacking Jacking Jacking Jacking Jacking
Systein System System System System System System System

Examples of jack-ups in each category

FandG GustoMSC NONE NONE Baker Marine CFEM Baker Marine NONE
-L78011 -CJ36 - Pacific 375 - 2005 - Freedom class
-JU 2000 - CJ46 - 2600 - 350
- Alpha 350 - CJ50 (old) LeTourneau - 300
- Super M2 - CJ54 - Workhorse Levingston -250
- Universal M|class - CJ62 - Tarzan -111C - 200

- CJ70 -150
GustoMSC Modec
-CJ 46 - 300C GustoMSC
- CJ 50 (new - 400 - Gusto designs
Hitachi LeTourneau
- Giant class -53

-84

Keppel FELS - 82-SD-C
- KFELS Moq V -116C
- KFELS Mod VI - Super 116
- A Class - Super 116E
- B Class - Super 300
- N Class - Gorilla
LeTourneau
- Super GORILLA
- Super GORILLA XL

- Jaguar 250-C

Figure C.1-1 — Sample leg-to-hull connection component combinations
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C.2 Guidance on A.10.5.3.4 — Methods for determining the MPME

C.2.1 Guidance on the first method of Table A.10.5-1 — Fitting Weibull distributions to the
results of a number of time domain simulations to determine responses at the required
probability level and average the results

This procedure, outlined in Steps 1 to 7 below, requires several suitable length time domain simulations for
each response of interest. The input sea state simulation should be checked for Gaussianity. Guidance is
given in Table A.7.3-3. For each simulation record, the procedure for computing the MPME comprises the
following steps. The final MPME value is taken as the average over all of the simulations conducted.

— |Step 1:

The response time history, R(?), is first analysed to calculate the mean, ug, as given in’Equatiop (C.2.1-1):

ZR(Q’)
_ i

n

LR (C.2.1-1)

where

R(t;) is the time history of the response of interest;

t; is the time point ;;
n is the number of useable time points in simulation (discounting the run-in).
— |Step 2:

The individual response maxima in thé.simulations are next extracted according to the following criteria:
A maximum occurs at ¢, if Equations’(C.2.1-2) apply:
R(t;_1) < R(t;) and R(t,,4) £ R(t;) (C.21-2)

Suppose N5, maxima are found in the extraction.

— |Step 3:
From the Ng3, response maxima, the mean of the signal, .y, is subtracted and the resulting maxima A,
where_k varies from 1 to N, are ranked into 20 blocks having mid-points in ascending| order. The

blocks-all have the same width; the upper bound of block 20 is taken as 1,01 times the larges} value, and
the tower bound of the first block is set to zero. Any maxima with a value less than zero are discarded.

The blocks—arenumbered-inascending-orderfrom—¢=1-1t020.—andaredefined by their midpoint value

M, and the probability of non-exceedance of that value F,. A distribution of the observed maxima is then
found, using for each block the Gumbel plotting position in order to obtain the best possible description of
the distribution for large values of M. If the number of maxima in each block, g, is n,, the cumulative
probability F, to plot against the mid-point for block ¢ is then as given in Equation (C.2.1-3):

1 05
Jj=

=0

where ng is equal to the number of negative maxima peaks (the number of points not fitting into the
20 blocks).
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— Step 4

a):

A Weibull distribution is fitted [see Steps 4 b) to 4 d)] through the cumulative distribution of the blocks of
observed maxima as defined under Step 3 [this is done in accordance with Steps 4 b) to 4 d)]. The
3-parameter Weibull cumulative distribution function is defined as given in Equation (C.2.1-4):

1-4)

F(M*a, B, y)=1- exp[—(M;_}/jﬂ] (C.2.
where
F(M*;a, B,7) is the probability of non-exceedance of the value M* where
a is the scale parameter,
p is the slope parameter,
% is the threshold parameter;

— Step 4

5,(M* —y)>0,0

b):

Only data blocks with a probability of non-exceedance greater than a threshold value of 0,2 are used

the Weibull distribution, i.e. only the blocks for which Equatiof’(C.2.1-5) applies:
F,l>0,2 (C.2]
Notice that M; are in ascending order.
— Step 4fc):
For each of these blocks, ¢, the~deviations, 5q, of the observed probability from the correspon

probab

lity of the Weibull cumulative distribution function, F, (transformed to Weibull scales)

calculated as given in Equationy(C.2.1-6):

%

— Step 4

d):

The parametérs o, S y are now estimated by a non-linear least squares technique such that

summgdtion as given in Equation (C.2.1-7) is minimized:

20
2.9
q=x

where x is the value of ¢ for which F, > 0,2.

= In{-In[1 - F(M75a,5,7)1} - BlIn(M = 7) = In(a)] (C.2,

o fit

1-5)

ding
are

1-6)

the

(C.2.

1-7)

The procedure may be based on a Levenberg-Marquardt algorithm, using the parameters of a
2-parameter Weibull distribution (found by the maximum likelihood method) as initial estimates.
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Step 5:

The MPM value, My;p), , is found as the value of M for which Equation (C.2.1-8) applies:

1

FM*a,8,y) =1 - ——
max
Tsim

where

-1:2012(E)

(C.2.1-8)

C.2
his
det

The)
Gun

whs

T3y, is 3 hours;

T

sim s the simulation duration.
Step 6:

The corresponding MPME value, Ryp\e is then found as given in Equation (€.2.1-9):

RypMe = #R + Mypm
where

HR is the mean value of R(f) established in Step:l;
Mypn is the MPME value (excluding the meany-established in Step 5.

Step 7:

The procedure is repeated for each required response parameter.

2 Guidance on the second method of Table A.10.5-1: Fitting Gumbel distributio
ogram of absolute maximum responses from a number of time domain simulatig
prmine responses at required probability level

basic assumption of this.method is that the absolute maximum values in three-hour simulati
nbel distribution as given in Equation (C.2.2-1):

Fan(x)= exp{—exp[—%ﬂ

re

(C.2.1-9)

h to
bns to

bns follow a

(C.2.2-1)

F‘on(v) is the prnhnhilify that the three-hour maximum does not exceed value X5

The

7 is the location parameter;
K is the scale parameter.
following steps are followed for each required response parameter:

Step 1:

Extract absolute maximum (and minimum) value for each of at least ten three-hour response simulations.
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— Step 2:

Fit a Gumbel distribution through these 10 or more maxima/minima. This can be done using the
maximum likelihood method, yielding y and . Alternatively, Lu et al.[°-2-1] have shown that the method of
moments closed form solution produces results consistent with the maximum likelihood method for values
of y, although they showed significant variation in the values of x. However, when calculating the MPME,
with a 63 % probability of exceedance, the effects of x approach zero, as shown in Step 3 below, and the
only remaining influence is on the calculated value of y, as given in Equation (C.2.2-3). Therefore, the
method of moments closed form solution normally can be used to calculate y and x as given in
Equations (C.2.2-2) and (C.2.2-3):

x+ (o\6)n (C2R-2)
w¥ u—0577k (C.2p-3)
where

u | is the mean of the maxima/minima;
o | is the standard deviation of the maxima/minima.
— Step 3

The value Ryppe is found as given in Equations (C.2.2-4) and (C.2:2-5):

Rytpme =¥ — & In{=In[ F3n (Rypwe )} (C.2p-4)
where
F3}, (Rmpme) = 0,37 (C.2p-5)

The 0,37 lower quantile is used becauseithe extreme of recurrence of once in three hours hgs a
probabjlity of exceedance of 0,63 (= 1 —,0,37). In this case, it can be seen that

Rypme = ¥
— Step 4

The prpcedure of Steps.2’and 3 can similarly be applied for minima although, because of the potehtial
error inf x5, and becadse'the standard deviation of the minima can be large by comparison to the mean| the
method of moments'should not be used for calculating xand .

C.2.3 Guidanceon the third method of Table A.10.5-1 — Application of Winterstein's Hernite
polynomi?l method to the results of time domain simulation(s)

For Gaussian processes, analytical results exist for the determination of the MPM values (e.g. MPM wave
height is 1,86 times the significant wave height). For general non-linear, non-Gaussian, finite band-width
processes, approximate methods are used to generate the probability density function of the process. The
method proposed by Wintersteinl®-2-2l fits a Hermite polynomial of Gaussian processes to transform the non-
linear, non-Gaussian process into a mathematically tractable probability density function. This has been
further refined by JensenlC-2-3] for processes with large kurtosis.

This procedure requires a suitable length time domain simulation for each quantity of interest. The input sea
state simulation should be checked for Gaussianity. Guidance is given in Table A.7.3-3. The calculation
procedure to determine the maximum of a time series, R(¢), with a simulation duration Ty, for a three-hour
exposure, T3y, is as follows.
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Calculate the mean, g, the standard deviation, o, and the following quantities of the time series for the

parameter under consideration as given in Equations (C.2.3-1) and (C.2.3-2):
ay = (1) Z[(R - p)3)/c®

ay = (1) ZI(R - 1" o*

where

(C.2.3-1)

(C.2.3-2)

az is the skewness;
ay, s the kurtosis.

When the kurtosis is less than 3,0, the approach given here is not valid and the alternat
Reference [C.2-2] should be used.

Step 2:

Construct a standardized response process, z = (R — )/ o. Using this standardized process, G

number of zero-upcrossings, N. In lieu of an actual cycle count/from the simulated time serieg,

may be assumed for a three-hour simulation.
Step 3:

Compute the following quantities from the charagcteristics of the time series for the response o)
given in Equations (C.2.3-3) to (C.2.3-5):

h3:a3/{4+2 [1+1,5(a4—3)}}
{ J+15(aq-3)] }/18
2 2 _y2
K = (1+2h3% +60s?
It is necessary./to seek a more accurate result by determining a solution for C;, C»

Equations (€:2.3-6) to (C.2.3-8):

02 — C12 + 6C1C3 + 2C22 + 15C32

ve given in

alculate the
N=1000

f interest as

(C.2.3-3)

(C.2.3-4)

(C.2.3-5)

and C; from

(C.2.3-6)

(C.2.3-7)

o%a,=60Cy% +3C4* + 10 395C3* + 60C2C,2 + 4 500C,2C52 + 630C42C42 +
.. +936C,Cx2C5 + 3 780CC33 + 60C,3C,

using as initial guesses the values given in Equations (C.2.3-9) to (C.2.3-11):
C1 = O'K(1 — 3h4)
C2 = O'Kh3

© 1SO 2012 - All rights reserved
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where
o is obtained from Step 1;

K, hzand hy  are obtained from Equations (C.2.3-3) to (C.2.3-4).

Following the solution for Cy, C, and Cj, the values for K, i3 and i, are recomputed as given in
Equations (C.2.3-12) to (C.2.3-14):

K=(Cq+3C)lo (C.2.3-12)

haf= Col(oK) (C:2:3-13)

hy|= C3l(cK) (c.2.314)
— Step 4

The mgst probable value, U, of the transformed process is computed as given inrfEquation (C.2.3-15):

UE 2In{N~Tihj (C.2.3+15)
sim
where
Ul is a Gaussian process of zero mean, unit variance;
Ty is three hours;
T, is the simulation duration, expressed.in hours.

— Step 5

The mpst probable maximum, transiormed back to the standardized variable, z, is then as giveh in
Equatigns (C.2.3-16):

zmpm = K [U + hy(U2 = 1) £hy (U3 - 3U)] (C.2.3-16)
— Step 6

Finally|the MPME\N the required three hour exposure period for the response under consideration,|can
be conputed from’Equation (C.2.3-17):

R'\/ PME =u+ UZMPM (C23'17)

C.2.4 Guidance on the fourth method of Table A.10.5-1: Application of drag-inertia method to
determine the base shear and overturning moment DAF from time domain simulation

The method, based on Reference [C.2-4], may be used to determine Kpar ranpom Used to compute the

inertial loadset for a two-stage deterministic storm analysis (see 10.5.2). The method combines two
components of the total dynamic response, namely the static and inertial parts. The inertial part is computed
as the difference between the total dynamic and static responses and should not be confused with the
response to inertial wave loading. The method requires a determination of the response of the jack-up for four
conditions. In all four cases, the storm simulation (random seed) should be identical, but with different
components of the loading and/or response simulated. The responses considered are usually total wave and
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