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ISO
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(the International Organization for Standardization) is a worldwide federation of national

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

procedures used to develop this document and those intended for its further maintenance are
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria-needed for the
erent types of ISO documents should be noted. This document was drafted in accordance with the
forial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ention is drawn to the possibility that some of the elements of this document may be the subject of
ent rights. ISO shall not be held responsible for identifying any or all,such patent rights. Details of

any patent rights identified during the development of the document wilt'be in the Introduction and/or

on

he ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for'the convenience of users and does not
constitute an endorsement.

For| an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as.well as information about ISO's adherence to the

Wo

rld Trade Organization (WTO) principlessin the Technical Barriers to Trade (TBT), see

www.iso.org/iso /foreword.html.
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5 document was prepared by Technical*Committee ISO/TC 67, Oil and gas industries including lower
bon energy, Subcommittee SC 7, Qffshore structures, in collaboration with the European Committee
Standardization (CEN) Techni¢a) Committee CEN/TC 12, Oil and gas industries including lower
bon energy, in accordance with the Agreement on technical cooperation between ISO and CEN
bnna Agreement).

5 third edition cancels' and replaces the second edition (ISO 19905-1:2016), which has been

technically revised.

Th¢ main changés are as follows:

updates.vegarding operations in arctic areas in: Scope, 5.1.5, Figure 5.2-1, 6.7, 7.2, 7.6, 7.8, 10.8,
Table~10.3-1 and A.10.8, and added 8.8.9;

q £ Fall 163 43 3 g s Q | dod 3 L 1.0
HNTCTU TUTL UIdSSHILAULIUIT TTVISTU IIT SOLUPT dITU TAPdITUTuU 111 J. 1.0,
Clause 3 updated to align with 19900 and other sources. Further definitions added;
added definitions of symbols for undrained shear strength in 4.1.2;

added definitions of symbols for horizontal and moment capacity coefficients and cyclic
degradation factors in 4.1.5;

interaction with SSA-I explained in 5.1;
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— exposure levels (in 5.5) revised to align with ISO 19900:2019;

— requirements and information on earthquake response analysis gathered in 10.7 and A.10.7
respectively and referenced from 8.6, 8.7, 8.8, A.8.6.3, A.8.7;

— 9.3,A9.3.1.2,A9.3.3.1 and A.9.4.1 expanded to include foundation capacities and stiffnesses based
on strength parameters rather than applied preload. Clause E.4 added to address the former;

— clarifications of Step 2 foundation checks in 9.3.6;

— 9.4.6 on cyclic mobility expanded to address liquefaction and liquefaction-induced latéral flow pnd
A.9.4.6 expanded accordingly;

— earthquake analysis requirements (in 10.7) revised; reference to 5.5.5 added and text moved firom
other clauses inserted;

— minor update to alternative analysis methods (see 10.10, formerly 10.9);

— minor clarifications in 13.2;

— clarified that the Hmax to Hsrp relationships in A.6.4.2.2 are.defaults in the absence of site-spegific
data; the application of kinematics reduction in A.6.4.2.3-is no longer by means of wave helght
reduction;

— most probable peak enhancement factor in A.6.452.7 now given as a range;

— default current profile in A.6.4.3 revised;

— alternative wind profiles now permitted in A.6.4.6.2;

— added references to ISO 19901-10 and ISO 19901-8 in A.6.5.1.1;

— added reference to liquefaction-induced lateral flows in Table A.6.5-1;

— the requirements faor the geotechnical report in A.6.5.1.5.3 have been revised and expanfded
especially in respectof shear strength;

— penetration in'clays in A.9.3.2.2 updated to address strain rate dependency and strain softening;
— squeezinglof clay in A.9.3.2.6.2 revised;
— punch-through for sand overlying clay in A.9.3.2.6.4 clarified and formula revised;

—>~major update to the ultimate vertical/horizontal/rotational capacity interaction function in
A.9.3.3.2 for spudcans in sand and clay due to the addition of a caveat on the need to consider|the

££ 4 £ 1 1 a £ P tdes
CIHITLL UT LYyLHU TUAUILS UINTUUIUAatuIr Cdpda iitacs,

— the effect of cyclic loading on the yield surface has been added in A.9.3.3.7; incorporates text that
was in A.9.3.4.2.2;

— revised guidance on the selection of shear modulus for clay in A.9.3.4;
— Step 2a foundation capacity and sliding checks in A.9.3.6.4 revised and the figures corrected;

— guidance on Cyclic mobility in A.9.4.6 significantly expanded, and this clause now also addresses
liquefaction and liquefaction-induced lateral flow;
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guidance on structural and foundation modelling expanded in A.10.7.3.2 with particular reference
to modelling for earthquake response analysis;

guidance on ice added in A.10.8;

guidance in A.12.2.3.2 on non-circular prismatic member classification and in A.12.2.3.3 on
reinforced components clarified in respect of slender components;

sketch in Table 12.3-1 b) corrected;

clarifications in Table A.12.4-1 and correction to formula in Figure A.12.4-1;

guidance on strength of tubular members in A.12.5 updated to align with ISO 19902:2020
(combined axial and bending loading in A.12.5.3 of cosine interaction form instead of previous form
using linear interaction) and simplified combined axial, bending, beam shear and torsion checks
have been added;

clarified calculation for e in A.12.6.2.3 on axial compressive local strength check;

clarified Fy in A.12.6.2.5.4 on Class 4 slender-section bending moment strength;

beam shear area formulations updated for chord cross sectionsupdated in A.12.6.3.4;

Table B-2: revised partial resistance factor for horizomtal foundation capacity for total stress
(clay/undrained) and added partial resistance factorstfor vertical-horizontal foundation bearing
capacity when considering material factored représentative soil strength and for calculated
foundation capacities.

corrections to formulae in Figure C.2.4-1, "The\drag-inertia method including DAF scaling factor";
Figure E.1-1 corrected;

Figure E.3-1 b) corrected;

added Clause E.4 on calculated foundation capacities approach;

added Clause E.5 providing an example of a simplified free-field liquefaction assessment calculation
method;

Norway regionalrequirements in H.2 updated. H.2.2 Regulatory framework and H.2.4 Technical
commentary)deleted. Added new H.2.3 Technical requirements for jack-up rigs operating close to a
permanentoccupied installation.

US,Gulf of Mexico requirements (H.3) metocean data replaced by reference to hurricane data from
ARI'RP-2MET, 2019. General updates. Unoccupied post-evacuation case expanded.

Alist of all parts in the ISO 19905 series can be found on the ISO website.

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

Xii
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Introduction

This document is one of the International Standards on offshore structures prepared by TC 67/SC 7 (i.e.
ISO 19900, the ISO 19901 series, ISO 19902, ISO 19903, ISO 19904-1, the ISO 19905 series and ISO
19906).

NOTE1 These are sometimes incorrectly referred to as the ISO 19900 series on offshore structures.

The International Standards on offshore structures prepared by TC 67/SC 7 address degign
requirements and assessments for all offshore structures used by the petroleum @and natural |gas
industries worldwide. Through their application, the intention is to achieve,(peliability leyels
appropriate for attended and unattended offshore structures, regardless of the type of structure and|the
nature or combination of the materials used.

It is important to recognize that structural integrity is an overall coneept comprising models |for
describing actions, structural analyses, design or assessment rules,.safety elements, workmanship,
quality control procedures and national requirements, all of which are mutually dependent. The
modification of one aspect of design or assessment in isolation-can disturb the balance of reliabjlity
inherent in the overall concept or structural system. The dmplications involved in modificatipns,
therefore, must be considered in relation to the overall reliability of all offshore structural systems.

The International Standards on offshore structures prepared by TC 67/SC 7 are intended to provide
wide latitude in the choice of structural configuratiens, materials and techniques without hindering
innovation. Sound engineering judgment is, therefore, necessary in the use of these documents.

This document, which has been developed from the Society of Naval Architects and Marine Engingers
(SNAME) Technical & Research Bulletin\5-5A (2002)[170], states the general principles and basic
requirements for the site-specific assessment of mobile jack-ups; it is intended to be used for dite-
specific assessment and not for jack-up design.

NOTE 2  For the exposure level- 1((1:1) assessment and, where appropriate, the exposure level 2 (L2) assessnent
prior to evacuation being effeCted, this document requires the use of 50 year independent or 100 year jpint
probability metocean extremes, together with associated partial action factors. It is based on extenfive
benchmarking and best practice in the international community.

Site-specific assessment is normally carried out when it is intended to install an existing jack-up unjt at
a specific site. The-assessment is not intended to provide a full evaluation of the jack-up; it assumes that
aspects not addressed herein have been addressed using other practices and standards at the degign
stage. In seme instances, the original design of all or part of the structure could be in accordance with
other International Standards on offshore structures prepared by TC 67/SC 7, and in some cages,
diffetent practices or standards could have been applied.

The purpose of the site assessment is to demonstrate the adequacy of the jack-up and its foundations
for the assessment situations and defined limit states, taking into account the consequences of failurg. It

is important that the results of a site-specific assessment be appropriately recorded and communicated
to those persons required to know or act on the conclusions and recommendations. Alternative
approaches to the site-specific assessment can be used, provided that they have been shown to give a
level of structural reliability equivalent, or superior, to that implicit in this document.

Annex A provides background to and guidance on the use of this document. The clause numbering in

Annex A is the same as in the main text in order to facilitate cross-referencing. ISO/TR 19905-2
provides additional background to some clauses and a detailed sample 'go-by' calculation.
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NOTE 3

based on this document.

ISO/TR 19905-2:2012 is based on ISO 19905-1:2012. The second ediiton of ISO/TR 19905-2 will be

Annex B summarizes the partial factors. Supplementary information is presented in Annexes C to G.
Annex H presents regional information.

NOTE

his document, the following verbal forms are used:

shall” indicates a requirement;

should” indicates a recommendation;

lcan” indicates a possibility or a capability;

|may” indicates a permission.

A

The site-specific assessment (SSA) of a jack-up normally comprises the two parts: an elevated SSA

A

Xiv
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Oil and gas industries including lower carbon energy —
Site-specific assessment of mobile offshore units —

a3ad

Pdl L 1
Jack-ups: elevated at a site

1 Scope

This document specifies requirements and provides recommendation and guidance for the elevd
site-specific assessment (SSA-E) of independent leg jack-up units for use in-the petroleum and naty
gas industries. It addresses:

a) occupied non-evacuated, occupied evacuated and unoccupied jaek<ups;

b) theinstalled (or elevated) phase at a specific site.

It also addresses the requirement that the as-installed ¢ondition matches the assumptions used in
assessment.

This document does not address the site-specificiassessment of installation and removal (SSA-I).

To ensure acceptable reliability, the provisions of this document form an integrated approach, whic
used in its entirety for the site-specific assessment of a jack-up.

When assessing a jack-up operating’in regions subject to sea ice and icebergs, it is intended that
assessor supplements the provisions of this document with the relevant provisions relating to

ted
hral

the

h is

the
ice

actions contained in ISO 19906 and procedures for ice management contained in ISO 35104. This

document does not address design, transit to and from site, or installation and removal from site.

This document is appli¢able only to independent leg mobile jack-up units that are structurally so

ind

and adequately maintained, which is normally demonstrated through holding a valid recognized
classification society, classification certificate. Jack-ups that do not hold a valid recognized classification

society certificate are assessed according to the provisions of ISO 19902, supplemented | by
methodolaegies from this document, where applicable.

NOTE-1YX Well conductors can be 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
decument. See A.1 for guidance on this topic.

NAOTEL D ROC 1 4+l INMAODMAONDLL | Llat 43 1NA 343 raY H 43 Malail Offal Naaills J 1
INUTL 4 NGO TUITS dllu UIT TIVIU ViU DU CUUUT LlllLCl ITatiulidrl Ividl'IUllic Ul sqluaauuu VIUUIICT UTISINIUIT T Ul lllllls nlt

code) provide guidance for the design of jack-ups.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes

requirements of this document. For dated references, only the edition cited applies. For undated references,
latest edition of the referenced document (including any amendments) applies.

IS0 19900:2019, Petroleum and natural gas industries — General requirements for offshore structures

© IS0 2023 - All rights reserved
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[SO 19901-1:2015, 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 19901-4, Petroleum and natural gas industries — Specific requirements for offshore structures —
Part 4: Geotechnical and foundation design considerations

1S0[19902, Petroleum and natural gas industries — Fixed steel offshore structures
1S0[19906:2019, Petroleum and natural gas industries — Arctic offshore structures

[SO| 35104, Petroleum and natural gas industries — Arctic operations — Ice management

[SO|35106, Petroleum and natural gas industries — Arctic operations — Metocean, ice, and seabed data

3 | Terms and definitions

For| the purposes of this document, the terms and definitions given in 1SO~29901-2, ISO 19901-4,
[S0[19906 and the following apply.

[SO|and IEC maintain terminology databases for use in standardization at'the following addresses:
— | ISO Online browsing platform: available at https://www.iso.org/ebp

— | IEC Electropedia: available at https://www.electropedia.org/

31
abnormal environmental event

environmental hazardous event (3.31) having probability of occurrence not greater than 10-3 per
anrfum (1 in 1 000 years)

[SOURCE: ISO 19900:2019, 3.1]

3.2
abnormal wave crest
waye crest with probability of typically 10-3 to 10~% per annum

3.3
acdidental event

non-environmental hgzardous event (3.31) having probability of occurrence not greater than 10-3 per
anrfum (1 in 1 000 years)

Note 1 to entry; Accidental events, as referred to in this document, are associated with a substantial release of
enefgy, such as\vessel collisions, fires, and explosions.

NotE 2 to\éntry: Lesser accidents that could be expected during the life of the structure, such as dropped objects
and|lew, énergy vessel impact, are termed incidents and are addressed under operational design situations.

[SOURCE: ISO 19900:2019, 3.2]

3.4

action

external load applied to the jack-up (3.36) (direct action) or an imposed deformation or acceleration
(indirect action)

EXAMPLE An imposed deformation can be caused by fabrication tolerances, differential settlement,
temperature change or moisture variation. An imposed acceleration can be caused by an earthquake.
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[SOURCE: ISO 19900:2019, 3.3, modified — "structure" changed to "jack-up".]

3.5
action effect

(E)

result of actions (3.4) on a structural member (3.87) or structural component (3.86) (e.g. internal force,

moment, stress, strain) or on the jack-up (3.36) (e.g. deflection, rotation)

[SOURCE: 150 19900:2019, 5.4, modified — “structural member” added and “structure” changed
"jack-up".]

3.6

assessment

site-specific assessment

evaluation of the stability and structural integrity of a jack-up (3.36) and, where applicable, its sea
restraint or support against the actions determined in accordance with specific xgquirements

Note 1 to entry: The specific requirements are given in this document.

Note 2 to entry: An assessment can be limited to an evaluation of the components or members of the struc
which, when removed or damaged, could cause failure of the whole structute)or a significant part of it.

3.7
assessment criteria
quantitative formulations describing the conditions to be‘fulfilled for each assessment situation (3.9)

[SOURCE: ISO 19900:2019, 3.15, modified — Referenées to "design" deleted.]

3.8

assessment resistance
resistance limit calculated using factored-representative values (3.64) of basic variables (3.13) or fi
factored expressions based on unfactored representative values (3.64) of basic variables (3.13)

EXAMPLE Examples of basic variables relevant to resistance are material properties.
[SOURCE: ISO 19900:2019, 3.12, modified — "design" changed to "assessment".]

3.9
assessment situation
set of physical conditions for which the jack-up (3.36) or its components are verified

Note 1 to entriy-For discussion on configuration, see 5.4.1.

Note 2 toentry: The assessment situations are checked against the acceptance criteria of this documen
demonstrate that the relevant limit states are not exceeded.

[SOURCE: ISO 19900:2019, 3.16, modified — Reference to "design" deleted and "structure" changed
jack-up".]

to

bed
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"

3.10
assessor
entity performing the site-specific assessment

3.11
backfill
submerged weight of all of the soil that can be present on top of the spudcan

© IS0 2023 - All right reserved
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Note 1 to entry: Backfilling can occur during or after preloading. Wy, refers to the submerged weight of the
backfilling that occurs up to achieving the preload reaction. Wy , refers to the submerged weight of the backfilling
that occurs after the maximum preload has been applied and held. Both Wy, and Wy, can comprise backflow
and/or infill. For discussion of the effects, see A.9.3.2.1.4.

3.12
backflow

soil that flows from beneath the spudcan around the sides and onto the top
Notg 1 to entry: Backflow is part of backfill (3.7).

3.18
bagic variable

varjable representing physical quantities which characterize actions (3.4) and environmental
influences, geometric quantities, or material properties including soil properties

Note 1 to entry: Basic variables are typically uncertain random variables or randomnprocesses used in the
caldqulation or assessment of representative values of actions or resistance.

[SOURCE: ISO 19900:2019, 3.7]

3.14
boundary conditions

actjons and/or constraints on a structural member (or a group of structural members) by other
stryictural members or by the surrounding environment

Note 1 to entry: Boundary conditions can be used to generate‘reaction forces at locations of restraint.

3.1p
characteristic value
valtie assigned to a basic variable (3.13) with a\prescribed probability

Note 1 to entry: In some design/assessmehnt-situations, a variable can have two characteristic values, an upper
valye and a lower value.

[SOURCE: ISO 19900:2019, 3.9]

3.1p
chart datum
CD
locgl datum used to\fix water depths on a chart or tidal heights over an area

Note 1 to entpy: 'Chart datum is usually an approximation to the level of the lowest astronomical tide.

[SOURCE?1SO 19901-1:2015, 3.2]

3.1%
consequence category

classification system for identifying the environmental, economic and indirect personnel safety
consequences of failure of a platform used to determine exposure level (3.21)

[SOURCE: IS0 19902:2020, 3.11]

3.18

dynamic amplification factor

DAF

ratio of a dynamic action effect to the corresponding static action effect
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Note 1 toentry:  For a jack-up, the dynamic action effect is best simulated by means of a concentrated or
distributed inertial loadset. It is usually not appropriate to factor the static actions to simulate the effects of

dynamic actions.

Note 2 to entry:  In this document the DAFs used are either Ky, pop for a single degree of freedom analogy or

Kparranpom fOr @ stochastic simulation, see 4.1.1.

3.19

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

3.20
earthquake response spectrum
function representing the peak elastic response for single degree of freedom oscillators with spe

rific

damping ratios in terms of absolute acceleration, pseudo velocity, or relative “displacement values

against natural frequency or period of the oscillators

[SOURCE: ISO 19901-2:2022, 3.13, modified — "earthquake" added to term:]

3.21

exposure level

classification system used to establish relevant criteria for a jack‘up (3.36) based on consequence
failure

Note 1 to entry: An exposure level 1 (L1) jack-up is the mostiefitical and exposure level 3 (L3) the least (see
19900:2019, 7.3).

ISO

[SOURCE: ISO 19900:2019, 3.20, modified — "stoucture" replaced with "jack-up" and Note to entry

added.]

3.22

extreme storm event

extreme combination of wind, wave) and current conditions used for the assessment of the jack
(3.36)

Note 1 to entry: This is the metocéan event used for ULS storm assessment (see 5.5.4 and 6.4).

3.23
field
general area where the jack-up (3.36) is intended to operate

Note 1 to entriyz<The field is a general area as opposed to the site (3.74) which is specific.

3.24

fixed load

permanent parts of the jack-up (3.36), including hull, legs and spudcans, outfit, stationary
moveable-fixed equipment

up

hnd

Note 1 to entry: Moveable-fixed equipment normally includes the drilling package structure and associated

permanently attached equipment.

3.25
footprint
sea floor depression that remains when a jack-up (3.36) is removed from a site

3.26
foundation
soil and spudcan supporting a jack-up (3.36) leg
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3.27
foundation fixity
rotational restraint offered by the soil to the spudcan

3.28
foundation stability
ability of the foundation to provide sufficient support to remain stable when subjected to actions and

incfemental deformation

3.29
glopal analysis

detprmination of a consistent set of internal forces and moments, or stresses, in a structure that’are in
equilibrium with a defined set of actions on the entire structure

Note 1 to entry: When a global analysis is of a transient situation (e.g. earthquake), the inertial response is part of
the pquilibrium.

3.3p
hazard
potential source of harm

Note 1 to entry: Harm is typically differentiated between harm to people, harm to the environment, or harm in
terrhs of costs to organization(s) or society in general.

[SOURCE: ISO 19900:2019, 3.26]

3.311
hazardous event
event that occurs when a hazard (3.30) interacts with a jack-up (3.36)

EXAMPLE Wave or iceberg impacting the jack-lip, excessive weight added to the jack-up, vessel collision and
scoyir in the vicinity of the jack-up.

[SOURCE: ISO 19900:2019, 3.27, modified — "structure" changed to "jack-up"”, Example modified to

incjude iceberg and to exclude fire, explosion, and landslip.]

3.3p
independent leg jack-up
jack-up unit with legs that,can be raised and lowered independently

3.3
inertial loadset
setlof actions that approximates the effect of the inertial forces

Note 1 toentry: An inertial loadset is used only in quasi-static analyses.

3.3

infill
soil above the plan area of the spudcan arising from sediment transport or hole sidewall collapse

Note 1 to entry: Infill is part of backfill (3.11).

3.35
intrinsic wave frequency
wave frequency of a periodic wave in a reference frame that is stationary with respect to the wave
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Note 1 to entry: If there is no current, the reference frame is also stationary with respect to the sea floor. If there is

a current, the reference frame moves with the same speed and in the same direction as the current.

3.36
jack-up

mobile offshore unit with a buoyant hull and one or more legs that can be moved up and down relative

to the hull

Note 1 to entry: A jack-up reaches its operational mode by lowering the leg(s) to the seabed and theprai
the hull to the required elevation. The majority of jack-ups have three or more legs, each of which can be 'mg
independently and which are supported in the seabed by spudcans.

3.37

jack-up owner

owner

representative of the company or companies owning or chartering the jack-up

Note 1 to entry: The energy company, the operator (3.53), contracts the jack-up.and is generally not the owne
charterer.

3.38

joint probability metocean data

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

3.39

leaning instability

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

3.40

limit state
state beyond which the jack-up (3.36) or a structural member (3.87) no longer satisfies the assessm
criteria

341

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

3.42

long-term.operation
operation of a jack-up on one particular site for more than the recognised classification society spe
survey period

3.43

5ing
ved

I or

be

the

ent

Vith

cial

lowestastronmomical-tide
LAT
level of low tide when all harmonic components causing the tides are in phase

Note 1 to entry: The harmonic components are in phase approximately once every 19 years, but these conditions

are approached several times each year.

[SOURCE: ISO 19901-1:2015, 3.17]
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3.44

mat-supported jack-up

jack-up unit with the leg(s) rigidly connected by a foundation structure, such that the leg(s) are raised
and lowered in unison

3.45
mean high water spring tidal level

mefpn zero-upcrossing period
average intrinsic period of the zero-upcrossing waves in a séd state

Note 1 toentry: In practice, the mean zero-crossing period-is often estimated from the zeroth and second
moinents of the wave spectrum as given by Formula (3.41-19:

T, =T, = mo(f)/my(f) = 27 [m (@) /m,(@) (341-1)

whgre
f  isthe frequency in cycles per second (Hertz);
m,, is the zeroth spectral moméntand is equivalent to 62, the variance of the corresponding time series;

m, is the second spectral moment;

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

o is the wave frequency in radians per second.

[SOURCE:JISO 19901-1:2015, 3.22, modified — "intrinsic" deleted, "(up or down) zero-crossing"
changéd.to "upcrossing"” and definitions of terms in the equation added]

3.49

most probable maximum extreme

MPME

value of the maximum of a variable with the highest probability of occurring over a defined period of
time

Note 1 to entry: A defined period of time can be, for example, X hours.

Note 2 to entry: The most probable maximum extreme is the value for which the probability density function of
the maxima of the variable has its peak. It is also called the mode or modus of the statistical distribution.
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[SOURCE: ISO 19901-1:2015, 3.24, modified — Added "over a defined period of time" and note 1 to
entry.]

3.50

nominal strength

strength calculated for a cross-sectional area, taking into account the stress raising effects of the macro-
geometrical shape of the component of which the section forms a part, but disregarding the local stress

Tatsing effects from tie Section Shape and any Weldment or other {ixing detait

3.51

nominal value
value assigned to a variable specified or determined on a non-statistical basis, typically from acquired
experience or physical conditions, or as published in a recognized code or standard

Note 1 to entry: In some design/assessment situations, a variable can have two nominal values, an upper value

3.52

operating manual

marine operations manual

latest approved document that defines the operational characteristies and capabilities of the jack-up

Note 1 to entry: The assessor (3.10) is should ensure that any updated'weight data are provided.

3.53
operator
representative of the company or companies leasing the site

Note 1 to entry: The operator is normally the oil company acting on behalf of co-licensees.
[SOURCE: ISO 19900:2019, 3.35, modifieds*-Note 2 to entry deleted.]

3.54

performance
ability of a jack-up (3.36) or:-a structural member (3.87) and the foundation to fulfil specified
requirements

Note 1 to entry: Specified requirements include requirements for structural and foundation integrity jand
functionality.

[SOURCE: ISO+19900:2019, 3.36 modified — Added "and the foundation", and "structure" replaced with
"jack-up" and-? structural component" replaced with "structural member".]

3.55

preloading
installation and embedment of the spudcans by vertical loading of the soil beneath a jack-up|leg
spudcan with the objective of ensuring sufficient foundation capacity under assessment situations

througtrtothe timre when thre raximunT toad s apptiedand hetd

Note 1 to entry: While 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-driving and generally does not require the addition of water ballast. For the purposes of this
document, no distinction is made between preload and pre-drive.

3.56

preload reaction

maximum vertical reaction under a spudcan supporting the in-water weight of the jack-up during the
entire preloading operation
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Note 1 to entry: The in-water weight is the full weight of the hull, variable load and preload ballast, plus the legs
and spudcans and any contained water, reduced by the buoyancy in water of the legs and spudcans (calculated
from their external dimensions). Soil buoyancy and the weight of any soil backfill above the spudcan are
neglected. It is necessary to take care when accounting for water contained in the spudcan (in some cases this can
be included in the quoted leg weight).

Note 2 to entry: This is the maximum reaction on a spudcan which would be obtained during preloading if the
jack-up were installed on an infinitely rigid foundation.

Note 3 to entry: The preload reaction is a key parameter in the geotechnical analysis of independent leg
foupdations. Assessors consider values that can be reasonably achieved during preload operations. The
ass¢ssment is invalidated if the value considered in the site assessment is not achieved during preload operations.

3.5[7
punch-through
rapjid, uncontrolled vertical leg movement due to soil failure in strong soil overlying weaKsoil

petence and experience.\in jack-ups, and with established rules and procedures for
clagsification/certification of'such units used in petroleum-related activities

[SOURCE: IS0 19901-7:2013, 3.23, modified — "floating structures" replaced by "jack-ups",
"ingtallations" replaced by "such units".]

3.6[1

redundancy

ability ofwa>Sstructure to find alternative load paths following structural failure of one or more
co:Tponents, thus limiting the consequences of such failures

Note 1 to entry: Statically determinate structures, contrary to statically indeterminate structures, do not generally
exhibit redundancy.

[SOURCE: IS0 19902:2020, 3.38]

3.62

regulator

authority established by a national governmental administration to oversee the activities of the offshore
oil and natural gas industries within its jurisdiction, with respect to the overall safety to life and
protection of the environment
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Note 1 to entry: The term "regulator” can encompass more than one agency in any particular territorial waters

(E)

Note 2 to entry: The regulator can appoint other agencies, such as marine classification societies, to act on its

behalf, and in such cases, regulator as it is used in this document includes such agencies.

Note 3 to entry: In this document, 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.

[SOURCE: IS0 19902:2020, 3.39]

3.63
reliability
performance (3.54) over a specified period of time

Note 1 to entry: When reliability is used in the context of limit states, it can be expressed-\as the probability
the limit is not exceeded.

Note 2 to entry: The specified period of time is typically one year.
[SOURCE: ISO 19900:2019, 3.39]

3.64
representative value

value assigned to a basic variable (3.13) for verification of alimit state (3.40) in an assessment situa
3.9

Note 1 to entry: Two types of representative value used.in verification are characteristic value (3.15) and nom|
value (3.51).

[SOURCE: ISO 19900:2019, 3.40, modified —"Design" deleted.]

3.65
resistance
ability to withstand action effects\(3.5)

Note 1 to entry: When undertaking an assessment, the resistance checks normally include: Overturning stabi
foundation, holding system,'structural members (3.83) and structural components (3.82).

3.66
return period
average period between occurrences of an event

Note 1 te_entry: The offshore industry commonly uses a return period measured in years for environme|

events. The return period in years is equal to the reciprocal of the annual probability of occurrence of the event.

Note 2 to entry: For the purpose of this definition, events include both discrete hazardous events as well as
exceedances of a threshold value of a relevant variable.

that

tion

inal

lity,

ntal

[SOURCE: ISO 19900:2019, 3.42]

3.67
scatter diagram
joint probability of two or more (metocean) parameters

Note 1 to entry: A scatter diagram is especially used with wave parameters in the metocean context,

see

[SO 19901-1:2015, A.5.8. The wave scatter diagram is commonly understood to be the probability of the joint

occurrence of the significant wave height (H) and a representative period (T, ; or Tp,i)'
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[SOURCE: ISO 19901-1:2015, 3.29, modified — In Note to entry, "(for example in fatigue assessments)"
replaced by ", see ISO 19901-1:2015, A.5.8".]

3.68
scour
removal of seabed material from the foundation due to current and waves

3.6p9
sea floor
intgrface between the sea and the seabed (3.71)

[SOURCE: ISO 19900:2019, 3.46]

3.7
sed state
corldition of the sea during a period in which its statistics remain approximately statienary

Note 1 to entry: In a statistical sense the sea state does not change markedly within the period. The period during
whikh this condition exists is usually assumed to be three hours, although it dependsh the particular weather
situption at any given time.

[SOURCE: ISO 19901-1:2015, 3.31]

3.7L
seabed
materials below the sea floor (3.69)

[SOURCE: ISO 19900:2019, 3.47]

3.7R
shallow gas
gas|pockets or entrapped gas below impermeable layers at shallow depth

3.7B
sighificant wave height
statistical measure of the height of waves in a sea state

Note 1 to entry: The significant'wave height was originally defined as the mean height of the highest one-third of
the |mean zero upcrossing waves in a sea state. In most offshore data acquisition systems, the significant wave

height is currently taken-as 4@ (where my is the zeroth spectral moment, see 1SO 19901-1:2015, 3.37) or 4o,

whére o is the standard deviation of the time series of water surface elevation over the duration of the
megsurement, typically a period of approximately 30 min.

[SOURCE: 1S0)19901-1:2015, 3.35]

3.7
site

specific position and orientation at which a jack-up (3.36) operates within a field (3.23)

3.75
skirt
vertical bulkhead(s), closed in plan view, beneath the main body of a spudcan (3.81)

3.76
skirted spudcan
spudcan (3.81) with a skirt (3.75)
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3.77
sliding
horizontal movement of a spudcan

3.78
special survey
extensive and complete survey carried out at each nominal year interval, which closes a cycle of annual

classitication and mandatory surveys

Note 1 to entry: This is also referred to as “renewal survey” by some IACS members. The special survey.peridd is
normally between five and eight years.

3.79

spectral density function
spectrum

energy density function
measure of the variance associated with a time-varying variable per unit fréquency band and per finit
directional sector

Note 1 to entry: Spectrum is a shorthand expression for the full and formalname of spectral density functiop or
energy density function.

Note 2 to entry: The spectrum is, in general, written with two arguments: one for the frequency variable and jone
for a direction variable.

Note 3 to entry: Within 1SO 19901-1, the concept of a spectrum applies to waves, wind turbulence and acfion
effects (responses) that are caused by waves or windturbulence. For waves, the spectrum is a measure of|the
energy traversing a given space.

Note 4 to entry: Not to be confused with an earthquake response spectrum.

[SOURCE: ISO 19901-1:2015, 3.39, modified — Deleted first sentence of Note 2 to entry. Added Note 4
to entry.]

3.80
spectral peak period
period of the maximum (peak) energy density in the spectrum (3.79)

Note 1 to entry: In practiee, there is often more than one peak in a spectrum.

Note 2 to entry: Fhere are two types of spectral peak period used within this document: intrinsic and apparent.
The distinction is‘discussed in A.7.3.3.5, which is, in turn, based on ISO 19901-1:2015, 8.4.4 and A.8.4.3.

[SOURCEXISO 19901-1:2015, 3.38, modified— Added Note 2 to entry.]

3.81
spudcan
structure at the base of a leg supported by the soil

3.82

squeezing

lateral movement of weak soil between the spudcan base and an underlying stronger layer, or of weak
soil between two stronger layers

3.83

stochastic analysis

analysis in which a probabilistic approach is taken to model the random nature of the variables of
interest
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Note 1 to entry: In general, a linear(ized) stochastic analysis can be performed in the frequency domain or in the
time domain, whereas non-linear stochastic analysis can only use time domain simulations. This document does
not support frequency domain stochastic analysis.

3.84
stress concentration factor
SCF

f | P 1 1l ok o i+l 3 ]l 'S dotail
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[SOURCE: I1SO 19902:2020, 3.49, modified — Note 1 to entry deleted.]

3.8
stryictural analysis
process or algorithm for determining action effects from a given set of actions

Note 1 to entry: Structural analyses are performed at three levels [global analysis of an entire-structure, analysis
of part of a structure (e.g. a leg), local analysis of a structural member and local analysis of a structural
conjponent] using different structural models.

[SOURCE: ISO 19902:2020, 3.50, modified — Note 1 to entry with added-example and reference to
"stifuctural member".]

3.8p
striictural component

cormponent

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

Note 1 to entry: The cross-section of a non-tubular membeér is usually comprised of several structural
conjponents. 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.

3.8/
strjictural member

member

physically distinguishable part of a braged structure connecting two joints

Note 1 to entry: A structural member cairalso be defined as the leg of a non-truss leg jack-up.
Notg 2 to entry: See also further{discussion in A.12.1.1.

3.88
sudden hurricane

sudden cyclone

sujden typhoon

sudden tropical revolving storm that forms locally and, due to speed of formation and proximity to
infrlastructure at time of formation, might not allow sufficient time to evacuate occupied facilities within
the|time required by the emergency evacuation plan

NoteTTo entryr The Intent 15 that the Jack-up DE assessed 10 L1 for the Specified sudden tropicat Tevoliving STorTy,
see 5.5.2 and 5.5.3.

3.89
sustained wind speed
time-averaged wind speed with a defined averaging duration of 1 min or longer at a specified elevation

[SOURCE: ISO 19901-1:2015, 3.43, modified — Duration changed from “10 min or longer”.]
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3.90
undrained shear strength
maximum shear stress at yielding or at a specified maximum strain in an undrained condition

(E)

Note 1 to entry: Yielding is the condition of a material in which a large plastic strain occurs at little or no stress

increase.

Note 2 to entry: Strain cnﬁ'pning is also to he cansidered

[SOURCE: ISO 19901-8:—1, 3.42, modified — Added Note 2 to entry.]

3.91

utilization

member utilization

foundation utilization

maximum absolute value of the ratio of the generalized representation of the'assessment action ef
to the generalized representation of the assessment resistance in compatibléunits

Note 1 to entry: Utilizations are calculated for each limit state of the assessmentSituation being considered.

Note 2 to entry: Only utilizations smaller than or equal to 1,0 satisfy the dsse€ssment criteria for a particular |
state.

Note 3 to entry: The assessment action effect is the response to the factored actions. The assessment resistan
the representative resistance divided by the partial resistance factor.

Note 4 to entry: For members and foundations subjected, to_combined forces, the internal force pattern and
resistance combine into an interaction formula. If the intefaction formula governing the assessment check i
can be, reduced to an inequality of the form U < 1,0, then'the utilization is equal to U.

3.92
variable load
items carried by the jack-up to support its;operation that are not included in the fixed load

3.93
water depth
vertical distance between thesea floor and still water level

Note 1 to entry: As there are'several options for the still water level (see A.6.4.4), there can be several water dg
values. Generally, assessnient water depth is determined to the extreme still water level.

Note 2 to entry: THe water depth used for calculating wave kinematics varies between the maximum water dg

of the mean high“water spring tide plus a positive storm surge, and the minimum water depth of the mean
water spring.tide less a negative storm surge, where applicable.

[SOURCE+ISO 19901-1:2015, 3.47, modified— Notes to entry rewritten.]
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1 Under preparation. Stage at the time of publication: ISO/FDIS 19901-8:2023.
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4 Symbols and abbreviated terms

4.1 Symbols

4.1.1 General

Ap, action effect due to factored actions

Bg soil buoyancy of spudcan below bearing area, i.e. the submerged weight of soil displaced
by the spudcan below Dembed, the greatest embedment depth of maximum cross-sectional

y p 8 p

spudcan bearing area below the sea floor

Cpn moment reduction factor

Demped greatest embedment depth of maximum cross-sectional spudcan bearing area below the
sea floor

D, equivalent set of inertial actions representing dynamic extreme storm effects or ground
motion effects due to earthquakes

E, metocean actions due to the extreme storm event

fep fatigue damage design factor

Fy assessment load case (see 8.8)

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

Fy gross vertical force acting on the soil benieath the spudcan due to the assessment load
case F (see 8.8)

Gp 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 centkte) of gravity location applicable to the configurations under
consideration

K effective length-factor

KpAdrranpom DAF fromi-random wave time domain (stochastic) analyses, including the mean values,
obtaified from a random wave calculation. It is the ratio of the absolute value of a
dyfiamic action effect to the absolute value of the corresponding static action effect, each
including their mean value

KpAr.spok DAF from single degree-of-freedom representation of dynamic behaviour, excluding the
mean values, obtained from a single degree-of-freedom (SDOF) calculation. It is the ratio
of the amplitude of a dynamic action effect to the amplitude of the corresponding static
action effect for periodic excitation of a linear one degree-of-freedom model
approximation of jack-up behaviour

L4 length of the vector from a specified origin to the action effect

L, length of the vector from the origin specified for L; to the factored interaction surface

L1 length of the vector from origin used for establishing the bearing utilization (Fy, Fv)gg¢ to
the environmental response point (determined from the factored actions) (Fy, Fy)
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Ly length of the vector from origin used for establishing the bearing utilization (F,, F,)yp and
passing through (Fy, Fy) to the factored vertical-horizontal capacity surface Qyy ¢

L1 length of the vector from origin used for establishing the sliding utilization (Fy;, Fv)ggg to
the environmental response point (determined from the factored actions) (Fy, Fy)

Ls length of the vector from origin used for establishing the sliding utilization (F,, F,),,. and
passing through (Fy, Fy) to the factored vertical-horizontal capacity surface Qyy g,

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

Myrym overturning moment due to factored actions

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

Qy maximum horizontal foundation capacity

R factored resistance

Ryotm factored stabilizing moment
representative stabilizing moment

r,0TM

Ty jack-up natural period

T, apparent modal or peak period of the'wave spectrum

Ty intrinsic modal or peak periodofthe wave spectrum

T,; intrinsic mean zero-upcrossing period of the water surface elevation in a sea state

U utilization

Us pl utilization of preload

Us g utilization of foundation resistance to sliding

Usyhm utilization of vertical and horizontal foundation capacity

Vi 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 3.56)

Vy vertical force applied to 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 fsoil

g welg yancy p

buoyancy)

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

Wgko submerged weight of the overburden on top of the spudcan from backfill during
preloading

YD partial action factor applied to the inertial actions due to dynamic response

YE partial action factor applied to the metocean or earthquake actions

Y partial action factor applied to the actions due to fixed load

© IS0 2023 - All right reserved
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Yev partial action factor applied to the actions due to the variable load

YRH partial resistance factor for holding system strength

YR Hfc partial resistance factor for horizontal foundation capacity

YROTM partial resistance factor for stabilizing moment

YR HRE partial resistancefactorforpreload

YRS partial resistance factor for spudcan strength

YvH partial resistance factor for foundation capacity

4.112 Symbols used in A.6

D, directional spreading function as a function of n

D, directional spreading function as a function of s

D, directional spreading function as a function of o

dw water depth

F(dw) directionality function

f wave frequency

Hl, individual extreme wave height

H, increased significant wave height to account for'wave asymmetry

H, significant wave height for the assessmentdeturn period

Pref reference depth for wind-driven current

Lw wave length of the wave with H., and T, in water depth d., according to the periodic
wave theory used

N inverse exponent of theqpower law wind profile

n parameter exponentin D,

Sy smallest spacing between the legs of 3-legged jack-ups

Spml(@) Pierson-Moskowitz wave spectrum for a sea state

Sis(() JONSWAP wave spectrum for a sea state

Sl wave spectral density function expressed as a function of wave frequency

Synlf @w) s_directional short-crested power density spectrum

S parameter in D,

Su,ave average undrained shear strength = (s,c+ S,p + S,g)/3

Suc static triaxial compression undrained shear strength

Sup static DSS undrained shear strength

SuE static triaxial extension undrained shear strength

T, intrinsic wave period associated with H ,,

T, apparent modal or peak period of the wave spectrum
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Ty intrinsic modal or peak period of the wave spectrum

T,; intrinsic mean zero-upcrossing period of the water surface elevation in a sea state

Ve current velocity as a function of z

V downwind component of associated surge current (excluding wind-driven component)

|7 1 min sustained wind speed at elevation Z_ . (normally at 10 m above MSL)

V, downwind component of mean spring tidal current

Vo wind generated surface current

v, the wind speed at elevation Z above SWL under consideration

Z elevation above SWL under consideration

z vertical coordinate relative to SWL under consideration, positive upwards

Zpof reference elevation above MSL

Ow angle between the direction of elementary wave trains and-the dominant direction of|the
short-crested waves

14 shape parameter of the peak enhancement factor imthe JONSWAP spectrum

K kinematics reduction factor

@ directional spreading factor based on latitude

o standard deviation of the normal distribution in D

b 4 latitude

4.1.3 Symbols used in A.7

Acs cross-sectional area of member

A, equivalent area of Jegper unit height

A; equivalent area-of member or gusset i

Ayi projected-area of the block i perpendicular to the wind direction

Cy 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

Copr(6) drag coefficient related to the projected diameter

Cho drag coefficient for a tubular with appropriate roughness

Cp1 drag coefficient for flow normal to the rack related to projected diameter, W

Coy Crni inertia coefficient, inertia coefficient of member i

Chne equivalent value of the inertia coefficient of a leg bay

Crnei equivalent value of the inertia coefficient of member i

C, shape coefficient

D, D, reference diameter, reference diameter of member i

© IS0 2023 - All right reserved
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equivalent diameter of leg

face width of leg, outside dimensions, orthogonal to the flow direction
projected diameter

water depth

increased significant wave height to account for wave asymmetry

(%)

-3

N B B

o3

o~

3

S

wave length

length of member i node to node centre

added mass contribution (per unit length) for a member
pressure at the centre of block i

height of one bay, or part of bay considered

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 wave spectrum

intrinsic modal or peak period of th wave e spectrum

apparent mean zero-upcrossing period of the water'surface elevation in a sea state
intrinsic mean zero-upcrossing period of theiwater surface elevation in a sea state
marine growth thickness

projected width

velocity of the considered member, normal to the member axis and in the direction of the

combined particle velocity

acceleration of the considered member, normal to the member axis and in the direction of

the combined particle velocity

wave particle ‘'velocity

wave particle velocity resolved normal to the member axis
waye 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

b
AF

20

fluid particle velocity resolved normal to the member axis

modified coordinate for use in particle velocity formulation

vertical coordinate relative to SWL under consideration, positive upwards

angle between flow direction and member axis projected onto a horizontal plane
angle defining the member inclination from horizontal

wave action per unit length
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AFjrag drag action per unit length

AF ortia inertia action per unit length

Pa mass density of air

Pw mass density of water

(%) angle in degrees

Sw instantaneous water level (same axis system as z)

4.1.4 Symbolsusedin A.8

Agq axial area of equivalent leg model beam

Agorr effective shear area of the equivalent leg model beam

E Young's modulus of steel

F applied axial action

G shear modulus

I second moment of area

Kin horizontal leg-to-hull connection stiffness

K rotational leg-to-hull connection stiffness

K, vertical leg-to-hull connection stiffness

L. cantilevered length (from the hull to,the seabed reaction point)

Lub distance from the spudcan reaction point to the hull vertical centre of gravity

M applied moment

P applied shear

P, sum of the leg forces due to functional actions on legs at hull, including the weight of|the
legs above the hull

A axial deflection (shortening) of the leg at the point of force application from the detailed
model

Ac axialend displacements of the combined leg and leg-to-hull connection model

Ay lateral deflection of the cantilevered leg at the point of moment application from [the
detailed leg model

Sc lateral deflection of the cantilevered leg at the point of moment application from [the
combined leg and leg-to-hull connection model

oM lateral deflection of the cantilevered leg at the point of moment application from the
detailed leg model

0 slope of the end of the cantilever from the combined leg and leg-to-hull connection model

Ou slope of the cantilever at the point of moment application from the detailed leg model

Op slope of the cantilever at the point of shear application from the detailed leg model

© IS0 2023 - All right reserved
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4.1.5 Symbolsusedin A.9 and Annex E

A spudcan effective bearing area based on cross-section taken at uppermost part of bearing
area in contact with soil (see Figure A.9.3-3)

A spudcan laterally projected embedded area

a depth interpolation parameter

a 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)

B\ 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 seil displaced
by the spudcan below Dembeq, the greatest embedment depth of maximum ¢ross-sectional
spudcan bearing area below the sea floor

b bearing capacity squeezing factor constant dependent on spudcan-diameter

Cy horizontal capacity coefficient

CuNec horizontal capacity coefficient for the normally consolidated case per A.9.3.3.2 a) i)

Cu horizontal capacity coefficient for the uniform strength’case per A.9.3.3.2 a) ii)

Ch shallow horizontal capacity coefficient at shallow embedment

Chi,deep horizontal capacity coefficient at deep embednient

Cu moment capacity coefficient

Cuxc moment capacity coefficient for the-normally consolidated case per A.9.3.3.2 a) i)

Cwu, moment capacity coefficient for, the uniform strength case per A.9.3.3.2 a) ii)

Demped greatest embedment depthtef maximum cross-sectional spudcan bearing area below the
sea floor (see Figure A9:3-3)

Dy, depth of backflow; infill should not be considered

Dy relative density'‘of sand (percent)

d depth beneath sea floor

d. bearing eapacity depth factor

d. depth at which maximum bearing resistance occurs (layered case)

dq depth factor on surcharge for drained soils

dY depth factor on self weight for drained soils

feyv cyclic degradation factor on vertical capacity

feyu cyclic degradation factor on horizontal capacity

feym cyclic degradation factor on moment capacity

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

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

Fy gross vertical force acting on the soil beneath the spudcan due to the assessment load case
F4 (see 8.8)
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entire underside of the spudcan with the seabed

© IS0 2023 - All right reserved

(Fy/Qy): vertical load at intersection of adhesion yield surface and foundation yield surface

fi factor applied to horizontal capacity used in yield surface formula for embedded spudcans
on clay

£ factor applied to moment capacity used in yield surface formula for embedded spudcans
on clay

f[ foundation rotational stiffness reduction factor

Gax maximum value of the shear modulus (of the foundation soil) which occurs at small strgin

H distance from spudcan maximum bearing area to weaker layer below

H., limiting depth of cavity that remains open above the spudcan during penetration

hy embedment depth to the uppermost part of the spudcan, (if not fully embedded, h1 = 0)

h, spudcan tip embedment depth

Ine rigidity index for normally consolidated clays

Ip plasticity index

j dimensionless stiffness factor

k, active earth pressure coefficient (for s, = 0)

ki, passive earth pressure coefficient

K, K, K; stiffness factors for vertical, horizontal and rotational foundation stiffness respectively

K41, K40 K43 depth factors for vertical, horizontakand rotational foundation stiffness respectively

K, coefficient of punching shear

L, length of strip footing

m parameter to define effect of adhesion on the foundation yield surface envelope

ng load spread facterfor sand overlying clay

N, bearing capacity factor, taken as N s, = 6,0 for circular footings

Ny bearing €apacity factor for a flat rough circular footing

N, bearing capacity factor for a flat rough circular footing

P, effective overburden pressure at greatest embedment depth, Dembed, of maximum bearing
area

D, atmospheric pressure

Qy spudcan bearing capacity at sea floor

Qi maximum horizontal foundation capacity

Qus foundation sliding capacity

Qum ultimate moment capacity of foundation

Qwmp increased ultimate moment capacity due to further spudcan penetration under
environmental actions

Qwmps ultimate moment capacity when further spudcan penetration leads to full contact of the
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QMpv

Qpeak

Qu,b

ultimate moment capacity under further spudcan penetration, when the applied vertical

force is too low to achieve full contact of the entire underside of the spudcan with the
seabed
maximum bearing capacity at d =d

crit

ultimate vertical foundation bearing capacity assuming the spudcan bears on the surface

QVn et

Su,ndd

Sunil

of the lower (bottom) clay layer with no backiill

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 strength

undrained shear strength of backfill material above the spudcan

undrained shear strength at greatest embedment depth of maximum bearing area, Dembed,
below sea floor

undrained shear strength at depth of H_,, below:sea floor
undrained shear strength at the spudcan tip

undrained shear strength at the sea floor

undrained shear strength of lower‘elay layer below spudcan
undrained shear strength of tipper clay layer below spudcan

minimum undrained ,shear strength near (within % spudcan diameter below) the
embedment depth

minimum undrained shear strength within % spudcan diameter below the mudline.
thickness of weak clay layer underneath spudcan

volume ofthe spudcan below the maximum bearing area that is penetrated into the soil
availaple 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 3.56)

spud

24

vertical force applied to the spudcan by the assessment load case, see 8.8, (includes effects

of leg weight and water buoyancy but excludes effects of backfill and spudcan soil
buoyancy)

the total volume of the spudcan beneath the backfill

gross vertical spudcan reaction under still water conditions for the spudcan being
considered (includes effects of backfill and spudcan soil buoyancy)

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

Wgko submerged weight of the overburden on top of the spudcan from backfill during
preloading

WgE omin minimum value of the submerged weight of the backfill, due to backflow during preloading

s adhesion factor

p equivalent cone angle

1) steel/soil friction angle in degrees

R Hfc partial resistance factor for horizontal foundation capacity

7R, VH partial resistance factor for foundation capacity

v’ submerged (effective) unit weight of soil

Psu rate of increase in undrained shear strength with depth

@’ effective angle of internal friction for sand in degrees

1% Poisson's ratio

4.1.6 SymbolsusedinA.10

B
Crd
D

e

E

e

FBS,Amplitude

effective spudcan diameter at uppermest part of bearing area in contact with the soil

radiation damping coefficient of a dashpot (force per unit velocity)

equivalent set of inertial actions-representing dynamic extreme storm effects or groyind
motion effects due to earthguakes

metocean actions due teithe extreme storm event

single amplitude of quasi-static base shear over one wave cycle

Fgs (qs)Max maximum quasi-static wave/current base shear

Fgs (qs)Min minimum gquasi-static wave/current base shear

F, magnitide of the inertial loadset

G shear modulus

Gp actions due to the fixed load positioned such as to adequately represent their vertical
and horizontal distribution

G, shear modulus of the foundation soil

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

Kparranpom ~ DAF from random wave time domain (stochastic) analyses

K par spor DAF from single degree-of-freedom representation of dynamic behaviour

Ko effective system stiffness

M effective system mass

Or total horizontal offset of the leg base with respect to the hull
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offset due to leg-to-hull clearances

offset due to maximum hull inclination permitted by the operating manual
first natural period of surge or sway motion of the jack-up

apparent modal or peak period of the wave spectrum

intrinsic modal or peak period of the wave spectrum

4.117

frp,
frp,

4.118

Poisson's ratio (of the foundation soil)

ratio of jack-up natural period to wave excitation period

total, saturated, (mass) density of the foundation soil

damping ratio or fraction of critical damping

radiation modal damping ratio to account for spudcan vertical motion

natural frequency (rad/s)

Symbols used in A.11

calculated existing fatigue damage prior to arriving at site

calculated fatigue damage during planned operations ontsite

fatigue damage design factor applicable to D,

fatigue damage design factor applicable to D

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

constant amplitude stress range

Symbols used in A.12

gross cross-sectional area
total effective 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 member in
compression

effective area of a plate with reinforcement

effectiv@area of a component i 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

26

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

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
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for

€SS

atic

atic

hlar

b effective width of a component

b, width of base plate

b, width of reinforcing plate

Conr moment reduction factor

C critical elastic buckling coefficient

D outside diameter of a tubular

D, overall depth of cross-section

dyy lim limiting equivalent head of water

d; distance between the centroid of the ith component and the plastic neutral axis

E Young's modulus of steel (elastic modulus)

e eccentricity between the axis used for structural analysis and that used for structyiral
strength checks

e, effective eccentricity between the axis used for structural analysis and that used
structural strength checks for class 3 members

F.. reduced material strength

F, yield strength in stress units

Fyer effective yield strength of the cross-section of a non-circular prismatic member in st
units

Fy; yield strength of the ith comiponent of the cross-section of a non-circular prism
member in stress units

Fymin minimum yield strength of all components in the cross-section of a non-circular prism
member (minimumyalue of F;, in stress units)

Fy 1o yield strength, ¥, of the material that first yields when bending about the minor axis

g acceleration\due to gravity

h subscript referring to the component that produces the smallest value of P,

I séeond moment of area

I, effective second moment of area of a non-circular prismatic member cross-section

I¢ second moment of area of a plastic, a compact or a semi-compact section of a non-circ
prismatic member cross-section

L polar moment of inertia of a tubular

Ly polar moment of inertia a non-circular prismatic member

I major axis second moment of area of the gross cross-section

I, minor axis second moment of area of the gross cross-section

] torsion constant

K effective length factor

Ly effective length of a beam-column between supports

© IS0 2023 - All right reserved

27


https://standardsiso.com/api/?name=dc9fe91cf8f4cdfdfaaf3f3f0cff23e9

ISO/FDIS 19905-1:2023(E)

L, limiting plastic length
L, limiting unbraced length for inelastic torsional bucking
Lub unbraced length of member for the plane of flexural buckling
M, representative bending moment strength of a tubular or a non-circular prismatic member
My, M, representative bending moment strength about member y- and z-axes, respectively
M, plastic moment strength of a tubular or a non-circular prismatic member
b My, plastic moment strengths of a tubular or a non-circular prismatic member about member
y- and z-axes, respectively
M, bending moment in a member due to factored actions determined in an afalysis that
includes global P-A effects
ud amplified bending moment determined from M,
ud corrected effective bending moment determined from M,
M4, M,,, amplified bending moments due to factored actions about”member y- and z-axes,
respectively
M,{, M, corrected bending moments due to factored actions about member y- and z-axes,
respectively
M M, bending moments due to factored actions;about member y- and z-axes, respectively,
determined in an analysis that includes global P-A effects
P, representative axial compressive strength of a tubular
Py Euler buckling capacity
P, representative axial compressive strength based on local strength for column buckling of
a non-circular prismatic.mémber
P, representative axial strength of a non-circular prismatic member
Py representative (Toeal axial compressive strength of non-circular prismatic member
prismatic members
P, representdtive axial tensile strength of a non-circular prismatic member
P, axiak force in a member due to factored actions determined in an analysis that includes
global P-A effects
P, axial tensile force due to factored actions
P, axial compressive force due to factored actions
P, representative shear strength of a tubular
P, P, are the representative shear strengths in the local y- and z-directions of a non-circular
prismatic member, respectively
P representative elastic local buckling strength of a tubular
P, plastic strength of a non-circular prismatic member
Py, representative local buckling strength of a tubular
p depth below sea floor (zero if above sea floor)
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atic

atic

Itb radius of gyration about the minor axis when used for lateral-torsional buckling
considerations

r radius of gyration for the plane of flexural bending

re 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

Se elastic section modulus of a semi-compact section of a non-circular prismatic membeér

Sy S, 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

t thickness of base plate

t, thickness of reinforcing plate

t thickness of a flange component

t thickness of a web component
beam shear due to factored actions

Vi, V, 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

Z, fully plastic (effective) section medulus

a factor that varies depending-on the applied loading

14 submerged (effective) unit weight of soil

YRpPa partial resistance factor for axial strength of a non-circular prismatic member

YRpb partial resistanee’ factor for bending strength of a non-circular prismatic member

YRpdl partial resistance factor for local axial compressive strength of a non-circular prism
member

YRpt partial resistance factor for axial tensile strength of a non-circular prismatic member

Y Rpc partial resistance factor for axial compressive strength of a non-circular prismatic member

YRpy partial resistance factor for torsional and beam shear strength of a non-circular prism
member

%RTb partial resistance factor for bending strength of a tubular

7RI partial Tesistarnce factor for axial tensite strengtrof a tubutar

YRTe 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

A ratio b/t or 2R/t as applicable for component h

A prismatic column slenderness parameter for a non-circular prismatic member
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elastic plate slenderness parameter
plastic plate slenderness parameter
limiting plate slenderness ratio

plate slenderness ratio coefficient

Pw

%)

exponent for hiaxial hending, a constant dependent on the prismatic member cross-

section geometry
reduction coefficient

mass density of water

compressive stress if o, tensile or the larger compressive stress if o, is also compressive

tensile stress if o, tensile or the smaller compressive stress if ¢, is compressive

ratio of compression to bending stress

4.2 Abbreviated terms

ALE
ALS
BS

BSTF
CD

1

DA
ELE

abnormal-level earthquake
abnormal/accidental limit state
base shear

base shear transfer function
chart datum

dynamic amplification factor
extreme level earthquake

finite element

fatigue limit state

International. Association of Classification Societies
lowestastronomical tide

load and resistance factor design
lateral torsional buckling

most probable maximum

maost prnhnh]p maximum extreme

MSL
OCR
PDF
PSIIP
RCS
ROV

30

mean sea level

over-consolidation ratio

probability density function

project specific in-service inspection programme
recognized classification society

remotely operated vehicle
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RPD rack phase difference

SCF stress concentration factor

SDOF single degree-of-freedom

SLS serviceability limit state

SSA-E site-specific-assessmentforthe-elevated-condition
SSA-I site-specific assessment for installation and removal
SWL still water level

TRS tropical revolving storm

ULS ultimate limit state

VIV vortex induced vibration

5 Overall considerations

5.1 General

5.1.1 Interaction with SSA-I

The site-specific assessment of a jack-up normally.comprises the two parts, an SSA-E, adressed in

document, and an SSA-I. While different personhel’can carry out these assessments, much of the sg
information is used in both, including:

— jack-up data;

— geotechnical data;

— geophysical informatione

Conversely, there is other‘data that is only used in an SSA-E or only used in an SSA-I. For example,
metocean extremes areused in an SSA-E only whereas the normally expected metocean conditions

propensity for squalls’are used in an SSA-I only.

Complicating:the issue is that much of the data used for the SSA-I is most efficiently obtained at
same time‘as the data collected for the SSA-E (e.g. soil data). Failure to collect all the data required

both analyses at the same time can be costly and inefficient.

Thenormal expectation is that the SSA-E will be undertaken before the SSA-I. However, there car
cases in which this order is reversed, e.g. when the SSA-E is likely to produce a favourable conclus

this
me

the
and

the
for

be
ion

but emplacing the jack-up could be problematic.

There can be cases in which the results of the SSA-E can affect how the jack-up is to be emplaced on site.

Some examples include:
— required heading;
— required preloading level;

— proximity to adjacent structures;
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— limits on cantilever extension;
— site remediation e.g. gravel bags, etc.

These limitations should be passed on to those undertaking the SSA-I.

5.1.2 Competency

Asj:essments undertaken in accordance with this document shall be performed only by persons
competent through education, training and experience in the relevant disciplines.

5.1{3 Planning

Adgquate planning shall be undertaken before a site-specific assessment is started. The pldtning shall
include the determination of all assessment situations relevant for the site under considération. The
asspssment criteria shall be in accordance with Clause 13.

5.114 Assessment situations and associated criteria

Thd assessment situations shall include both extreme events and operationalmodes because the critical
mofle of operation is not always obvious. The assessor shall use site-specific metocean, earthquake and
gegtechnical data, as applicable, for the assessment. The assessment situations and associated criteria
areljointly specified in the remainder of this document. They form ohe whole and shall not be separated
from one another.

Forl mobile offshore drilling units operating in regions subjec¢t to sea ice and icebergs, the requirements
of this document shall be supplemented with the relevant provisions relating to ice actions contained in
1S0[19906 and procedures for ice management contaiged in ISO 35104. See 10.8 and A.10.8.

NOTE In some cases, ice actions can be mitigated.by an ice management plan and/or seasonal operations.
5.115 Reporting

Thg assessor should prepare a report_summarizing the inputs, assumptions and conclusions of the
asspssment. A recommended contents list is given in Annex G.

5.116 Regulations

Eadh country can have itssown set of regulations concerning offshore operations. It is the responsibility
of the operator and jack;up owner to identify the applicable rules and regulations, depending upon the
sitd and type of opefations to be conducted.

5.117 Classification of unit

This document is applicable to independent leg jack-ups that are structurally sound and adequately
majntdined. To achieve this, the unit shall either:

— hold a valid classification society certification from an RCS throughout the duration of the operation
at the specific site subject to assessment; or

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

Jack-ups that do not conform with this requirement shall be assessed in accordance with the provisions
of ISO 19902, supplemented by methodologies from this document, where applicable.
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5.2 Assessment approach

This subclause provides an overview of the data required, the assessment methodology, and

(E)

the

acceptance criteria. An example of a flow chart for extreme storm assessment is shown in Figure 5.2-1.
Annex A provides additional information and guidance, including detailed calculation methodology.
Annex B specifies the partial factors for use in the assessment. Annexes C to F provide supplementary

information or alternative calculation methodologies. Annex G provides a recommended contents

list

Tor the assessment report. Annex o provides regional Information and provision ror Norway and us

Gulf of Mexico. ISO/TR 19905-2 provides background to some of the recommendations given in
document and a detailed sample calculation. Other assessment methodologies may be applied; provi
that they have been shown to give a level of structural reliability equivalent, or superior, to'that imp
in this document.

this
ded
icit

The assessment of the jack-up can be carried out at various levels of complexity asyexpanded in a), b)

and c) (in order of increasing complexity). The objective of the assessment)is to show that

the

acceptance criteria of Clause 13 are met. If this is achieved at a certain complexity level, there i no

requirement to consider a higher complexity level. In all cases, the adequacy-of the foundation shal
assessed to level b) or c).

a) Compare assessment situations with design conditions or other‘existing assessments determine
accordance with this document.

b) Carry out appropriate calculations in accordance with the simpler methods (e.g. pinned foundat
SDOF dynamics) given in this document. Where possible, compare results with those from exis

be

i in

on,
[ing

more detailed/complex (e.g. secant or yield intetaction foundation model, time domain dynamjcs)

calculations.

c) Carry out appropriate detailed calculations in accordance with the more complex methods
secant, yield interaction or continuum foundation model, time domain dynamics) given in
document.

e.g
this
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Obtain jack-up data (6.2) Obtain geotechnical data (6.5)
Establish proposed weights and C of G's (6.2)  Obtain earthquake data (6.6)
Obtain site and metocean data (6.3 and 6.4} Obtain ice data (6.7)

!

Are there "other aspects” that limit acceptability?
- Metocean actions: marine growth; VIV (7.3.2 and 7.3.3) x -
- Earthquake (10.7) re preventative
< | . . Yes measures available
- Foundations: skirted spudcans, hard sloping strata, footprints, d will these b
lp:\ning instahility ]Pg extraction difficulties_cvclic_mohility and wi T :ISEI €
scour, interaction with adjacent infrastructure geohazards acceprape:
carbonate materials (9.4) Yes No
No
Determine hull elevation (5.4.5 and 13.6) UNIT NOT
Select conditions for ULS (5.3) ACCEPTABLE
Determine assessment situation(s) (5.4)
Determine exposure level (5.5) N
Estimate leg penetrations based on maximum preload (9.3.2) 9
Run assessiient
* No for thewreduced
| [s adequate leg length available? (5.4.6 and 13.7) |—> payload that results
* imadequate leg
length?
Yes Do comparable calculations according to this document Yoo
{ exist and show acceptability (5.2)?
Assg¢ss foundation | Not OK No
(Clagise 9 and 13.9)
OK Determine actions (Clause 7)
Prepare or update analysis models (8.1 to 8.7)
Determine foundation models (9.3)
Apply actions (8.8)
Determine responses (9.3.3 to 9.3.5 and 10.1 to 10:5)
If applicable, check effect of fixity on dynamic response (8.6.3) |
Assess structural strength and ovesturning stability Not OK
(Clause 12, 13.1 to 13.5'and 13.8)
v 0K
Assess foundation (9°3.6 and 13.9.1)/ Not OK
Figure A.9.3-17 to 1€vel 1, 2 or 3 as appropriate
y OK
- - Not OK
Check effect of foundation displacements, (13.9.2) |—>
y OK
If requiTed;Te-assess penetration, (9.3.2) hull elevation Not OK
and leg length (5.4.5.6, 13.6.7)
* not required/OK
Ifapplicable, report potential for interaction with adjacent Not OK
structures (5.4.7, 9.4.8)
If applicable, repeat assessment for other penetrations Not OK M
in the range predicted (8.6.2,9.2.A.9.3.2.1.1)
not applicable/OK If possible, choose more detailed
; ) - Structural model (8.2.3)
" UNIT " UNIT NOT No |- Foundation model (8.6.3 / 9.3)
" ACCEPTABLE " ACCEPTABLE —DYTETTC TESPOTIISE CalCUIation
L | (8.8.1 /10.3,10.5)

- Analysis method (10.9)
to resolve failure of acceptance.

NOTE1 A cross-referenced clause number includes reference to the corresponding clause in Annex A.
NOTE2  This figure does not fully address: Long term applications (Clause 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 assessment situations

ISO 19900 divides the assessment situations into four categories as described in this subclause.

a)

Operational and Extreme assessment situations.

(E)

The site-specific assessment shall include evaluation of extreme assessment situations with

b)

— within the defined serviceability limits for the jack-up (i\e the metocean conditions are

— severe weather occurs with insufficient warnifig for the unit to be put in to st

Tombiations of extrenre tevet metotean actions and thre associated stormm mode gravity acti
Earthquake and ice actions shall also be considered in combination with the associated perman
and operational gravity actions; however, evaluation is required only in some areas of the wag
The applicable partial action and resistance factors for the extreme assessment situdtion
exposure level shall be as summarized in Annex B. For the associated Ultimate Limit State (U
the integrity of the structure should be unimpaired, but damage to the nen” safety-crit
(secondary) structure of the jack-up can be tolerated.

Extreme assessment situations shall be assessed with the jack-up in the-most critical opera

configuration (increased variable load, cantilever extended and unequal leg loads) when
extreme level metocean conditions are

severe than those defined for changing to the elevated storm configuration), or

configuration, e.g. squalls.

Consideration of the operating configuration is\particularly important when the factored functig

DNS.
ent
rld.
hnd
L.S),
ical

[ing
the

€SS

rm

nal

actions are close to the preload reaction and'asmall additional leg reaction due to metocean actipns

can cause significant additional penetration:

Operational assessment situations mse the operational metocean conditions with the associg
operating mode gravity actions “and configuration. For jack-ups where the operations mar

ted
ual

permits increases in, or redistribution of, the variable load with reduced metocean conditions

(operating configuration, nemograms, etc.), the assessor shall establish an operational assessm
situation. Where nomogrfamis are used, a representative selection of situations applicable to the
shall be assessed (e.g. the extreme storm event and one or more less severe metocean conditions

NOTE The situations above are often found in benign areas where the extreme level metocean condit
are within the-defined serviceability limits for the jack-up and do not exceed the limits for changing

jack-up to the elevated storm configuration.

Serviceability assessment situations

ent
Kite

).

ons
the

Serviceability assessment situations are normally covered by the limits specified in the operations

manual and, therefore, it is not necessary to assess it unless the operational configuraf
requirements for the site are outside those limits. However, the requirements of a) above alwj

ion
ays

apply.

d)

Fatigue assessment situations

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

Abnormal/Accidental assessment situations

Accidental assessment situations, addressing abnormal environmental events or accidental eve
are generally addressed at the design stage and it is not necessary to evaluate them in

© IS0 2023 - All right reserved
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assessment unless there are unusual risks at the site under consideration. Abnormal situations
shall be assessed when necessary e.g. abnormal level earthquake (ALE) or abnormal level ice
assessment (ALS).

5.4 Determination of assessment situations

5.4.1 General

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

Whiere the assessment indicates that an assessment situation does not meet the acceptance criteria of
Clapse 13, the assessment configuration may be adjusted to achieve acceptability, providing that any
resplting deviations from the standard operating procedure of the jack-Gp are practically achievable,
are| documented and are communicated by the jack-up owner to their offshore personnel and, if
relgvant, to the operator. Alternatively, metocean data applicable to ‘the season(s) of operation may be
considered.

5.4{2 Reaction point and foundation fixity

Thd assumed reaction point at the spudcan shall be doctimented in the assessment report. The jack-up's
leg$ are normally assumed to be pinned at the reacfion point. Any divergence from this assumption
shalll be stated.

NOTE The assumption of pinned footings is.d conservative approach for the bending moment in the leg in
way of the leg-to-hull connection; see 8.6.3.

5.413 Extreme storm event approach’angle

Thg¢ critical extreme storm event approach angles relative to the jack-up are usually different for the
varjous checks that shall be made (e.g. strength versus overturning checks). The critical direction for
each check shall be used.

5.414 Weights and centre of gravity
For| each limit state' and configuration being assessed, the appropriate magnitude and position of the

fixgd and variable loads shall be used. The tolerances on both magnitude and position shall be
considered\when determining the weights and centres of gravity to use in the assessment.

ere the location of the cantilever, substructure, etc., or the hull elevation, differ between the elevated

i C O c O11; awe oy O o i v c—o—

the stor survival configuration shll be established.

5.4.5 Hull elevation

The hull elevation used in the assessment shall conform with the requirements specified in 13.6.
Generally, this is the larger of that required to maintain adequate clearance with

— adjacent structures, such as a fixed platform, and

— the wave crest.
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5.4.6 Leglengthreserve

The assessor shall determine the necessity for a reserve of leg length above the upper guides to 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 apprepripte.
Aspects requiring consideration by the operator include the effects of potential contact with(adjadent
infrastructure (jacket, subsea structure, pipeline, etc.), the effects of the jack-up's spudcan$ 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.).

5.4.8 Other

The assessment is based on the best available information on the conditions-at-the site. In some cases, it
can be found that the actual conditions at the site are inconsistent with. the information used, |e.g.
penetration, eccentricity of spudcan support, orientation, leg inclination) In other cases, the effect of
factors such as large guide clearances and sensitivity to RPD cannet)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 ec¢entricity and the acceptability of the resulting
action effects when elevated.

5.5 Exposure levels

5.5.1 Determination of exposure level
Jack-ups can be categorized by various levels of exposure to determine criteria that are appropriate| for
their intended service and the assessment situations. The exposure levels are determined| by
consideration of life-safety and of “environmental and economic consequences as described in
[S0 19900:2019, 7.3.
5.5.2 Exposure level L1

Occupied, non-evacuated- jack-ups and jack-ups with high environmental consequence shall| be
classified to the most 0rierous exposure level, L1, for all assessment situations.

For extreme storm - assessments L1 jack-ups shall be assessed either for the 50 year independent
extremes withpartial action factor of 1,15 or for the 100 year joint probability metocean data with
partial actionfactor of 1,25 (see 8.8.1 and Annex B).

NOTE 15> The equivalency of the alternatives was justified for temperate climates.

NOTE'2  During the TRS season in TRS areas, it can be appropriate to also assess to the ALS for abnormal stprm
conditions. For example the 2 500 year return period full population is typically used in the Gulf of Mexico.

5.0.3 Exposure level L2

Occupied-evacuated jack-ups, where potential life-safety and environmental pollution consequences
have been mitigated, may be classified as exposure level L2. The requirements given in ISO 19900:2019,
7.3.3 shall be applied.

For extreme storm assessments, L2 jack-ups shall be assessed for the 50 year independent extremes or
100 year joint probability metocean data that can be reached at the site prior to evacuation being
completed (e.g. 50 year sudden hurricane in tropical revolving storm areas) with allowance for forecast
uncertainty, when appropriate. The assessment shall use the partial factors applicable to L1.
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The slope of the sudden tropical storm hazard curve can be steeper than that of storms in other areas of
the world and of full population tropical storms. The unoccupied post-evacuation case shall be
considered in accordance with criteria to be agreed between the jack-up owner and the operator taking
account of the slope of the sudden storm hazard curve and the time required to place the jack-up in the
storm mode for the unoccupied condition to ensure adequate reliability of the jack-up in the sudden
tropical storm ULS condition. Annex H.3 contains useful information on such conditions, developed for
the US Gulf of Mexico, that could be used for other tropical storm areas. Any deviation from the storm

mofle given in the marine operations manual shall be clearly 1dentified and agreed between the jack-up
owher and the operator.

NOTE Operational and evacuation procedures are outside the scope of this document, however significant
tim¢ can be required to prepare the jack-up for the unoccupied condition.

5.5{4 Exposure level L3

Jack-ups that meet the requirements for L2 and that are not normally occupied and may be classified as
explosure level L3. The requirements given in ISO 19900:2019, 7.3.4 shall be applied:

For extreme storm assessments L3 jack-ups shall be assessed to criteria that.shall be agreed between
theljack-up owner and the operator.

5.5{5 Exposure level for earthquake

For| earthquake, a jack-up shall be assessed as L1 unless it is mormally unoccupied and meets the
requirements given in [SO 19900:2019, 7.3.4, where item c) is.changed to "visits are not planned to last
more than 24 h on jack-ups in regions with seismic zone® v to 4. When normally unoccupied, the
earthquake assessment requirements shall be agreed between the jack-up owner and the operator.

5.4 Analytical tools

Guidance is given in ISO 19900:2019, Clauses 1Land A.11 on the use and validation of analytical tools
and models. It should be noted that many software suites do not adequately address jack-up specific
issues, such as time domain dynamics, foundations, large displacement effects and appropriate code
chelcks.

6 |Data to assemble for each site
6.1 Applicability

Clapse 6 describes thecdata that are required to undertake an assessment. In this document, the field is
the|general area whese the jack-up is to operate; the site is the specific position/orientation within the
fielfl. The site data)are normally a subset of the field data. The data that should be included in the
asspssment report are listed in Annex G, which can be used as a check list.

6.2 Jack-up data

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

— jack-up type;

— installed leg length;

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

— any proposed deviations from the operations manual limits for the intended operation;

— data pertaining to the strength, stiffness and operation of the leg-to-hull connection;
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— proposed lightship and variable load and centres of gravity for each configuration, accounting
any changes that are not included in the latest revision of the operations manual;

— preloading capacity or pre-drive capability;

(E)

for

— limiting spudcan capacity, e.g. reactions and bearing pressure distribution(s) used in the design

Cases;

— design parameters including, where applicable, RPD limits
— details of any relevant modifications.
6.3 Site and operational data

The site data should include the site coordinates, sea floor topography and water-depth referenced
clearly specified datum, e.g. lowest astronomical tide (LAT) or chart datum (CD). Be aware that ch
derived for use by comparatively shallow draft shipping are often not sufficiently accurate for si
jack-ups.

At platform sites, platform drawings, the required hull elevation‘\otr the required clearances with
platform, the jack-up heading and other interface data shall be pbtained from the platform operator.

The assessor can use directional metocean data to optiniize the jack-up heading. When directig
metocean data are used in the assessment, the jack-up/heading shall be specified. The overall reliab
of the jack-up should not be compromised by the use®©f'such criteria.

The data provided by the operator shall include the proposed mode of use (drilling, product
accommodation, etc.) and the number and sizé’ of any supported risers or conductors. The life-sa

and consequence category of adjacent infrastructure while 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
quality of the data. Site-specific data shall be obtained from or on behalf of the operator for
following:

a) water depth (LAT\or CD);

b) tide and storm’surge;

c) wavegdata:

<) ‘significant wave height and spectral peak period (stating whether intrinsic or apparent
discussed in A.7.3.3.5),

[0 a
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— maximum wave height and associated period (stating whether intrinsic or apparent

discussed in A.7.3.3.5),
— abnormal wave crest elevation (see A.6.4.2.4).
d) current velocity and profile;
e) wind speed and profile.

Further reference to metocean data can be found in Table A.7.3-1.
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Omnidirectional data can be sufficient but, in particular circumstances, directional data can also be
required. Other data, such as the following, shall be evaluated, when applicable:

— marine growth distribution;

— cing;

— | lowest average dally alr temperatures, etc.

Dirgctionality of wind, wave and current may be considered if accurate data are available. For
detprministic analysis, wave kinematics factors may be applied to account for wave short-crestedness
and jack-up leg spacing; see A.6.4.2.3.

Genjeral information on metocean data are given in ISO 19901-1. Details of the required meétocean data
for jack-up site-specific assessment are given in A.6.4.

Either the 50 year return period of individual extremes or the 100 year return period of joint
probability metocean data shall be used for the site-specific assessment of oceupied jack-ups. Partial
actjon factors for the alternative return periods are given in 5.5.4, 8.8.1 and Annex B.

NOTE To provide consistent reliability levels, different action factors are.used with actions determined for a
50 year return period of individual extremes and for a 100 year return perjod of joint probability metocean data.

As 3 minimum, a occupied-evacuated jack-up shall be assessed for the 50 year independent extremes or
100 year joint probability metocean data that can be reached/while the jack-up is still occupied; see
5.5J4. For example in a TRS area, consideration may be.given to the use of a 50 year return period
“suflden hurricane”.

As & minimum, an unoccupied jack-up shall be assessed to an agreed exposure level; see Table 5.5-1.

If the jack-up deployment is to be of limited.duration, applicable (seasonal) data may be used for the
mohths under consideration, including suitable contingency.

6.5 Geophysical and geotechnicaldata

Sitg-specific geotechnical information applicable to the anticipated range of penetrations shall be
obthined 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
nedrby sites. Such information can include geophysical survey (sub-bottom profiler, side-scan sonar,
bathymetry, magnetometer) data; boring/coring data; insitu and laboratory test data; and visual
surpey data.

Thg field shallbé.evaluated for the presence of geohazards. Such hazards and their potential mitigations
are|describedin Table A.6.5-1.

For sités\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 Tefer to previous site data and pretoading or penetration records; NOWeVeT, the accuracy
of such information should be verified.

At sites where there is any uncertainty, borings/corings and/or insitu 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, although care must be taken to assess the
uncertainty of any such extrapolation. 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 subsequent preloading. The newly acquired soils data shall be analysed and
assessed to ensure foundation safety during and after preloading. The soil data should be used to
update the site-specific assessment as necessary.
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The site shall be evaluated for potential scour problems. These are most likely to occur at sites with
high wave and/or current water particle velocity near a seabed that is composed of non-cohesive soils.

See als0 9.4.7.

Certain sites prone to mudslides can involve additional risks. Such risks should be assessed by carrying

out specialist studies.

6.6 Earthquake data

Earthquake data shall be obtained through the use of ISO 19901-2.
6.7 Ice data
Ice data shall be obtained through the use of ISO 19906 and ISO 35106.

7 Actions

7.1 Applicability

This clause presents an overview of, and basic requirements for, the modelling of actions for 3
specific assessment in accordance with this document.

Details regarding methods and formulations that can be applied to calculate actions are presente
A.7, which also includes presentation of hydrodynamic formulations and coefficients for detailed
equivalent modelling of hydrodynamic actions on legs.

In this clause and A.7, actions are presented as representative values. The representative actions s
be multiplied by the partial action factors as givenyin 8.8 prior to the determination of the assessm
load cases.

7.2 General
The following outlines the actions that shall be considered in general terms:
a) metocean actions:
1) actions on legs and other structures from wave and current;
2) actions on hiultand exposed areas (e.g. legs) from wind.
c) functional actions:
1) fixed actions;
2)) "actions from variable load.

d) indirect actions resulting from responses:

ite-

] in
hnd

hall
ent

1) displacement-dependent effects;

2) accelerations from dynamic response.
e) earthquake actions;
f) ice actions;

g) 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

Thg hydrodynamic modelling of the jack-up leg can be carried out by utilizing “detailed” or “equivalent”
techniques. The hydrodynamic models shall represent all structures and appurtenances subjected to
waye and current action. The effect of different hydrodynamic properties in different directions shall be
represented as appropriate for the analysis.

Hydrodynamic (drag and inertia) coefficients shall be selected that are appropriatéfor the flow regime
of the actual jack-up leg structure and chosen wave theory. Applicable test results may be used to select
the|coefficients for non-circular members (and not the complete leg). The effects of raw water piping,
ladglers and other appurtenances shall be considered in the calculation of the hydrodynamic coefficients
forthe legs.

Thg¢ effect of marine growth on the actions shall be considered. Because jack-ups are mobile,
opportunities are available to clean the leg to reduce hydrodynatnic actions.

7.3l13 Wave and current actions

Wale and current actions on the legs and appurtenances (e.g. raw water tower) shall be computed
using the Morison equation and an appropriate hydtedynamic model. A wave theory appropriate to the
waye height, period and water depth shall be uséd for the determination of particle kinematics. Wave
kinpmatics for the calculation of actions caused by waves shall be derived from the intrinsic wave
perjiod or the intrinsic wave frequency.

NOTE When waves are superimposed-on a (uniform) current, the intrinsic reference frame for the waves
traviels at the speed and in the direction.of the underlying current. An observer travelling at the same speed and in
the|same direction as the currentyis-stationary with respect to the intrinsic reference frame and, therefore,
megsures the intrinsic wave peried {see A.7.3.3.5 and ISO 19901-1:2015, 8.4.4 and A.8.4.3). The wave has only an
intrjnsic wave length; there is@ig-d@pparent wave length.

The derived actions afeydirectly affected by the current profile chosen and the method used to modify
the|profile when the-height of the water column varies in the presence of waves. Guidance is provided
in A.6.4.3.

VIV is normally considered to be covered by class, but should be checked for jack-ups with large-
diameter-tubular legs when the current velocity exceeds that used in the design; see for example DNV-
RP4{C205 (DNV 2021d)!%l; Grundmeier, Campbell and Wesselink (1989)(85] and Blevins (1990)!26l,

7.3.4 Wind actions

All structures and appurtenances subjected to wind action shall be considered. Wind actions shall be
computed using wind velocity, wind profile and exposed areas. Appropriate wind velocities and wind
profiles shall be used, guidance is given in A.6.4.6. These actions can be calculated using appropriate
formulae 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.
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The potential effects of wind-induced VIV should be considered, see for example DNV-RP-C205 (DNV
2021d)[6%); Grundmeier, Campbell and Wesselink (1989)(85 and Blevins (1990)(2¢l.

7.4 Functional 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

catcutation. if the assessment of the jack-up Shows that it 15 marginat i one of these configuratipns,
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 inclufed
in the operating procedures for the site.

7.5 Displacement dependent effects

Indirect forces that are a consequence of the displacement of the structure-and its foundation shal] be
considered in the analysis. The effects are due to the first-order sway, fenndation settlement, and to|the
enhancement due to the increased flexibility of the legs in the(presence of axial actions (Efler
amplification); see A.8.8.6.

7.6 Dynamic effects

Indirect forces due to dynamic response of the jack‘dp shall be considered and are particularly
important for sea states having significant energy near.the natural periods of the jack-up or multiples
thereof; see 10.5.2 and 10.5.3.

Dynamic effects shall be included in earthquake’analyses (see 10.7) and can be important for ice action
responses.

7.7 Earthquakes
Actions and action effects due to‘eéarthquakes shall be considered where appropriate; see 8.8.8 and 10.7.
7.8 Ice actions

Actions and action effects due to ice shall be considered where appropriate; see 10.8 and A.10.8.
7.9 Other actions

Additionaldeg‘/moments due to leg inclination resulting from leg-to-hull clearances and hull inclination
shall be €onsidered as described in 8.3.6 and 10.5.4.

Othervtypes of action, for example actions due to icing and snow or sudden drop due to reseryoir
subsidence can occur in certain geographical regions. These actions shall be computed and applied in
combination with other appropriate concurrent actions.

8 Structural modelling

8.1 Applicability

This clause presents methods for the development of an analytical model of an independent leg jack-up
structure. Included in a jack-up structure are the legs, hull, leg-to-hull connection, and spudcans. The

modelling of the foundation is presented in Clause 9.

The modelling provisions cover the generation of stiffness, self-weight, mass and application of actions.
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In this clause, and the corresponding A.8, values for actions, forces, reactions, masses, stiffnesses,
moments and geometry are presented as representative values unless indicated otherwise. Actions
shall be multiplied by the partial action factors as given in 8.8 prior to the determination of the
assessment load cases.

8.2

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

realistic global response (e.g. displacement, base shear, overturning moment) for the jacksup under
the applicable environmental and functional actions;

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.

2 Modelling philosophy

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

distribution of global actions and estimates of inteérnal forces and displacements can be obtained
bugh the use of simplified, equivalent modelling techniques.

determine displacements and forces in the leg, leg-to-hull connection, leg/spudcan connection and
] hull displacements, a finite element (FE).model shall be developed.

explicit model of the conductor is rarely warranted, however the loading from conductor(s) shall be
uded.

3 Levels of FE modelling

beneral, a jack-up model shall include the leg, leg-to-hull connection and representative hull

stryicture. FE models cdn)contain combinations of detailed and simplified structural modelling. Four

mo

a)

b)

Helling techniques\are summarized below, with further detail given in 8.3 through 8.6:

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

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;

d)

44

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;

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).
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8.3 Modelling the leg
8.3.1 General
The leg can be modelled as a “detailed leg”, an “equivalent leg” or a combination of the two.

8.3.2 Detailed leg

(E)

A “detailed leg” model consists of all structural members, such as chords, horizontal, diagonal

internal braces of the leg structure and the spudcan (if required). Each structural component 6f,the
is represented by one or more appropriate finite elements. In the development of a detailed leg mo
the use of beam elements is generally accepted practice. However, other finite elements can be utili;
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 sithulating the complete
structure. In this model, a series of one or more beam elements represents the overall stiffn
characteristics of the detailed leg.

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 a:
equivalent leg.

8.3.5 Stiffness adjustment

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

8.3.6 Leginclination

The additional leg moment™ due to leg inclination resulting from leg-to-hull clearances and
inclination shall be considered (see 10.5.4), but it is not necessary that it be explicitly modelled.

The designed-in leg inelination of slant-leg jack-ups shall be modelled explicitly.
8.4 Modelling the hull
8.4.1 General

The hull structure shall be modelled so that the actions can be correctly transferred to the legs and
hult-flexibility is represented accurately.

and
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8.4.2 Detailed hull model

The detailed hull model shall include primary load carrying structures, explicitly modelled with

appropriate finite elements.

8.4.3 Equivalent hull model

If a detailed hull model is not used, an equivalent hull model shall be constructed using a grillage of

beams.
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8.5 Modelling the leg-to-hull connection

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 leg is normally within the vicinity of the leg-to-hull connection. The model shall provide

h b A | Lyl alal 1 b 1 1 b o] b 4l 41 4] A |
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8.5|2 Guide systems

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

8.5|3 Elevating system

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

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

Fori| floating jacking systems, the shock pad stiffness’shall be modelled and the shock pad shall be
mofelled to resist vertical compressive forces only. Generally, the manufacturer specifies the stiffness
infgrmation.

8.5|6 Jackcase and associated bracing

Thg jackcase or jackhouse structur€shand associated bracing shall be modelled based on their actual
stiffness.

8.5{7 Equivalent leg-to-hull stiffness

Th¢ model shall representthe overall stiffness characteristics of the leg-to-hull connection.
8.4 Modelling the spudcan and foundation

8.6{1 Spudcan structure

Thd spudcan structure shall be modelled with sufficient detail to accurately transfer the seabed reaction
intg the leg structure.

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

8.6.2 Seabed reaction point

Selection of the reaction point shall be based on the penetrations (see 9.3.2) and shall consider any
anticipated horizontal eccentricity.
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8.6.3 Foundation modelling

(E)

For the analysis of an independent leg jack-up unit in the elevated storm mode, the foundations may be
assumed to behave as pinned supports, which are unable to sustain moment. This is a conservative

approach for the bending moment in the leg in way of the leg-to-hull connection.

In cases where the inclusion of rotational foundation fixity is justified and is included in the structural

armatysts, the omrtimear soitsstructure-imteractiomreffects—shatt-betakemr imtoaccount—the modet s
include the interaction of rotational, lateral and vertical soil forces. Methods of establishing foundat
fixity are given in Clause 9.

1all
ion

When fixity brings the structural natural period closer to the excitation frequency, the inclusion of

foundation fixity can amplify the response and shall, therefore, be considered.

The spudcans, the leg-to-can connection and the lower parts of the leg are addréssed at the deg
stage. In cases where the spudcan reactions could exceed the design values thereactions used to ass

ign
ess

these areas shall be obtained from a foundation model that provides a high estimate of the spudcan

moment.

For foundation modelling under earthquake excitation see 10.7 and*A.10.7.

8.7 Mass modelling

The mass model shall reflect the mass distribution of thejack-up. The model shall include structural
non-structural mass, including entrapped fluids, marine growth, added mass, etc. The added mass s
be computed based on the displaced volume of the.submerged components, including marine groy
acting in the direction of motion normal to the component. The mass of the variable load

consumables stored on/within the hull) shall be’included in the mass model.

Some actions that are included in the variable load are not masses and shall not be included in the nj
model (e.g. conductor tension and hook loads).

— The structural mass shall include:
— legs;
— hull structure;
— spudcans:
— The nén3structural mass shall include:
< ‘hull equipment and outfitting;

— mass of the variable load;

and
hall
vth,

e.g.

dass

— sea water supply system;

— leg appurtenances;

— marine growth;

— entrapped water in flooded members and spudcans.

— Added mass shall include contributions from:

© IS0 2023 - All right reserved

47


https://standardsiso.com/api/?name=dc9fe91cf8f4cdfdfaaf3f3f0cff23e9

ISO/FDIS 19905-1:2023(E)

For

— submerged legs and leg components, e.g. chords and braces;

— sea water caissons;

earthquake assessments see 10.7 for additional guidance on the mass model.

8.8 Application of actions

8.8
8.8

The

pan
line

wh

NOT

The

8.8

The

1 Assessment actions

1.1 General

assessment load case, Fy, shall be determined using the following generalized form in which the

tial factors are applied before undertaking the structural response analysis to ensure that the non-
ar behaviour is properly captured, as given in Formula (8.8-1):

Fq = 756Gr +7eyGy +7ge(Ee + 75pDe) (8.8-1)

PIre

Gy 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 lodd,"as appropriate, positioned at the most
onerous centre of gravity location applicable to.the configurations under consideration; see
8.8.2;

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

D, is an equivalent set of inertial actiens representing dynamic extreme storm effects; see 8.8.5
(D, = 0 for stochastic storm assessment in accordance with 10.5.3);

D, isan 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.

E See Annex BjWhich contains all of the applicable factors for use in a site-specific analysis.
actions andd@ction effects that shall be included in the analysis are outlined in 8.8.2 to 8.8.8.
1.2 Twe-stage deterministic storm analysis

partial action factors for the deterministic storm analysis described in 10.5.2 and A.10.5.2.2.3 shall

be

N givnn belaoas:

48

%G = 1,0 and is applied to the actions due to fixed load;
%v=1,0 and is applied to the actions due to the variable load;

%e= 115 when applied to the actions due to the 50 year return period independent extreme
metocean data;

%e= 1,25 when applied to the actions due to the 100 year return period joint probability metocean
data;
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— %p= 1,0 and is applied to the inertial actions due to dynamic response.

8.8.1.3 Stochastic storm analysis

As discussed 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 while achieving comparable
global factored actions. Consequently, the stochastic storm analysis described in 10.5.3 is carried out

using unfactored actions. The resulting partial action factors shall be as given below:
— 7%= 1,0and is applied to the actions due to fixed load;
— N%v= 1,0 and is applied to the actions due to the variable load;

— X%E= 1,0 when applied to the metocean actions derived from the factored wind) wave and curient
metocean parameters, see 10.5.3, A.10.5.3;

— %p= 1,0 and is applied to the inertial actions due to dynamic response!

8.8.1.4 Earthquake analysis

8.8.1.4.1 The partial action factors for ELE analysis described’in-10.7 shall be as given below:
— 7%= 1,0and is applied to the actions due to fixed load;

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

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

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

8.8.1.4.2 The partial action factors for'the ALE shall be as given below:
— 7%= 1,0and is applied to thejactions due to fixed load;
— K= 1,0 and is applied to_the actions due to the variable load;

— %ge= 1,0 when applied to the ALE actions;
— %p= 1,0 and s applied to the inertial actions induced by the ALE ground motion (E, = 0).

NOTE The apparent inconsistency between the earthquake partial action factors is due to the differences in
the analysis‘methods used for the ELE and ALE assessments. The 0,9 partial action factor in conjunction with|the
normal Tresistance factors is taken from ISO 19902. The 0,9 partial factor was determined in the API calibratiopn of
LRFD\against WSD. The ALE action factor of 1,0 is used in conjunction with a system survival assessment.

8.8.2 Functional actions due to fixed load and variable load

8.8.2.1 The actions due to fixed load (i.e. hull, legs, outfit, stationary and movable equipment)
include:

— weightin air including appropriate solid ballast;

— weight of permanent enclosed liquid;

— buoyancy.
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8.8.2.2 The actions due to variable load, which comprises supplies or equipment that are expendable,
readily removable, or consumable during operations, include:

— weight of liquid and solid stores;

— applied drilling and conductor loads;

— \Amighf of rpqdi]y removable pr}nipmpnf

Thd actions due to fixed load and variable load shall be modelled to represent the correct vertical and
horfizontal weight and mass distribution.

8.8|3 Hull sagging

Hull sagging resulting from distributed actions and hull flexibility can impose bending moments on the
legs. It shall be verified that the amount of hull sag-induced moment transferred to.the legs in the
andlytical model is appropriate given the operating procedures of the jack-up2and site-specific
conditions.

8.8{4 Metocean actions

Wind actions on the legs and hull shall be modelled to represent-their vertical and horizontal
disfribution.

WaI:e/current actions on the leg and spudcan structures abeve the sea floor shall be modelled to
represent their vertical and horizontal distribution.

8.8|5 Inertial actions

Thd application of inertial actions depends on the dynamic approach adopted; see Clause 10. For the
SDOF approach, the inertial actions are appliedzas horizontal force(s) acting through the hull centre of
grayity. 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
nonmally be applied on the legs below the hull.

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 in¢luded 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 to the factored hydrodynamic actions on the conductor(s) shall be included in the analysis,
if applicable.

8.8.8 Earthquake actions
See 10.7 and A.10.7 for earthquake actions.
8.8.9 Ice actions

See 10.8 and A.10.8 for ice actions.
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9 Foundations
9.1 Applicability
This clause addresses the geotechnical considerations, soil-structure interaction, capacity, stiffness and

hazards associated with the foundations that support independent leg jack-ups. Additional supporting
information can be found in ISO 19901-4, however the provisions of this document shall take

precedence in case of contlict.
In this clause, and the corresponding A.9, values for actions, forces, loads, preload, teactipns,
resistances, capacity, moments, weights and geometry are presented as representative values unless

indicated otherwise. The representative actions shall be multiplied by the partial action factors as given
in 8.8 prior to the determination of the assessment load cases.

NOTE The foundations of mat-supported jack-ups are not specifically covered in this;document.
9.2 General

Adequate geotechnical and geophysical information as outlined in 6:5.shall be gathered and used to
assess the spudcan penetration and foundation stability of the jackzup at the site. See further guidance
in A.6.5. Applicable information from previous operations, other(surveys or activities in the area shquld
be used in the assessment of the site.
There are two objectives of gathering geotechnical and geophysical information. The first is to engure
that the foundation is adequate to carry static, cyclicyand transient forces without excessive settlement
or movement. The second objective is to provide adequate information for foundation model§ of
increasing sophistication for use in structural response analyses.

The assessment shall consider:

— the possible range of predicted legpenetrations;

— the possibility of rapid leg pénetration 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.

9.3 Geotechnical analysis of independent leg foundations

9.3.1~Foundation modelling and assessment

The purpose of preloading is to develop adequate foundation capacity to resist the forces on |the
foundation due to assessment events. During preloading, the jack-up should normally be capablé¢ of

generating spudcan reactions 1n excess ol the maximum vertical reactions due to the factored actions
determined in the assessment. Where the preload is insufficient to meet the Level 2 assessment criteria,
such preload can be acceptable, e.g. if justified by the Level 3 displacement check in 9.3.6.

In some circumstances, the foundation capacities and stiffnesses from 9.3 are not sufficient for the unit
to satisfy the acceptance criteria (Clause 13) based on the preload to be applied. In such cases the
assessment can be based on foundation capacities and stiffnesses calculated using soil strength
parameters and partial material factor y,, instead of the applied preload. In such cases the
requirements of 9.3 should be supplemented by the guidance and criteria for applicability in E.4.
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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 major simplifications and the limitations of

the[models should be understood by the assessor.

Thd foundation behaviour under the action of combined forces is appropriately described byya
thepretical yield surface in the vertical reaction, horizontal reaction and moment reaction (VHM) space.
Foyndation safety assessment is achieved by comparing the imposed forces with the yield surface:

Hoyvever, for structural response analysis, the foundation can be modelled as pinned or with'a degree of
fouhdation fixity. Foundation fixity is the rotational restraint offered by the soil supporting the spudcan
and shall only be used in a model that also includes finite vertical and horizontal founidation stiffnesses.
Thg degree of fixity is dependent on the soil type, the maximum vertical spudcan reaction during
installation, the foundation stress history, the structural stiffness of the jackp, the geometry of the
spudcan, the spudcan translational and rotational displacements, and the{simultaneous vertical and
horfizontal actions.

Thg structural response analysis shall be carried out using one of ‘the following foundation models,
which have increasing levels of complexity:

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

— | secant model: linear vertical, linear horizontal and<secant rotational stiffness where the iterative
reduction of rotational stiffness ensures conformity with the yield interaction surface;

— | yield interaction model: non-linear vertical,~horizontal and rotational stiffness model where the
non-linear behaviour ensures conformity-with the yield interaction surface;

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

Thg assessment procedures forjeach of these models are described in 9.3.6.
9.3]2 Leg penetration'during preloading

Thd4 methods for ealetlating ultimate vertical bearing capacity of a foundation in various types of soil
are|discussed inlA:9.3.2. The gross bearing capacity formulae adopted are based on the assumption that
perletration in\sand is a drained process, and penetration in clay is an undrained process. Cases that
deviate froem'this assumption shall be assessed using appropriate methods. Uncertainties regarding the
gegtechnical 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.

The use of predicted leg penetrations 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.
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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.

Buring pretoading, asignificant volumeof soit betowthespudcarr s mradeto ptasticatty deformrasithe
spudcan penetrates, thus generally expanding its yield surface and increasing its capacity.cDuting
removal of the preload, the soil unloads elastically and the foundation response is stiffer than) duging
preload penetration. Provided the jack-up's preload capacity is appropriate for a site's environmental
conditions, the soil behaves in an essentially elastic manner for most combinations of vertical,
horizontal and moment loading that the spudcan experiences while on site. Inelastig;résponse ocqurs
when the combination of vertical, horizontal and moment loading approaches theyield surface; this is
likely only for a few, if any, loading cycles during an extreme storm. Degradatiofi-can take the form pf a
softened foundation and/or additional displacement (vertical, horizontal, and/e¥ rotational).

The yield surface can be described by the formulae given in A.9.3.3Cfor a range of soil types and
embedments. The weight of all soil backflow and infill on top of the spudcan shall be included in [the
spudcan vertical reaction to be assessed against the yield surface.

For the case of layered soils, additional analysis should be performed to determine the approprijate
yield surface.

9.3.4 Foundation stiffnesses

Foundation analysis under time-varying loading‘requires knowledge of the load-deflection behavioulr of
the soil. This is usually described by spring stiffnesses in the vertical, horizontal and rotational mogles.
Initial stiffnesses, as described in A.9.3.4.1,.canh be estimated from the solutions for a rigid circular plate
on an elastic half-space using the small*strain shear moduli for clay (see A.9.3.4.3) or sand (see
A.9.3.4.4) and Poisson's ratio; alternatively, a continuum model can be used. The soil shear modulus is
dependent on strain level; therefere, suitable adjustments should be made for cyclic and dynamic
loading.

The reduction in stiffness- as” the spudcan reactions approach or exceed the yield surface shall be
included in the analysis:There are different approaches to determining the softening of the stiffnesges.
Where the reduction-of stiffness is not included in the soil model, the provisions of A.9.3.4.2.2 should be
used to determine, the reduced rotational secant stiffness; the vertical and horizontal stiffness remain
unchanged. Thestiffness reduction is implicit in fully coupled yield interaction models and in non-linear
continuum fouhdation models, as discussed in A.9.3.4.2.3 and A.9.3.4.2.4, respectively.

When thé foundation is comprised of layered soils, additional analysis should be used to determine|the
effective stiffnesses.

The effects of soil-leg interaction for deep penetrations can be included. Guidance is given in A.9.3.4.T.

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 conformity 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.
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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.

9.3.6 Acceptance checks

Theoverattjack-upfoundatiomstabitity stratt-beassessed-for theforces FamdFy,and-the mommrent F;
acting on each spudcan due to the assessment loading case F, 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

failg to meet the foundation acceptance criteria given in A.9.3.6, a higher level check can be performed.
Thg¢ partial factors for the checks required by this subclause are given in Annex B.

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:

— Step 1a: Foundation capacity check of the leeward leg based on the preloading capability
(A.9.3.6.2), and

— Step 1b: Check of the windward leg (A.9.3.6.3).

b) |Level 2: Foundation capacity checks. One of the following threé-steps shall be completed for a
Level 2 check:

— Step 2a: Foundation capacity check and sliding resistance check (A.9.3.6.4), based on the
vertical and horizontal reactions, assuming a pinned;spudcan; or

— Step 2b: Foundation capacity check and sliding” resistance check (A.9.3.6.5), based on the
vertical, horizontal and moment reactions~ffom 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 moment
reactions from a spudcan model, that includes rotational, vertical and horizontal foundation
stiffness with reduction of “vertical, horizontal and rotational stiffnesses. A Level 3
displacement check shall be-performed.

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

— Step 3a: Simple/check using the leg-penetration curve based on the results of a Level 2 check
when the fouhdation capacity check fails and/or a check of the effects of windward leg sliding
when the Level 2 sliding check fails; or

— Step 3bX Numerical analysis of the complete jack-up and non-linear foundation coupled in
vertical, horizontal and rotational degrees of freedom, e.g. finite element approach.

Th¢ maximum vertical reaction is expected to occur on the leeward leg. Likewise, the minimum vertical
reaftion is expected on the windward leg.

In Step 1a, the preload check of the leeward leg is based on the assumption that the net ultimate vertical
bearing capacity is equal to the maximum spudcan reaction during preloading. Care shall be taken to
account for the submerged weight of any backfill, Wy, that occurs after the maximum preload has
been applied. Typically backflow and infill after preloading, Wy , is uncertain; for this reason, it should
conservatively be included on the leeward leg but not on the windward leg. The check of the windward
leg shall be performed to ensure that the sliding resistance is adequate under minimum vertical
reaction conditions.
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In Step 2a, the combined vertical and horizontal forces on the spudcan shall be checked against

the

factored vertical-horizontal foundation capacity and the factored sliding capacity of all legs. 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
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

are

the

Tactored vertical-horizontal foundation capacity envelope and the factored sliding capacity of all Iegs.

The reactions are determined for a spudcan with "fixity" conditions whereby the interaction of mom
with vertical and horizontal reactions is implicitly included through the use of the yield function:

For Step 2c, the foundation capacity and sliding checks are performed implicitly through‘the use of

unfactored yield function as described in A.9.3.3.

When a Step 2a or 2b assessment results in calculated factored combined verticahand horizontal for
on the spudcan that lie outside the factored bearing capacity envelope, a Leével 3 assessment shal
used to evaluate the associated displacements. For all Step 2c analyses, a~Step 3a assessment shal
performed. The procedure shall account for the redistribution of forces ¢esulting from the overload
displacement of the spudcan(s). The acceptability of structural utilizations, overturning utilizati

ent

an

ces
be
be
and
bns,

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 possibilit
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 settlem

7 of

ent

for leeward legs. Sliding of windward legs shall be inyestigated. Additional settlement and sliding cause

the magnitude and distribution of the foundation reactions to change. The effects on the structure s
be evaluated, including displacement dependent effects. If the effects are significant the procedure s
be iterated.

hall
hall

Step 3b shall be performed using a structural model including non-linear response of soil and structure

(large displacement effects).

9.4 Other considerations

9.4.1 SKkirted spudcans

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

— filling‘efany voids within skirt should partial penetration occur;

— bearing capacity (which can exceed preload, see E.4);

— settlement, including consolidation of trapped soils;

— moment capacity;
— sliding resistance;
— foundation stiffness;
— drainage paths;

— resistance to extraction;
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— 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

perfetrates 1Imto a rard Stoping Stratur, there 1S poterntial to Benerdate ecceltricity i the spudcarn
reaftion, which should be taken into account. There is also increased potential for slippage on sloping
or Undulating strata.

9.4{3 Footprint considerations

Thd depressions in the sea floor, or in harder layers within the seabed, that remain when-ajack-up is
renmioved 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
locgl sedimentary regime.

The¢ positioning of spudcans very close to, or partially overlapping, feotprints 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 can cause damage to the jack-upsThe situation can be complicated by
the| proximity of a fixed structure or wellhead. The interaction¢between a spudcan and a footprint is
explected to be minimal when the edge-to-edge distance exceeds one spudcan diameter, see Stewart and
Finhie (2001)[173], Cassidy et al. (2009)48], Gaudin et al. (200.7)178 and Gan et al. (2008)1771.

9.4{4 Leaning instability

Lejning instability of jack-ups can occur during-operations in soft clays where the rate of increase in
bedring capacity with penetration is small, leading to uncontrollable leg penetration. The potential for
and consequences of such instability shall\be)considered.

9.4{5 Leg extraction difficulties

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

9.416 Cyclic mobility, liquefaction and liquefaction-induced lateral flow

Cydlic loading can~cause a progressive build-up of pore pressures within the foundation soils and
cornlsequent soikstréngth degradation (cyclic mobility or liquefaction). The effects can be either over a
large area orlocal to the soils under the spudcan.

Eanthquakes cause cyclic loading in the soil and can result in failure of the soil mass locally or over a
largearea. At a site with, or adjacent to, a sloping seabed, the potential for earthquake induced large-

h £ b - 1 h [ . 1 _£1 4l . 1.1 £C VIR | . 1 h 111 1 L PR |
Scare IITYUCIdCUUITFHIUULTU 1atcl dl ITOW UldU COUIU dlICCU LIT JdUR=UD SHTOUIU DC d55C55CU, 11T PIESTIIL, UIC
site should be rejected.

Local foundation cyclic loading can be caused by the jack-up response to earthquakes, severe storms,
rotating machinery, etc. Depending on the magnitude of pore pressures developed, cyclic loading can
result in large vertical and lateral displacements of the spudcans, which can be differential in some
cases. The assessment shall consider the effects of cyclic loading on the stability and displacements of
foundations. Guidance is provided in A.9.4.6.
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9.4.7 Scour

When a spudcan is installed on the sea floor, its presence can cause increased local flow velocities (due
to wave and current) that can result in the sea floor soils being eroded. The phenomenon of scour is
observed around spudcans that are embedded in granular materials at sites with high sea floor flow
velocities. If scour is recognized to potentially cause problems, then preventive measures shall be
implemented. See A.9.4.7 for further guidance.

9.4.8 Spudcan 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 displacenent
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 pilg is
greater than one spudcan diameter, then no significant lateral actions on the{pilé are expected jn a
homogeneous single-layer soil system. However, this is not necessarily truefor 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).

Guidance regarding the analytical procedures available for assessing these spudcan induced actiong 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 geohazafds,
can result in unforeseen events such as submarine slides and uncontrolled fluid releases that can
adversely affect jack-up performance andjor stability. These events can be triggered by natiiral
phenomena such as earthquakes or by human activities such as drilling.

Shallow geohazard risk assessments_are performed routinely in the offshore industry to safeguard well
and geotechnical drilling operations from subsurface hazards such as shallow gas. However, it is
important that a pre-installation shallow hazard assessment for a jack-up consider the overall
geological setting and all the-geohazards that can threaten the jack-up or its operations while on gite.
This work should be conducted and assured by competent geohazard specialists. Further information is
given in A.9.4.9.

9.4.10 Carbonate material

Carbonate/materials can exhibit unexpected behaviour and should be addressed with care (see A.9.3|2.5
and ISO 19901-4).

10-Structural response

10.1 Applicability

The response of a jack-up is determined by applying actions in accordance with the assessment load
case F, (see 8.8) to the structural model to determine displacements, internal forces in components and
reactions at the foundations. Responses shall be compared with resistances to determine the utilization
of the jack-up structure and its foundation; acceptance criteria are given in Clause 13.

This clause presents methods for calculating the response of a jack-up including static and dynamic
effects. This clause also presents a discussion of the important parameters affecting the dynamic
response, including mass, stiffness and damping. Actions are presented in Clause 7. Stiffness and mass
modelling and the application of actions are addressed in Clause 8. Foundation modelling is addressed
in Clause 9.
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10.2 General considerations

Acti

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

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

foundation reactions that shall be checked to determine foundation performance and global

Act

Stability;
displacements to check for interaction with adjacent structures.

on effects required for the assessment of jack-ups in the FLS, when applicable for longtterm

opdgrations, typically include local cyclic stresses which shall be checked to assess fatigue damage (see
Clapise 11).

10J3 Types of analyses and associated methods

Ajd

ck-up shall be assessed for the in-place elevated storm mode. Depending on thegeographic location

of the site, assessments for earthquake, ice and abnormal environmental evénts can be required. In

unu

sual circumstances, assessments for fatigue resistance and accidental sitdations can be required.

Different methods of analysis can be used for the various limit states to.be considered. The methods of
analysis for the in-place elevated storm mode include:

Tah

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 extremec¢values of the responses of the jack-up are
determined statistically by analysing multiple cambinations 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 determined.

le 10.3-1 summarizes the analysis'requirements for different assessment situations. The analyses

shall consider the parameters discussed in 10.4.

Table 10.3-1 = Analysis requirements for different assessment situations

In|

Deterministic analysis Stochastic analysis Ultimate

strength

place elevated mode Linear Non-linear Dynamic linear Dynamic analygsis
non-linear

sery

Ultimate and

Generally outside

iceabilitylimit states See 10.5,A.10.5.2 and A.10.5.3 the scope of this

document.
ULSP and SLS
(ULY and SLS) See 10.10
Fati g‘“‘e‘l‘i‘mi‘t‘sfatc {FLS) See16-6 ot a})p};\.qblc See40-6 ot a})p};\.qblc ot a})p};\.qblc
Generally outside
Accidental/Abnormal Appropriate, but | Appropriate, but |Appropriate, but| Appropriate, but | the scope of this
limit state (ALS) can be unduly outside the scope can be outside the scope document.
conservative of this document conservative of this document [ However see 10.8
forice

Generally outside
Appropriate, but outside the scope of [ the scope of this

Earthquake (ULS or ALS) See 10.7 and A.10.7 this document document. See
A10.7.4
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10.4 Common parameters
10.4.1 General
A description of important parameters that are applicable to all analysis methods is given in 10.4.

10.4.2 Natural periods and related considerations

10.4.2.1 General

The estimation of natural periods is critical for the determination of the structural response$-because

jack-ups can exhibit significant dynamic effects. As a result, the dynamic responses can differ marks
from the static responses. The assessment of responses shall consider the possibletvariation of
natural periods and its implication on the accuracy of the analyses.

Determining the natural periods depends upon accurate estimates for

— the water depth and hull elevation,

— leg penetration and nature of the foundation, and

— the magnitude and location of masses associated with actigns 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 connect
foundation and the P-A geometric effects as defined by the modelling practices in Clause 8. A rang
stiffness values should be considered if stiffness,information is not well defined.

10.4.2.3 Mass
The mass model shall include contributions from structural, non-structural and added masses (see 8

For all analysis types, the most likely mass distribution should be considered, e.g. the position of
cantilever, the distribution 6f the variable load, and the level of marine growth. A range of value
distributions should be considered if mass information is not well defined or when the tolerances
the known position are-significant.

10.4.2.4 Variability in natural period

The variabilityyin natural period shall be considered. There are several factors that can cause variab
in natural\periods including stiffness non-linearities in the structure and foundation. The naty
periods-of the jack-up are a function of the static and time-varying response due to non-linearities in
structural and foundation behaviour. Structural non-linearities can result from stiffness changes (|
impact, yielding, etc.). Foundation non-linearities can result from changes in stiffness as a functiol
the force level with respect to the yield surface and force reversal (hysteresis). For example,

dly
the

on,
b of

7).

the
or
on

lity
hral
the
gap
h of
the

\mrinhi]ify innatural pm‘ind should be taken into account when Qp]pr‘ﬁng the levels of Fiyify tousein

the

analysis as it can affect the influence of wave reinforcement and/or cancellation effects.

NOTE The calculated natural periods can vary considerably between linear elastic and non-linear analyses.

10.4.2.5 Cancellation and reinforcement

Cancellation is the situation where, due to the spacing between the jack-up legs with respect to

the

wave length, the wave action on the jack-up is close to zero over the complete wave cycle. The primary
parameters for reinforcement and cancellation effects are the wave length and the leg spacing. First

cancellation occurs when the crest and trough of the same wave cycle are at two legs (leg spacing
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half of the wave length). First reinforcement occurs when the crests of successive wave cycles are at the
legs. Subsequent order period cancellations and reinforcements occur at progressively shorter periods.

The wave period used in the deterministic extreme storm analysis shall be chosen with the range to
minimize the effects of cancellation, see e.g. A.6.4.2.3.

In a random wave dynamic analysis, wave action cancellation can significantly reduce the dynamic
amWWWW ication. TNis effect should be minimiZed by adjusting the natural period of the jack-up to be away
from the cancellation periods.

10.¢.3 Damping

Conjtributions to the system damping include foundation damping, hydrodynamic damping and
strictural damping. Non-linear behaviour of the foundation and the jacking system also gontributes to
system damping. The degree to which each of these contributions affects the system ddmping depends
on the type of analysis and the level of system response.

10.4.4 Foundations

Thg analysis of the structure and the assessment of the foundation can beperformed essentially in two
different ways.

— | 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 quasirstatic 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, current and waves all contribute to the storm excitation. The primary source of dynamic
excftation is from the fluctuating nature of waves.

As waves and currents interact; these two metocean factors should be considered in combination when
genlerating time-varying hydrodynamic actions in accordance with Clauses 7 and A.7.

Varfious mean wave.'directions shall be considered. The effect of wave spreading around the mean
dir¢ction may be taken into account, provided reliable information is available.

Whien using jeint probability metocean data, relevant combinations of wind, waves and current shall be
conlsidered-to’determine the most onerous combination (see A.7.3.1.1).

Sed| states with a peak period close to the natural period of the jack-up can give larger dynamic
amplification resulting in larger responses iN lOWer sea states than the extreme storm event. 1 Nerefore,
waves with peak periods close 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
A jack-up responds dynamically to time-varying wave actions (see 10.4.5 and A.10.4.5). This behaviour

shall be modelled appropriately in the analysis by including the static and dynamic contributions. These
effects can be determined by a two-stage deterministic or by a one-stage stochastic analysis procedure.
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Static actions due to fixed loads, variable loads and wind actions shall be combined with the time-

varying wave and current actions.

A two-stage deterministic storm analysis involves developing static metocean actions and an inertial
loadset. The inertial loadset can be developed from either a classical SDOF analogy or from a random
dynamic analysis, in both cases through the development of a DAF (see 10.5.2). The inertial loadset

shall be applied to be in phase with, and to increase the response to, the metocean actions as one of

the

Toadcases. When the natural period divided by the apparent wave period 1s greater than 0,9, cau
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 dire
included, can also be used. This analysis predicts the combined static and dynamic response of the j3
up to random wave actions from which the most probable maximum extreme (MPME) responses
calculated; see 10.5.3.

ion

ctly
jck-
are

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.

Table 10.5-1 summarizes the two approaches to incorporating foundation response (10.4.4)
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
deterministic, quasi-static wave analysis. This method/does not reflect the random nature of w
excitation and assumes that the extreme responses.are uniquely linked to the occurrence of a single
periodic extreme wave.

Deterministic responses are normally calculated by time stepping the single and periodic extreme w
through the structure. The extreme responses are determined from the following:

— the actions due to fixed loads, variable loads and wind actions;
— the time-dependent, but.quasi-static wave/current actions;
— aninertial loadset representing dynamic effects.

The actions of the fikst and second list items above shall be determined in accordance with Clause 7.

hnd

the
ave
and

ave
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Table 10.5-1 — Methods of extreme storm analysis

Two-stage One-stage
deterministic storm analysis stochastic storm analysis
Parameter Det Stage 1DAF Stage 2 Multiple random time
etermine Single deterministic pera .
. domain simulations
storm analysis
DAF,SDOF DAF,RANDOM

Walve/current not applicable (su eR:n(?s(;glon of High order regular wave Random
actjons PP pberp & g (linear or higher order)

linear components)

) ) Inertial loadset determined
Time domain

Dyhamics Formula (A.10.5-1) simulations by means of Time domain simulations

(see A.10.5.2.2.2) (see A10.5.2.2.3) K., ov0r OT Kot ianvon (see A.10.5.8)

(see A.10.5.2)
Wi11d actions not applicable Ignore Quasi-static Quasi-static
lendation Linearized Linearized Non-linear Non-linear
. Non-linear
Strjicture Stl.ffness from or calibrated Non-linear Non-linear
non-linear structure .
to non-linear

Oufput DARSDOF DAFRANDOM (Global) responses (Global) responses
Thg¢ 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-

stat

Al
ine
alw

out
(A.

ic 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.

P.5.2.2.3 gives load cases that should.be considered when Kpjp panpom 1S used to determine the
rtial loadset in a two-stage analysis. The first load case that includes in-phase inertial load shall
ays be considered, e.g. as Formula (A.10.5-4). When (T,,/T,) > 0,9, additional load cases considering

-of-phase inertial loads should be considered, e.g. the three shown in A.10.5.2.2.3, Formulae
0.5-5) to (A.10.5-7).

Whien determining DAFs, P-A effects shall be included in both the quasi-static and the dynamic analyses

ang
mo

10.

In 4

the contribution of the P-A effect to the overturning moment shall be included in the overturning
ment.

5.3 Stochastic storm analysis

he‘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 simulation, the actions due to fixed loads, variable load and wind actions are combined with the

tim

e-varying wave/current actions. The actions shall be determined in accordance with Clause 7. The

influence of dynamic effects is inherently included in the results of the dynamic stochastic analyses.

Wh
of s

62

en undertaking a fully integrated dynamic stochastic analysis that directly results in a time history
tructural and foundation utilizations, it is necessary to determine the MPME of each utilization.
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The action factors on metocean actions for this analysis method shall be set to 1,0 in accordance with
8.8.1.3. To obtain a consistent level of environmental actions the metocean parameters (i.e. wind
velocity, wave height and current velocity) shall be factored; see A.10.5.3.

NOTE The inclusion of action factors not equal to unity is complex and open to physical inconsistencies and
misapplication. The more logical approach of applying partial factors to the metocean parameters has been
adopted for fully integrated dynamic stochastic analyses. However, the partial factors on metocean parameters for

ctaochactic anmalucic ead o datapinin g tha NAD on cat 0 0
SteeraStHeaiarySts t o e-5
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10.5.4 Initial leg inclination

The initial leg inclination resulting from guide clearances and from the permitted hull inclination resplts
in additional leg moment. If the initial leg inclination is explicitly modelled, the additionial moments|are
inherently included in the results.

If the initial leg inclination is not explicitly modelled, the member forces and holding system forces ffom
the analysis in accordance with 10.5.2 or 10.5.3 shall be increased to account for the effect of the
additional leg moment prior to undertaking 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 |the
vicinity of the hull; this can be achieved simply by considering the-base of the legs to be offset in the|up-
wind direction.

10.5.5 Limit state checks
Limit state checks shall be performed for:

— strength of leg members, particularly in the vicinity of the upper and lower guides and adjacent to
leg to spudcan connections;

— strength of the holding system. Hull-strength and jackhouse to deck connections are considered to
be 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 Clauses9, 12 and 13.
10.6 Fatigue analysis

A fatigue analysis is normally undertaken during the jack-up design phase. For jack-up operationf of
shorter duration than the RCS special survey period, fatigue analysis is not required provided that an

RCS structural integrity regime, or equivalent, is in place. For jack-up operations of longer duration
f;\fignp shall be considered see Clause 11

10.7 Earthquake analysis

This subclause addresses analysis of a jack-up using exposure level L1 earthquake data, see 5.5.5.

An earthquake assessment shall be performed for sites where the ISO 19901-2 seismic zone is 2 or
above. It is not necessary to perform an earthquake assessment for seismic zone 0. For seismic zone 1,

an earthquake assessment should be considered when any of the following conditions applies:

— sites with the potential for cyclic mobility (e.g. liquefaction) (ISO 19901-2 site class F);
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— sites with the potential for unacceptable additional leg penetrations if the preload reactions are
exceeded (settlement limits can be reduced when operating adjacent to other structures);

— jack-ups where the ratio between the individual leg preload reaction at the spudcan and the
maximum still water operating reaction at the spudcan is less than 1,25.

For the relevant zone 1 or higher zones the structure may be assessed using an ELE screening

asspssment to ULS criteria. The ELE screening earthquake actions shall be derived from the uniform
hazard spectrum for a return period of 1 000 years. Guidance on 1 000 year earthquake response
spectrum criteria can be found in ISO 19901-2. In this kind of earthquake, the jack-up should sustain
little or no damage.

If the jack-up does not satisfy this 1 000 year ELE screening to ULS assessment criteria or'the ELE
scre¢ening assessment has not been performed, the alternative assessment methods (see 10.10) in
combination with ISO 19901-2 shall be used to evaluate conformity with the earthquake performance
re(lllirements. In this case, the jack-up is acceptable if the assessment demonstrates’ that structural
failires causing loss of life and/or major environmental damage do not occur‘under any of the
earthquake events considered although, in some cases, considerable strfictural damage can be
susfained.

NOTE1 The dynamic effects of the soil column are not specifically addressed in the screening assessment,
however they are included implicitly in the response spectra amplification coefficients. In the alternative
ass¢ssment approach, the non-linear soil behaviour and its effect on the soil dynamics can be included in the Site
Response Analysis or a more detailed soil representation.

Thd effect of the earthquake on the cantilever hold-down-and other critical parts of the jack-up shall be
considered.

Earthquake actions shall include accelerations duéeto the fundamental modes of vibration as well as
higher frequency modes associated with the legs above and below the hull, and significant drilling
facilities. In addition, the local actions from-50il movement on the spudcans and the legs should be
considered, where relevant. The associated.inertial actions on all significant masses shall be taken into
accpunt.

Parftial action factors for earthquake'assessments are given in 8.8.1.1 and 8.8.1.4.

Sinfe it is not possible to ready the jack-up for an earthquake, it is important to consider reasonable
mass and operating configurations.

For earthquake assessuients, the spudcan internal entrapped mass shall be included in the mass model
and the spudcan added mass (surrounding water and/or soil) shall be included where significant.

NOTE2  AJow mass tends to lead to a shorter natural period and, hence, greater amplification. A higher mass
resylts in a-lenger period but can be associated with greater lateral forces depending on the reduction in the
trarjsverse’accelerations in combination with the increased mass.

Theéassessmrent modetshattimctudea reatistic range of spudcar=soit modettingthatencompassesthe
uncertainties in foundation stiffness and capacities. For earthquake excitation, foundation fixity tends to
increase the inertial response and shall be considered - a pinned spudcan model, in general, produces
an unconservative representation of the earthquake demand on the jack-up. Where the penetration
predictions vary significantly, the range shall be considered.

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

At sites where cohesionless soil conditions dominate, the possibility of earthquake-induced soil cyclic
mobility shall be considered (see 9.4.6).
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10.8 Ice

10.8.1 General

Jack-ups operating in arctic and cold regions shall conform with the relevant clauses of this document
and ISO 19906, as appropriate. Arctic and cold regions are taken to be those areas that can be affected

by sea ice, icebergs and icing conditions.

When the annual probability of ice interaction with jack-up is less than 10-4, then ice actions need\not be

assessed.

When 10-4 < (annual probability of ice interaction with jack-up) < 10-2 an ALS ice-assessment shal
undertaken (see 10.8.3).

When the annual probability of ice interaction with jack-up is greater than 402 ULS and ALS
assessments shall be undertaken (see 10.8.2 and 10.8.3). The annual probability of ice interaction
be demonstrated to be reduced through analysis and use of ice management)removal (moving off)
seasonality (see 19906:2019, 8.2.7, 1SO 35104).

See A.10.8.1.1 for examples of different operating area types.

10.8.2 ULS

When undertaking ULS ice assessments in extreme assessment situations, see 5.3 a):

— The extreme level wind, wave and current returnperiod shall be taken from this document.
— The extreme wind, wave and current actioprfactor shall be taken from this document.

— The gravity action factors shall be takeén from this document.

— The extreme level ice probabilityof exceedance shall be taken from ISO 19906:2019, 7.2.2.3.
— The extreme level ice actionfactors shall be taken from ISO 19906:2019, Table 7-3.

— In the absence of‘\a joint probability analysis, combination factors shall be taken fi
ISO 19906:2019, Table 7-2.

10.8.3 ALS
When undertaking ALS ice assessments in abnormal assessment situations:

— Theabnormal level wind, wave and current probability of exceedance shall be taken fi
ISO 19906.

—— The abnormal level wind, wave and current action factor shall be taken from ISO 19906.

be

ice-
can
and
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— The gravity action factors shall be taken from this document.
— The abnormal level ice probability of exceedance shall be taken from ISO 19906:2019, 7.2.2.4.

— The abnormal level ice action factor shall be taken from ISO 19906:2019, Table 7-3.

— In the absence of a joint probability analysis, combination factors shall be taken from

[SO 19906:2019, Table 7-2.
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10.

8.4 Assessments in the area types
0.8.4 gives examples of the assessment used in the different area types.

8.5 Additional factors for arctic and cold regions

The assessment of operations in arctic and cold regions shall account for factors additional to those
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9 Accidental situations

idental situations are not normally addressed as part of an assessment unless specifically required
he jack-up owner, operator or regulator (see also 5.3).

10 Alternative analysis methods
10.1 Ultimate strength analysis

ultimate strength analysis is intended to identify the collapse strength of-the jack-up structure and
hdation under applied actions. For occupied situations, the acceptancé criteria are typically set by
regulator. For unoccupied/occupied-evacuated situations, the accéptance criteria shall be agreed
iveen 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 ratio (e.g. Gulf of Mexico fixed structuresysee [SO 19902:2020, 9.10.2);

performing time-history analyses for the ALEy(see ISO 19901-2);
performing ice ALS analyses.

uncertainties associated with foundation capacity can be significantly greater than those associated
h the ultimate strength of the structure. In performing ultimate strength analyses, it is therefore
ortant to make this distinetion and to evaluate both structural and foundation failure modes.
refore, the following strategy is recommended.

Structural or foundation failure should be identified using an analysis based on mean (or best
estimates) of struétural steel properties and soil properties.

Where foundation failure occurs before structural failure, structural failure should be determined
assuming @-foundation fixity based on upper bound or, if necessary, artificially strong, estimates of
soil preperties. The foundation displacement due to the foundation failure should be appropriately
modelled. This should provide an assessment of the steel structure strength.

Ult

mate ernngfh evaluation is used to estimate the maost ]il(n]y r‘n]]apcp cfw:-ngfh of a structure with

partial resistance factors set to 1,0. Due to the absence of partial resistance factors, an ultimate strength

eva

10.

luation shall be interpreted and used with care.

10.2 Methodology

Methodology for performing an ultimate strength analysis can be found in ISO 19902. The
determination of actions and foundation properties shall be in accordance with this document.
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11 Long-term applications
11.1 Applicability

When a jack-up is to be operated at one particular site for longer than the special survey period, the
site-specific assessment shall be supplemented by the provisions of Clause 11 and the requirements of
the RCS classing the jack-up.

There can be additional specific requirements of the jack-up owner, operator and regulator relatetli to
the long-term application.

11.2 Assessment data

In addition to the data normally required for short-term assessment, further data associated with ldng-
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;

— 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-élevated storm mode configurations given in|the
marine operations manual;

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

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

— the geotechnical data required for the assessment of long-term operations;
— other data required.for fatigue assessment (see 11.3.1).

11.3 Special requirements

11.3.1 Fatigue assessment

The remaining fatigue life of all relevant structural components shall be shown to be adequate for|the
planned period on site. In the assessment, any fatigue damage contributions from the jack-up's prior
service shall be taken into account; historical jack-up and site data shall be requested from the jack-up
owner. In view of the inherent uncertainty of fatigue life assessments, a margin of safety shall be applied
through a fatigue damage design factor (fgp). See A.11.3.1 for further details.

The partial action factors used for fatigue analysis can be reduced to unity when using S-N curves at
mean minus two standard deviations of log(N).

11.3.2 Weight control

Changes in weight during the long-term operations shall be monitored to ensure conformity with the
assessment assumptions. A sufficient allowance for weight growth shall be included in the assessment.
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11.3.3 Corrosion protection

Adequate corrosion protection shall be implemented to cover the entire duration on site. Special
attention shall be given to corrosion protection in the splash zone.

11.3.4 Marine growth
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3.5 Foundations
assessment shall include consideration of the potential for and effects of
settlement under extreme storm actions,
long-term foundation settlement,
seabed subsidence, e.g. due to reservoir depletion,
scour, and
seabed mobility.
4 Survey requirements

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

a special survey prior to deployment on site;

project specific surveys in accordance with.ah in-service inspection programme (PSIIP).
PSIIP required for long-term operations shall be developed based on:

RCS requirements;

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

the assessment results for the expected operations.

floor surveys shdll be included in the PSIIP for sites where scour and/or seabed mobility are known
ccur.

hanges to-the initially planned duration are proposed by the operator, the jack-up owner should
ument-that the jack-up has sufficient remaining fatigue life, and approval is obtained from the RCS
regulator.

12

12.

12

Thi

Structural strength

1 Applicability

.1.1 General

s clause provides the basis for the determination of the structural strength of truss type legs. Limited

guidance is given for other leg types. The strength of the fixation system and/or the elevating system
and the strength of the spudcan are normally provided by the manufacturer.
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Formulae for the required strength checks are given in this clause, which result in structural strength
utilizations in accordance with Clause 13.

A suitable method for carrying out the required calculations is given in A.12. The resistance factors
given in Annex B are specifically tied to the calculation methods presented in A.12 and shall be re-
calibrated if other methods are used.

RCS TequiTements COVer the design, CONSUction, and periodic SUrvey of the jack-up and address iss|ies,
such as material properties, fabrication tolerances, welding, construction details and partsof |the
jack-up other than the legs (e.g. jackhouse and hull structure), which are not normally addressed |n a
site-specific assessment. For example, when the forces within the fixation system are within-the lirnits
set by 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.

In this clause, and the corresponding A.12, values for strength, capacity,’properties, modulus and
geometry are representative values unless indicated otherwise.

12.1.2 Truss type legs

The requirements set out in Clause 12 relate to chords and braees of truss type legs. Weld sizes, gugset
plates, the strength of joints, etc., are covered by RCS requiréments, and should not control the overall
structural integrity. Chords and braces are covered in 12:2 to 12.6.

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 sectigns,
e.g. American Petroleum Institute references API Bulletin 2U (2004)t6l and API Bulletin 2V (2004)7 or
DNV-RP-C202 (DNV 2021b)!58] and DNV=CG-0128 (DNV 2021a)[571.

12.1.4 Fixation system and/or €levating system

The factored representative ultimate strength shall be used for the strength assessment. The strength of
the fixation system andjor the elevating system is normally supplied by the manufacturer. The
manufacturer's data i§ not necessarily the unfactored representative ultimate strength of the system(s)
but can be a working stress limit value. Data can be given separately for the vertical and horizontal
directions. If no_representative ultimate strength data are given, or cannot be inferred, then
representativeultimate strengths shall be determined through rational analysis.

NOTE An example of a rational approach to determining the ultimate strength is to multiply the allowable
rated.eapacity by 1,15.

12.1.5 Spudcan strength including connection to the leg

a g g hall be
used for the strength assessment. The strength of the spudcan and the spudcan to leg connection is
normally supplied by the manufacturer for all applicable vertical and horizontal forces, and for
moments about the horizontal axes. The manufacturer's data are not necessarily the unfactored
representative ultimate strengths but can be working stress limit values. If no representative ultimate
strength data are given, or cannot be inferred, then representative ultimate strengths shall be
determined through rational analysis.

NOTE An example of a rational approach to determining the ultimate strength is to multiply the
allowable rated capacity by 1,15.
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12.1.6 Overview of the assessment procedure

The basic approach consists of the determination of

classification of member cross-sections (see 12.2),

section properties of non-circular prismatic members (see 12.3),

12
12,

The
tub
tub
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12,

The

Euler amplification of member forces (if not included within the structural analysis) (see 12.4),

strength of lattice leg members [tubular members (see 12.5), and prismatic members in truss.fype
legs (see 12.6)], and

strength of joints (see 12.7).
2 Classification of member cross-sections
2.1 Member types

methodology used to classify member cross-sections is different for“Circular cross-sections of
lar members and for all other cross-sections of prismatic members. Longitudinally reinforced
lars and tubulars with pin-holes, cut-outs, etc., shall be considered to be non-circular prismatic
mbers.

2.2 Material yield strength

material yield strength used in the member classification and the calculation of member strengths

shalll correspond to the value at 0,2 % strain offset from the initial linear stress-strain behaviour. A

less

12,

The
to
cro

Fon

er value shall be used when the material does noet.exhibit sufficient work-hardening.
2.3 Classification definitions

strength of a steel cross-section is affected by its potential to suffer local buckling when subjected
ompression due to a bending mothent or an axial force, or a combination thereof. By classifying
5s-sections, the requirement to explicitly calculate local buckling strength is avoided.

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-

sec
of

sec
ass

fion is composed of components of different classes, it shall be classified in accordance with the class
ts component(s) with the lowest strength in compression. Slender components within a cross-
fion can be ignered, provided that only the remaining cross-section is used for all aspects of the
essment. The following classification shall be applied.

Classd\ Plastic: Cross-sections with plastic hinge rotation capacity. Conformity 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.

70

Class 2 Compact: Cross-sections with plastic moment capacity. Conformity 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 3 Non-compact (or semi-compact): Cross-sections with between full yield moment capacity
and plastic moment capacity. Conformity with this classification enables the yield stress to be
realized at the extreme compression fibre, but elasto-plastic local buckling prevents development
of the full plastic moment capacity.
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— Class 4 Slender: Cross-sections that buckle locally before the yield stress can be achieved. A
cross-section is classified as slender if any of the compression components of the cross-section does

not conform with the limits for non-compact components.

There is no requirement to classify tubular member cross-sections to the same extent as non-circular
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 formulae for tubular member cross-secti

ons

presented in A.12.5 account for local buckling, whether plastic or elastic.
12.3 Section properties of non-circular prismatic members

12.3.1 General

The requirements in 12.3 apply to rolled and welded non-circular prismatic members comprising
or more components, such as can be found in a chord section of a jack-up leg~Their cross-sectic
properties shall be determined as described in 12.3.

Cross-sectional properties of tubular members are included within thedetermination of their stren
and addressed in 12.5.

12.3.2 Plastic and compact sections

For class 1 plastic and class 2 compact sections, section properties can be determined assuming f
plastic properties.

Where elastic section properties are determined.for class 1 and 2 sections instead of plastic sect
properties, these can be based on a fully effective. cross-section and shall then be treated as for cla
sections.

12.3.3 Semi-compact sections

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

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

NOTE The ctitical stress locations are typically at the edges of the components and are a function of|
member forees, the yield strength of the component and its position within the cross-section of the member.

12.3.4Slender sections

Cross-section properties for class 4 slender sections shall be determined using elastic principles. W
the stress across the entire section is tensile, the full section may be used. If any part of the section i
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r‘nmprnccinn’ the sectional prnpnrﬁpc shall be reduced as rpqnirnd based on effective sections

A12.3.5).
12.3.5 Cross-section properties for the assessment

The nomenclature and selection of variables for use in the assessment of members are summari
inA.12.3.5.
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12.4 Effects of axial force on bending moment

The moment resulting from the eccentricity between the elastic and plastic centroids of class 1, 2 and 3
sections shall be included in the assessment moment; this can occur in sections that include
components of differing yield strengths. Similarly, for class 4 sections, there is an eccentricity between
the full elastic centroid that is used in the structural response analysis and the centroid of the reduced
section that is used in the member strength check. This moment correction shall be included for

members 1n both tension and compression.

Euler moment amplification, or p-8 effects, shall be included for members in axial compression. When
p-9| effects are not included in the structural response analysis, they shall be included in the strength
checks. The effective length factors (K)and moment reduction factors (C,,.) for use in strength checks

arellisted in Table A.12.4-1. Alternatively, they can be determined using a rational analysis thatincludes
joirft flexibility and side-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
shquld include the effects of both the global large displacement effects (P-AJ-and the local member
moment amplification (p-6). Large displacement effects (P-A) are addressed4n)Clause 8.

12)5 Strength of tubular members

Thg strength of tubular members shall be checked for combined axial forces and bending, and for shear
and torsional shear. The partial factors for the checks required-by this subclause are given in Annex B.

Thg requirements given in 12.5 ignore the effects ofihydrostatic pressure. The validity of this
asspiimption shall be checked for all sealed tubular sections’(see e.g. Table A.12.5-1).

12)6 Strength of non-circular prismatic members
Thg strength of non-circular prismatic members shall be checked for combined axial forces and
berlding, and for shear and torsional shear.‘The partial factors for the checks required by this subclause

are|given in Annex B.

Thg requirements given in 12.6 ignore the effects of hydrostatic pressure. The validity of this
assiimption shall be checked for.all sealed non-circular prismatic members (see e.g. Figure A.12.6-1 and
Tahle A.12.5-1).

12]7 Assessment of joints
Joint strength is_normally addressed by the RCS for the metocean conditions given in the operations

mahual. If the_asSessor has concerns that the site conditions lead to joint loads that exceed those
assessed by<he RCS, joint strength shall be assessed.

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 analysis methodology set out in the rest of this document and are valid only if used
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with this methodology. The factors do not necessarily provide adequate reliability if used with other

methodologies.
The criteria for checking the acceptability of a jack-up include consideration of the following issues:

— structural strength of legs, spudcan, and holding system (see 13.3, 13.4, and 13.5, respectively);

—hultetevationr{see13:63;
— leglength reserve (see 13.7);
— overturning stability (see 13.8);

— foundation integrity including preload, foundation capacity, sliding displacement, settlem
resulting from exceedance of the capacity envelope (see 13.9);

— interaction with adjacent infrastructure (see 13.10);
— temperature (see 13.11).

The assessment checks for structural strength, overturning stability and foundation integrity for €
limit state and assessment situation are based on a utilization parameter as described in 13.2.

13.1.2 Ultimate limit states

The assessment of the ultimate limit states (ULS)shall ensure that the acceptance criteria are
exceeded in any of the applicable assessment situations; see 5.1, 5.3 and 5.4.

The integrity of the foundation is central to the'Site-specific assessment of a jack-up.
Areas on jack-ups that are often criticabwith regard to structural strength are the legs at the loj

guides, the legs between guides, the~pinions and/or rack teeth, the fixation system and/or fixat
system supports (if fixation system«is’fitted) and the leg to spudcan connection. Where there is a deg

ent
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not
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of foundation fixity, the lower parts of the leg shall be checked assuming an upper bound fixity value.

Foundation fixity may be included in the evaluation of the upper leg when justified by an applicable
detailed foundation study.

Conformity in whole-er/in part can also be demonstrated through comparison with prior assessmg
conducted in accordance with the provisions of this document.

13.1.3 Serviceability and accidental limit states
Serviceahility limit states and accidental limit states are discussed in 5.3.
13-1:4Fatigue limit states

For jack-up operations with a duration less than the RCS special survey period, a fatigue analysis is

hnd

nts

not

required, provided that structural integrity 1s 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 between five years and eight years.

13.2 General formulation of the assessment check

The assessment shall follow a partial safety factor format. The partial action factors shall be applied to
actions, not the action effects. The partial resistance factors shall be applied to representative
foundation capacities and structural strengths. When undertaking a stochastic time domain procedure
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that incorporates fully non-linear foundation responses, the MPME utilizations shall be calculated using
the procedure set out in 10.5.3.

The utilization for each limit state and assessment situation shall satisfy the requirement of
Formula (13.2-1):

U<1,0 (13.2-1)

where U is the utilization to one significant decimal place.

Forl assessments where the relevant action effect can be expressed by a single response, U is of the
genjeral form given in Formula (13-2-2):

U = (13.2-2)
where

Ap, is the action effect due to factored actions

R is the factored resistance

Forl members and foundations subjected to combined forces, the'internal force pattern and the
res]stances combine into a single interaction formula, e.g. combined axial and bending, see A.12.5.3.2
and A.12.6.3. If the interaction formula governing the assesSment check is, or can be, reduced to an
inefjuality of the form U < 1,0, then the utilization is equal toU. For assessments where the resistance is
given by the yield interaction surface (for foundations) or'the plastic interaction surface (for strength of
nor}-circular prismatic members) the utilization is of the general form given in Formula (13-2-3):

U=
L,

(13-2-3)
where

L1 is the length of the vectorfrom a specified origin to the factored action effect

L is the length of the veector from the origin specified for L; to the factored interaction surface

Fadtored actions shallbe determined in accordance with the assessment load case F in 8.8.

Actfon effects shall be determined in accordance with the requirements of Clauses9, 10 and 12.
Asgociated guidance is given in A.9, A.10 and A.12. The particular form of the utilization formula is
detprmined:by the foundation and strength checks formulated in these clauses.

Al’lllleX B’ summarizes the clause(s)/subclauses(s) in this document where the applicable calculation

methiodology and the associated asSessment Check(s) can be found, and 1iSts the values of the partal
action and resistance factors that shall be used.

NOTE Normally, both partial action and partial resistance factors are greater than unity: actions are
multiplied by partial action factors and resistances are divided by partial resistance factors.

13.3 Leg strength assessment
Formulae (13.2-2) or (13.2-3), as applicable, 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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(E)

The forces on the holding system due to factored actions, for any of the applicable assessment
situations, shall be checked against the factored representative value of ultimate strength. A partial

resistance factor for holding system strength of yry = 1,15 shall be used.

13.5 Spudcan strength assessment

The forces on the top and bottom of the spudcan due to factored actions, for any of the applicg
assessment situations, shall be checked against the factored representative value of ultimate strerngt
partial resistance factor for spudcan strength of yp ¢=1,15 shall be used. Care should be;taken w

using calculated foundation capacities (e.g. see E.4.9) because the forces can be higher than used in
manufacturer’s design case.

NOTE1 This check addresses issues such as: spudcan overburden (at maximumrypenetration); spud
strength (over the range of predicted penetration); and eccentric spudcan support (e.g’ due to foundation fi
sloping seabed or existing spudcan footprints).

NOTE 2  The spudcan strength checks are unlikely to be critical unless the assessment vertical seabed reac
exceeds the maximum design preload reaction.

13.6 Hull elevation assessment

A hull elevation resulting in at least 1,5 m clearance between the assessment return period extrg
wave crest elevation and the underside of the hull shallbe provided (see 6.4). The extreme wave c
elevation is normally determined from the extreme still'water level (SWL) in A.6.4.4 and the wave c
elevation above SWL in A.6.4.2.4.

In some areas of the world an abnormal waye‘rest elevation (see A.6.4.2.4) that can affect the glc
response, can be greater than the extreme\wave crest elevation plus 1,5 m. The hull elevation shal
sufficient to clear this abnormal waveccrest elevation. Where appropriate metocean databases
reliability models exist, the abnormal*wave crest elevation can be determined accounting for the j
probability of tide, surge and crest élevation.

The hull elevation shall accountfor any settlement due to the extreme or abnormal storm event.

NOTE1  Metocean studies.after hurricanes Katrina and Rita have suggested that there exist local wave ¢
enhancements with a small*area of effect, (Forristall, 2007)[71l. When calculating the hull elevation for jack-up
is not necessary to consider these local effects over and above the abnormal crest elevation since they do
affect the jack-up globally.

NOTE 2  Thee-air gap is defined in ISO 19900 as the clearance between the highest water surface that oc
during the‘\extreme metocean conditions and the lowest exposed part not designed to withstand w
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 predictio}
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leg penetration and account for any settlement. The leg length reserve shall be at least 1,5 m. The

greater the uncertainty, the larger the leg length reserve that should be available. A larger reserve
also be required due to the following:

— strength limitations of the top bay;

— the increase in the proportion of the leg bending moment carried by the holding system due to
effective reduction in leg stiffness at the upper guide;

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

— reservoir settlement.
13.8 Overturning stability assessment

Formula (13.2-2) shall be used to assess margin of safety against overturning of the jack-up. The
utilfzatiomrshattbecatcutatedas the ratioof overturnming moment dueto-thefactoredactions; Mg, amd——

the|factored stabilizing moment, Ry gy

Thg overturning moment, My, shall be calculated about the overturning axis in the most critical
asspssment situation using the assessment load case F;. 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 representative value of the stabilizing moment R, o1\ shall be calculated

by Formula (13.8-1):

R R

a0tm =R ot/ 7rotM (13.8-1)

where

R.orm s the representative value of the stabilizing moment;
YrorM IS the partial resistance factor for stabilizing moment, y; oy = 1,05.

The representative value of the stabilizing moment, R, §gy, shall be calculated for the same assessment

sityation and about the same axis as used for the calculation of the overturning moment and shall
accpunt for the following contributions:

— | large deflection (P-A) effects shall be included when computing the overturning utilization;

— | the minimum stabilizing moment filom the most onerous combination of minimum variable load
and position of centre of gravityinaccordance with 5.3, 5.4.4, 7.4 (see also A.7.4);

— | the stabilizing moments previded by a degree of foundation fixity; any stabilizing moments from
foundation fixity shall be‘calculated in accordance with Clause 9, taking account of any reduction of
the moment fixity to-eonform with the yield surface of the foundation.

Large deflection (P-Aj effects can be included in one of three ways.

a) | A reduced,stabilizing moment can be calculated from the fixed action with the jack-up at the
displaced position resulting from the factored actions.

b) | Afnincreased overturning moment can be calculated incorporating the additional overturning of
the hull at a displaced condition.

c) The overturning moment can be calculated from the foundation reactions obtained from a large
deflection analysis, so the reduction in stabilizing moment due to large deflection effects is
implicitly included within the overturning moment.

NOTE The overturning check serves only the purpose of a traditional benchmark; the assessment is
governed by the foundation checks.
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13.9 Foundation integrity assessment
13.9.1 Foundation capacity check
Formulae (13.2-2) or (13.2-3) as applicable 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 (see also A.9.3.6).

For a Level 1 foundation integrity check, the preload utilization, Us,, shall be computed and reported

(see e.g. A9.3.6.2). The utilization shall satisfy Formula (13.9-1) or the alternative formulation of
Formula (13.9-2):

. Ve + Wgpa Lo
- S y
Sl Vio! 7R pRE
’ (13.9-1)
or
’ Fy =Wgp , + Bg Lo
- <
s, pl =L
P Vio! 7R prE
: (13.9-2)

where the symbols are as defined in 4.1 and y; pgg shallbe taken as 1,1.

For a Step 2a check with pinned spudcans, the utilization of the vertical and horizontal foundation
capacity, Us ,, shall be determined (see e.g. A9.3.6.4.1) and shall satisfy Formula (13.9-3):

L
US,th = L_bz < 1'0
(13.9-3)

where

Lp1 is the length of\the vector from origin used for establishing the bearing utilization
(Fy, Fv)ore to the environmental response point (determined from the factored actions)

(Fy, Fy) (see e.g~A.9.3.6.4.1).

Ly is theZlength of the vector from origin used for establishing the bearing utilization (Fy, F)ge
and passing through (Fy, Fy) to the factored vertical-horizontal capacity surface Oy ¢ (see e.g.
A.9:3:6.4.1).

For.a Step 2a check, the utilization of the foundation resistance to sliding, Us ), shall be computed (see
e.g. A.9.3.6.4.2) and shall satisfy Formula (13.9-4):

L
U vhm = —LS: <1,0
S

(13.9-4)
where

Ls1 is the length of the vector from origin used for establishing the sliding utilization (F}, Fv)ore
to the environmental response point (determined from the factored actions) (Fy, Fy) (see e.g.
A9.3.6.4.2).
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Ls is the length of the vector from origin used for establishing the sliding utilization (£, F\)ope and
passing through (Fy, Fy) to the factored vertical-horizontal capacity surface Oy (see e.g.
A9.3.6.4.2).

For a Step 2b check with a degree of foundation fixity, the conditions of Formulae (13.9-3) and (13.9-4)
remain valid; (see e.g. A.9.3.6.5).

In g Step 2c check, using a yield interaction or continuum foundation model, conformity with the
fouhdation yield surface is inherently included and the above utilization checks are generally not
performed. However, when sliding is not included in the model, a sliding check shall be undertaken (see
e.g|A.9.3.6.4.2) and Formula (13.9-4).

13]10 Displacement check

If the forces on any spudcan due to the assessment load case F result in a utilization computed in

accprdance with 13.9.1 that exceeds 1,0, a further assessment may be performéd-as discussed in
A.9]3.6.6. This assessment shall show that any additional settlements and/or therassociated additional
strictural action effects are within acceptable limits. Furthermore, there.shall be no operational
limjtations on levelling the hull and re-establishing a safe hull elevation, or alternatively safely
departing the site.

NOTE A conservative estimate of the allowable settlement can be derived from the hull inclination limit if this
is specified in the operations manual.

13]11 Interaction with adjacent infrastructure

Thg displacement of the jack-up shall not:

— | lead to contact or adverse interaction with any.adjacent structure;
— | exceed practical limitations for continued-operations.

13{12 Temperatures

Thg 50 year lowest mean daily average air and water temperatures shall be in conformity with the
lim|ts given in the operating manual.

NOTE The purpose of thisTheck is to ensure that the field temperature is compatible with the material used
in the jack-up construction.
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Annex A
(informative)

Additional information and guidance

NOTE The clauses/subclauses in this annex provide additional information and guidance
clauses/subclauses in the body of this document. The same numbering system and heading titles have béen
for ease in identifying the subclause in the body of this document to which it relates.

A.1 Guidance on scope

Although this document does not address the integrity of well conductors, the dnstitute for Petrole
Guidelines (2001)(106] provide guidance on their assessment.

A.2 Guidance on normative references

No guidance is offered.

A.3 Guidance on terms and definitions
No guidance is offered.

A.4 Guidance on symbols
A.4.1 Symbols used in A.1
No guidance is offered.

A.4.2 Symbols used in A.2
No guidance is offered.

A.4.3 Symbols usedin A.3
No guidance is offered.

A.4.4 Symbols used in A.4
No guidance is offered.

A.4.5” Symbols used in A.5

No guidance is offered.

A.4.6 Symbols used in A.6
See 4.1.2
A.4.7 Symbols used in A.7

See 4.1.3
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A.4.8 Symbols usedin A.8
See 4.1.4
A.4.9 Symbols usedinA.9

See 4.1.5

A.4.10 Symbols used in A.10

See|4.1.6

A.4.11 Symbols used in A.11

Seel4.1.7

A.4.12 Symbols used in A.12

Seel4.1.8

A.§ Guidance on overall considerations

No guidance is offered.

A.4 Guidance on data assembled for each site

A.4.1 Scope

No puidance is offered.

A.4.2 Jack-up data

No puidance is offered.

A.4.3 Site data

No guidance is offered.

A.44 Metocean data

A.6,4.1 General

Thd jack-up sheulld be assessed for the extreme storm event (ULS assessment). For occupied 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 thejack-up life safety category is occupied-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.

A sudden hurricane is 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 occupied facilities within
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the time required by the emergency evacuation plan. 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 occupied-evacuated jack-ups utilized in these circumstances, consideration
should be given to the use of a 50 year return period “sudden hurricane”. An unoccupied jack-up may
also be assessed using these criteria.

Partial factors for each of these options are presented in 5.5.2.

Site-specific data, if available, should be used for the assessment as regional data do generally not-take
account of local variations.

Where the actions due to metocean conditions at the site are directional, the jack-up may-be aligned on
an advantageous heading subject to practical and infrastructure limitations at the site.

A.6.4.2 Waves
A.6.4.2.1 General

The extreme wave environment should be determined in accordanee.with A.6.4.2.2 to A.6.4.2.1(). It
should be based on the three hour storm exposure for the releyant assessment return period (e.g.
50 year independent extremes or 100 year joint probability). The seasonally adjusted wave height may
be used when appropriate for the proposed operation. Wlieh a fatigue analysis is required (see
Clause 11), long-term wave data should be obtained.

The assessor should check the consistency of the wave\data provided, giving particular attention to|the
wave periods and the ratio of H,,, to Hy, and.query any apparent inconsistencies with the data

provider.
A.6.4.2.2 Extreme wave height

The wave height information for a specific site can be expressed in terms of H_,,, the indiviqual
extreme wave height for the assessment return period, or the significant wave height H,. [The
relationship between H,, and H4,, should be determined accounting for the duration of a storm (thjree

hours minimum) and for the-additional probability of other return period storms; see ISO/TR 19905-
2:2012, 6.4.2.2. This relationship depends on the regional and site-specific conditions however, in [the
absence of site-specific) information, H,,, may usually be determined from H,,, using the generplly

accepted relationship/for non-cyclonic areas as given in Formula (A.6.4-1):
H, o= 186 H,, (A.6.4-1)

Similarly<for cyclonic areas, in the absence of site-specific data, the recommended relationship i§ as
gived in'Formula (A.6.4-2):

Hpnax = 1,75 Hy, (A.6.4-2)

The wave action can be computed deterministically (through an individual maximum wave approach)
or probabilistically (through a time domain simulation). The two methods are discussed in A.6.4.2.3 and
in A.6.4.2.5 to A.6.4.2.8, respectively (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
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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 by scaling of wave kinematics.
Use of wave height reduction is not appropriate and should not be used.

The kinematics reduction factor, x, to be applied to the kinematics obtained from H,_,, can be
detprmined from Formula (A.6.4-3):
K=¢ (A.6.43)

where

¢ is the directional spreading factor in accordance with ISO 19901-1:2015, A.8.3.2.2, for the site-
specific metocean data or for open water conditions; it is based on the latitude ¥ in degrees
and the type of storm or region:

for low latitude monsoons with typically |¥] < 15° $=0,88
for tropical cyclones below approximately 40° latitude $=0,87
for extratropical storms for the range of latitudes 36° < | ¥ <72° ¢=1,0193-0,00208| ¥|.

Alt¢rnatively, Formulae (A.6.4-4) to (A.6.4-7) can be used; seeoyle et al. (2009)1011:

Sy SY 3
Kk = 0,824¢ + 0,426¢2 — 0,043 (L—) ¢ — 1,450 (L—) $—0 800( )¢> +-
w

w

dw 2 max max 2
...+O,658(m) —0640( d. )+1303< 2. ) ¢

(A.6.4-4)

and subject to the following:
0,08 < (LW) < 0,43 (A.6.4-5)
0,14 < (Lw) < 0,76 (A.6.4-6)
0,07 < (“;V:X) 0,58 (A.6.4-7)

where

S is the smallest spacing between the legs of 3-legged jack-ups;

dw isthe water depth;

is the maximum wave height;
T is the intrinsic wave period associated with H

max’

Lw  is the wave length of the wave with H__, and T, in water depth d., according to the periodic
wave theory that is being used.

82 © ISO 2023 - All right reserved


https://standardsiso.com/api/?name=dc9fe91cf8f4cdfdfaaf3f3f0cff23e9

ISO/FDIS 19905-1:2023(E)

The limiting values Ls—j'v = 0,43, d—:vv = 0,76 and P;L;X = 0,07 may be applied for calculation of x in

Formula (A.6.4-4) in case these bounds are transgressed. In all cases, it is not necessary that « be
greater than ¢.

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 formulae should not be applied for the

1 P2 £l 3 o3 Al o s 1. Llealaz o 1o froidaitlha 13 S f
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applicability, where k= ¢ can be applied.

In lieu of using the kinematics reduction factor, the effects of wave spreading can be explicitly“inclufed
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 thepry.
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 wave actions should be determined using an appropriate wave kinematics model in accordance
with A.7.3.3.1.

In the analysis, a single value for the intrinsic wave period T, expréssed in seconds, associated with

the maximum 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 calculatigns;
guidance is given in ISO 19901-1:2015, 8.3. Unless site-speCific information indicates otherwise, T,|, is

normally between the limits as given in Formula (A.6.4<8):

3,44 /(Hsrp) < Thss < 442 |(Hgp) (A.6.4

where H,, is the return period of the extreme significant wave height, expressed in metres.

S

8)

A.6.4.2.4 Wave crest elevation

The wave crest elevation used.to'determine the minimum hull elevation above the extreme still water
level in A.6.4.4 can be obtained from the extreme wave height, H_. in A.6.4.2.2, and the approprjate

max

deterministic wave theory.in A.7.3.3.3.1.

A reasonably foreséeable extreme return period should be used for this calculation, and should bg no
shorter than 50_years, even if a lower return period is used for other purposes (e.g. the ULS assessment
in tropical stortn/areas).

For soméregions, the abnormal wave crest elevation should be calculated based on storm statistics and
according to principles described in ISO 19901-1:2015, A.8.7. Examples for the regional application of
theseprinciples can be found in Leggett et al (2007)[125], or for general application in DNV-RP-CR05
(DNV 2021d)te01,

Hfawave height Teduction factor S used T a determministic wave anatysis to accournt for wave spreading
and the conservatism of deterministic (regular) wave kinematics (see A.6.4.2.3), it should not be
applied in the calculation 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
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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 (o),
and the JONSWAP, Si5(w), wave spectra are presented in ISO 19901-1:2015, A.8.3.1.2. The wave spectral
density functions expressed as a function of wave frequency, i.e. S, (f), can be found in ISO/TR 19905-

2:2042:-6:4-2-5-

A.604.2.6 Airy wave height correction for stochastic analysis

Wﬂen Airy wave theory is used for stochastic (random) wave action calculations, see A.7.3.3.3.2, thén it
is necessary to account for wave asymmetry, which is not included in Airy wave theory. The significant

waye 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, dy,

expressed in metres, as given in Formula (A.6.4-9):

Hs = [1+4 (10Hgy, / TZ;)eCw/29) | Hg, (A.6.4-9)
where

dw isthe still, or undisturbed, water depth (positive);

H is the return period extreme significant wave height, éxpressed in metres;

T,. isthe intrinsic modal or peak period of the wavespectrum, and should be used with the wave
kinematics model described in A.7.3.3.3.2.

A.6/4.2.7 Peak and mean zero-upcrossing periods

Whien undertaking a stochastic analysis (either for a one-stage analysis or for determining a DAF for a
twq-stage analysis), it is necessary to_either consider a range of wave periods or a suitable wave
spectrum that contains sufficient breadth of the peak to capture the dynamic characteristics.
Infgrmation on the range of periods to use is given in this sub-clause, however, to avoid the
requirement for dynamic analyses with several different wave periods, a practical alternative is to use a
twq-parameter spectrum, sueh,as Pierson-Moskowitz with y= 1,0, in combination with the site-specific
mokt probable peak period{ When using the relationships in Table A.6.4-1, the value of yused should be
as given by the data provider.

Forja given significarit wave height, the wave period depends on the significant wave steepness which in
extreme seas in‘deep water often lies within the range 1/20 to 1/16. This leads to the expression for
intyinsic mean\zero-upcrossing period T, ;, related to H,,, in metres, given in Formula (A.6.4-10):

A

3,2 /(Hsrp) < T, < 3,6 |(Hgp) (A.6.4-10)

However, in shallow water the wave steepness can increase to 1/12 or more, leading to an intrinsic

mean zero-upcrossing period T,; as low as 2,8 ’(Hsrp). This is because in shallow water the wave height

increases and wave length decreases for a given T, ;.
When considering a JONSWAP spectrum, the peak enhancement factor y varies between 1 and 7 with a

most probable average value between 2,0 and 3,3. There is no firm relationship between y Hg and T}, ;.
Relationships between variables for different yaccording to Carter (1982)10] are given in Table A.6.4-1.
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Table A.6.4-1 — Relationship between y, T,;and T}, ;

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

Unless site-specific information indicates otherwise values of y between=2,0 and 3,3 can be used,
selecting the value that produces the largest DAF.

If a JONSWAP spectrum is applied, the response analysis should consider a range of periods associdted

with H,, based on the most probable value of T ; plus or mindsjone standard deviation. Howevet, it

should be ensured that the assumptions made in deriving the Spéctral period parameters are consisfent
with the values used in the analysis. Alternatively, applicable combinations of wave height and petiod
can be obtained from a scatter diagram determined-{rom site-specific measurements; in this chse,
specialist advice should be obtained on a suitable spectral form for the site.

For other spectrums the assessor is referred to DNV-RP-C205 (DNV 2021d) for guidance.
A.6.4.2.8 Short-crested stochastic waves

For calculations of stochastic (random)*wave actions, the short-crestedness of waves (i.e. the angular
distribution of wave energy about the dominant direction) may be taken into account when site-spe¢ific
information indicates that such effects are applicable. In all cases the potential for increased response
due to short-crested waves-should be investigated. The effect may be included by means adf a
directionality function F(ay), given in Formula (A.6.4-11):

Si(f, @) = S (F)E(ay,) (A.6.4{11)
where
Ow iS the angle between the direction of elementary wave trains and the dominant direction

of the short-crested waves;

Syn(f aw) is the directional short-crested power density spectrum;

F(a,,) isthe directionality function.

Directionality functions for extreme and fatigue analyses can be found in ISO 19901-1:2015, A.8.3.2.1,
and ISO/TR 19905-2:2012, 6.4.2.8. When referring to the formulations in ISO 19901-1:2015, A.8.3.2.1,
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 19901-1:2015, A.8.3.2.1, then the directional spreading function D, with

n=28 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 ¢ = 0,34 there is good agreement with the

formulation in ISO/TR 19905-2:2012, 6.4.2.8.
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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.

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,

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 gxceedance that are equal to or lower than the intended probability level of the assessment:

A.6/4.2.10 Long-term wave data

For fatigue calculations (see 11.3.1), the long-term wave climate is required. For fatigue analysis, the
long-term data present the probability of occurrence for each sea state, characterized by wave energy
spefctra and the associated physical parameters. This can be presented in th€ form of a significant wave
height versus mean zero-upcrossing period scatter diagram or as a table of fepresentative sea states.

A.6l4.3 Current

Curfrent components should be applied in the downwind dire¢tion. The extreme wind-driven surface
curfent velocity should be that associated with the assessment return period wind. When directional
infgrmation regarding other current velocity components.is available, the downwind component of the
makimum surface flow of the mean spring tidal current‘and the assessment return period surge current
shquld be added to the wind-driven surface current.asdndicated below. When appropriate, the currents
can| be seasonally adjusted. If directional data are not available, the components should be summed
algebraically and assumed to be omnidirectional:

A sfte-specific study should normally define.the current velocity components.

Thg current profile can be defined/by:a series of velocities at a range of elevations from sea floor to
water surface. Unless site-specific data indicates otherwise, and in the absence of other residual
curfents (such as circulation, eddy currents, slope currents, internal waves, inertial currents, etc.), an
appropriate method for computing current profile (see Figure A.6.4-1) is as given in Formulae (A.6.4-
12)land (A.6.4-13):

Ve = (V, + BI[(dw2) /du] /7 for 2] > Aret (A.6.4-13)
where

V\, is the current velocity as a fiinction of z:

NOTE A reduction can be applicable according to A.7.3.3.4.
dy is the water depth

V. isthe downwind component of mean spring tidal current;

V, is the downwind component of associated surge current (excluding wind-driven component);
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V,, is the wind generated surface current; in the absence of other data, this may conservatively be

taken as 2,6 % of the 1 min sustained wind speed at 10 m;

hres is the reference depth for wind-driven current, in the absence of other data, h..f should be taken
as 10 m;

z is the vertical coordinate relative to the SWL under consideration, positive upwards (always

negative in the water column).

Alternative formulations are provided in ISO 19901-1:2015, A.9.3. Comparisons of combined-curient
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.

V4

Vi+Vs Ve

h ref

dw

SRR

Key

dw water depth

href reference depthfer wind-driven current
downwind camponent of surge current
downwind.egmponent of tidal current
wind-driven surface current

NS SLS

vertical coordinate relative to the SWL under consideration, positive upwards (always negative in the water column)

Figure A.6.4-1 — Suggested current profile, adapted from DNV-RP-C104 (DNV 2022b)

In the presence of waves the current profile should be stretched/compressed such that the surface

component remains 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 could be
more uniform with depth.

For a fatigue analysis, current can normally be neglected.
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A.6.4.4 Water depths

The mean sea level (MSL) is used as the refence level for wind speed and marine growth. 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

A.6

Site
dist

A.6

A.6

The
rel:

The
apy
pra
6.4
at 1

determmimation:

— 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 tidal level+ relevant return period extreme storm surge.
— When lower water levels are more onerous for action calculations, the bminimum SWL
expressed as a height above LAT should be taken as follows:
mean low water spring tidal level + relevant return period negative-storm surge.
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 jin'tropical storm areas).

4.5 Marine growth

-specific data should be obtained. In the absence of such/data, default values for thickness and
ribution are given in A.7.3.2.5.

4.6 Wind

4.6.1 General

wind velocity used for the assessmentreturn period should be the 1 min sustained wind speed,
ited to a reference level of 10 m aboyé-MSL.

wind velocity profile may be defined by a logarithmic function in accordance with ISO 19901-1, or
roximated by a power law.(See A.6.4.6.2). A comparison of wind actions shows that the power law
file is slightly more seyvére ‘than the ISO 19901-1 logarithmic profile, see ISO/TR 19905-2:2012,
6.1. Typically, the average difference is in the range of 7 % for a 1 min average wind speed of 20 m/s
0 m above sea level; and 2 % for a 1 min average wind speed of 40 m/s.

Different jack-up ¢onfigurations (weight, centre of gravity, cantilever position, etc.) may be specified for

ope
op€

Fon

rating and_éelevated storm modes. In such cases, the maximum wind velocity considered for the
rating mode should not exceed that permitted for the change to the elevated storm mode.

mulae for the calculation of wind actions are given in A.7.3.4.

A.6

An
For

88

.4.6.2 Wind protile

expression for the vertical profile of the mean wind speed in the form of a power law is given by
mulae (A.6.4-14) and (A.6.4-15):
Vg = Viet(Z ) Zpep) V/NW forZ>Z7 (A.6.4-14)
V,=V
Z  ref forZ <Z (A.6.4-15)
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where

%

, 1s the wind speed at elevation Z above the SWL under consideration;

V.t is the 1 min sustained wind speed at elevation Z,.; (normally 10 m);

Z is the elevation above the SWL;

Z

o 1S the reference elevation above the SWL;

Ny is the inverse exponent of the power law profile; Nw = 10 unless site-specific data indicate that
an alternative value of N is appropriate.

Alternative profiles may be used when justified by the site-specific data.
A.6.5 Geophysical and geotechnical data

A.6.5.1 Geoscience data

A.6.5.1.1 General

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: For areas with regional geohazard issues, |t is
prudent to adopt a larger survey area to quantify the’risk of potential geohazards, e.g. mud volcanpes,
faults. Aspects that should be investigated are shown in Table A.6.5-1 and are discussed in more dqtail
in the referenced subclauses. The information gbtained from the surveys and investigations set oultO in
A.6.5.1.2 to A.6.5.1.5 is required for areas.where there is no adequate data available from previpus
operations. In areas where information.is available, the recommendations set out herein may| be
considered using information obtained;from other surveys or activities in the field.

Detailed guidance on geophysical” and geotechnical site investigations can also be found| in
ISO 19901-10 and ISO 19901-8,respectively.

Experience of prior jacksup-operations in the same field should be considered, particularly when [the
previous bearing presstres exceed those for the present operation by an adequate margin.

A.6.5.1.2 Bathymetric survey

An appropriate bathymetric survey should be supplied for an area approximately 1 km square centred
on the proposed site. Line spacing of the survey should typically be not greater than 100 m x 25p m
over the-survey area. Interlining should be performed within an area 200 m x 200 m centred on |the
proposed site. Interlining should have spacing less than 25 m x 50 m. Such surveys are normally carried
out-using acoustic reflection systems (e.g. high-resolution multibeam echosounder).

AL D19 C £1
LUJ LT JCTATIOUT SUTvey

The sea floor should be surveyed using sidescan sonar technique and should be of sufficient quality to
identify obstructions and sea floor features and should cover the immediate area (normally a 1 km
square) around the intended site. The slant range selection should give a minimum of 100 % overlap
between adjacent lines. A magnetometer survey should also be undertaken if there are buried pipelines,
cables and other metallic debris located on or slightly below the sea floor.

Sufficient information should be obtained to enable safe positioning and removal of the jack-up. Sea
floor obstructions, such as pipelines and wellheads, should be identified to sufficient depth to avoid the
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potential for spudcan interference during both installation on and removal from site. In some cases, a
visual inspection should be obtained in addition to the sea floor survey.

Sea floor and debris surveys can become out-of-date, particularly in areas of construction/drilling
activity or areas with mobile sediments. Close to existing installations sea floor surveys should, subject
to practical considerations, be undertaken immediately prior to the arrival of the jack-up at the site. At
sites with no existing surface or subsea infrastructure, the validity of existing sea floor surveys should

be fletermined taking account ot local conditions.
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Soil sampling and other geotechnical testing and analysis

Risk Methods for identification and prevention/mitigation Subclause
Installation problems Bathymetric survey A.6.5.1.2
Sea floor survey A.6.5.1.3
Punch-through Shallow seismic survey A6.5.14

A.6.5.1.5,A9.3.6

Modify the spudcans
anticipated in advance)

(when punch-through failure is

Settlement/bearing failure Shallow seismic survey A.6.5.1.4
Soil sampling and other geotechnical testing and analysis A.6.5.15;A9.3.6
Ensure adequate jack-up preload capability AS3.6

Sliding failure Shallow seismic survey A6.5.1.4

Soil sampling and other geotechnical testing and analysis
Increase vertical spudcan reaction

Modify the spudcans (when sliding failure is anticipated in
advance)

A.6.5.1.5,A9.3.6

Scour and deposition 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
Modify the spudcans (when scour’or deposition is anticipated
in advance)
Geohazards (liquefaction-induced Sea floor survey A.6.5.1.3
lateral flow, mudslides, mud Shallow seismic survey. A.6.5.1.4
volcanoes etc) Soil sampling and other geotechnical testing and analysis A.6.5.15
Gas pockets/shallow gas Shallow seismic survey, complemented by pilot-hole drilling | A.6.5.1.4
(where applicable) during subsequent geotechnical survey
Faults Shallowsseismic survey A.6.5.1.4
Metal or other object, sunken wreck, [Magnetometer and sea floor survey A.6.5.1.3
anchors, pipelines etc.
Local holes (depressions) in sea floor, [ Sea floor survey A.6.5.1.3
reefs, pinnacle rocks, non-metallic Visual inspection
structures (e.g. grout blanket)tor
wooden wreck
Leg extraction difficulties Soil sampling and other geotechnical testing and analysis A.6.5.1.5,A9.45
Consider change in spudcans (when leg extraction difficulty is
anticipated in advance) A9.45

Jetting/Airlifting

Eccentric§pudcan reactions

Bathymetry, sea floor & shallow seismic surveys

A.6.5.1.2,A65.1.3
A6.5.1.4

Shallow seismic survey (buried channels or footprints) A.6.5.14
Soil sampling and other geotechnical testing and analysis A.6.5.15,A94.2
Seabed modification
Sﬁd‘Uﬁd DIUPE BdL}lylllCLl Y, Std ﬂUUl & b}ld“UW bﬁibllliL SUIvey A.U.S.l.z, A.0.5.1.3,
A6.5.1.4
Seabed modification A9.4.2

Footprints of previous jack-ups

Evaluate field records

Prescribed installation procedures
Consider filling/modification of holes as necessary

A.6.5.1.1,A.6.5.1.2,
A6.5.1.3

A9.4.3
A9.43
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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, and

reveal the presence of shallow gas concentrations and other geohazards.

NOT

unc
con
ISO

Dug
apyp
dat

As

E Detection of gas pockets/shallow gas by means of shallow seismic survey alone involves large
ertainties, and shallow gas may not be detectable. In such cases, proportional mitigation measures should-be
cidered, including possible additional detection equipment or drilling of a pilot-hole (see 1SO 19901-8-and
19901-10).

b to the qualitative nature of seismic surveys, it is not possible to conduct analytical{feundation
raisals based on seismic data alone. The seismic data should be correlated with existing soil boring
h in the vicinity and show similar stratigraphy.

sur
pr
sho
30
A.6
A.6
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A.6
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hallow seismic survey should be performed over an approximately 1 km square area centred on the

ey area. The survey report should include at least two vertical crosss§ections passing through the

osed site showing all the relevant reflectors and allied geological information. The equipment used
uld be capable of stratigraphic resolution to 0,5 m and thicker toZa depth equal to the greater of
m or the anticipated spudcan penetration plus 1,5 times the spudean diameter.

prxosed site. Line spacing of the survey should typically be not greater thann}00 m x 250 m over the

15.1.5 Geotechnical investigation

.5.1.5.1 General

-specific geotechnical investigation and testing ‘are recommended in areas where any of the
bwing apply:

relevant and appropriate geotechnical data are not available nearby;
the shallow seismic survey cannot be'interpreted with any certainty;

significant layering of the strata‘is indicated;

the site is known to be potentially hazardous.
L5.1.5.2 Geotechnicaljinvestigation scope

botechnical investigation should comprise a minimum of one borehole to a depth below the sea floor
0 m or the anticipated spudcan penetration plus 1,5 times the spudcan diameter, whichever is the
hter. All theslayers should be adequately investigated and the transition zones cored at a sufficient

sanppling rate:

The

number of boreholes should account for the lateral variability of the soil conditions, regional

ex

eriénce and the geophysical investigation. When a single borehole is made, the borehole should be

at the centre of the leg pattern. More detailed recommendations from the InSafe]IP (RPS Energy 2010)

are

presented in Annex D.

Undisturbed soil sampling, in situ testing and laboratory testing should be conducted. Recognized

ins

itu soil testing tools include piezocone penetrometer (CPT/CPTU), vane shear, T-bar and ball

penetrometer tests (see ISO 19901-8).
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A.6.5.1.5.3 Geotechnical report

The geotechnical information needed for spudcan emplacement and removal should include borehole
logs, in situ test records and documentation of all laboratory tests, together with interpreted soil design
parameters. An experienced geotechnical engineer should select design parameters suitable for
spudcan foundation assessment. For analyses the geotechnical design parameters should include
profiles of undrained shear strength and/or effective stress parameters, soil indices (water content,

Atterberg HIMIts, grainm SiZe, etc.), Telative density, Submerged unit weight, Temoutded shear strength,
soil sensitivity, coefficient of consolidation, and the over consolidation ratio (R,.). All laboratory tests
should be performed on high quality samples.

Additional geotechnical information should include cyclic or dynamic soil data that “consider foil
strength deterioration due to cyclic loading conditions including

— soil stiffness,

— shear modulus,

— strain rate effects,

— foundation damping from radiation effects and material hysteretic losses, and
— shear wave velocities (for use in earthquake site response analysis).

Soil information to evaluate spudcan extraction requirés the remoulded or residual soil strength that
takes account of the in situ soil strength reduction-occurring during spudcan emplacement and the time

on site.

The design undrained shear strength utilized for bearing capacity analyses recommended in A.9.3 and
A.9.4 are best established by combining gésults from:

— laboratory tests on unconsolidated samples [e.g. unconsolidated undrained (UU) triaxial pnd
miniature vane tests],

— laboratory tests on_‘consolidated samples (e.g. consolidated direct simple shear tests| or
consolidated triaxialtest in compression or extension), and

— in situ tests (€:g-cone penetrometer tests, ball or T-bar penetration tests, in situ vane tests).

Consideratiomshould be given to available site-specific jack-up installation experience when assesging
the appropriate shear strength. In the absence of site-specific experience, it is recommended to use(the

averagérundrained shear strength, s, ., in the equations presented in A.9.3 and A.9.4. Soil strength

reduction from spudcan disturbance should be considered when utilizing this design profile] In
addition, caution should be taken when applying the average undrained shear strength to beating
capacity calculation procedures that were previously developed and/or calibrated with the undraiped

shrearstrengtirobtained solety from YU triaxial compression tests:

If the recommended UU triaxial, direct simple shear, and triaxial extension strength test data is not
available, use of a shear strength design profile based on UU triaxial compression tests has been
customary. Historically, strength data from high quality 3,0 in.-diameter push samples have been
utilized in the customary best practice. Insitu test data, soil disturbance assessment utilizing soil
sensitivity, and correlation with site-specific spudcan penetration records can be utilized to refine the
design profile based predominately on UU triaxial data.
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A.6.5.2 Data 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.

Lat

eral 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 o TFarktharnal daka
.U Ldl Lll\.ludl\c udida

No

cuidance is offered.

A.4.7 Icedata

No

cuidance is offered.

A.7 Guidance on actions

A.7.1 Applicability

Cla
ass

1se A.7 presents formulations and methods that can be applied to calculate actions for site-specific
bssments.

Thd wave and current actions are presented for quasi-static and dynamic analyses in A.7.3. Normally a
qudsi-static, deterministic extreme wave analysis is performed for jack-up site-specific assessments,
and the dynamic effects are represented by an inertial loadset. Calculations of actions for stochastic
analysis in time domain simulations are also presented. Such analyses are applicable for calculation of

ine

'tial loadsets or for the direct calculation of the structural responses including dynamic effects. The

hydrodynamic formulations and coefficients are presented together with formulae for detailed and
eqyivalent modelling of leg hydrodynamic actions.

Wind models, flow coefficients for different-structural parts and a formulation for the calculation of
static wind actions are presented in A.7.3.4.

Gui

dance on the determination of thefunctional actions is presented in A.7.4.

A.7.2 General

No

ouidance is offered.

A.71.3 Metocean.actions

A.7.3.1 General

A.7.3.1.1 “Load cases

Th¢ wave/current actions on the legs and other structures and the wind actions on the hull, legs and

oth

s 4 L. 1d 1L A Jd-d 4+ a N
I OSUIULtiurcso S11UdIv UT LUILISIUTCITU UUT LU TILITT

a)
b)

94

the 50 year return period individual extremes, or

the most onerous combinations of the following 100 year joint probability metocean data:
1) 100 year return period wave, the associated current and associated wind;

2) 100 year 1 min wind, the associated wave and associated current;

3) 100 year current and the associated wave and associated wind.
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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

account for non-linearities of the action and foundation interaction.

The action 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

can

apparent and calculate'the other value that has not been
supplied

[SO 19901-1:2015, 8.4.4 and A.8.4.3

Fully
Tobic Description Deterministic| Stochastic integrated
p P analysis DAF method | stochastic
analysls
Water depth Define storm water depth considering LAT, tide and storm A6.44
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 accounting for A7334
interference from the structure on the flowfield.
Determine the current profile above mean.water level in the
presence of waves by stretching the current profile such A6.4.3
that the surface component remains.constant.
Wave Specify wave height and range(of associated wave periods. A.6.4.2.2
A6.4.2.3
Determine if supplied wave periods are intrinsic or A.7.3.3.5,

Define the r'eturn period 51gmf1c§nt wave height and not applicable A6.4.2.5 A642.7
correspending spectral peak period
Calculate effective significant wave height as appropriate not applicable A.6.4.2.6
Spec1_fy wave spectrum, wave direction and wave spreading | not applicable A6.4.25, A6428
function
Calculate wave velocities and accelerations by not applicable
superposition of intrinsic wave components representing A.7.3.3.3.2
the wave spectrum and wave spreading functions
o . L
Is deterministic wave subject to cancellation? A10.4.25 n.ot
applicable
‘\IAV’CIVC t}lCUly DCtCl lll;llC t}lC tVVU d;lllCllD;Ulld} wdavyite }\;llCllldt;\.D fl Ul dIT llUt QPP};LQ‘U}C
appropriate wave theory for the specified wave height, A7.3.33.1
storm water depth, and intrinsic wave period
Apply a reduction factor to the wave kinematics A6.4.2.3 not applicable
Scal_e the Apply partial fac.to_rs_to w1_nd, wave and current to match not applicable A105.3.2
environment factored deterministic actions
Hydrodynamic | Establish detailed or equivalent leg models to represent A7321,A73.22,A.7.3.23,A.7.3.2.6
modelling structural members and appurtenances
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Fully
Tobic Description Deterministic| Stochastic integrated
p P analysis DAF method | stochastic
analysis
Determine drag and inertia coefficients (detailed or
: . A7.3.24,
equivalent) as functions of member shape, roughness
. . . . A7.3.2.5
(marine growth), size, and orientation.
Include the marine growth thickness relevant for the site
. . A7.3.25
and duration of the planned operation
Waje/current |Combine local current profile vectorially with the wave
action kinematics to determine locally incident fluid velocities and A.7.3.3.3.1,
accelerations for calculation of wave and current actions by A.7.3.3.3.2
Morison's equation.
Wind Define wind speed and wind profile A.6.4.6
Wind action Define shape coefficients and calculate the static wind AT3A
action. N
Furjctional Define functional actions A7.4
actions
Othler actions Define other actions A7.8
Stothastic DAF | Does natural period coincide with cancellation or notapalicable A.7.3.3.3.3, not
reinforcement PP A10.4.2.5 applicable
. . ) A10.5.2.2.3, not
Determine DAF stochastically not applicable A105.3 applicable
Method of Determine DAF either deterministically or stochastically: € follow
. . . . ; A10.5.2.2.2 L not
inclusion of Represent dynamic effects by an inertial loadset deterministic .
: A10.5.2.2.3 . applicable
dyrjamic effects analysis
in gnalysis - . - \
Does natural period coincide with cancellation or not apolicable | not applicable A.7.3.3.3.3,
reinforcement? pp pp A10.4.2.5
Actjon factors Apply action factors to the metocean actions and dynamic not applicable
8.8.1.2 8.8.1.3
effects
Lodd cases Develop assessment load casé by linearly combining the 8811 not applicable
factored metocean actions with the factored functional o, 8.8.1.1
. A10.5.2.2.3
actions
Additional load cases if (Tn/Tp) >0,9 A105.2.23 not applicable n_ot
applicable
Whien a fully integrdted stochastic analysis is undertaken (see 10.3), partial factors are applied to the
mefocean parameters instead of the metocean actions, as described in A.10.5.3 and 8.8.1.3. When using
stothastic dynamic analyses for the purpose of determining a DAF, no partial action factors are applied;
however, inithe subsequent deterministic analysis including the inertial loadset based on the stochastic
DAF, the\action factors described in 8.8.1.2 are applied.
meadal

A.7:32—Hydredynamiemeodel
A.7.3.2.1 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 Cj, and reference

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 wave trough). Often the combined drag properties of all the chords on a leg
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gives a total value along a particular axis that is independent of the flow direction. When this is not the
case, it is recommended that the effect is included directly in the wave/current action model. Otherwise,
where possible, the following is recommended:

a) regular wave deterministic calculations use drag properties appropriate to the flow direction under
consideration, noting that the flow direction is that of the combined wave particle motion and
current;

b) for random wave analyses, which are solely used to determine dynamic effects for inclusion’/n a
final regular wave deterministic calculation on the basis of item a) above, an average drag propérty
is considered;

c) for random wave analyses from which the final results are obtained directly, the;drag property in
the direction of wave propagation is used.

Lengths of members are normally taken as the node-to-node distance of ¢he’ members in order to
account for small non-structural items (e.g. anodes, jetting lines of less than‘4" nominal diameter);|see
NOTE below. Large non-structural items, such as raw water pipes and ladders, should be included in|the
model. Free standing conductor pipes and raw water towers shoulddbe considered separately from|the
leg hydrodynamic model.

For the purpose of this calculation, a node is defined as the point where two member axes intersect.
Offsets between terminating members along the axis of the'continuous member at the node may be
used when calculating the equivalent C,

The contribution of the part of the spudcan above the sea floor should be investigated and gnly
excluded from the model if it is shown to be insignificant. In water depths greater than 2,5H or where

penetrations exceed half the spudcan height, the effect of the spudcan is normally insignificant.
Otherwise, hydrodynamic actions shouldsbe modelled with hydrodynamic coefficients applicable|for
large diameter members; see ISO/TR 19905-2:2012, 7.3.2.4 and 7.3.2.5.

On some jack-ups, the lower section of the leg adjacent to the spudcan can be heavily reinforced|for
towage; this should be explicitlyxmodelled.

For leg structural members, shielding and solidification effects should not normally be applied in calculafing
wave actions. The curpent flow is however reduced due to interference from the structure on the flow field,
see A.7.3.3.4.

NOTE The selidification effect, which increases the actions from waves due to interference from objects “side
by side” in the)flow field, is normally not included in the determination of the hydrodynamic coefficient$ or
jack-ups. 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 clogely
spacéd 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 literature (DNV-RP-C205, 2021d). Madel

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 5-5A (2002)170l. 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 significantly to the total drag coefficient because of
Reynolds number dependency.
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A7

All

relative to the flow direction. Members can be lumped together using the corresponding CpD, =XCp,D

.3.2.2 “Detailed” leg model

members are modelled with Morison coefficients accounting for member cross-section orientation

i

and C A =2XC_nD?/4, accounting for flow direction, as defined in A.7.3.2.4.

A7

.3.2.3 “Equivalent” leg model

The
geo

apg
sho
thig

pr

The
cho

The
Fon

wh

hydrodynamic model of a bay is comprised of one, “equivalent” vertical tubular located at the
metric centre of the actual leg. The corresponding (horizontal) v, , 1, and #, (see A.7.3.3.2).are
lied together with equivalent CyD =XCp. D, and C A=ZXC, A, as defined in A.7.3.2.4. The model

uld be varied with elevation, as necessary, to account for changes in dimensions, marine growth
kness, etc.

Win the hydrodynamic properties of a lattice leg are idealized by an “equivalent” model, the

erties can be found using the method given below.

equivalent value of the drag coefficient, Cp,, times the equivalent diameter, D,, of the bay can be
sen as given in Formula (A.7.3-1):

CpeDeo = DpXCpe; (A.7.3-1)

equivalent value of the drag coefficient for each meniber, Cp,, is determined as given in
mula (A.7.3-2):

D;l;

) 2 02 13/2
=[sin® B, + cos” B; sin “i]/ CDiDS
e

Dei
(A.7.3-2)

bre
is the drag coefficient of an individual member i as defined in A.7.3.2.4;

D.  is the reference diameter 6of member i (including marine growth as applicable) as defined in
A7.3.2.4;

D, isthe equivalént diameter of leg, suggested as /(. DI,ZII, /s;

is the léngth of member i node to node centre;

s is'the length of one bay, or part of bay considered;

is the angle between flow direction and member axis projected onto a horizontal plane;

B; is the angle defining the member inclination from horizontal (see Figure A.7.3-1).

¥ indicates summation over all members in one leg bay.

The above expression for Cp,; can be simplified for horizontal and vertical members as given in
Formulae (A.7.3-3) and (A.7.3-4):

98

vertical members (e.g. chords): Cpei =Cp;(D; 1 D,) (A.7.3-3)
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horizontal members: Cpei = sin3 (“i)CDi (DI_IIJ (A.7.3-4)
D_s
e

The equivalent value of the inertia coefficient, C.

me and the equivalent area, A, representing the bay can

be determined from the following:

C e IS the equivatentinertia coefficient, which Timay mormaity be takenmas 2,0 witen using A,
A, isthe equivalent area of leg per unit height, equal to (X4,,)/s;
A; isthe equivalent area of member or gusset, equal to ©D2/4;

D. isthe reference diameter, chosen as defined in A.7.3.2.4.

For a more accurate model, the C, coefficient may be determined as given itvFormula (A.7.3-5):

CreAe = AoZChe; (A.7.3-5)
where
2 2 s 2 Al ,
Cmei = [1+ (sin®B; + cos?B; sin“a;)(Crmi—1)] (A—es) (A.7.3-6)
C... is the inertia coefficient of an individual fmember, which is defined in A.7.3.2.4 related to

mi
reference dimension D,.

For dynamic modelling the added mass of fluid per unit height of leg may be determined as pA;(C,, 1+ 1)
for a single member or pA,(C,,. — 1) for the'€quivalent model, provided that A, is as defined above.

Key

1  flow direction

2  memberi

s bay height

a; angle between flow direction and axis of member i projected onto a horizontal plane

=

;  angle defining the inclination of member i from horizontal

NOTE Based on DNV-RP-C104, (DNV 2022b).

Figure A.7.3-1 — Flow angles appropriate to a lattice leg
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A.7.3.2.4 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

sho

Red
are

uld be obtained from this subclause.

ommended values for hydrodynamic coefficients for tubulars with a diameter smaller than 1,5)m
given in Table A.7.3-2, based on the data discussed in the supporting ISO/TR 19905-2:2012, 7.3:24.

Table A.7.3-2 — Base hydrodynamic coefficients for tubulars

Surface condition Cp; C,,; for wave load analysis C,,; forearthquake
Smpoth 0,65 2,0 2,0
Roygh 1,00 1,8 2,0
Thg¢ smooth values normally apply above MSL + 2 m and the rough values’below MSL + 2 m, where MSL

is a
the

s defined in A.6.4.4. If the jack-up has operated in deeper wateriahd the fouled legs are not cleaned
surface should be taken as rough for wave actions above MSL +'2 m.

Hydrodynamic coefficients for large diameter membersi/miay be calculated in accordance with

ISO

Act

TR 19905-2:2012, 7.3.2.4 and 7.3.2.5.

ons due to gussets should be determined using a@drag coefficient as follows:

lied together with the projected area of the gusset visible in the flow direction, unless model test
h show otherwise. This drag coeffi¢ient may be applied together with a reference diameter D; and

responding length I; chosen such-that their product equals the plane area, 4;=D,l; and D;=1; (see

ire A.7.3-2). In the equivalent model of A.7.3.2.3 the gussets may be treated as an equivalent
izontal member of length /) with its axis in the plane of the gusset. C,; should be taken as 1,0 and

rine growth may be ignored.

non-tubular geametries (e.g. leg chords) the appropriate hydrodynamic coefficients may, in lieu of
e detailed ,information, be taken in accordance with Figure A.7.3-3 or Figure A.7.3-4 and
Fesponding-formulae, as appropriate.
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Key
1  flow direction
2 visible part of gusset i
A; areaofgusseti; A;=1,D;
D; reference diameter of gusset i
I;  reference length of gusset i
Figure A.7.3-2 — Gusset plates: equivalent modelling
o
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0 30 60 90| 6
Key
1 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
0 angle between flow direction and plane of rack (in 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 Formula (A.7.3-7):

wh

The
be

(A7.3-7)

t, Iisthe marine growth thickness;

6  isthe angle in degrees; see Figure A.7.3-3;

Cp, isthe drag coefficient for a tubular with appropriate roughness, see Table A.7.3-2;

Cp; 1is the drag coefficient for flow normal to the rack (6 =90°), related to projected diameter, W.
Cp1 is given by Formula (A.7.3-8):

1,8 ; (wW/D;)) < 1,2
Cp1 = {14+ (W/D;)/3 ; 1,2< (W/D) <18 (A.7.3-8)
2.0 ; 1,8< (W/D))

inertia coefficient Cy; = 2,0, related to the equivalentwolume nD?2/4 per unit length of member, can
hpplied to all heading angles and any roughness.

Q
2

%
7

Ut

W/D, =1,07
2,0 |

1,5

1,0

0,5

0,0 | | I I |
0 30 60 90 120 150 180 6

Key

s oH -

flow direction

drag coefficient for use with D;

reference dimension (height of backplate) of chord i
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 C}; related to the reference
dimension D; = D, the backplate width, should be taken from Formula (A.7.3-9):

CDi = CDpr[G) Dpr(e)/Dl (A73-9)

where the drag coefficient related to the projected diameter, Cp,, is determined from
Formula (A.7.3-10):

1,70 0=0°

1,95 ; 0 =90°
Cppr(0)=11,40 0 =105°

1,65 0 =180°-0,

2,00 ; 0 = 180°

(A.7.3110)

Linear interpolation should be applied for intermediate headings. The projected diameter, D (),
should be determined from Formula (A.7.3-11):

D; cosf ; 0< < 6y
Dy (6) = { Wsinb + 0,5 D; |cosO| ; 0y 8 < 180 -6, (A.7.3411)
D; |cosf| ;180 —0p< 6 < 180

The angle 6, is the angle where half the rackplateishidden, 6, = arctan[D,/(2W)].

The inertia coefficient C, ;= 2,0 (as for a flat'plate), related to the equivalent volume of zD?2/4 per ynit
length of member, can be applied for all headings and any roughness.

Shapes, combinations of shapes or€losely grouped non-structural items which do not readily fall into
the above categories should belassessed from relevant literature (DNV-RP-C205, 2021d) and/or
appropriate interpretation ef\(model) tests. The model tests should consider possible roughngss,
Keulegan-Carpenter and Reynolds number dependence.

A.7.3.2.5 Marine growth

Some of the influences of marine growth are:
— an increase in the hydrodynamic diameter;
— increases in weight, buoyancy, mass and added mass;

—=wariation of the hydrodynamic drag coefficient as a function of roughness (see ISO/TR 19905-2)

The thickness and type of marine growth depend on the site and can vary with duration on site, depth

and season. Where possible, site-specific or regional data should be used. If such data are not available,
all members below MSL+ 2 m should be considered to have a marine growth thickness equal to
12,5 mm (i.e. total of 25 mm across the diameter of a tubular member). In some areas of the world, this
default thickness 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.

© ISO 2023 - All right reserved 103


https://standardsiso.com/api/?name=dc9fe91cf8f4cdfdfaaf3f3f0cff23e9

ISO/FDIS 19905-1:2023(E)

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.

NOTE The guides for raw water caissons can cause a significant increase in the leg drag load, especially when
they are comprised of high drag sections such as I-beams, flat bar, etc.

Depending upon the type and quantity, appurtenances can significantly increase the global wave
actjons. Appurtenances such as stairways, ladders and jetting lines should be considered for inglusSion in
thelhydrodynamic 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

Al]7.3.3.1 General

Hydrodynamic actions for deterministic or stochastic analysis should“be” calculated using the Morison
eqyation in combination with the hydrodynamic model and appropriate wave theories as described in
the|remainder of A.7.3.3. The wave and current velocities should be combined before they are used in
the| Morison equation. The intrinsic and apparent wave pefiods should be used appropriately; see
A.7(3.3.5.

AJ7.3.3.2 Hydrodynamic actions

compared with the wave length should be calculated using the Morison equation. The Morison equation

W?{::e and current actions on slender members.having cross-sectional dimensions sufficiently small
is normally applicable providing that

Ly > 5D, (A.7.3-12)

where
Ly is the wave length;

D; is the referencedimension of member (e.g. tubular diameter).

Theg Morison equation specifies the action per unit length as the vector sum as given in
Formula (A.7.3-138):

AF = AFdrag + AFipertia = 0,5pDCpvn|vp| + pCrnAcstin — pCaAcsin (A.7.3-13)

where the terms of the formula are described as follows.

To obtain the drag action, the appropriate drag coefficient (Cp) should be chosen in combination with a
reference diameter, including any increase for marine growth, as described in A.7.3.2.

The Morison drag action formulation is as given in Formula (A.7.3-14):
AFdrag = OJSIOWCDDrvnlvnl (A.7.3-14)

where
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AFy . is the drag action (per unit length) normal to the axis of the member considered in
analysis and in the direction of v;

Py is the mass density of water (normally 1 025 kg/m3);

Cp is the drag coefficient (= Cp, or Cp, from A.7.3);

is the fluid particle velocity resolved normal to the member axis;

D

r

The fluid particle velocity, v,,
deterministic analysis, the absolute fluid particle velocity is applied. In a stochasti¢\analysis, the f]
particle velocity, v, may be taken as given in Formula (A.7.3-15):

vo=u, + V. —ar, (A73-

where

the

is the reference dimension in a plane normal to the fluid velocity v,. D= D, or D, frem A.}.3.

may either be the absolute or relative fluid particle-velocity. In a

uid

15)

u, + 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;

7n is the velocity of the considered member,10rmal to the member axis and in the direct
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 wave act
analyses only if the following-applies:

u*T,/D;> 20

where

u* is the particle velocity = V¢ + 7t/ T, ;

T, (‘isthe first natural period of surge or sway motion;
D; is the reference diameter of a chord.
NOTE See also A.10.4.3 for relevant damping coefficients depending on c.

To obtdin the inertia action, the appropriate inertia coefficient (C,,) should be taken in combinat

with the cross-sectional area of the geometric profile, including any increase for marine growth
described in A.7.3.2.3. The Morison's inertia action formulation is as given in Formula (A.7.3-16):

ion

ion

ion
as

AFertia = P CmAcsUn — p C4 Aes Ty (A.7.3-16)
where

AF, ortia 1S the inertia action (per unit length) normal to the member axis and in the direction of u

Cn is the inertia coefficient;

Acs is the cross-sectional area of member (equal to 4; or 4, from A.7.3.2);

un is the wave particle acceleration normal to member;
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Cy is the added mass coefficient, C, =C, - 1;

#n 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 Formula (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.

my ¥, = p Cy Aes Ty (A.7.3-17)
where m,, is the added mass contribution (per unit length) for the member.

In 3 dynamic response analysis, the added mass (m, integrated over the member length) is normally
transferred to the left-hand side of the formula of motion and added to the structural mass.

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
shduld be used, based on the curves from ISO 19901-1:2015, A.8.4.2, asishown in Figure A.7.3-5. For
praktical purposes, Stokes' 5th (within its bounds of applicability) or @n ‘appropriate order of Dean's
Str¢am Function are acceptable for regular wave elevated storm analysis.

If Yreaking waves are indicated according to I1SO 19901-1:2015, A.8.4.2, it is recommended that the
waye period is changed to conform with the breaking limit for'the specified height.
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dw water depth

g acceleration due to gravity
H  maximum wave height

Hy  breaking wave height

T, intrinsic wave period

A deep water breaking limit <<H/Lw = 0,14, where Ly is the wave length
B  Stokes' fifth order, New=wave or third order stream function

C  shallow water breakinglimit H/dw = 0,78

D  stream function/(showing order number)

E  linear/Airy otthird order stream function

F  shallow water

G  intermediate depth

H deepwater

NOTE Taken from ISO 19901-1:2015.

Figure A.7.3-5 — Regions of applicability of alternative wave theories

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.6.4.2.5 to
A.6.4.2.8. It is 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
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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 surface
(wave stretching) is most appropriately carried out by substituting the true elevation at which the
kinematics 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 Formula (A.7.3-18):

wh

Thi
the
ISO

Fon
the

Thd
em
tha
hyd
Thd
larg
the
for

T
e
(A.7.3-18)
bre
Z' is the modified coordinate for use in particle velocity formulation;

zx is the vertical coordinate relative to the SWL under consideration, positive upwards, at which
the kinematics are required;

Sw is the instantaneous water level (same axis system as z);

dy is the water depth, still or undisturbed (positive).

5 method ensures that the kinematics at the instantaneous free’surface are always evaluated from
linear wave theory expressions as if they were at the still water level, see Wheeler (1969)[199 and
TR 19905-2:2012, A.7.3.3.3.2.

higher order wave-kinematic models, an appropriate alternative for stretching the wave profile to
instantaneous wave surface should be adopted.

statistics of the underlying random wave process are Gaussian and fully known theoretically. The
pirical modification around the free surface to account for free surface effects, together with the fact
| drag actions are a non-linear .(squared) transformation of wave kinematics, makes the
rodynamic action excitation alway$.non-linear. As a result, the random excitation is non-Gaussian.
statistics of such a process are.generally not known theoretically, but the extremes are generally
rer than the extremes of a corresponding Gaussian random process. For a detailed investigation of
dynamic behaviour of a jagk-up, the non-Gaussian effects should be included. Multiple procedures
doing this are presented in Annex C.

Whien the random displacements of the submerged parts are small and the velocities are significant

wit
vel
und

h respect to the“water-particle velocities, the damping is not well represented by the relative
city formulation in the Morison equation, which tends to overestimate the damping and
erpredict. the response. A criterion for determining the applicability of the relative velocity

formulatienis' given in A.7.3.3.2.

A 3

ummary of recommendations for the time domain modelling of random waves is given in

TableA-7:3-3-
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Table A.7.3-3 — Recommendations for modelling of time domain stochastic waves

Method Recommendations

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 relationship (Sarpkaya,

T9BT)ITe0T,
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-ensure that
H, mean waves and maximum crests are within practical limits.
— correct mean wave elevation;

— standard deviation = (H,/4) = 1 %;

— —0,03 <skewness <0,03;

— 2,9 <kurtosis < 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,/200r T, /20

where

T, isthe apparent mean zero-upcrossing period of the wave spectrum;

T, isthejack-up natural period, see A.10.4.21

(unless it can be shown that a larger time step leads/to no significant change in results).
Avoid transient effects, discard at least the first 100 s (the “run-in”).

Ensure the simulation is of sufficient duration so that the method chosen results in demonstrably st3ble
MPME responses; see also A.10.5.3.4 and’C.2.

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
cancellation and reinforcement 6f-wave actions, dependent on leg spacing (heading) and wave length.
The effects of directionality and'wave spreading should therefore be considered in any random dynamic
analysis. The following two methods can be used to develop a representative DAF in conjunction with
adjustments to the natural.period (A.10.4.2.5.3).

Method 1: In a two<dimensional long-crested simulation, the effect of directionality can be included by
developing a basé shear transfer function (BSTF) accounting for spreading, “BSTF with spreading’}, as
described below-{see 7.6.4 of Sarpkaya (1981)1¢0]].

a) Develdp)a set of two-dimensional BSTFs, one for the “principal” direction of interest, and the others
offset from the principal direction.

b).S.For each offset direction, calculate a directionality contribution factor from ISO 19901-1:2015,
A.8.3.2.1, 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 and unspread BSTFs should be good at the natural period.
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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

Thg current velocity and profile as specified in A.6.4.3 should be used. Where the current profile‘is
deflned by discrete points, linear interpolation between the data points is sufficient.

Thg current induced drag actions are determined in combination with the wave actions. This is carried
out{by the vectorial addition of the wave and current induced particle velocities prior to/the drag action

calg¢ulations.

Thd current velocity may be reduced to account for interference from the structure with the flow field
of the current, as given in Formula (A.7.3-19); see Taylor (1991)[179 and ISO/£TR 19905-2:2012, 7.3.3.4:

Ve =Vi[1+Cp,D, ! (4Dp)]" (A.7.3-19)

where

V. is the current velocity for use in the hydrodynamic model; V. should not be taken as less
than 0,7V

Vi isthe far field (undisturbed) current velocity;

is the equivalent drag coefficient of-the leg, as defined in A.7.3.2;

D is the equivalent diameter ofthe€ leg, as defined in A.7.3.2;

Dy  isthe face width of leg, outside dimensions, orthogonal to the flow direction.

A.713.3.5 Intrinsic and apparent wave periods

Thg¢ intrinsic wave period is based on a reference frame travelling with the speed and direction of the
curfent, and should be used, except as detailed later in this subclause, to calculate the wave kinematics.
Thg¢ apparent wave period is that which is observed by a stationary observer and is the period that
shquld be usedto calculate the jack-up dynamics. The intrinsic wave period, in conjunction with the
water depth.and appropriate wave theory, are used to calculate the wave length.

NOTE-ZL ~ There is only the intrinsic wave length; there is no apparent wave length. If one applies the apparent

aavcitation narind ic caypaot gt hoth +ho i aymaatioe A d +ha vaaun loapnath avra varrang
T OF Bot—tte e matesSat t HE

wave Bariad in an analocic +
e-peroaahahttySiSttHe-exertatoRperioaise€orreetnDut 1 Hete-wavetreRgtnare-wie

The wrong wave 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 API RP 2A-LRFD, (1993)14.. In ISO 19901-1, the
“apparent” wave period is defined as the wave period seen by a stationary observer, while the “intrinsic” wave
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period is the wave period seen by an observer moving with the current. In API RP 2A the “actual” wave perio

(E)

dis

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”.

Formulae for transformation between the intrinsic and apparent wave periods are given

in

IS0 19901-1:2015, A.8.4.3. It gives no direct guidance on modifying short-crested sea states, although a

the

suitable-method-can-be-inferred—The-assessorshould-ensure-that-the-correctprocedure-isused-by
software in calculating wave particle kinematics and dynamics; it is important to understand
terminology used by the software vendor; see NOTE 2. In summary, the steps taken to convertintri
to apparent wave period are as follows.

a) Calculate the wave length based on the intrinsic wave period and the water depthjusing a suit3
wave theory.

b) Calculate the intrinsic wave celerity as wave length divided by intrinsic wave period.

c) Calculate the apparent wave celerity by adding the resolved current velocity to the wave cele
(the celerity is increased if the current is in the same direction as-wave propagation, and decrea
if in an opposing direction).

d) Calculate the apparent wave period as the wave length divided by the apparent celerity.

Conversion from an apparent wave period to an intrinsi¢ wave period follows a similar approach bt
undertaken iteratively.

Care should be taken with opposing currents that'the vector sum of apparent celerity and curren
always greater than or equal to zero, otherwisesthe waves move backwards. This is likely to be reley
only for very short period waves when developing the apparent component periods of a random
state.

This conversion procedure betweencapparent and intrinsic periods strictly applies in the case of sim
uniform currents over the full water depth. It can be used practically if the current is uniform over

the
hsic

\ble

rity

sed

It is

tis
ant
sea

ple
the

top 50 m of the water columniIn cases of a non-uniform current profile, a weighted, depth-averaged

in-line current speed, Vyyg-may be used, as shown in ISO 19901-1:2015, A.8.4.3, and Kirby and C
(1989)11201 and as givensdn Formula (A.7.3-20):

2k

0
VIN-LINE = mf—d Ve(2) cos(6(2)) cosh[2k(z + d,)]dz (A.7.3-
where
k is the wave number = 21t /L., ;

Ly  is the actual wave length (i.e. deep water wave length corrected for water depth);

hen

20)

d. istho water dn

n
Ctyyr——1O—ttt P

V.(z) is the current velocity at depth z;

z is the vertical coordinate relative to the SWL under consideration, positive upwards;

0(z) is the angular direction of the current at depth z relative to the wave propagation direction;

6(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.
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The apparent wave period should be used for the SDOF DAF calculation of Kp,g spop-

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

too|s do not have the feature implemented.

Whien 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 Kp,p panpom @and the inertial

loaglset. The error is expected to be small when the ratio T,,;/T, is within the range 1 +0,08. If this

apgroach is used, the analysis should also be undertaken without period adjustment.and the more
ongrous DAFs used. When T,;/T,, is outside this range, a more rigorous approach shoquldbe considered.

A.7.3.4 Wind actions
A.7.3.4.1 Wind action

Thg wind action on each component (divided into blocks of not morethan 15 m vertical extent), Fy,,, can
be ¢omputed using Formula (A.7.3-21):

Fwi = PiAwi (A.7.3-21)
where

P; isthe pressure at the centre of block i;

Ayy; is the projected area of block i perpendicular to the wind direction.

Thg pressure P; should be computed-using Formula (A.7.3-22):

P; = 0,5p,V7:C; (A.7.3-22)
where

pa  is the mass-defisity of air (taken as 1,222 4 kg/m3 unless an alternative value can be justified
for the site);

V,; is theyspecified wind velocity at the centre of block i; see A.6.4.6.2;

CJ s the shape coefficient, as given in A.7.3.4.2.

Wind actions on legs below the hull should be calculated to either the instantaneous wave surface or to
SWL.

NOTE The wind area of the hull and associated structures (excluding derrick and legs) can normally be taken
as the projected area viewed from the wind direction under consideration.

A.7.3.4.2 Shape coefficient

Using building block elements, the shape coefficients in Table A.7.3-4 should be used.
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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 and | 1,1 based on the total projected area (i.e. the area enclosed by the
legs) extreme contours of the structure)

Deckhousas jf)rl} frame-structure—sub-structure
7 7 7

draw-works house, and other above-deck blocks 1,1 based on the projected area

C, = C}, as determined from A.7.3.2.3, normally using smoeth drag
Leg sections projecting above jack-frame structure

and below the hull coefficients (ignoring marine growth)

Ay determined from D, and section length

Isolated tubulars (crane pedestals, etc.) 0,5

Isolated structural shapes (angles, channels, box,

. 1,5 based on member projected area
[-sections)

Derricks, crane booms, flare towers (open lattice The appropriate shape coefficient for-the members concerned app

sections only, not boxed-in sections) of the front and back faces)

to 50 % of the total projected prefile area of the item (25 % from epch

ied

Shapes or combinations of shapes that do not readily fall into the above categoriesishould be subject to special consideratipn.

A.7.3.4.3 Wind tunnel data
Wind pressures and resulting actions for the hull and.associated structures may be determined fi
wind tunnel tests on a representative model. Caresshould be exercised when interpreting wind tur
data 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 fi

om
nel

om

operating to elevated storm mode on receipt of an unfavourable weather forecast, it is necessary to

assess only the elevated storm imode. Consideration should be given to actions on the conductoy
supported by the jack-up.

The following should be defined:

a) actions due to the maximum and minimum elevated weight. In the absence of other informat
the minimur ‘elevated weight can normally be determined assuming 50 % of the variable 1
permitted.by the operating manual;

b) extreéme limits of the centre of gravity position (or reactions of the elevated weight on the legs)
theconfigurations in a) above;

c)~substructure and derrick position, hook load, rotary load, setback and conductor tensions for
configurations in a) above;

s if

on,

pad

for

the

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
overturning acceptance criteria (see 5.4.4 and 13.8), then the addition of water in lieu of variable loa
permitted in the assessment, provided that

— the functional actions do not exceed the operations manual limits,

the
dis

— procedures, equipment and instructions exist for performing the operation of adding water

offshore, and
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— the action due to the maximum variable load, including added water, is used for all appropriate
assessment checks (preload, stress, etc.).

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 puidance is offered.

A.7.6 Dynamic effects

No puidance is offered.

A.7.7 Earthquakes

See(10.7 and A.10.7.

A.7.8 Ice actions

Seel10.8 and A.10.8.

A.7.9 Other actions

Other actions should be represented as relevant for the site:

For areas where icing is possible during the planned operation, the effect on weight and on the
environmental actions should be considered. Relevant data for the region should be applied. For

cal¢ulating wave, current and wind actions, increases in dimension and changes in shape and surface
roughness can be significant.

A.8 Guidance on structural modelling
A.8.1 Applicability

Tedhniques for modelling. the legs, hull, leg-to-hull connection, and leg/spudcan connection are
distussed. The leg-to-hull connection model includes the upper and lower guides, jacking pinions,
fixgtion systems, and -jackcase/associated bracing. Modelling of the foundation is limited to the
strictural details in\this clause; geotechnical aspects are presented in A.9.

Bedause of the'interaction of the mass and stiffness models, e.g. the effect of mass modelling on hull sag,
it i§ recommeénded that the assessor be familiar with the whole of this clause before commencing the
mofelling.

A.8:2—Overaltl constderations
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

114 © ISO 2023 - All right reserved


https://standardsiso.com/api/?name=dc9fe91cf8f4cdfdfaaf3f3f0cff23e9

ISO/FDIS 19905-1:2023(E)

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

: ; ; as
equivalent hull, equivalent leg, etc., are often made when building the model(s) used for the assessnipnt.
In view of this, one of the various levels of modelling described in a) through d) below can be usedl. It
should be recognized that some of these methods have limitations with respect to theracCuracy 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, |t is
usually appropriate to calibrate them against a more detailed model.

a) Fully detailed leg model:

The model consists of “detailed legs”, hull, leg-to-hull connections and spudcans modelled in
accordance with A.8.3.2, A.8.4, A.8.5 and A.8.6, respectively. Thédesults from this model can be used
to examine all aspects of a jack-up site-specific assessment, including foundation stability,
overturning resistance, leg strength and the adequacy of; the-jacking system or fixation system.

b) Equivalentleg (stick model):

The model consists of “stick model” legs (see A\8.3.3), hull structure modelled using beam elemgnts
(see A.8.4.3), leg-to-hull connections (see A.8.5) and spudcans modelled as a stiff or rigid extengion
to the equivalent leg. The results from thismodel can be used to examine foundation stability and
overturning resistance. This model can also be used to obtain reactions at the spudcan and internal
forces and moments in the leg in thesyicinity of the lower guide for application to the “detailed |eg”
and leg-to-hull connection model d).

c) Combined equivalent/detailed-leg and hull model:

The model consists of a combination of “detailed leg” for the upper portion of legs and “stick mogdel”
for the lower portien*of the legs (see A.8.3.4). The hull, leg-to-hull connections and spudcans|are
modelled in accerdance with A.8.4, A.8.5 and A.8.6, respectively. The results from this model can be
used to examinefoundation stability, overturning resistance, leg strength in the region of the legtto-
hull connections and the adequacy of the jacking and/or fixation systems. See Figure A.8.2-1.

d) Detajledsingle leg and leg-to-hull connection model:
The model consists of a “detailed leg” or a portion of a “detailed leg” (see A.8.3.2), the leg-to-hull

connection (see A.8.5) and, when required, the spudcan (see A.8.6). The results from this model|can
be used to examine the leg strength and the adequacy of the jacking and/or fixation systems.
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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

(E)

Applicability
I II 111 1\ \'% VI VII
Base shear . L
Model type and Overturning | Foundation Global Leg Jacking/fixation Hull
turni heck heck leg member system element
overturning checks checks forces forces reactions forces
moment
a u etailed le es es es es es es eenofe
Fully detailed leg Y Y Y Y Y Y S
b) Equivalentleg
(stick model) Yes Yes Yes Yes
c) Combined
equivalent/detail Yes Yes Yes Yes Yes Yes See nofe
ed leg and hull
d) Detailed single leg
and leg-to-hull — — — — Yes Yes —
connection model

NOTE Hull stresses are only available from more complex hull models.

A.8.3 Modelling the leg

A.8.3.1 General

For truss legs the model(s) can be generated in aceordance with A.8.3.2 to A.8.3.4 as applicable. Single

column legs can be modelled with beam elements{(see A.8.3.3) or by means of other appropriate fi
elements with due consideration for local andglobal buckling.

A.8.3.2 Detailedleg

Modelling should account for offsets:between member work points and centroids, as omitting this de
can be unconservative. If member-offsets are not included in the model, analysis of the relevant jo
should consider their effect/Gusset plates are typically omitted in the structural leg model. Howe
their beneficial effects can be taken into account in the calculation of member and joint strength.

A.8.3.3 Equivalent leg (stick model)

The leg structure-can be simulated by a series of collinear beams with the equivalent cross-sectig
properties calculated using the formulae indicated in Tables A.8.3-1 and A.8.3-2 or derived from
application of suitable unit load cases to the 'detailed leg'. The stiffness properties of the equivalent]
should.equate to those of the 'detailed leg' model described in A.8.3.2. Where such a model is u
relevant analysis results can be applied to a detailed leg model to determine member stresses, fixat
system/pinion forces, etc.

The determination of stiffness for the equivalent leg model can be accomplished as outlined below.

hite

tail
nts
ver,

nal
the
leg
bed,
ion

a) From hand calculations using the formulae 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 u

sed

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, 6y, 6 and &, used in
Formulae (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:

—Axtatunittoadcase—This s usedtodeterminetheaxtatares; Aeq, of the cquivalcut lcg mrodet
beam according to standard beam theory as given in Formula (A.8.3-1):

FL FL
A = c = Aeq = i
AeqE EA

(A.8.3-1)
where

A is the axial deflection (shortening) of the cantilever at the point of force 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 of steel.

— 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 (I) according to ‘standard beam theory as given in
Formula (A.8.3-2):

_ miz

ML
6M = = £

and 6y = = =2

MILZ
=>]=—= =
EI 200

2EI T 2Eém

(A.8.3-2)
where

6y 1s the lateral deflection of the cantilever at the point of moment application;

M is the applied moment;

0\ 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 formulae can differ somewhat.

— Pure shear, P, appliedsat'the end of the cantilever, which can be used to derive I according to
standard beam theory-as given in Formula (A.8.3-3):

P12 P12
= =] =
2E] 2E0,

Op
(A.8.3-3)

P is the applied shear;

ya) icthao cl aftha cantilays
S5+e otre-cahthey

clana
Op T TC-STO POttt v e ot o C—p oMt O SsCar ap phtatroTr:

Using either this value of /, or a value obtained from the pure moment case, the effective shear
area, A of the equivalent leg model beam can then be determined using Formula (A.8.3-4):

PL3  PL. 7,8PL.I
= > Aseff = 73
3El  AgeeG 3E16y — PL3

Sm
(A.8.3-4)

where G is the shear modulus of steel, G = E/2,6 for Poisson's ratio of 0,3 for steel.
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structures
Structure Effective shear area of frame, A4si
s A
C
A | -~ _'C 4 (1+ v)sh?
. . | =
NS AN T todd S
. [+ . R
| N \A 24, 64,
: : A
[ 4 I
s A
B | - -l C A - (1+v)sh?
N A\ S1
s LA o )5
D
A, 84, NAA 3
' ; '
I
- 5 A
¢ | peaing O (1+v)sh?
! \ si d3 $3
Ap < 44, 124,
: '
\\/ |
s A
D . - _Ac 4 (1+v)sh?
Ag™ ' ‘ S48 . n3 . 3
. 24 2A 64
\Q | D v
] Ap A
[ Y I
E S /
! !4—»! ) G | A - 48(1+V)IG
Y H \ S1 2 I
| \ | s 1+—2d s
S : sh I
| I | |l
L ’ 1 L
| |
Key
bay height Ay area of horizontal brace

h centteto centre of chords on face
length of diagonal brace on face
Agrdrea of chord

Ap area of diagonal brace

v Poisson's ratio (0,3 for steel)
I; largestinertia of chord
Iy largest inertia of brace

N number of active bays

NOTE 1
NOTE 2
NOTE 3

The stiffness properties are the same for all directions unless the chords have different areas.
The formulae can be inaccurate if significant offsets exist between brace work points.
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-RP-C104, (DNV 2022b).
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Table A.8.3-2 — Formulae for determining the equivalent section properties
of three-dimensional lattice legs

Leg type Equivalent properties
VA
/\52* Ag Aeq = 3Aq
// \\ 3
S / \viAsi Asy =4 = EAsi
A / \ Y 1
/ N ¢ \ L=1,= EACih2
S I {D 1
IT = _Asihz
| , | 4
! |
VA
%P* —— ‘Ct Aci
Asi Aeq 7 4'ACi
= 9 ~Y Agyy= As, = 24

Iy = IZ = ACihz

h

VA
4 N Apg = 44g
/ \</ eq Ci

C W q \/\;Y ASy = A, = 24
/é& N AY I, =1, = Agh?
N AL

1 = Asihz
\\\/\@/ / T
Key

Asi | effective shear area for two-dimensional structure (from Table A.8.3-1)

Aci| individual chord area
As | effective shear ared.about representative axis (y or z)
I second momentof'area about representative axis (y or z)

It | torsional moment of inertia

NOTE1 . 4gCan be taken as the cord area including a contribution from the rack teeth (see 8.3.5).
NO[TE 2 \ Based on DNV-RP-C104 (DNV 2022b).

A 24 Combination-ofdetaileadand-eauvivalentla
OO TG0 et L T et

I crororactar LY

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.
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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 local bending and shear distortion.
A.8.3.5 Stiffness adjustment

No guidance is offered.

A.8.3.6 Leginclination
No guidance is offered.
A.8.4 Modelling the hull

A.8.4.1 General

Recommended methods of modelling the hull structure are given in A.84:2 and A.8.4.3. Hull m
modelling is discussed in A.8.7 and the modelling of hull sagging is discussed in A.8.8.3.

A.8.4.2 Detailed hull model

The model should be generated using plate elements in which@appropriate directional modelling of

effect of the stiffeners on the plates should be included. Thetelements should be capable of carrying i

plane shear and out-of-plane moment.
A.8.4.3 Equivalent hull model

In an equivalent hull model, the deck, bottom, sideshell and major bulkheads are modelled as a grill
of beams. The axial and out-of-plane properties-of the beams should be calculated based on the dept
the bulkheads, side shell and the "effective"width" of the deck and bottom plating. Beam elems

ass

the

age
h of
nts

should be positioned with their neutral @xes at mid-depth of the hull. Due to the continuity of the deck

and bottom structures and the dimensions of a typical hull box, the in-plane bending stiffness car
treated as large relative to the out-of-plane stiffness. The torsional stiffness should be approxima
from the closed box section of thie'hull and distributed between the grillage members.

A.8.5 Modelling the leg-to-hull connection

A.8.5.1 General

The leg-to-hullcconnection modelling is of extreme importance to the analysis since it controls
distribution ©f leg bending moments and shears carried between the upper and lower guide structy
and the jacking or fixation system. It is, therefore, necessary that these systems be properly modelle
terms of'stiffness, orientation and clearance. A simplified derivation of the equivalent leg-to-
conrfection stiffness can be used for the equivalent leg (stick model).

A specific jack-up design concept can be described by a combination of the following components

be
ted

the
res
d in
hull

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.
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T —
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a) Single sided rack and pinion b) Opposed rack and pinion

/\<_\

BB

Q
x

c)_Pin and yoke
Figure A.8:5-1 — Types of elevating system

Repjresentative leg-to-hull connéctions are shown in Figure A.8.5-2. The basic function of the leg-to-hull
connection is to transfer forcesybetween the leg and hull as follows.

— | Horizontal shear is(transferred by a set of horizontal forces in the lower guides and/or fixation
system.

— | Vertical for€e-is transferred via a set of vertical forces in the support system.

— | Bending homent 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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‘@_ {@, System includes:
— jackcase;
2 — fixed jacking system with \opposed| or
unopposed jacking pinions.
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a) Fixed jacking system without fixdation system

|
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BA DA System includes:
SAY SAY
‘@’ '@’ — jackcase;
D

— shock pads;
4> — floating jacking system with opposed| or

unopposed jacking pinions.

:

b) Floating jacking system without fixation system

Figure A.8.5-2 — Representative leg-to-hull connections (1 of 2)
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E — jacking system with opposed or unoppeosed
g jacking pinions;
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— fixation system.
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c) Jacking system with fixation system
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System includes:

Ul
93

— jackhouse;

— upper and lower yokes;

— upper and lower shock pads;

(2—' —> — jacking cylinders;

— jacking pins.

d) Pin and yoke jacking system
Key
upper guide reaction

lowenguide reaction

pinjon reactions

fixation system reactions

jacking pin reactions

<’“rju1-l>wl\:r—k

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 (2 of 2)

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
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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
engaged, some jack-ups release the pinions by disengaging the jacking system. Under this condition,

are
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. In Figure A.8.5-4 a) to c) the part below the lower guid
independent of the leg-to-hull connection.

For jack-ups without a fixation system, the leg bending moment is shared by the jacking‘system

guide structure. For jack-ups with a fixed jacking system, the distribution of leg moment between
jacking system and guide structure mainly depends on the stiffness of the jacking pinions. Typical sh
force and bending moment diagrams for this configuration are shown in Figures?A)8.5-4 b) and A.
4q).

For a floating jacking system, the distribution of leg bending moment between the jacking system
guide structure depends on the combined stiffness of the shock pads.and pinions. Typical shear fq
and bending moment diagrams for this configuration are shown in Figure A.8.5-4 d).

The leg-to-hull connection should be modelled considering the-eéffects of guide and support syst

clearances, wear, construction tolerances and backlash (withifi the gear train and between the d
pinion and the rack).
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1 |lower guide 5  shear force without lower guide contact
2 | fixation system lower 6  shear force with lower guide contact

3 |jacking pinion 7  shear due to wave/current action

4 | upper guide 8  netshear or bending moment

S | shear force

M | bending moment

Figure A.8.5-3'“— Complete leg shear force and bending moment — Jack-ups with a fixation
system
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2
1
a) Jack-ups with a fixation system
4 8 S M
7 d b.
- ———
1

b) Jack-ups without a fixation system and having a fixed jacking system with opposed pinions

4 8 S

D

7o e .,

M

—— _4>_<__74
/ /

c) Jack-ups without a fixation system and having a fixed jacking system with unopposed pinions

Figure A.8.5-4 — Leg shear force and bending moment within the leg-to-hull connection (1 of 2)
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d) Jack-ups without a fixation system and having a floating jacking system

Ke

1 d lower guide 6  shear force with lower guide contact
2 | fixation system lower 7  opposed pinions

3 | jacking pinion 8  jack case rigidly fixed to hull

4 | upper guide 9  unopposed pinions

5 | shear force without lower guide contact 10 jack case floating onsshock pads

S | shear force

M | bending moment

Figure A.8.5-4 — Leg shear force and bending momentwithin the leg-to-hull connection (2 of 2)

If the jacking system has unopposed pinions, local chérd moments arise due to
— | the horizontal pinion force component (due to the pressure angle of the rack/pinion), and
— | the vertical pinion force componentacting at an offset from the chord neutral axis.

Thdg techniques in A.8.5.2 to A.8.5.7are recommended for modelling leg-to-hull connections (specific
dath for the various parts of thestructure can be available from the design data package).

A.8(5.2 Guide systems

Thg guide structures should be modelled to restrain the chord member horizontally only in directions
in which guide cofitact occurs. The upper and lower guides can be considered to be relatively stiff with
respect to the adjacent structure, such as jackcase, etc. The nominal lower guide position relative to the
leg|can be derived using the sum of leg penetration, water depth and hull elevation. It is, however,
recpommended that at least two positions be covered when assessing leg strength: one at a node and the
other dt midspan. This is to allow for uncertainties in the prediction of leg penetration and possible
diffﬁrences in penetration 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) and b), can be corrected using beam analysis for the simplified guide reactions, as
shown in Figure A.8.5-5 c) and d) respectively.
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a) Guide mid-bay-- guide reaction ignoring c) Guide mid-bay-- simplified distribution of the
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b) Guide at node-- guide reaction ignoring d) Guide at node-- simplified distribution of the
guide length guide reaction
Key
F  guidereagction
h  guidelength
S _“bay height

Figure A.8.5-5 — Correction of point supported guide model for finite guide length

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
stiff
fou
aris

A.8

Flo
and

fixation system should be modelled to resist both vertical and horizontal forces based on the
ness of the vertical and horizontal supports and on the relative location of their associated
hdations. It is important that the model reflects the local moment strength of the fixation system
ing from its finite size and the number and location of the supports.

5.5 Shock pad — Floating jacking systems

hting jacking systems generally have two sets of shock pads at each jackcase, one Jocated at the top
the other at the bottom of the jackhouse. Alternatively, shock pads can be provided for each pinion

or block of pinions. The jacking system is free to move up or down until it contacts the upper or lower

sho
in
sho
for
lindg

A.8

Thd
dir(
hul
as
the

A.8

The
by {

ck pad. In the elevated configuration, the jacking system is in contact with.the upper shock pad and
he transit configuration it is in contact with the lower shock pad. The stiffness of the shock pad
uld be based on the manufacturer's data and the shock pad should be modelled to resist vertical
fe only. It should also be recognized that the shock pad stiffness\characteristics are normally non-
ar and can change significantly over time.

5.6 Jackcase and associated bracing

stiffness of the jackcase and associated bracing should be modelled accurately since it can have a
bct impact on the distribution of horizontal forces between the guides and the jacking system. If the
is not modelled, it is normally sufficient to restrain the base of the jackcase and associated bracing,
vell as the foundations of the fixation system:and the lower guide structures at their connections to
hull.

5.7 Equivalent leg-to-hull stiffness

determination of stiffnesses for-the equivalent leg-to-hull connection model can be accomplished
he following means.

The application of unitload cases to a detailed leg model in combination with a detailed leg-to-hull
connection model inh accordance with 8.3.2 and 8.5: Unit load cases are applied as described in
A.8.3.3. The effective stiffness of the connection can be determined from the differences between
the results fronithe detailed leg model alone (see A.8.3.3) and those from the detailed leg plus leg-
to-hull connection model as follows.

— Axialunit load case: This case is used to determine the vertical leg-to-hull connection stiffness,
K;;, from the axial end displacements of the detailed leg model, 4, and the axial end

displacements of the combined leg and leg-to-hull connection model, 4., under the action of the

same unit load case, F, as given in Formula (A.8.5-1):

_F
b4, —4

K,
(A.8.5-1)

— Pure moment applied either as a moment or as a couple: This case is used to derive the rotational
leg-to-hull connection stiffness, K, from either the end slopes, ), and @, or the end deflections,

O0m and J, of the two models under the action of the same end moment, M, as given in
Formula (A.8.5-2):
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Ky =M/(6c — 0y) or Ky, = ML/(Sc — Oy) (A.8.5-2)

— Pure shear, which can be used to determine the horizontal leg-to-hull connection stiffness, K},

in a similar manner, accounting for the rotational stiffness already derived: Normally, the
horizontal leg-to-hull connection stiffness can be assumed infinite.

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 e, dchieve an accurate
transfer of the seabed reaction into the leg chords and bracing. It should be-noted that, due to |the
sudden change in stiffness, these rigid beams can cause artificially high stresses at the leg to spudican
connections. Hence, the modelling and selection of element type should-be carefully considered when
an accurate calculation of leg member stresses is required in this area:

For a strength analysis of the spudcan and its connections to the.lég, a detailed model with approprjate
boundary conditions should be developed. This analysis can be performed on an independent model of|the
spudcan.

A.8.6.2 Seabed reaction point

Unless geotechnical analyses demonstrate otherwise, the vertical position of the reaction point at each
spudcan should be located at a distance above.the spudcan tip equivalent to

a) half the maximum predicted penetration (when spudcan is partially penetrated), or
b) half the height of the spudcan (when the spudcan is fully penetrated).

The legs of an independent\leg jack-up can be either assumed to be pinned or supported with
translational and rotational feindation springs at the reaction point. The assumed boundary conditions
should be clearly stated.together with the assumptions for any moment fixity provided to the spuddans
by the soil.

The spudcan geemetry, sloping seabeds, bottom obstructions, existing spudcan footprints, etc., can repult
in horizontal-eeceéntricity of the spudcan support. In such cases, the horizontal position (eccentricity]) of
the reactign)point used in the analysis should be established through calculations that consider |the
spudcan‘geometry and seabed topology under the action of preload and should, normally, only be tzr;en
into account where this is detrimental to the assessment results. In such cases, the strength of the spudican
should also be considered.

Non-symmetrical geometries should be specially considered.

Further discussion on seabed reaction is contained in Clause 9.

A.8.6.3 Foundation modelling

Methods of establishing the degree of rotational restraint, or fixity, at the spudcans are discussed
further in Clause 9 and A.9. Upper or lower values should be considered as appropriate for the areas of

the structure under 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
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considering soil-structure interaction. These areas can be checked 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
should conservatively be taken as 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, see A.10.7

A.8.7 Mass modelling

Thd vertical distribution of mass is important for all dynamic analyses as it affects the lateral inertial
actjons. 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.

Forlearthquake assessments, see A.10.7.

Normally, the correct functional actions cannot be simply obtained from a mass, model of the hull and
legs with the application of gravity since it is not possible to consistently account for buoyancy, marine
growth, added 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
matgle to the functional actions. See A.8.8.2 and A.8.8.3.

A.8.8 Application of actions
A.88.1 Assessment actions

Thg¢ assessment follows a partial factor format. The(partial action factors are applied to the actions
deflned in other clauses (i.e. they are action factors,'not action-effect factors). The jack-up response is
non-linear and, hence, the application of the combined factored actions does not in general develop the
sanpe result as the factored combination of individual action effects.

The¢ actions and action effects are discussed in turn below.
A.8/8.2 Functional actions due to-fixed load and variable load

Thd actions on the hull due (o) fixed load and variable load should be applied to the model in such a
mahner as to represent their/correct vertical and horizontal distribution. The hull functional actions are
the|hull masses multiplied by the vertical gravitational acceleration. The hull mass distribution can be
represented by a conibination of self-generated mass and applied point masses at the node points of the
mofel. When redistribution of the hull weight is used to correct for hull sag moment (see A.8.8.3), the
corfect horizontal weight distribution can be compromised; when this is undesirable, one of the
altgrnative approaches in A.8.8.3 should be used.

Th¢ mass’and weight modelling of the legs is more complex than for the hull (see A.8.7). Separate mass
and functional action models should consistently account for buoyancy, marine growth, added mass,

entrapped water, etc.

In benign areas, the ULS environment is sometimes within the defined SLS limits for the jack-up and the
assessment metocean conditions do not exceed the limits for changing to the elevated storm mode (see
5.3). In such cases, the assessment should be for the ULS environment and the proposed operating
mode configurations, e.g. with increased variable load, cantilever extended and unequal leg loads.
Individual leg reactions under the functional actions can approach the preload reaction. A small
additional leg reaction due to environmental actions can then result in additional spudcan penetration.
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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

Whemajack-up isinstatted o site; the tegs ormmatty engage threseabed-withr the hruttsupported by its
own buoyancy in a hogged condition. Subsequently, with the hull slightly clear of the water, prelpad
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 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 gyide
clearances, the design and operation of the jacking system operational parameters,‘etc. Such mome¢nts
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 isthigher.

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 4nitially undeflected shape at |the
operating hull elevation. The hull sag moment is generally overpredicted by this modelling techniue
and may be reduced by up to 75 % of the value that would be ‘ebtained from an analysis using a hull
model with

a) the maximum extreme storm weight distributed aceotding to A.8.8.2,

b) guide clearances set to zero, and

c) the elevating system loads equalized withiiteach leg.

The reduction 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 of 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 as increasing the hull stiffness or increasing [the
conformity. 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 operating lirhits
(astopposed to between operating and survival limits, see 5.3), and for all earthquake assessments,|the
hull sag moment 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 hull should
be modelled to represent their correct vertical and horizontal distribution. Actions can be applied as
distributed or as nodal actions. Where nodal actions are used, a sufficient number should be applied to
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reflect the distributed nature of the actions, and it should be ensured that the correct total shear and
overturning moment are achieved 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%2 wave/current actions

Wale/current actions are determined from 7.3.3. The wave/current actions on the leg and the spudean
striictures above the sea floor should be modelled to represent their correct vertical and horizental
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.

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, F;, is applied to the hull as lateral force(s) acting through the hull centre of
grayity.

the inertial base shear and the inertial overturning mement. This can be accomplished by a

W?En the inertial loadset is derived from a random dynamic analysis, the applied loadset should match
bination of

a) |lateral force(s) acting on the hull,

b) |lateral force(s) acting equally on all the legs above the upper guide in the direction of the metocean
actions, and

c) | correcting moment(s) applied as a horizontal or vertical couple(s) to the hull.

Thg ratio of the total lateral forces@cting on the legs above the hull to the lateral forces acting on the
hul] should not exceed the ratio,of the mass of the legs above the upper guide to the total mass of the
hul]. The moment due to the ldteral forces applied to the legs above the upper guide should not exceed
the|correcting moment required to match the overturning moment, i.e. when applying the forces in b)
abdve, the correcting moment in c) should increase the overturning moment.

Forlces or moments(@ye to inertial actions should normally be applied only to structure above the lower
guifle. Internal leg\forces and foundation forces are both important aspects of a site-specific assessment
and application-of inertial actions to the legs below the lower guide directly affects these in an
unrjealistic thanner.

NOTE The application of the inertial loadset using concentrated forces can result in spurious local stresses.

A.8.8.6 Large displacement effects
There are two displacement effects that should be captured:

— lateral displacement of the hull causes the functional actions to increase global OTM (global P-A
effects);

— Euler amplification of local member forces increases member stresses (local p-6 effects).
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The assessor should be cognisant of how specific software includes these effects. Global displacement
effects are normally accounted for as described below. Euler amplification is frequently accounted for in
member code checks through use of the member moment amplification factor Bmar (see A.12.4). Some
methods account for only global effects, while other methods account for both global and local effects.

a) Large displacement methods:

I farge displacement methods, the solution 15 obtained by applying the load case in increments pnd
generating the stiffness matrix for the next load case increment from the deflected shape)of|the
previous increment, iterating on each step if necessary. This method accounts for both glabal
displacement and Euler amplification effects such that Bmar=1,0 in the moment amplification
formulae (see A.12.4).

b) 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 pérhaps local) so that the correct
value of Bmar can be chosen for use in the moment amplification farmulae (see A.12.4).

c) Negative spring method:

A simplified geometric stiffness approach allows linear-elastic incorporation of P-A effects in ar] FE
program without recourse to iteration. In this apptéach, a correction term is introduced into |the
global stiffness matrix prior to analysis. When th€@analysis is complete, the hull deflections, leg alkial
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.

The correction term is
—Pg /L
where

P, is the sum of the leg forces due to functional actions on legs at the hull including the weight of

the legs above-the hull;
L is the distance from the spudcan reaction point to the hull vertical centre of gravity.
This negative-stiffness correction term applied at the hull produces an additional lateral force at the hull

proportienal to the structural deflection. The resulting (additional) base overturning moment is equal
to P, tifes the hull displacement.

The'negative stiffness is incorporated into the global stiffness matrix by attaching orthogonal horizontal
translational spring elements to a node(s) representing the hull centre of gravity. If sets of orthogagnal

- dede 1 4 41 ) 1. 41 L. £ Jo1 H 41 ypay . | : des £L. PR LI A I )
SPTIHIES dI'T dlLdUIITU TU UIT ITUIL TIT UIT VILHIITY UL TAUI ITE, USITg UIT tULALD SPTITE SUIITITSS UIVIUTU DY the
number of legs, the torsional stiffness is also corrected.

If the negative spring(s) are earthed, the additional lateral force (due to the negative stiffness term)
causes an overprediction of the horizontal leg reactions. Typically, this is not critical and the horizontal
reactions at each leg can be reduced by an amount equal to the force in the spring divided by the
number of legs. However, when non-linear foundation elements are used, the earthed-spring approach
overpredicts the horizontal foundation reactions and results in erroneous foundation responses. The
overprediction of the horizontal leg reactions can be avoided if sets of negative horizontal springs are
defined for each leg and connected between the hull and the spudcan.
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The application of negative springs to the model accounts for global displacement effects but does not
include local Euler effects for individual members; therefore, code checks should include appropriate
terms to account for amplification of local moments (see A.12.4).

A.8.8.7 Conductor actions

The conductor actions can be applied as static forces. The reaction due to the tension and

1 : Pl +1 h] 4 1 111 : h TR T I +1 : h] 1 13l h] : 1.1 h]
hy(,lUu_ylldllllL dCLIOII OIT UIC COMMUUCLOD ST1ouUuld D HItTuucU I UIC JdCR=Up 5 g10Ddl dlldlyS1S ITIOUCT dIlu

applied through the support point on the hull.

Thg effects of stiffness and damping in the conductor are not generally modelled in a jack-up struetural
asspssment because they normally have negligible influence on the global jack-up response.

Strifictural integrity assessment of an individual conductor is outside the scope of this document.
A.8(8.8 Earthquake actions

See10.7 and A.10.7 for earthquake actions.

A.8,8.9 Iceactions

See10.8 and A.10.8 for ice actions.

A.9 Guidance on foundations

A.9.1 Applicability

No guidance is offered.

A.9.2 General

No guidance is offered.

A.9.3 Geotechnical analysis of independent leg foundations
A.9(3.1 Foundation modelling and assessment

A.93.1.1 General

In 9.3.1 and A.9.3.1 ar€addressed the approaches to foundation modelling for
— | response analysis; and

— | foundation assessment checks.

Thg response analysis should incorporate dynamic effects using a compatible or conservative
fouhdation model. Dynamic effects can either he applied by means of a set of added inertial actions or

be directly included in the analysis. There is a specific set of foundation assessment checks for each of
the foundation models that can be selected for the response analysis, as shown in Table A.9.3-1.

The foundations of independent-leg jack-ups approximate large inverted cones, commonly known as
spudcans. Roughly circular in plan, spudcans typically have a shallow conical underside (in the order of
15° to 30° to the horizontal) and can have a sharp protruding point. Other spudcan geometries are not
uncommon (see Figure A.9.3-1). Large jack-up spudcans can be in excess of 20 m in diameter, with
shapes varying with manufacturer and jack-up. Non-circular spudcans can be approximated by means
of a disc with equivalent diameter. The foundation capacity formulae given in A.9.3.2 are applicable to
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circular spudcans. Skin friction on the legs or spudcan is often ignored. Due consideration should be
given to the tapered geometry of most spudcans when assessing the foundation capacity.

NOTE Symbols that are not defined in the text can be found in 4.1.5.
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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 where a degradation of soil strength occurs due to cyclic loading. This can.be of particlilar
significance for silty soils and/or carbonate materials.

— Cases where an increase in spudcan penetration occurs and a potential fofpunch-through exists,
e.g. due to cyclic loading.

— Cases where horizontal seams of weak soil are located beneath ¢he spudcan that can resulf in
inadequate horizontal (sliding) capacity and sliding instability.

If any of the above circumstances exist, further analysis should be.carried out.

In the case of partial embedment of a conical spudcan, e.gin sandy soils, after preloading, additignal
spudcan embedment can result in a considerable increasé in foundation capacity, which can be used in
the assessment checks.

In some circumstances, the foundation capacities;and stiffnesses are not sufficient for the unit to satjisfy
the acceptance criteria (Clause 13) based on the applied preload. In such cases, the assessment car be
based on foundation capacities and stiffnesses calculated using soil strength parameters and partial
material factor y,, instead of the applied preload in accordance with the approach described in E.4. .

Table A.9.3:1— Approaches to foundation assessment

Fixity treatment in Foundation assessment Acceptance Subclauge
response analysis category
Simple preload check, Level 1; Step 1a A9.3.6.]
Windward leg check Level 1- Step 1b A936
(both are subject to limitations) s otep T
Pinned Bearing and sliding checks using vertical-horizontal Level 2; Step 2a A9.3.64

capacity envelope

Displacement check using the vertical-horizontal
capacity envelope and load-penetration curve; should Level 3; Step 3a A.9.3.6.4
also meet the Level 2; Step 2a sliding checks

Beirmg; 3n§1 slldzmg checks (uses the same procedure as Level 2; Step 2b A9.3.6.0
Simple interaction | Level 2; Step 2a)

surface (secant Displacement check using the vertical-horizontal

model) capacity envelope and load-penetration curve; should Level 3; Step 3a A9.3.6.6
Fixity also meet the Level 2 sliding checks

Full interaction Foundation checks are implicit in the non-linear model; Level 2; Step 2c A9.3.6.5

surface (yield should also meet the Level 2 sliding checks unless or

interaction model) [implicitly included Level 3; Step 3b A9.3.6.6

Continuum Foundation checks are implicit in the non-linear model Level 3; Step 3b A9.3.6.6
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A9

.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.

A9

.3.1.4 Linear vertical, linear horizontal and secant rotational stiffness

Thi

foundation fixity treatment incorporates a check on foundation capacity in terms of verticals

hotfizontal capacity and sliding capacity. The amount of rotational fixity is not directly involved in‘\a
checking formula. 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.

A9
The
inte
inc
A9
Thi
pro
beh
sho
A9
A9
A9

The
foll

a)
b)

.3.1.5 Non-linear vertical, horizontal and rotational stiffness

vertical, horizontal and moment interaction is implicitly checked through.the use of the yield
raction model as described in A.9.3.4.2.3. No other checks are required providing that sliding is
brporated in the model.

.3.1.6 Non-linear continuum foundation model

5 model should not be used unless one of the simpler analysis*methods above has been used to
vide a benchmark for the results. The soil model should-bé capable of capturing the non-linear
aviour for the strain levels expected in the response. The“interface between the spudcan and the soil
uld be modelled to account 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 asséssment of spudcan load/penetration behaviour is given in the
bwing steps.

Model the spudcan.

Compute the gross. ultimate vertical bearing capacity, Qy, of an open hole for various depths of the
bearing area below-sea floor using closed form bearing capacity solutions for the best estimate soil
strength profile."Lower and upper bound soil strength profiles should also be used to assess the
implications{of the range of spudcan penetrations.

Use Formula (A.9.3-1) to convert the gross ultimate vertical bearing capacity at each depth to the
avdilable structural spudcan reaction, V;, by deducting, when appropriate, the submerged weight of

the backfill, Wy, and adding the soil buoyancy of the spudcan below bearing area, B, calculated as

Bg=y'Vp as described in A.9.3.2.1.5.

V. =0Qy+Bg (with no backfill)
See A9.3.2.1.4.
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NOTE Formula (A.9.3-1) assumes the gross vertical bearing capacity is equal to the vertical spudcan
reaction during preloading. Ultimate vertical bearing capacity can exceed preload spudcan reaction,
particularly for competent soil conditions.

Plot the available structural spudcan reaction, V; as a curve against penetration, accounting 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. NS depth shoutd normaity be 1,5 times the expedted

penetration or to the penetration associated with 1,5 times the preload reaction.

e) Enter the curve of available structural spudcan reaction versus spudcan penetratien.“with |the

maximum preload reaction at the spudcans and read off the predicted spudcan penetration.
A.9.3.2.1.2 Modelling the spudcan

For conventional foundation analyses, the spudcan can often be modelled as-a.flat circular foundat

on.

The equivalent diameter is determined from the area of the actual spudcan,éross-section in contact with

the sea floor, or where the spudcan is fully embedded, from the largest eross-sectional area in plan

see

Figure A.9.3-2). Foundation analyses are then performed for this circular foundation at the greatest

embedment depth, Dembed, 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 shapes are discussed in Annex E. Other cenfigurations, e.g. rectangular spudcans or legs with

significant skin friction, can require alternative tréatment.

When a penetration analysis uses bearing capacity factors that account for the conical underside of]

the

spudcan, at each depth the equivalent gone angle (S Figure A.9.3-3 and Annex E) for the amount of

spudcan penetrated should be evaluated. With reference to Figure A.9.3-3, the equivalent cone shg
be taken such that

uld

— the diameter, B, of the cone at its top gives an area equal to the largest plan cross-sectional arep in

contact with the soil,

— the cone angle should be determined so as to enclose the same volume as that of the spudcan be
the sea floor,and

— once thelargest plan area is mobilized, the volume and equivalent cone angle remain constant.

ow
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| Dembed

a) Actual spudcan — Partially embedded b) Actual spudcan’— Fully embedded

F
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NZZ%) N N N

) Equivalent model—Partially embedded d) Equivalent model — Fully embedded

Key|

A effective bearing/area based on cross-section taken at uppermost part of bearing area in contact with soil
B effective spudcan diameter

Demied greatestembedment depth of maximum cross-sectional spudcan bearing area below the sea floor

142

grossvertical force acting on the soil beneath the spudcan due to the assessment load case

Figure A.9.3-2 — Spudcan foundation model
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c) Fully seated at sea floor d) Fully seated beneath sea floor

Key
B,.x maximum effective spudcan diameter
B effective spudcan diameter

Dembed greatest embedment depth of maximum cross-sectiénal spudcan bearing area below the sea floor
B
NOTE 1

NOTE 2

effective cone angle
Effective cone indicated by dasliedlines.
Based on Martin (1994)132],

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 equilibriuy

achieved at the end‘ef the preloading operation. Figure A.9.3-4 shows different failure mechanisms
various soil cenditions, which range from conventional bearing capacity failure in uniform s
potential punich-through for layered soils, squeezing, and combinations of all of these mechanisms.

soil model‘should be sufficiently accurate to represent the behaviour of spudcan and soil characteris

duringpreloading.

An‘appropriate soil model should be used for layered soils to account for the effects of punch-thro
or squeezing, e.g. local failure of a weak layer between two stronger layers. It is mentioned that
artificial punch-through condition can be created as a result of soil consolidation occurring duj

n is
for
bils,
The
tics

ligh
an

ing

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,
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a) Conventional bearing capacity failure: b) Deep bearing capacity: uniform soil
uniform soil

R D A4

c) Squeezing d)-Punch-through

\ . : /
XA

a4 T

) Punch-through (with trapped soil plug) f) Punch-through (with trapped soil plug) 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, and
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 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.
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Infill is the soil on top of the spudcan that results from cavity wall collapse or sediment transport,

(E)

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
backflow

infill-- wall failure

1

2

3 infill-- sediment transport

4 region subject to infill processes
5

region subject to backflow
NOTE Backfill includes backflow and infill.

Figure A.9.3:5 — Backflow and infill

The submerged weight of backfill (Wgg',) during preloading loads the top of the spudcan and result
additional penetration.

Backfill that occurs after préload has been applied and held (Wgg ) provides additional weight on

spudcan. This backfill reduces the vertical reaction that the foundation can support to resist
overturning moment..€onversely, any subsequent backfill increases the available uplift capacity of
windward leg(s).

The minimum Value of the backfill weight due to backflow during preloading, Wy i, depends on
limiting deptl’ of cavity, H
Formula‘(A:9.3-2):

cav’

WBF,omin = y,[A(Dembed - Hcav) - (Vspud - VD)] [With backﬂow, Le. WBF,omin always pOSitive)

S in

the

the
the

the

that remains open above the spudcan during penetration as given in

_2)

Wt omin = 0 (with no backfill) (A.9.3
where

Vepua is the total volume of the spudcan beneath the backfill;

Vp is the volume of the spudcan below the maximum bearing area that is penetrated into

soil, refer to Figure A.9.3-6; V, is zero for a flat-based spudcan.

the
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Care should be taken when calculating V, 4 when the spudcan is not fully covered with backflow

material; refer to Figure A.9.3-6.

pu

A B C
™
1 1
A B C
e |
2 =
L <
2 2
Key|
A | partial spudcan penetration
B | full spudcan penetration with partial backfill, WBF,o during penetration
C | full spudcan penetration with full backfill, , WBF,o during penetratiofy
1 the total volume of the spudcan below the backfill, Vspud
2 | the volume of the spudcan below the maximum bearing area that is penetrated into the soil, V,
3 | depth of cavity that remains open above spudcan, H_,,
4 | greatest embedment depth, Dembed, of maximum cross-sectional spudcan bearing area below the sea floor

Figure A.9.3-6 — Definition of spudcan volumes

For a single-layer clay with uniform shear strength or shear strength increasing with depth at a rate, p,
Formula (A.9.3-3) from Hossain and-Randolph (2009a)4 can be used to estimate H_,,. This expression

and the supporting data are graphically presented in Figure A.9.3-7. Formula (A.9.3-4) from Hossain and
Rardolph (2009a)[°4 can be used to estimate H_,, for multi-layer clays with moderate changes of strength,

iterjating to establish consistent values for Heav/B and s.

_ <055
H,,/ B=S 0,25S (A.9.3-3)
Heg | B<U84 1 (7'B)I*™ ~025[s,, / (7'B)] (A9.3-4)
where

‘B
4 (A.9.3-5)
S,y Is the undrained shear strength at a depth of H_,, below sea floor;

Sum 1S 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
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 so1l assumes 1ts angle ol repose).
S = (sum/7'B) (1-p/7"
0,001 0,01 0,1 1 10 1 ]
0,01
& [d] !
~ $uo Su
>
3
T
0,1 S
’ = ¢ 055_ 2
s 4
11 o014 02 2 e~
240,25 ©0,29
003 <043
405 X075 B .
10 ‘ 4
a) Experimental data and curve-fit b) Idealized scenario
Key
1 spudcan
2 leg truss
3 cavity
4 sea floor
5 soil backflow
B effective spudcan diameter (typically 11 m to 20 m)
Dembed greatest depth of'embedment of maximum cross-section in contact with the soil
cay  limiting depth.of cavity that remains open above the spudcan during penetration
Sun undrained shear strength at base of cavity
Sym  undrained shear strength at sea floor
w0 undrained shear strength at depth of maximum spudcan bearing area
Sy undrained shear strength
Z depth below sea floor
® submerged unit weight of soil
P rate of increase in undrained shear cfrnngfh with anfh
a Centrifuge test data.
b Large deformation FE analyses: non-uniform strength.
¢ Large deformation FE analyses: uniform strength.
d Typical design range.

Figure A.9.3-7 — Estimation of limiting cavity depth, H__ , due to backflow during installation

cav’
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A.9.3.2.1.5 Required bearing capacity

At maximum preload, the initial gross ultimate bearing capacity, Qy,, under the spudcan is equal to the
preload reaction, V; , plus the submerged weight of any backfill onto the spudcan, less the soil buoyancy
of the spudcan below the bearing area as given in Formula (A.9.3-6):

Qvo = V1o + Whp, — Bs (A.9.3-6)
where
Wsko is the submerged weight of the overburden on top of the spudcan from backfill during

preloading, which is not less than Wy i

Bs=y’V} is the soil buoyancy of spudcan below bearing area, i.e. the submerged weight of soil

displaced by the spudcan below Demped, the greatest depth of embedment of the
maximum cross-sectional spudcan bearing area below the sea floor;

Vp is the volume of the spudcan below the lowest level of maxinrim bearing area that is
penetrated into the soil; V} is zero for a flat-based spudcan,

The initial gross ultimate vertical bearing capacity, Qy,, is established by preload operations and related
to ¥,. However, in some cases, subsequent actions can cause further penetration and a corresponding
incfease in Qy, as is consistent with the load-penetration formula€ given in A.9.3.2.2 through A.9.3.2.6.

Al]9.3.2.2 Penetration in clays

Thg gross ultimate vertical bearing capacity of aoundation in clay of uniform shear strength
(undrained failure in clay, ¢= 0°) at a specific depth ean be expressed as given in Formula (A.9.3-7):

Qy = (syN.s.d, + p',)nB? /4 (A.9.3-7)

where

!

p', is the effective overburden.pressure at the greatest embedment depth, Dembed, Of the maximum
bearing area;

d. 1isthe bearing capacity'depth factor,d.=1+ 0,2 (Dembeda /B) < 1,5.

C
Forjcircular footings, the,product N s, should be taken as 6,0.

For the selectionof 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
obdervations.of spudcan penetrations.

Traditionally, the value of N. has been determined from solutions for strip footing on homogeneous
clal—wmptm—mmmm—ﬁmﬁrﬁﬁﬂw_mﬁwm—, i :

significantly affected by the gradient of shear strength with depth [see Young et al. (1984)[212] and
Houlsby and Martin (2003)99]].

Theoretical solutions for circular conical foundations on clays of uniform and increasing strength with
depth have been provided by Houlsby and Martin (2003)[9, as presented in E.1. The solutions give a
theoretical lower bound to the soil resistance and should, therefore, provide an upper bound prediction
of penetration.
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The total bearing capacity factors for rough spudcans, modelled as rough circular plates, are given in
Table A.9.3-2. Further bearing capacity factors are given in E.1 for the following parameter ranges (see

Figures A.9.3-2, A.9.3-3 and A.9.3-7):

— cone angles f between 60° and a flat plate of 180°;

— embedment depths, Dembed, between 0 and 2,5B;

— values of shear strength gradient pswB/s,,, between 0 and 5, where ps, is the rate of increas
undrained shear strength with depth, from a value of s, at the sea floor.

NOTE For soil layers that do not extend to the sea floor surface, sum refers to the undrained sheat strength at

the top of the layer.

The tables in Annex E provide a theoretical lower bound to the total bearing factor/N -s.-d. to appl]

the shear strength at the spudcan base level, s, for the full range of\the above paramet

y to
ers.

Alternatively, Houlsby and Martin (2003)[° indicates that using the shea¥’strength, s, at a depth of

0,09B below the spudcan base level together with the bearing factofs, given in Table A.9.3-2 fc
foundation on uniform strength clay provides answers that are within+ 12 % of the theoretical loj
bound solutions.

Alternatively, field experience in the Gulf of Mexico (Young, 1984)[212] indicates that for typical Gul
Mexico shear strength gradients and spudcan dimensiofis, spudcan penetrations in clay are v
predicted by selecting s, as the average over a depth of B/2 below the widest cross-section

combination with the bearing capacity and simplifiéd depth factor formula from Skempton (1951)
provided in Formula (A.9.3-7). A comparison ,was made Menzies and Roper (2008)[138] betw
measured load-penetration records from thirteen Gulf of Mexico clay sites with linearly increas
shear strength profiles and spudcan penetration predictions from four bearing capacity formulati
namely Skempton (1951)016%, Hansen (1970)I88], Houlsby and Martin (2003) and Hossain et
(2006)931. The comparisons indicate thatthe Houlsby and Martin method provides a good lower bo
load-penetration prediction indicating deeper penetrations, the Hossain et al. method provides
upper bound load-penetration prediction, usually predicting shallower penetrations than measu
and the Skempton and Hanson-bearing capacity factors provide reasonable predictions of aver
penetrations. The Hossain ‘etfal. (2006)[93] bearing capacity method was modified (Hossain ef
2009)%¢l to provide a load-penetration prediction method that accounts for soil strain rate depende]
and strain softening during spudcan penetration. Hossain et al. (2014)197] compared load-penetrat
results from the modified bearing capacity model with data from Menzies & Roper (2008)(138] and fo
good agreement.,

Some jackzup-rigs with more than 3 legs are able to apply the pre-drive in minutes; conventional wz
ballast preload operations take hours or days to complete. The bearing capacity when pre-driy
should utilize bearing capacity methods that allow for changes in the shear strength due to strain 1
effects’ Research performed by Hossain and Randolph (2009c)[®¢! developed a bearing capacity mc
that includes the effect of strain rate dependency to predict load-penetration. A discussion of strain 1
effects on the prediction of load-penetration is also presented in Versteele et al. (2017)[1951,
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For clay layers with distinct strength differences, methods for layered soils should be used;
A9.3.2.6.

see
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Table A.9.3-2 — Bearing capacity factors for rough circular plate
on homogeneous clay (Houlsby and Martin, 2003[991)

The
esti

A9

It i

Embedment ratio, Bearing factor,
Dembed/B N, s.d,

0 6,0

0,1 63

0,25 6,6

0,5 7,0

1,0 7,7

>2,5 9,0

bearing factor is nonlinear with respect to the embedment ratio. It is necessaryto.use caution when
mating an appropriate bearing factor for embedment ratios other than those given in Table A.9.3-2.

.3.2.3 Penetration in soils with partial drainage

recommended that analyses for drained conditions (modelled as’sand) and undrained conditions

(maodelled as clay) be performed to estimate the range of penetrations:

Pan
Fin
cyc

A9

Spy
walt
cirg

tial drainage conditions and penetration in soils can be assessed using the approaches described by
hie and Randolph (1994b)[721 and Erbrich (2005)70]; the/latter reference also describes the use of
ic preloading in silts.

13.2.4 Penetration in silica sands

dcan penetration in silica sand is usually;dnalysed as a drained process, in which no excess pore
er pressure is generated. In drained conditions, the gross ultimate vertical bearing capacity of a
ular foundation in homogeneous frictional material can be expressed as given in Formula (A.9.3-8):

_y'd,N,nB? N PodqNymB?

(A.9.3-8)
where
dY is the depth factor on self weight for drained soils, dv: 1,0;
dq 1s the depth factor on surcharge for drained soils,
dy=1+2tan¢g’ (1-sing ')2 arctan(Dembed/B) where arctan(Dembed/B) is in radians and
¢'is the effective angle of internal friction for sand in degrees;
B is the effective spudcan diameter in contact with the soil;
y' is the submerged unit weight of the soil;

N,and N, 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.
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Theoretical values of N, and N calculated using the slip-line method for a flat, rough circular footing in
Martin (2003)[133 are given in Table A.9.3-3 for soil friction angles from 20° to 40°. These N, and N,

factors can also be applied to (blunt) conical spudcans that are not fully rough, since the error involved
is generally small compared with that arising from the uncertainty in selecting the soil friction angle; for
example, Table A.9.3-3 shows that a 1° change in ¢’ gives at least a 20 % change in N, A more detailed

penetration analysis can be performed using the values of N, for conical footings tabulated in Annex E;

threse toverarange of tomre apexangtes amd-interface Toughmess toefficients:
Adequate 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, 2003)[133]
Friction angle Bearing factor Bearing factor
¢’ Ny Nq
Degrees

20 2,4 9,6

21 2,9 10,9

22 3,5 12,4

23 4,2 14,1

24 5,1 16,1

25 6,1 18,4

26 7,3 21,1

27 8,8 24,2

28 10,6 27,9

29 12,8 32,2

30 15,5 37,2

31 18,8 432

32 22,9 50,3

33 27,9 58,7

34 34,1 68,7

35 41,9 80,8

36 51,6 95,4

37 63,7 113,0

38 79,1 134,4

39 98,7 160,5

40 123,7 192,7
A;9.3.2.5 Penetration in carbonate sands
A.9.3.2.51 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 Chua (1985)[148], Le Tirant and Nauroy (1994)(121l and Finnie and Randolph
(1994a)721]. Extreme care should be exercised when operating in these materials.
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A.9.3.2.5.2 Uncemented carbonate materials

Relatively large spudcan penetrations have been reported for uncemented carbonate materials despite
high laboratory friction angles [Dutt and Ingram (1988)(6¢]]. This can be attributed to either the high
compressibility of these materials or low shear strengths due to high voids ratio and a collapsible
structure.

perletrations should be expected for carbonate sands relative to silica sands despite the similar or even
higher laboratory friction angles. This is supported by both experimental studies [Poulos and ,Chua
(1985)148l, Pan (1999)(144], Pan et al. (1999)(145], and Byrne and Houlsby (2001)39] and theoretical
stuflies [Yeung and Carter, (1989)2091] on model foundations.

A.9.3.2.5.3 Cemented carbonate materials

Natural cementation in calcareous sediments is formed by carbonate precipitation. Model spudcan
expleriments on artificially cemented calcareous soils have shown that the pure vertical bearing
response of circular foundations can also be described as bi-linear, with a yield_point that is similar to
the|yield stress in 1-dimensional compression [Poulos and Chua (1985)(148l, Houlsby et al. (1988)[100],
Shqrp and van Seters (1988)[1¢6], and Randolph and Erbrich (1999)153,\The bearing resistance then
increases with continuing displacements, with no clear failure point. {Phis behaviour is consistent with
local or punching shear failure. Randolph and Erbrich (1999) [153] éxplain this bi-linear shape as being
attifibutable to the very small settlement expected before the yield pressure is exceeded.

A.9.3.2.5.4 Predictive methods

Thd predictions of spudcan penetrations in carbonate sands are likely to be less accurate than those for
silita sands because carbonate sands generally have high porosity and a varying degree of cementation.

Spudcan penetration occurs due to a combination of soil compression and soil failure. The use of the
confventional general shear failure model fok“sand for predicting the penetration is, therefore, not
apgropriate. This model is, however, genetally adopted for penetration predictions in carbonate sands
but{requires a careful assessment of the'friction angle. The reduction of the friction angles is typically in
the|range of 3° to 7° for cemented and:uincemented carbonate sands.

Spdcial attention is required for'sites with a stronger cemented soil layer overlying weak, uncemented
layérs with careful consideration given to the type of punch-through mechanism.

Ranpdolph et al. (1993)[%54) and Finnie and Randolph (1994a)[71l outline a bearing modulus method for
undemented calcareous/sands. This is based on the results of a series of centrifuge experiments of
moflel 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
thah the self-weight as given in Formula (A.9.3-9):

14V 2 (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
spudcans in uncemented carbonate soils. Formula (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.
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Figure A.9.3-8 — Representation of a conical spudcan by equivalent circular footing “slices” for
the calculation of vertical bearing capacity in carbonate sands

Other predictive methods for circular spudcans on both cemented and uncemented. calcareous sands
have been published, including Islam (1999)0107], Islam et al. (2001)[109, Houlsby et al. (1988)(too],
Randolph et al. (1993)[154], Finnie and Randolph (1994a)71], and Yamamoto et-al)(2008) (2071, (2009)posI,
In concluding that the bearing response of shallow foundations on calcaregus sands is better modelled
with a compressional deformation mechanism and the punching shear pattern, Yamamoto et al.
(200812071, 2009 [208]) provide simple formulae for the response of shallow footings on compressfble
sands.

A.9.3.2.6 Penetration in layered soils
A.9.3.2.6.1 General

Three different foundation failure mechanisms should be considered when making spudcan predictions
in layered soils:

a) general shear;
b) squeezing;
c) punch-through.

The first failure mechanism ©ccurs if soil strengths of subsequent layers do not vary significantly. Thus,
an average soil strength (either s, or ¢ ) can be determined below the spudcan. The spudcan

penetration versus fotundation capacity relationship is then generated using criteria from A.9.3.2.2 to
A9.3.2.5.

Criteria for the other two failure mechanisms (squeezing and punch-through) are given in A.9.3.2.6.2 to
A.9.3.2.6.6~Punch-through is of particular significance since it concerns a potentially dangerpus
situationwhere a strong layer overlies a weak layer and, hence, a small additional spudcan penetration
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

Squeezing failure of a soft clay layer overlying a significantly stronger layer (see Figure A.9.3-4 and
Figure A.9.3-9) occurs when the thickness of the soft clay beneath the spudcan is less than that required
for the general bearing capacity failure mode to apply. In such cases the soft layer squeezes and the
vertical foundation capacity is greater than the vertical foundation capacity given by general failure in
the soft clay layer, but less than the vertical foundation capacity given by general failure in the
underlying significantly stronger layer.
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The gross ultimate vertical bearing capacity of a spudcan on a clay layer undergoing squeezing failure
can be analysed by methods given by Brown and Meyerhof (1969)351 and by Vesic (1975)[1%I in
combination with the bearing capacity and depth factors given by Skempton (1951)[169 as given in
Formula (A.9.3-10).

b.B 1,2D
0 = A {(ac+ 20+ 2oty 5 b > AN s de sy + pl)

(A93-10)

where the following squeezing factor constants are recommended:
a,=>5

b,=1/3

and s, is the undrained shear strength of the soft clay layer.

vy

Key

1 spudcan with effective bearing area, A

2 softer clay layer with.shear strength, s
3 stronger soil

4 no backflowrand no infill (i.e. no backfill)
B effective~spudcan diameter

Demped embedment depth of spudcan effective bearing area, 4, below sea floor

v, dyailable spudcan reaction; see Formula (A.9.3-1)
P’ effective overburden pressure at depth, Dembed
T thickmness of weaker clay tayer beneati the spudcan effective bearing area

Figure A.9.3-9 — Spudcan bearing capacity analysis — Squeezing clay layer

The squeezing vertical foundation capacity given by Formula (A.9.3-10) should be limited such that it
does not exceed the ultimate bearing capacity of the underlying strong soil layer (for T << B). Note that
as T increases Formula (A.9.3-10) can give a value of Qv that is less than the corresponding value for the
general shear bearing capacity in the soft clay layer. In such cases, Qv should be taken as the latter.
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Re-arranging Formula (A.9.3-10) using scN. = 6,0 for the bearing capacity factor at the surface in
combination with the expression for the depth factor, d, given in A.9.3.2.2 indicates that squeezing

failure will occur if T < B/3, subject to Dembed/B < 2,5.
A.9.3.2.6.3 Punch-through: two clay layers

The gross ultimate vertical bearing capac1ty of a spudcan on the surface of a strong clay layer overlying

d WCdK ley ld_yt‘[ Cdll UE u)mpuu:u dLLUIUlIlg to—Brown dIlU lVltf_yCIIlUl Ll‘JO‘J}l‘“J dsS gth!I in

Formula (A.9.3-11); (see Figure A.9.3-10):

H D+H , '
Qy =4 [SESu,t +Ncsc(1+0,2T)su’b +p,]1 < A(N_s.d, Sut +Dpg) (A9.341)

Formula (A.9.3-11) applies to clay layers of uniform undrained shear strengths.

vy
1
2 T
3
2 2

B
Key
1 spudcan with effective bearing area, A
2 stronger clay layer with shear strength, s, ,
3 weaker clay layer with shear strength, s, ,
4 no backflow and no infill (i.e. no backfill)
B effective spudcan diameter
Dembed Embédment depth of spudcan effective bearing area, A, below sea floor
143 available spudcan reaction; see Formula (A.9.3-1)
P’ effective overburden pressure at embedment depth, Dembed
H thickness of stronger clay layer beneath the spudcan effective bearing area

Figure A.9.5-10 — 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, Qy, 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.
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The fictitious footing has an equivalent diameter is as given in Formula (A.9.3-12):

For

B' =B+ 2H/n, (A.9.3-12)

sand overlying clay, a load spread factor, n, of 3 (see Figure A.9.3-11) has been recommended by

Young and Focht (1981)211 for jack-up foundations. However, comparison with model test data
[Jacobsen et al. (1977)[110], Higham (1984)1°2], and Craig and Chua (1990a)591] suggests a range of n,

fro
(B
con

The
we
ass

The

wh
bet

3 to 5. Conversely, actual spudcan penetration data are available that suggest smaller ng values

lioni, 1982)[211. It is, therefore, recommended that load spread factors in the range of 3 to 5 be used;
sistent with current industry practice.

calculation of the bearing capacity of the fictitious footing should include consideration of the
ght of the sand, W, above the fictitious footing at the surface of the lower (clay) layer,-baséd on the
mption of an open cavity being present above the footing, as given in Formula (A.9.3-13):

W = 0,251[B"* (Demped + H) — B*DempeaV’ (A.9.3-13)

total capacity is, therefore, as given in Formula (A.9.3-14):
Qu=0Qup—W (A.9.3-14)

ere (,, , is the ultimate vertical foundation bearing capacity for the fictitious footing at the interface
iween the sand and clay layers with no backfill, which can be ¢alculated using Formula (A.9.3-7).
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vy
1
2 T
Z 7

B
Key
1 spudcan with effective diameter, B
2 sand layer with submerged unit weight of
3 clay layer
4 void above spudcan, i.e. no backflow and no infill (i.exho backfill)
5 fictitious spudcan with effective diameter, B, at the.nterface between the upper and lower layers
Dembed embedment depth of actual spudcan below thé's€a floor
v, available spudcan reaction; see Formula (A.9.3-1)
H distance from spudcan to clay layer below
ng load spread factor for sand overlying clay (typically 3 to 5)
P’ effective overburden pressurerdat.depth Dembed

Figure A.9.3-11 — Spudcan bearing capacity analysis — Sand over clay

Alternatively, the gross ultimate initial bearing capacity may be calculated using Formula (A.9.3-
derived from Hapna-and Meyerhof (1980)8sl:

tan(y)
B

Qv =Qup — AHY' + 2AH(Hy' + 2p,) K
(A.9.3

where @}, is determined according to A.9.3.2.2, assuming that the spudcan bears on the surface of
lower clay layer with no backfill.

15)

15)

the

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 Meyerhof (1980)is¢l;
Figure A.9.3-12.

see

The bearing capacity for Qcay / Qsand ratios less than 0,1 may be calculated using the methods described

in either A.9.3.2.6.4 or E.3.
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0 01 02 03 04 05 06 07 08 09
chay
Qsand
Key
¢! — 400
¢! — 350
¢V = 300
4 ¢'=25°
K coefficient of punching shear
cha) bearing capacity of clay for a surface strip footing'of width equal to the spudcan diameter, B

Qs bearing capacity of sand for a surface strip*foeting of width equal to the spudcan diameter, B

@' effective angle of internal friction for sand'in degrees

Figure A.9.3-12 — Bearing capacity ratio versus coefficient of punching shear for spudcans

An |approach based on a ‘centrifuge study has been proposed by Teh et al. (2010)184. The load-
perjetration curve typical ‘of the punch-through condition is represented by a simplified profile
consisting of three bearing capacities, namely bearing capacity at sea floor, @, (at d=0), maximum

bearing capacity, Qpc.x (at d=d;), and bearing capacity in the underlying clay (for d>H). A brief
description ofthe approach is provided in E.3.

A.93.2.6.5.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 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-
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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

3 3

a) Analysis 1 — Layer 2 over layer 3 b) Analysis 2 — Layer 1 over layers (2 and 3)
Key
1 layer 1
2 layer 2
3 layer 3
v, available spudcan reaction see Formula (A.9.3-1)

Figure A.9.3-13 — Spudcan bearing-capacity analysis — Three-layer case

A.9.3.3 Yield interaction
A.9.3.3.1 General

During preloading, the soil beneath-the spudcan fails plastically and the spudcan penetrates until [the
bearing capacity is in equilibriim with the preload reaction. When the preload is removed, the soil
unloads on the small strain unload-reload stiffness curve. The spudcan geometry and the soil properties
at the penetrated position are then used to determine the maximum moment and horizontal capacities
that, with the vertical~capacity, are the principal values that define the size of the yield interaction
surface.

The limiting combinations of the spudcan moment, vertical and horizontal reactions are defined by|the
yield interaction surface; see Figure A.9.3-14. Inside the yield surface the foundation behaviouf is
considered to be elastic for small strains, but it becomes increasingly inelastic as the yield surfacg 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 s:te's
efivironmental 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.

A9.3.32 to A9.3.6.7 are generally applicable to spudcan foundation assessment. In some
circumstances, the foundation capacities and stiffnesses are not sufficient for the unit to pass the
acceptance criteria based on the applied preload. In such cases, the assessment may, where applicable,
be based on the foundation capacities and stiffnesses calculated based on soil strength parameters
instead of the applied preload in accordance with the approach described in E.4. In such assessments
the guidance in these sections should be supplemented by the guidance in E.4. Additional guidance on
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 etal.
(1995)156], Cassidy et al. (2006)147], Wong and Murff (1994)[204, Baerheim (1993)(22] and van Langen and
Hospers (1993)11931. 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 ¢lay, a deeply embedded spudcan can achieve a greater moment capacity than a spudcan with a
shallow penetration [see Templeton et al. (2003)[189, (2005)[1901 and Templeton (2006)185]]. In
addition, the shape of the yield surface changes from paraboloidal to becoming progressively more
ellipsoidal with increasing penetration. This was first shown experimentally by Martin and Houlsby
(2000)134, further substantiated via numerical analysis by Martin and Houlsby (2001)/135] and
conffirmed via finite element analysis by Templeton et al. (2005)189, This effect can be, taken into
accpunt by interpolating between the paraboloidal shape of the shallow embedment<yield surface
[obtained by setting a=0 in Formula (A.9.3-16)] and the ellipsoidal shape for deep embedments
(Defubea > 2,5B) using the depth interpolation parameter, a. Accomplishment.\‘of the necessary
intg¢rpolation via a single parameter linear variation of the coefficients was shdwn to be sufficiently
accurate by Templeton (2006)[185],

This model does not include sliding; where sliding is important, this should be incorporated separately
using the method described in A.9.3.5.

Thgre is currently no existing data that can be used to justify increases of horizontal and moment

In the yield formula, the gross ultimate vertical bearing capacity, @y, is initially established by preload
opgrations and related to v;, as specified by Forinula (A.9.3-6). However, in some cases, subsequent
environmental actions can cause further pemetration and a corresponding increase in Qy, as is

consistent with the load-penetration forthulae given in A.9.3.2.2 through A.9.3.2.6. In assessment
analyses that incorporate work hardening, such possible increases in Qy can be included automatically.

In gther types of analyses, the effeqts;of such increases in @y can be included via calculations using the

loagl-penetration formulae, together with values of any additional penetration. In either case, care
shguld be taken to includejall*contributions from P-A effects associated with leaning due to the
additional penetration.

The forces Fy and Fy-dnd the moment F; acting on the spudcan are the forces transferred to the

fouhdation by the\jack-up in operational, extreme storm or earthquake conditions due to the
asspssment load’ease F, in 8.8. They include quasi-static contributions due to factored actions, and

conftributions\ffom dynamic response, as appropriate, in accordance with the procedures of Clause 10.

— | Fyis'the horizontal force applied to the spudcan due to the assessment load case F; (see 8.8).

— Fy is the gross vertical force acting on the soil beneath the spudcan due to the assessment load case
F4 (see 8.8).

— Fyis the moment applied to the spudcan due to the assessment load case F, (see 8.8).

If a force combination (Fy,Fy,Fy;) satisfies Formula (A.9.3-16) for the interaction yield surface, then this
combination lies on the yield surface. The force combination (Fy,Fy,F),) lies outside the yield surface if

the left-hand side of Formula (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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a) H-Vslice when M =0,0 b) M-V slice when H= 0,0

<y

c) H=Mslice when V=V,

Key

H horizontal capacity
M moment capacity
vV vertical capacity

Figure A.9.3-14 — Three slices through the three-dimensional yield surface
(atM=0,0; H=0,0; and V=V, constant)

A.9.3.3.2 Ultimmate vertical/horizontal /rotational capacity interaction function for spudcand in
sand and clay

The genéral formula, Formula (A.9.3-16), from Templeton (2006)(185] can be used for fully or partiplly
penetrated spudcans:

EY A A

Ln ] [%m] ¢ (A.9.3-16)

where, for the vertical direction:

Qy is the gross ultimate vertical bearing capacity of the soil beneath the spudcan. Where the

spudcans are to be founded in clay soils, this capacity should be calculated considering the
effects of cyclic loading, as described in A.9.3.3.7. In the absence of additional penetration, the
gross ultimate vertical bearing capacity, Q,, is equal to the sum of the net vertical bearing
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capacity achieved during preloading, Qy,,., multiplied by the cyclic degradation factor, fcyv, and
the overburden component, per Formula (A.9.3-18).

Qy is the ultimate horizontal bearing capacity of the soil beneath the spudcan. Where the spudcans

are to be founded in clay soils, this capacity should be calculated incorporating the effects of
cyclic loading, as described in A.9.3.3.7;

Qy; is the ultimate moment bearing capacity of the soil beneath the spudcan. Where the spudcans

are to be founded in clay soils, this capacity should be calculated incorporating the effects of
cyclic loading, as described in A.9.3.3.7;

Fy s the gross vertical force acting on the soil beneath the spudcan due to the assessiient load
case, Fq (see 8.8) as given in Formula (A.9.3-17):

Fy=Vy— Bg (with no backfill)

V. is the vertical force applied to the spudcan due to the assessmentload case, F; (see 8.8), which

includes quasi-static contributions due to factored actions and’ contributions from dynamic
response, as appropriate, in accordance with the procedures‘ef Clause 10, and also includes leg
weight and water buoyancy but excludes the submerged weight of backfill (Wgg , + Wy ,) and

spudcan soil buoyancy (Bs);

bre, for the horizontal direction and moment,

Fy is the horizontal force applied to the spudcandue to the assessment load case, F, (see 8.8);
Fy is the bending moment applied to the spudcan due to the assessment load case, F, (see 8.8).

The clay formulation is given in Formulae (A.9.3-18) to (A.9.3-20) [variables for sand can be found
in b)]. The vertical, horizontal and'moment capacities Qy, Q4 and Qy are calculated in accordance

with Formula (A.9.3-18), (A.9.3119) and (A.9.3-20), respectively.

Qv =feyv Quner) + (P'5 T B2/4) (see A.9.3.3.7)
(A.9.3-18)
Qu=Seyu Cur- et (see NOTE 1 and A.9.3.3.7)
(A.9.3-19)
Qu=Yeym Cvt Qunet B (see NOTE 1 and A.9.3.3.7)
(A.9.3-20)

where

Jeyw foynand f, v are defined in A.9.3.3.7.
Vet = (Sy"Ne's+d.) T B2 /4 (A.9.3-21)

Cy and Cy; are determined distinguishing between clays with i) undrained shear strength linearly

increasing with depth (from negligible strength at the mudline), ii) constant undrained shear
strength and iii) strength profiles intermediate to those of i) and ii).
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i) For clays with undrained shear strength linearly increasing with depth (from negligible strength
at the mudline) the formulations are given in Formulae (A.9.3-22) to (A.9.3-23).

The proposed bearing capacity formulae should be used in normally consolidated to lightly
overconsolidated clays in which the undrained shear strength increases linearly with depth with
a normalised heterogeneity ratio psuB/sum that is equal or greater than 1,5.

CH= Cyshalow = U147 10T Dembed < Hcav
:fH,deep'CH,deep for Dembed = Heav + 0,5B (A93 22)
Cu= CM,shallow = 0,083 for Dembed < Hcav
= Cideep for Dembed > Heay + 0,5B (A9.3123)
Values of Cu and Cm for spudcan penetration depths between Hc.y and Hev + 0,5B should be
linearly interpolated.

NOTE1 Cugshalow and Cumshallow are applicable to cases where the cavity abeve the spudcan remains open
(Martin and Houlsby (2001)[1351). Chdeep and Cm,deep are based on centrifuge experiments and numertical
analyses of deeply penetrated spudcans in normally consolidatéd”clay (Zhang et al. (2013)[%18],
(2014c)(2211). These are given in Table A.9.3-4 in relation to soil Sensitivity, St, and spudcan penetrafion
depth, Dembed/B. Two-way linear interpolation is suggested (to,\calculate Chdeep and Cwmdeep for St fand
Dembed/B.

The yield surface is paraboloidal, with no evidence of a change of shape to ellipsoidal with
increasing penetration depth (Zhang et al. (20143)1219], (2014b)[2201). Hence, a = 0.

The effect of laterally projected area ratio As/A on Cugeep iS expressed as factor fidee in
Figure A.9.3-15. Ag is the spudcan laterally projected embedded area (the projection of the dqrea

in contact with the soil) and 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). Cmdecp Was found to
be unaffected by the spudcan aspect ratio. See Zhang et al. (2012b)(220,

Table A.9.3-4 — Yield surface parameters Cy,deep, Cm,deep (after Zhang et al. (2014c)[221]) for

Dembed P Hcav + O:SB
St Dembed/B CH,deep CM,deep
0,5 0,186 0,090
1 0,228 0,095
1 1,5 0,277 0,102
2 0,303 0,106
3 0,325 0,107
0,5 0,170 0,089
1 0,206 0,092
2,2 15 0,248 0,098
2 0,267 0,101
3 0,286 0,104
0,5 0,168 0,088
1 0,199 0,090
3 1,5 0,233 0,096
2 0,255 0,099
3 0,278 0,102
0,5 0,165 0,087
4 1 0,193 0,088
1,5 0,216 0,093
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St Dembed/B CH,deep CM,deep
2 0,236 0,096
3 0,257 0,099
A
1
0,8
>~
= 06
T Y
S
0,4
'
0,2
0 >
0 01 0,2 0,3 054 0,5 0,6

As/A

Figure A.9.3-15 — Effect of spudcan-aspect ratio As/A on Cydeep
[after Zhang et al(2012b)[220]]

ii) For clays with constant undrained shear'strength the formulations are given in Formulae (A.9.3-
24) to (A.9.3-25):

Cu = CH,shallow + (CH,deep - CH,shallow) DembEd/B for Dembea < B
(see NOTE 3) (A.9.3-24)

= CHdeep fOI‘ Dembed 2 B
Cym =[0;1 ¥0,05a(1+b/2)] (A.9.3-25)

where

CH,shallow = [Squ + (Suo + Su,l) As]/QVnet (A'9'3-26)
CH,deep =[1,0 + (sy,a/540)1 [0,11 + 0,39(4,/A)] (with backfill) (A.9.3-27)
NOTE2 The formutation givem I Formuia (A.9-3-27) for the case of deep embedments 1

164

clay is partly based on the finite element results in Templeton (2009)[187], and reduces to
Formula 2 in that paper for the case of sua = Suo,

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);

is the spudcan laterally projected embedded area (the horizontal projection of the area
in contact with the soil),
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a = Dembed/(z,SB) fOI' Dembed < 2,5B
(see NOTE 6) (A.9.3-28)
= 1,0 fOI' Dembed 2 2,5B
b =(DySya)/(Dembed Sy0) (see NOTE 4) (A.9.3-29)
D, is the depth of backflow (see A.9.3.2.1.4), equal to (Dembed — H....,); infill should not be
considered (see NOTE 2);
s, isthe undisturbed undrained shear strength;
Sya 1s the undrained shear strength of backfill material above the spudcan,-accounting| for
disturbance and soil sensitivity;
Sy, 1S the undisturbed undrained shear strength at deepest embedment depth of maximum
bearing area (Dembeda below sea floor);
s, isthe undisturbed undrained shear strength at the spudcan tip.

Formula (A.9.3-27) is only valid for cases including baekfill. In cases without backfill Cxdeep

should be taken as Cyshanow as per Formula (A.9.3-26);

iii) Clays with shear strength profiles intermediate to those of i) and ii).

For clays with undrained shear strength ator near the mudline that is substantial but less than
the undrained shear strength near the 'embedment depth, the following formulae should be

used. See Templeton (2021)[188],

For the moment coefficient a linear interpolation should be used:

Cm = Cune + (Sunmi / Sunea)l Cvu — Cvne) < Cmu (A.9.329)
where:
Cum is the m@ment capacity coefficient;
Cumne is the moment capacity coefficient for the normally consolidated case [per
A9.3.3.2a)i);

Cwm,u is the moment capacity coefficient for the uniform strength case per A.9.3.3.2 a) ii);

Su-ned is the minimum undrained shear strength near (within % spudcan diame¢ter

below) the embedment depth;

Su-nml is the minimum (undrained shear) strength within % spudcan diameter beJow

the mudline.

For the horizontal factor a similar linear interpolation should be used:

Cu = Cunc + (Sunmi / Suned) ( Cuy - Cune) < Cuu (A.9.3-30)
where:
Cu  is the horizontal capacity coefficient;
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b)

Cuc is the horizontal capacity coefficient for the normally consolidated case per
A9.3.3.22a)i);

Cuyu is the horizontal capacity coefficient for the uniform strength case per A.9.3.3.2 a) ii);

Suned 1S the minimum undrained shear strength near (within % spudcan diameter below)
the embedment depth;

Sunmi IS the minimum undrained shear strength within % spudcan diameter below the
mudline.

NOTE 3 For Cy, Templeton (2021)[188] provides a power law interpolation with m = 0,36 for the
power law exponent, but with the choice of m=1,0, the power law reduces to the simpler; cautious,
linear interpolation of Formula (A.9.3-30).

The sand formulation is given in Formulae (A.9.3-31) to (A.9.3-32),

pl T[BZ
Qu = 0,12<Qv - )
(see NOTE 5) (A.9.3-31)
= 0;12 QVnet
, TB?
Qu = 00758 (Qv - )
(see NOTE 5) (A.9.3-32)
= 0,075 B Q\/net
a =00 (see NOTE 6)
where
p’ is the effective overburden pressure at embedment depth, Dembed, 0f maximum spudcan

bearing area;
Qunet = (v'd,N,nB3/8) +(p*,d N nB2/4) — (p', nB?/4);
dY is the depth factor on self weight for drained soils; dy =1,0;

dq is theddepth factor on surcharge for drained soils,
dq =1+ 2tang’ (1-sin¢ ')2 arctan(Dembed/B) where arctan(Dembed/B) is in radians;

B is the maximum effective spudcan diameter in contact with the soil;

4

14 is the submerged unit weight of the soil;

N,and Nq are dimensionless bearing capacity factors calculated for the axisymmetric case
(no further shape factor should be applied).

For sand, the values of 0,12Qy,,.. and 0,075BQy,.. are based on experimental evidence that includes

Tan (1990)[178], Gottardi and Butterfield (1993)(79], (1995)80], Gottardi et al. (1999)81, Byrne and
Houlsby (2001)39, Bienen et al. (2006)124, and Cassidy (2007)[“1. There are no existing data for
spudcans deeply embedded in sand. The application of these parameters, which are calibrated to
shallow penetrations, is likely to be conservative for the deep penetration case.
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At zero vertical loading a shallow sand foundation has no horizontal or moment capacity because it is
cohesionless and conforms to the yield interaction formula 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, Qy 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

NOTE4  Both Dembed (the depth of embedment) and D, (the depth of backflow) are measured upward-from| the
lowest elevation of the largest spudcan width. D, is taken as zero unless the top of the spudcan is effectiyely
covered.

NOTES5  The horizontal capacity in sand or clay is calculated as a function of the net vertical bearing capafity.
The moment capacities are calculated as a function of the product of the net vertical bearing capacity and|the
effective spudcan diameter. 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-ofnet capacity is conservaltive
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. 6f)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 giyen‘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 cap be

used as an alternative, conservative, horizontal capacity expression for shallow embedment in clay.

NOTE6 The depth interpolation parameter, a, is given~as a function of the embedment, Dembed, Which is
measured as the depth below sea floor of the lowest<{point of the spudcan's maximum width. Technicjlly,
Dembed = 0 does not occur until the spudcan penetration is\sufficient to fully seat the spudcan's maximum width. As
a practical matter, penetrations shallower than this are’not normally expected in clay, but in the event that Juch
shallow penetrations are considered, the value a =-0&an be used.

In many cases, simpler forms of the yield-interaction formula can be used. Results from finite elerment
analysis [see Templeton et al. (2005)}2%9 or Templeton (2006)[185]] indicate that insignificant error is
incurred 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 the case of a=0, the yield interaction formula reduces to the paraboloidal form given in
Formula (A.9.3-3):

FY (EDY FY (O F, Y
Bl &) 16| L |[1-L| =0

Qy Qu Qy Qy (A.9.333)

In they‘case of a=1, the yield interaction formula reduces to the fully ellipsoidal form giver in
Formula (A.9.3-34):

(N2 (p N2 fn N o

BEHEN R
Qy Qu Qy Qy (A.9.3-34)

Formula (A.9.3-16) for the yield surface can be conveniently rewritten to give the maximum available
moment on the spudcan Fy; as a function of the applied horizontal and vertical forces as given in

Formula (A.9.3-35):
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(A.9.3-35)

0<F; <Qy

the condition given in Formula (A.9.3-36) is satisfied:

2 2 2
0<16(1-a) [F—VJ (1—F—VJ _{F_HJ +4a£F_Vj(1_F_VJ
o % o W W (A.9.3-36)

.3.3.3 Spudcans in clay with F;, < 0,5 Qy,

yield surface in the region 0 < Fy,/Qy, < 0,5 (typically applicable to winidward legs) can be replaced

hn adhesion envelope that provides additional horizontal and moment capacity due to spudcan-soil
esion, The adhesion envelope is applicable for vertical load levels.tess than (Fy/Qy), which defines

tangent intercept between the adhesion envelope and the standard form of the yield surface and is

endent upon the adhesion factor, « , and the “a” parameter that defines the form of the yield
face, The adhesion envelope can be expressed as given in‘Formula (A.9.3-37):
F. ’ F, ?
/10y f2Qu (A.9.3-37)
bre

fi is the factor applied to horizontal capacity used in yield surface formula for embedded

spudcansonclay, f; = a5 + m, (Z—V) (A.9.3-38)
14

f> is the factor applied’to moment capacity used in yield surface formula for embedded spudcans

on clay, f, = fywhere suction (i.e. uplift resistance) is available, or (A.9.3-39)
2 2
FV FV FV FV
f,Zy16(1—a) |— | |1-—| +4a|— || 1-—— where suction cannot be relied upon;
QV \% QV QV
a¢=1,0 for soft clays (s_= 20 to 40 kPa), or (A9.3-40)

as = 0,5 for stiff clays (s, = 75 kPa to 150 kPa), or
os is determined by linear interpolation when 40 < s, < 75;

m, is the gradient of the adhesion envelope,

Figure A.9.3-16 provides a graphical representation of the adhesion envelope and the definitions of the

par

ameters mq and (Fy/Qy),
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Figure A.9.3-16 — Illustration of the adhesion envelope modification
to the standard yield surface for . _ (

as is the adhesion factor and,dccounts for the degree of adhesion. The assessor should consider o
values within the range of 0,5 to 1,0 depending on site-specific soil data, spudcan/soil interface
roughness, etc. When hard clay is present at the surface with an o value below 0,5, the standard form of

the yield surface sheuld’be used, see Formula (A.9.3-16).

The values forym, and (Fy/Qy), have been determined for a=0,0 (paraboloidal) as given| in
Formulae (A9.3-41) and (A.9.3-42) and for a=1,0 (ellipsoidal) as given in Formulae (A.9.3-43) hAnd

(A.9.3-44):
—«Fora=0:
mg = 4(1 - Jay) (A.9.3141)
Evy — |% -
(Qv)t = |2 (A.9.3-42)
— Fora=1:
me =% (A.9.3-43)
F 2
(é)t = (A.9.3-44)
169
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Values of m, and (Fy/Qy), for intermediate values of a can be solved for iteratively.
Selected values of (Fy/Qy); are provided in Table A.9.3-4:

Table A.9.3-4 — Values of (Fy/Qy), for various values of a and «

s 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

Sel¢cted values of mq are provided in Table A.9.3-5:

Table A.9.3-5 — Values of m, for various valuesof a and o

a

s 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 0,950 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 0,207 0,207 0,208 0,209 0,211

1,0 0,000 0,000 0,000 0,000 0,000 0,000 0,000

Formula (A.9.3-35) can be re~written to give the maximum moment on the spudcan as a function of the
hoifizontal force as given in(Formula (A.9.3-45):

Fy
Fy = £,0upk~

(A.9.3-45)

Forimula \(A.9-45) applies only when the conditions given in Formulae (A.9.3-46) and (A.9.3-47) are
satisfied:

F F
O < _V < Q_V
v Vit (A.9.3-46)
and
Fy < f1Qy

(A.9.3-47)
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For a vertical and horizontal force combination that lies inside the yield surface given in A.9.3-45, the
moment on the spudcan is limited to the maximum available moment capacity Qy;.

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 Fy/Qy > 0,5. The increased ultimaté moment
capacity Qy,, due to eccentric seabed reaction is estimated as the minimum of Qy,; and Qy,,; calculgted
from Formulae (A.9.3-48) and (A.9.3-49) respectively; see Svang (1996)1751:

QMPS = 0’07SBQVnet(Bmax / B)3 (A.9.3-4—8)

= 0,15BF,
Ompy v (A.9.349)
Note that the horizontal capacity is unaffected.

The combined capacity should be checked against the modified yield interaction surface given in
Formula (A.9.3-50):

2 2 2 2
BECREIEIR
Qy Qup Qy Qy

A.9.3.3.5 Expansion of the yield surface for additional penetration in sand

(A.9.3150)

Additional penetration of a spudcan in sands can be accounted for by using plasticity princi;ntles.
Recommendations on updating stiffness and the flow of plastic displacements within a work-hardefing
framework are provided in Houlsby and Cassidy (2002)98], Cassidy et al. (2002a)*3] and Bienen ef al.
(2006)241,

This increase in penetration can also result in increased structural utilizations, which should be
assessed; see A.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 Murff (1994)[204] and van Langen and

Hospeys (1993)1931 provide work-hardening modifications to the yield surface formulae. Upddted
stiffniesses and capacities are determined through plasticity principles.

A.9.3.3.7 Effect of cyclic loading on the yield surface

A.9.3.3.7.1 General

According to Andersen (2015)[201 and NGI (2018)141], the degradation of clays under cyclic loading can
reduce the capacity of offshore foundations. As the foundations of jack-up units are subjected to cyclic
loading during storm events, this soil behaviour should be considered in a site assessment. The results
of laboratory tests of soil samples under cyclic loading indicate that the cyclic undrained shear strength
of clays under pure two-way cyclic loading (i.e., where the average load is zero) can be less than the
corresponding static undrained shear strength. The magnitude of this reduction is dependent on the
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soil’s plasticity index, Ip, and has some dependency on the overconsolidation ratio, Roc, as indicated in
Figure A.9.3-18, adapted from Andersen (2015)[201.

When there is a combination of cyclic and non-zero average loading, the soil strength can be considered
to comprise of average and cyclic strength components. Depending on the ratio of the cyclic to average
loading during the wave event being assessed, this soil strength can be less than, equal to or greater
than the static soil strength. The guidance below, taken from NGI (2018)[141], provides a generalized and

simfplified approach to estimate the effect of cyclic load on the foundation capacity in clay under
combined average and cyclic load components on a leg in the absence of appropriate site-specific cycli¢
soil strength data, see Figure A.9.3-17.

Thg definition of the average (a) and the cyclic (b) load components is presented in Figure A.9.3-17.

F A

b
\J
[ A
a
b
0 v -
t
\J
Key
a average loading component
b cyclic loading component
F footing loading (on one leg)
t time

Figure A.9.3-17 -— Average and cyclic loading components as per NGI (2018)[141]

Thg ultimate bearing\Capacity of a foundation in clay can be determined from Formulae (A.9.3-18) to
(A.9.3-20) by multiplying each of the static vertical, horizontal and moment bearing capacities by a
corfesponding <yelic degradation factor, fov, fou and fom respectively. This procedure should be
performed for(each spudcan separately as F,; and/or Q; can vary between spudcans. Due to the

simlplifiedsnature of the formulation, the ultimate bearing capacity obtained in this manner is limited
such thatdt does not exceed the static ultimate bearing capacity.

Guidance on implementing cyclic degradation effects in clay for assessments based on calculated
foundation capacities is given in E.4.

The unfactored average individual force component on the foundation, F,;, is defined as the average of

the peak and trough of the total foundation loading for the assessment load case (i.e. including all force
contributions due to co-linear actions from wind, wave, current, inertia, weight and buoyancy, etc.
during one wave cycle) where the subscript, i, refers to each of the vertical, horizontal and moment
average force components on each foundation. It is, in most cases, conservative to calculate the average
forces by considering only the unfactored co-linear wind and current actions for each storm direction,
as specified in the assessment load case.
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The average vertical force acting on each spudcan depends upon the storm heading direction, e.g.
whether each spudcan is the windward or leeward leg; it should be expressed in terms of net vertical
force, i.e. the gross vertical force, Fy, less the overburden weight, (p;,nBz) /4

The cyclic degradation factor, fc,; can be determined for each load component i (vertical, horizontal,
moment) as given in Formula (A.9.3-51) and should not exceed 1,0:

Jeyi =feyo * Fai /@i < 1,0 (A93Pb1)

where

feyo 1s an inherent soil property that represents the ratio of the undrained shear strength (g, ¢
under pure two-way cyclic loading (i.e. zero average load) to the static‘@indrained sHear
strength (s.). These recommendations, and the data plotted in Figure, A:9.3-18, are valid|for
non-calcareous and non-cemented clays only. The majority of the\data presented is|for
normally consolidated soils. The few data points for Roc > 1 soilsydé not seem to indicate a
strong effect of Roc. However, there are not sufficient data to.draw strong conclusions with
respect to the effect of Roc upon cyclic degradation.

F,; is the unfactored average vertical, horizontal or moment force component over a wave cycle
on the foundation of one leg (see above). F,, is the dverage component of the unfactored |net
vertical footing force given by Fy, — (p;)nBz)/é}, where Fy is defined in Formula (A.9.3-17).

Q; 1is the corresponding unfactored static vertieal {Qvnet), horizontal or moment bearing capafity
(i.e. without cyclic degradation), see A.9.3:3.7.2.

A detailed evaluation of the average and cycli€Zload components at each spudcan for each assessment
load case can be substituted by a simplified conservative calculation of f,. Guidance on this simplified
approach is provided in A.9.3.3.7.3
/
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Key

Data Labels Overconsolidation ratio, Roc. Points labelled p0’ refer to tests on normally consolidated clays

Line

Il

fcy, 0

that have been consolidated to the in situ effective stress, p0’.
~ means approximately.

of bestfit 0,41 [,0224
plasticity index in percent

ratio of the cyclic to static shear strength of the soil.

Fi

A9

The
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The
deg

bure A.9.3-18 — Ratio between cyclic and static undrained shear strengths of non-calcareous

and non-cemented clays for ten equivalent cycles as a function of plasticity index (valid for,

symmetrical direct simple shear cyclic loading) [Adapted from Figure 12.31 in Andersen
(2015)1201]

.3.3.7.2 Assumptions
methodology described in A.9.3.3.7.1 is based on the following assumptions:

Static foundation capacities (Q:) are calculated using undrained shear strengths, that are applicable
for the vertical, horizontal and moment failure modes within the soil,.and are obtained using a
standard laboratory testing rate of shear strain of 3 to 5% per hour;

That calculations indicating that normalised cyclic shear stréngths can be used to estimate
normalized cyclic capacities (NGI, 1992)(140];

That a unidirectional cyclic loading history that can be répresented by 10 equivalent cycles of the
maximum load in the storm with a load period of 10 seconds. This can be conservative for normally
and lightly overconsolidated clays (NGI, 1992)i4%: The approach described in A.9.3.3.7 is
formulated considering extreme storm conditions and is not valid for cyclic loading due to
earthquakes.

The cyclic degradation parameters being\applied to the net foundation bearing capacities and fey;
being evaluated using the ratio of the average net vertical, horizontal or moment force component
on the foundation to the net static vertical, horizontal or moment foundation capacity.

.3.3.7.3  Simplified conservative calculation of F;

following simplified cénservative assessment approach can be used to evaluate the cyclic
radation parameters, foyx

If Fay/Qvnet > 0,3:th€n f., y = 1,0 where Fay can be taken as the lowest value of Fyy — poTB? /4 for all

legs under still water conditions;
else

fcy,V :fcy,O H Fa,V /QVnet = 1’0

S =Ifeyo + Fan /@u < 1,0 where F,y can, in this simplified approach, be taken as the total

unfactored average horizontat toad o the jack-up due to horizomntat co-tinear windamnd curremnt
actions divided by the number of legs;

— feym = foy,0 based on the conservative assumption that F, = 0,0.

Alternatively, in the absence of information on the average force components, f, = fo, i = foy o for the
horizontal and moment capacities andfcy’V can be taken as 1,0 if Fay/Qvne: > 0,3.

NOTE 1 Fav will typically exceed 30% of the net vertical static bearing capacity, resulting in a vertical cyclic
degradation factor, fcy,V' of 1,0 in most cases. The horizontal and moment force components can be more
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symmetrical, i.e. have relatively small average force components; consequently, the assumption that these
average load components are zero will result in cyclic degradation factors fcy H =fCy M =fCy 0-

NOTE 2 Although the ratio Fav/Qvnet can be less than 0,3 for windward legs for the assessment load case, for
such vertical load levels the horizontal foundation capacity, Qu, is mostly governed by the soil strength
parameters, rather than the vertical foundation capacity. Consequently, implementation of cyclic degradation
of the windward legs’ vertical capacity for such load cases is not necessary as it would not reduce the

horizontal and moment capacities, see A.9.3.3.3.

A.9.3.4 Foundation stiffness

A.9.3.4.1 Vertical, horizontal and rotational stiffness

Vertical and horizontal stiffnesses of the foundation are based on the elastic solutionsifor a rough f

lat-

based circular rigid disk on an elastic half-space with modification factors to acceunt for spudcan

embedment. For the effects of leg embedment, see A.9.3.4.6. The elastic stiffness factors are calcula
assuming full contact of the spudcan with the seabed. If the vertical reaction i§ insufficient to main
full contact as the moment increases, then reduced stiffnesses should be used-The stiffness factors
derived for a homogeneous, linear, isotropic soil as given in Formulae (A.9.3:52) to (A.9.3-54):

2GmaxB

P (vertical stiffness) (A.9.3

K, = K, 16G‘(“7+§$_v) (horizontal stiffness) (A.9.3-

3
K; = K Smax B (rotational stiffness for relatively low levels of loading;

S 3(1-v)
see Winterkorn and-Fahg (1975)(202]) (A.9.3

Torsional spudcan foundation stiffness (i.e. for,spudcan rotation about its vertical axis) should nof
used.

The selection of the small-strain shear modulus of the foundation soil, Gmay, is discussed in A.9.3.4.
A.9.3.4.5. A high or a low representative value should be selected as appropriate for the analysis be
undertaken, e.g. the upper value‘is)appropriate for fatigue related analysis. The shear modulu
influenced by the stress level and strain amplitude. In general, the shear modulus decreases
increasing strain amplitude-In this document, the consequences are addressed by reducing
stiffnesses (see A.9.3.4.2.2):

NOTE Although the~cross-coupling stiffness, K,, which links horizontal footing displacements and foo

rotations to moment(and horizontal loads, respectively, is not explicitly calculated, it is incorporated to s
extent by the choice of the seabed reaction point as described in A.8.6.2.

A.9.3.4.2 _Stiffness modifications

A.9.3.4:2.1 Embedment

TableA.9.3-6 provides values for the stiffness depth factors K;, K4, and K3, to account for embedm
effects on the stiffness of flat plate and conical type footings on an elastic half space, after Bell (1991}

ted
fain
are

52)

53)

54)
be

B to
ing
5 is
ith
the

ting
me

ent
(23],

Values for the case of partial backfill can be interpolated from the values for full and no bac

kfill

provided in the tables. Zhang et al. (2012a)[216] also present stiffness depth factors for typical spudcan-
shaped footings in undrained clay (Poisson's ratio, v = 0,5) based on a constant rigidity index profile

with depth; care is required when using this approach for soil profiles where this is not the case,
where the overconsolidation ratio is not constant with depth.

For embedment depths 2D/B greater than 4,0, the stiffness depth factors for 2D/B = 4,0 should be u
(data extrapolation is not recommended).

e.g.

sed
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Table A.9.3-6 — Stiffness depth factors

Stiffness factors for v=20,0
2D/B Ky Ky K43
No backfill Full No backfill Full No backfill Full
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
2D/B Ka K42 Ka3
No backfill Full No backfill Full No backfill Full
backfill backfill 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
Stiffness factors for v=0,4
2D/B Ky Ky, Ka3
No backfill Full No backfill Full No backfill Full
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
1,0 1,16 1,27 1,41 1,64 1,31 1,76
2,0 1,27 1,48 1,48 1,80 1,39 2,01
40 1,41 1,72 1,57 1,92 1,47 2,13
Stiffness factors for v=0,5
2D/B Ka K42 Ka3
No backfill Full No backfill Full No backfill Full
baekfill baekfill baekfill
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
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A.9.3.4.2.2 Linear vertical, linear horizontal and secant rotational stiffness

Except for simple dynamic analyses with linearized foundations contained within A.10.4.4.1.2 Option 1,
the following procedure should be used if the reduction of rotational stiffness is not included in the soil
model. The method accommodates stiffness reduction in a simple manner for responses within the
yield surface.

Al | £ ) - i L )] o 1 PRI | 1 L . | £ 1 1. . | PR . 1 b

IT UIC 101'CE COIITDIIIAdUUIT Lrv, ['H, ['M) HHES OULIUC UIC yICIU SUT'ldLC, LIT HIICAlTZACU TOLAUIOIIdD SULITIES at
the spudcan should be reduced using iterative analysis until the force combination lies on the yjeld
surface.

Although the force combination (Fy, Fy, Fy) 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 uging
the foundation rotational stiffness reduction factor, f, which has an increasing effect as the yield surface

is approached. The factor is obtained from Formula (A.9.3-55); see Templeton (2007)(8el;
fi=@—-n)re/In[(1—nrg/(1-rg] (A.9.355)

The parameter, n, accommodates spudcan rotation resistance curves 'with various degrees of curvature
change. In practice, the value of this parameter should be setto suit the data (either empirical or
analytical) applicable to the jack-up and site. Finite element atalysis for the Gulf of Mexico (Templeton,
2007)118¢] clay types indicate the range of n=-0,25 to —1,0, with n=-0,5 providing the best overall
representation. In the absence of directly applicable datd,the value of n can be set to 0. In this case,|the
rotational stiffness reduction factor expression takes the/simpler form given in Formula (A.9.3-56):

fe=-1¢/In(1 —r) (A.9.3156)

As n approaches 1,0 the stiffness reduction expression tends towards the form given| in
Formula (A.9.3-57), which gives the mosteonservative treatment of stiffness reduction:

fi=1-r (A.9.3457)

The variable, ry, in the stiffness:reduction expression is the failure ratio defined by Formula (A.9.3-58]):

(A.9.3158)

where “a” is as defined in A.9.3.3.2.

NOTE re>1,0 implies that the force combination (F,, F,, F) lies outside the yield surface. Under such

conditions, the reduced stiffness factor is not applicable, and the rotational stiffness is reduced until the force
combination lies on the yield surface.

V

For fully embedded foundations in clays at vertical force ratio FV / QV <| =, the failure ratio can
V

be expressed as given in Formula (A.9.3-59):
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.3.4.2.3 Non-linear vertical, horizontal and rotational stiffness

ull yield interaction surface model that includes non-linear vertical, horizontal and fetational
nesses implicitly incorporates the necessary stiffness reduction as a consequence: of work-
dening plastic displacement and rotation [van Langen et al. (1997)1194, Wong et al{(1993)(205], and
sidy et al. (2004b)!46]]. The stiffness reduction factor should not be applied.

.3.4.2.4 Non-linear continuum foundation model

ontinuum foundation model that includes non-linear soil behaviour “(e.g. elastic-plastic work
dening) implicitly incorporates the necessary stiffness reduction.(The stiffness reduction factor
uld not be applied.

on-linear continuum foundation model should not be used unless one of the simpler analysis
thods has been used to provide a benchmark for the results:

.3.4.3 Selection of shear modulus, G for clay.

max’

value of the small-strain shear modulus for“clay, G should be based on the value of the

max’
rained shear strength, s, measured at the dépth z = Dembea + 0,158, where B is the effective diameter

he spudcan in contact with the soil and Dembed is the predicted embedment depth below the sea floor
he lowest point on the spudcan with diameter B. Where the clay is significantly layered, the average
ngth within the range z = Dembed £0.2'= Dembed + 0,3B should be used. Except in areas with carbonate
s or clayey silts the shear modulus should be calculated from Formula (A.9.3-60), see Cassidy et al.
02Db)[#4] and Noble Denton (2006)!142!:

600
Gmax = Su (ROC)O'ZS

subject to the limitations given below. (A.9.3-60)
bre

G,,.x iS:the maximum value of the shear modulus (of the foundation soil), which occurs at small
Strain;

NOTE T forming estimates of foundatton stiffiiess from Hnear etastic Sotions To Tepresent non-
linear soil behaviour, one general method uses the linear elastic stiffness solution with a shear modulus
taken as a function of strain level. Another method uses a non-linear stiffness function, which varies
with the amplitude of the action and a constant shear modulus. In the former method a distinction is

made between G, ., (the maximum value of the shear modulus, which occurs at small strain) and & (the

general shear modulus, which varies with strain magnitude). In the latter method, the maximum value
of shear modulus is used and no such distinction in terms is made. The process outlined in A.9.3.4.2.2
adopts the latter approach and hence G, is referred to throughout this document.

Ry is the overconsolidation ratio;
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For extreme loading situations, and in the absence of other data, G_,/S, should be

conservatively limited to 400; see Noble Denton (2006)142] which is based on
overconsolidated clays with plasticity indices of up to 60 %. Alternatively due consideration
should be given to the possibility of determining site-specific shear moduli for cohesive soils
other than overconsolidated clays and/or where the plasticity indices exceed 60 %.

G,.../S, =600 is supported by field data for jack-up responses in low R, clays in the Gulf of

Mexico; see Templeton (2006)[185],

In some cases, higher ratios of G,,,/S, have been reported and it should be recognized that

max

G.x/S, generally decreases with increasing plasticity index and increases with increaging

overconsolidation ratio, as shown in Figure A.9.3-19, reproduced from,‘Figures 11.5 of
Andersen (2015)[20l, The normalization with respect to undrained shear-strength shown in
Figure A.9.3-19a is with reference to the undrained shear strength from ‘direct simple shear
tests. Where the shear modulus is not supported by site-specificdata, the assessor shquld
account for this trend when determining Gmax.

The recommendations given above (Cassidy et al, 2002b)*4 arecsintended 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 ¢,
values is degraded, either explicitly in the linearized fouridation model using the stiffness reduction
formulae given in A.9.3.4.2.2, or implicitly using non;linear foundation models. In the case of small-
strain applications such as in structural fatigue analySisythe stiffness reductions do not apply, and itfcan
be appropriate to adopt a high representative value.of Gmax.
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NOTE2  Adapted from Andersen (2015)[29, Figure 11.5.

Figure A.9.3-19 — Normalized small-strain shear modulus as a function of plasticity index and
]F overconsolidation ratio

A.9.3.4.4 Selection of shear modulus, G for sand

max’

For sands, the small-strain shear modulus should be computed from Formula (A.9.3-61):

Gnax _ (sz )0'5
Pa Apq
(A.9.3-61)
where
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, . . . . D
j  is the dimensionless stiffness factor, j = 230 [0, 94+_R J;

p, s the atmospheric pressure, typically taken as 101,3 kPa;

Dy s the relative density (expressed in percent);

(E)

V. is the gross vertical spudcan reaction inclusive of backfill under still water conditions

reaction that would be obtained if the jack-up were supported on an infinitely rigid feundat
plus the reaction due to the submerged weight of any backfill on the spudcan,”less
submerged weight of soil displaced by the spudcan below Dembed, the greatest embedmn
depth of maximum cross-sectional spudcan bearing area below the sea floor).

The recommendations given above (Noble Denton Europe and Oxford University, 20061421 develo
from the work of Cassidy et al., 2002b[44l and Wroth et al., 19791206]) are intended for use in site-spe

assessments for both extreme loading and applications involving small strain beneath the spudcan.
the calculation of fixity for extreme loading, the rotational stiffness based on the small-strain ¢

values is degraded, either explicitly in the linearized foundation model using the stiffness reduct
formulae given in A.9.3.4.2.2, or implicitly using non-linear foundation models. In the case of smnj
strain applications such as in structural fatigue analysis, the stiffiess reductions do not apply, and it
be appropriate to adopt a high representative value of Gmax.

A.9.3.4.5 Selection of shear modulus for layered soils

Roesset (1980)1157] provides formulae for the vertieal, horizontal, rotational and torsion stiffnesses
rigid disc on a layer of finite thickness, including.the effect of embedment into that layer. Guidance
soil moduli of multilayered systems is available‘in Ueshita and Meyerhof (1967)[191],

A.9.3.4.6 Soil-leg interaction

For deep penetrations, typically experienced in soft clay conditions, the calculation of foundation fi
can be augmented with the inclusion of the lateral soil resistance on the leg members (Brekke et
1989)34l,

The lateral soil resistafiee of the backfill material can be modelled based on concepts proposed
Matlock (1970)13¢ for-lateral soil resistance of piles. The jack-up leg can be modelled as an equiva
pile for purposes,of determining p-y, or load-deflection curves.

The diameters)of the individual members (i.e. leg chords and braces) give appropriate characteri
dimensions. for determining the p-y curves. The p-y curves for each member are directionally combi
to formequivalent p-y curves along the leg, accounting for soil layering and changes in leg geome
Any.external face of each leg in compressive contact with the soil may be assumed to contribute to
lateral resistance. Typically, equivalent springs at each bay elevation are used to simplify
calculations.
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A.9.3.5 Vertical-horizontal foundation capacity envelopes

A.9.3.5.1 General ultimate vertical-horizontal foundation capacity envelope

The general gross ultimate vertical-horizontal foundation capacity envelope for jack-up spudcans is a

two-dimensional slice of the full vertical-horizontal-moment envelope as given in A.9.3.3.2. If

the

spudcan moment capacity is zero (i.e. Fy;=0), the ultimate vertical-horizontal foundation capacity

envelope is as given in Formula (A.9.3-62):
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2 2 2
el
Qy Qy Qy Qy Qy (A.9.3-62)

For small embedments (in the limit as a — 0), this formula reduces to Formula (A.9.3-63):

R
Oy Qy Qy (A.9.3-63)

where Qy is taken to be equal to the gross ultimate vertical foundation capacity of the soil benreath the
spudcan (achieved during preloading), evaluated as described in A.9.3.2.2 to A.9.3.2.6, and Qy'as defined
in 4.9.3.3.2.

A.9{3.5.2 Ultimate vertical-horizontal foundation capacity envelopes for spudcans in sand

Thg yield surface used for checking the vertical-horizontal foundation capacity_of spudcans in sand is
presented in A.9.3.5.1.

Thg¢ sliding failure envelope used for checking the sliding capacity of-a~spudcan in sand is as given in
Formula (A.9.3-64):

Qs = Fytan(6) + 0,5;/’(kp —k,) (hy + hy) A, (A.9.3-64)
where

Fy is the gross vertical force acting on the soil"beneath the spudcan due to the assessment load

case F, (see 8.8):
Fy=Vy4—Bg (with no backfill)

h; is the embedment depth.to the uppermost part of the spudcan, (if not fully embedded h, = 0);
h, is the spudcan tip embedment depth;

k, isthe activerearth pressure coefficient (for s, = 0), k, = tan?(45 — ¢/2);

k,, is thepdssive earth pressure coefficient, k, = 1/k,;

6 isthe steel/soil friction angle in degrees:

6=¢’—5° (for a flat-bottom spudcan, = 180°),
6=¢"-0,5(8-170°) (for 170° < < 180°), (A.9.3-66)
o6=¢’ (for a conically shaped spudcan, 5 <170°)

where

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.
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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>0,5 Qy is presented in A.9.3.5.1 and for F;,< 0,5 @y, in A.9.3.3.3.

The sliding capacity, @y, in clay can be assumed to be @ 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 formulae 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 capacityirelationship|for
layered soils by considering failure through the weakest zones in such a soil profile:

A.9.3.6 Acceptance checks

A.9.3.6.1 General

Figure A.9.3-20 shows the overall approach to the foundation acceptance checks.
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Perform foundation assessment
See Clause 9 and A.9.3.6.

Step 1a
erform preload

check, see A.9.3.6.2, OK

and Step 1b

windward leg check
See
A9.3.6.3.

1
|
I
I
I
i

Perform foundation 0K

capacity and sliding checks.
See A.9.3.6.4.

Perform structural analysis assuming
degrading moment fixity with linear
vertical and horizontal springs.
See A.9.3.4.2.3 and Figure A.10.5-1.

Step 2b

see A.9.3.6.5.
Perform foundation

OK

capacity and sliding
checks. Uses
A9.3.6.4.

Not OK

Perform structural analysis
assuming full non-linear foundation
fixity. See A.9.3.4.2.4.

Step 2¢
see A.9.3.6.5.
Perform fodndation
capacity andsliding
checKs. Uses
A.9.3°6.4.

- — — ——— — — —————

4+ 14——————EN"— -
I
|
: Step 3a
| Perform displacemen
| check on all legs.
| See A.9.3.6.6. OK Step 3b ]
| Perform-striectaralanalysis-with -
| \/ non-linear continuum foundation | OK [ Foundation acceptable
I NotOK T~ ——————— model. See A.9.3.4.2.5.
| Not OK
e e \ - _ e Y ] Foundation NOT
acceptable

Figure A.9.3-20 — 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 Fy; (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 Fy should

conform with the limit givpn inthe npp]ir‘nh]p Eormula (A 9 '2-67) or Formula (A 9 ?-F\R)-

Fy <viy/Yrpre — Bs (with no backfill) (A93467)
where

Yrpre 1S the preload resistance factor, g prg = 1,10;

Wge, is the submerged weight of the overburden on top of the spudcan from backfill (backflow
and infill) that is predicted to occur during preloading;

Fy is the gross vertical force acting on the soil beneath the spudcan due to the assessment lpad
case F, (see 8.8) as given in Formula (A.9.3-69):

Fy=Vy—Bg (with no backfill)
Vst 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 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,, + Wpp ) and the seil buoyancy of the spudcan below the bearing area Bg;

Wara 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, F};;, for Step 1a bearing capacity check

Soil type Embedment Limiting horizontal capacity, Fy;, for Step 1a to apply
Partial [0,1 0,07 (B/Bp,,)?] Ovpet
Sand
Full 0,03 Oypet
Clay, Any 0,03 Oypet

NOTE1  The constants in Formulae (A.9.3-62) and (A.9.3-63) include the effects of }; pre=1,10. The limiting
horizontal capacity, F};;, for Step 1a was determined from the intersection between unfactored vertical-horizontal
bearing capacity envelope and maximum allowable gross vertical reaction, Qy .., with some reduction applied for
conservatism. Assuming a = 0, the limiting horizontal capacity, F,;;, corresponding to maximum vertical capacity,
Qy may €an be computed from Formula (A.9.3-70):
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F_=4|1-
1

H

Qy

(A.9.3-70)

For J; prg = 1,10, Formula (A.9.3-70) can be approximated by Fyy; ~ 0,33 v, , Q;;/Qy and is equivalent to Fy; ~ 0,04 Qy,, for

shallow penetrations in sand. Conservatively, 0,03 was used for the limits given in Table A.9.3-7 (see also NOTE 2).

NOTE 2 For shallow spudcan penetrations and vertical reaction of 0,9 @y, .., the available unfactored horizontal capacity is
approximately 0,04 Qvnet If the horizontal reaction exceeds 0,04 Qvner additional penetration can occur. The use of 0,03 Qvitet

in the check, therefore, includes a level of conservatism. If the spudcan is fully embedded, the additional penetration gan 'be
signfficant. Additional penetration can increase the soil resistance but, to increase the horizontal capacity to 0,1y, , the

add{tional penetration is about 10 % of the spudcan diameter and outside tolerable limits. Conversely, where the<spudcan is
partfially embedded (i.e. when the maximum spudcan bearing area is not mobilized), any additional penetratien‘results in a
signfficant increase of bearing capacity due to the rapid increase in the bearing area. An increase in embedded area of
appyoximately 10 % increases the vertical bearing capacity such that, simultaneously, the horizontal-féundation capacity
incrpases to 0,1 v .

NOTE 3 For partial spudcan penetration in sand, Q.. can be taken as being equal to v; , for the purposes of the Step 1a
cheqk.

AJ9.3.6.3 Level 1, Step 1b — Check of the windward leg — Pinned spudcan

Thg windward leg check should be applied only when the horizontal force on the windward leg
spudcan, Fy, is no greater than F};; (see Table A.9.3-7). In this caSe, the sliding stability of the windward

leglis checked by ensuring that the vertical reaction complies-with Formula (A.9.3-71):

Fy>(1-1/ygpre) Qv (A.9.3-71)

where yg, pgg 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 angles
@ q25°, the sliding check in Step 2 should.b&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

Thg combined vertical and-horizontal forces on all spudcans should be checked against the
corfesponding factored~foundation bearing capacity envelope and the factored sliding capacity
envielope, see Figure A9:3-21. Each leg’s spudcan reaction forces should lie within the corresponding
factored vertical-harizontal foundation capacity envelope. In addition, the reaction forces should lie
within the corresponding factored sliding capacity envelope. The following describes the construction
of the factored-vertical-horizontal foundation capacity envelope and the foundation capacity check for
Step 2a which'is also applicable to Step 2b. The construction of the sliding failure surface and the
fouhdatiensliding check is described in A.9.3.6.4.2.

A reduction in the ultimate vertical bearing capacity, Qy, of a spudcan foundation occurs when it is

simultaneously subjected to a horizontal force, Fy;, and a moment, Fy,. The latter is ignored in Step 2a
analyses as the spudcans are considered to be pinned.

The vertical-horizontal foundation capacity for sands and clays can be generated according to A.9.3.5
and the spudcan reactions should be evaluated for each spudcan. To obtain the factored vertical-
horizontal bearing envelope, the vertical-horizontal capacity envelope is scaled by the resistance factor,

Yryvw from the point of zero net reaction, i.e. (Fy; =0, Fy, = Wgg , — B). In effect, the envelope is shrunk
towards this scaling origin.
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A measure of the foundation utilization (see Clause 13) can be obtained by assessing the proximity of
the loading point (Fy, Fy) to the factored vertical-horizontal bearing capacity envelope, see

Figure A.9.3-21. When making the check, the magnitude of the vector to the loading point should be
compared against the magnitude of the vector to the factored vertical-horizontal bearing capacity
envelope. The origin of the vectors is arbitrary; however, for consistency and to help produce a
meaningful value of the resulting utilization, the origin of the vectors (Fy, Fy)or should be taken on the

vertical capacity axis (af Zero chn:\r) at 05 QV//JKVH (cpp Figure A9 '2-71) Ar‘rnrding]yl each cpnd an
foundation should satisfy the capacity check given in Formula (A.9.3-72):
| (Fyu, Fv) = (Fy, Fv)ore | < | Quue— (Fy, Fy)org | (A.9.3472)
where
(Fy Fy) 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;
V=0,5Qy/ ivw
Qy is the gross ultimate vertical foundation capacity;
Qv is the point where the vector originating from-(Fy, Fy)or and passing through (Fy|Fy)
intersects the applicable factored vertical-horizontal capacity surface as defined in
A.9.3.6.4.1 or the factored sliding capacity as defined in A.9.3.6.4.2. 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 y;  with respect to the point of
zero net reaction (0,Wgg , — Bg)
YRvH is the partial resistange, factor for vertical-horizontal foundation bearing capagity,

Yrvu = 1,10;

represents theector magnitude.

VA

U=[{(Fn.Fv) - (FuFv)oral/| Qs - (FrFv)oral
Qv

(FH.F\/)nD{‘ =
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a) Sand
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(Fu.Fv)ore =
0,5 QV/)’R_VH
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|
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b) Clay with spudcan buoyancy‘and no backfill

Figure A.9.3-21 — Vertical-horizontal foundation capacity envelopes (1 of 2)
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c) Clay with spudcan buoyancy and backfill

Key

1 vertical-horizontal foundation capacity

2 factored vertical-horizontal foundation capacity (coordinates multiplied by 1/ ;/R_VH) relative to the sciling
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/ ;/R’ch)

5 vectors indicating origin for eonstruction of the factored V-H bearing capacity envelope

|| represents the vector magnitude

H horizontal reaction,or-horizontal capacity

Qy gross ultimate vertical foundation capacity (with zero horizontal load)

Qvn point whereythe vector originating from (Fy, Fy)ogrg and passing through (Fy, Fy) intersects the factpred
vertical-horizontal capacity surface as defined in A.9.3.6.4.1 or the factored sliding capacity surface as
definedin.A.9.3.6.4.2

U utilization for environmental response point (Fy, Fy) as given in A.9.3.6.4

%4 {reptical reaction or vertical capacity

YRVH partial resistance factor for foundation (bearing) capacity

YR Hfe partial resistance factor for horizontal (sliding) capacity

Figure A.9.3-21 — Vertical-horizontal foundation capacity envelopes (2 of 2)
A:9-3-6-4-2-Step-2a—FEoundationsliding cheek

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
as in A.9.3.6.4.1, see figure A.9.3-21. The same procedure also applies for Step 2b.

The horizontal capacity of the foundations of all legs should be checked for the horizontal forces on the
spudcans, Fy, in association with the gross vertical force Fy.

NOTE 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.
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The foundation should satisfy the capacity check given in Formula (A.9.3-73):
| (Fy, Fy) = (Fy, F)ore | < | Quus— (Fy Fy)org | (A.9.3-73)
where

Quu¢ is the point where the vector originating from (Fy, Fy)opg and passing through (Fy, Fy)

intersects the applicable factored sliding capacity surface derived by dividing the horizontal
coordinates of the applicable surface Qy from A.9.3.5.2 (sand) or A.9.3.5.3 (clay) by thé

resistance factor, %y

Qys  is the foundation sliding capacity; see A.9.3.5.2 (sand) or A.9.3.5.3 (clay);

Yrure 1S the partial resistance factor for horizontal foundation capacity where yg 65 1,25 for both

sand (based on drained conditions and effective stress) and clay (based on undrained
conditions and total stress);

[ represents the vector magnitude.

A.93.6.5 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 conformity with the unfactored foundation yield
surface, except that in a Step 2b analysis conformity is no longer assured when the moment fixity has
reduced to zero, i.e. the spudcan has become pinned.

Thg capacity checks to undertake in a Step 2b assessniént are identical to those undertaken for Step 2a
in which vertical-horizontal capacity and sliding capacity for sands and clays can be generated in
accprdance with A.9.3.5 and the spudcan reactions are evaluated for each spudcan. If the vertical and
horfizontal reactions from the response analysis (which has accounted for spudcan moment fixity with
stiffness reduction) lie within the factoredfoundation capacity envelopes, the foundation is satisfactory.

A Jtep 2c analysis implicitly includes'a check on conformity with the unfactored foundation yield
surface. When the frictional sliding surface intersects the foundation capacity envelope, sliding can
occlr before the response reaches the yield surface. When this sliding effect is included in the response
analysis, no further Level Zchecks are required. When this sliding effect is not included, a sliding check
shguld be undertaken imaccordance with A.9.3.6.4.2. In all cases, the Level 3, Step 3a displacement
cheick should be performed.

A.93.6.6 Level3, Steps 3a and 3b — Displacement check — Settlements resulting from
exceedance of the foundation capacity

Verttical settlement and/or sliding of a spudcan can occur if the forces on the spudcan due to the
extreme. event are outside the yield interaction surface computed for the spudcan at the penetration

acnieved d l: 0 d d 01 1 - cmen 0 £ - l.:.l A dNd 1\ N1O :I‘Al.l 0N O
yield interaction surface. However, the integrity of the foundation can decrease in the situation where a
potential punch-through exists, e.g. where dense sand overlies soft clay. More thorough analyses should
be performed for such cases and for the complex and/or potentially dangerous foundation conditions
listed in A.9.3.2.5 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
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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.

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 foundatipns.
This effect can be assessed by limiting the factored horizontal reaction to the factored sliding 1jmit
(dependent on Fy) and iteratively determining the redistribution of loads and the associated mon-lirfear

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 displdacement on all
the other utilization checks are acceptable, including the foundation capacity of the othér legs.

A Step 3b analysis inherently includes a check on the direct consequences of<§pudcan displacemgnt.
Therefore, no foundation checks are required, although it should be shown/that the results are |not
sensitive to the load-penetration assumptions, i.e. that small changes in the forces on the spudcan or
assumed soil strength do not lead to large increases in penetration.

When assessing the acceptability of displacements, due consideration should be given to operatignal
limitations, e.g. jacking operations to level the unit and re-establish a safe hull elevation or to depart|the
site. The limits are dependent upon the jack-up and the configuration at the site.

A.9.3.6.7 Foundation settlement not specifically addressed elsewhere

Settlement of the spudcans should be estimated and checked. If necessary, corrective actions should be
taken. The settlements of installed spudcans can be assessed from a combination of:

— elastic settlements;

— consolidation settlement;

— settlements due to cyclic loading;

— settlements due to seabed instability.

The elastic settlements-and consolidation settlements can be calculated using conventional analyticall or
numerical geotechnical models (see ISO 19901-4). The elastic settlements occur concurrently with
applied actions-and can be calculated as function of the basic elastic soil properties (v and G) and|the
applied actions. The consolidation settlements of cohesive soils can be calculated using conventignal
models accounting for time effects.

Cycliceenvironmental actions or operational vibrations can induce further settlements. Special attention
shiould be given to cyclic loading in silty sand or silt. Cyclic loading can also involve a soil strength
reduction. This can induce settlements due to bearing failure.

Seabed instability due to scour or gas seeps involves a decrease in the effective bearing capacity. This
can induce settlements due to local bearing failure.

The settlements should be checked regularly. If necessary, level adjustments should be made or
protective measures against scour development should be taken (see A.9.4.7).
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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.

Withinthe-skirt-the-typical-geometry-of-the-underside-of-a—skirted-spudeanis-eitherrelativelyflat-or
corfical. 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 site. In the case of skirted spudcans with a flat
underside, a level and undisturbed sea floor surface is required in order to minimize the potential for
eccentricity of the foundation reaction.

In prder 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 perietration resistance are
desccribed in DNV-RP-C212 (DNV 2021f). In 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
duifing penetration into the seabed, especially in cohesive soils.

If the penetration resistance exceeds the available preload spudcan reaction and partial penetration of
the|skirt occurs, consideration can be given to measures such’as applying suction for increasing the
perjetration or infilling the resulting void within the skitt with suitable material introduced through
valyed pipes that penetrate into the skirt void. If, after preloading, the skirt is partially penetrated, the
asspssment should be revised to determine the consegquences, including a consideration of the strength
of the skirt.

Conpsideration should also be given to the effects of compaction and/or consolidation of the soils within
the|skirt or any infill material used during'preloading.

If the voids within the skirt are not-completely infilled, consideration should be given to the effect of
moyement of the enclosed seawater within the skirt due to spudcan rotation, especially for
compartmentalized skirts in cehesionless soils where “piping” can occur due to flow of the enclosed
water around stiffener plates.or bulkheads.

Onge full contact has been achieved, the vertical bearing capacity of the skirted spudcan essentially
corfesponds to thatof'an embedded footing. As the soil within the spudcan skirt is effectively part of the
spudcan, the weight of the enclosed soil plug should be incorporated in the penetration resistance
cal¢ulations.

At pites with relatively strong soils and where the underside of the skirted spudcan is flat, or any
renpaining voids are filled with an appropriate material, the ultimate bearing capacity of the foundation
can| be significantly greater than the applied preload. Guidance is provided in E.4 for the use of

foundation capacities that are greater than those developed by preloading.

The bearing capacity envelopes appropriate for skirted footings have been the subject of much
research; see Dean et al. (1995)56l Bransby and Randolph (1998271, 199932]), Bransby and Yun
(2009)133], Cassidy et al. (2004a)!45, Eide et al. (1996)(69], Gourvenec (2003)182], (2008)I83], Gourvenec
and Randolph (2002)84], Kellezi et al. (2005alt1¢l, 200711181, 2008[1191), Leland et al. (1994)[126] and Svang
and Tjelta (1996)(176l. The skirted spudcan has generally been modelled as a solid footing, however, care
is warranted before making such an assumption as weaker soil from the seabed surface trapped within
the spudcan skirt can influence the failure mechanisms developed, reducing the additional capacity
available; see Bransby and Yun (2009)I331.

192 © ISO 2023 - All right reserved


https://standardsiso.com/api/?name=dc9fe91cf8f4cdfdfaaf3f3f0cff23e9

ISO/FDIS 19905-1:2023(E)

When full spudcan-seabed contact is achieved, the embedment of the skirted spudcan can permit the
use of elastic foundation stiffness depth factors corresponding to a solid footing as described in Bell
(1991)z31,

The extraction resistance for a skirted spudcan can be substantial; consequently, skirted spudcans are
not usually employed at sites 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

1o 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 site with cohesive sgils,
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 arotnd a platform, butied
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
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 employedcatthe leg-to-hull interface, the bending momnient
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 systern is
later disengaged, the redistribution of the moment in the leg for the revised support condifion
provided by the pinions and guides can cause overstress.

Anticipated installation-induced stresses should be considered in the site-specific assessment (see
5.4.8). The foundation reactionscshould be assessed against bearing and sliding capacities of the sloging
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 eccentric
reactions{or lateral movement of the spudcan. One preventive approach is avoidance (i.e. positionjing
spudcans at some minimum distance away from the footprints) while mitigations include working|the
legs, Teg stomping, seabed remediation, etc.

Information on spudcan-footprint interaction can be found in Stewart and Finnie (2001)[173], Cassidy et

al. (2009)48], Dean and Serra (2004)55], Jardine et al. (2001)111], Teh et al. (2006)[181], Gaudin et al.
(2007)178], Gan et al. (2008)[77] and Foo et al. (2003)(73.

A.9.4.4 Leaning instability
A lower bound estimate of the leaning stability can be obtained using the theory of Hambly (1985)1871.

However, such estimates have proven to be generally conservative due to the omission of beneficial
effects such as spudcan fixity and lateral soil resistance on the legs.
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At locations where a relatively large proportion of the leg length is below the hull, 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

Legrextractiomdifficutties camrbe caused by conditions ictuding the fottowing:
— | deeply penetrated spudcan in soft clay or loose silt;

— | skirted or caisson-type spudcan where uplift resistance can be greater than the installation
reaction;

— | 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, jthereby generating a
budyant uplift force and inducing tensile forces in the legs. The force required to extract the leg is
affgcted 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 fo¥leg extraction is frequently
lesg than the force applied during installation. Where significant leg pehetrations are attained, it is not
undommon for pulling of the legs to take several days, or in some casés much longer.

Whiere leg extraction problems are predicted, a warning should be included in the site-specific
asspssment report.

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 Byrne and" Cassidy (2002)38l, Craig (1998)9, Craig and Chua
(1990b)51, Craig et al. (2002)152], Erbrich (2005)1701 and Purwana et al. (2005)1491,

A.9{4.6 Cyclic mobility, liquefaction-and liquefaction-induced lateral flow
A.94.6.1 General

Ligpefaction and/or cyclic mobility can occur as a result of low frequency excitation (waves) and higher
frequency excitation (such'as earthquakes and ice-flow-induced vibrations).

Wape-induced liguefaction of the seabed soils can occur. Dean (1991)54] presents approximate methods
for [estimating settlements of submerged foundations subjected to low frequency, non-earthquake, time
degendent loading (these are not discussed further here).

Genjeral guidance on the assessment of the potential for liquefaction and/or cyclic mobility from
earfhquakes is given by Kramer (1996)(121]; Idriss and Boulanger (2004)[104]; Kayen et al. (2013)[115];

Robertson (2015)156I; and Boulanger and Idriss (2016)B01. Large strains and degraded shear strength
can also occur in very soft clay due to ground shaking (Boulanger and Idriss (2007)[28]) (this is not
discussed further here).

Assessment of the potential for, and the effects of, earthquake induced liquefaction on the jack-up
involves addressing

a) Liquefaction-induced lateral flow in the vicinity of the jack-up, Edgers and Karlsrud (1982)l¢s]
and Stewart and Kwok (2008)171],
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b) Liquefaction initiation in the zone of influence of the spudcan foundation,
c) Spudcan displacements and/or loss of support induced by liquefaction, and

d) Actions on the leg from liquefied zones.

(E)

The risk of earthquake induced liquefaction at the specific site can be assessed by simplified (A.9.4.6.5)

ordetaited {A94-6:6) procedures:

The liquefaction assessment discussed in A.9.4.6.3 - A.9.4.6.6 is applicable only to siliceoussands
non-plastic silts and should not be applied to other soil types, such as carbonate soils, see’94.10
A9.4.10.

It is emphasized that the simplified methods in A.9.4.6.5 are based on the 1 000 year earthquake
free-field conditions, i.e. not considering the effects of the presence of the jack-tip. This is a signifiq
limitation of these methods and potentially unconservative. Unless these methods indicate that
likelihood of liquefaction is low, a detailed assessment should be performed‘based on the ALE event
include the presence and dynamic response of the jack-up.

A.9.4.6.2 Glossary

A9.4.6.2.1 Cyclic mobility

Temporary or permanent deformation of soil that occtu's when cyclic loading creates (excess) p
pressure.

A.9.4.6.2.2 Liquefaction

Liquefaction is a phenomenon in which the’strength and/or stiffness of a soil is reduced due to
increase in pore-water pressure caused by-earthquake shaking or other cyclic loading.

A.9.4.6.2.3 Liquefaction potential

Susceptibility of the soil to the'onset of liquefaction under a reference earthquake motion.
A9.4.6.2.4 Free-field

Seabed not subject to.the effect of geotechnical works or structures.

A.9.4.6.2.5 ‘Liquefiable

Susceptibleto liquefaction or cyclic mobility for a contemplated means of initiation.
A.9.4.6.2.6 Liquefaction-induced lateral flow

Liquefaction leading to mass flow.

and
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A.9.4.6.3 Assessment of earthquake-induced liquefaction

Where spudcans are founded on liquefiable soils, actions from an earthquake can cause large
movements of a spudcan in both vertical as well as horizontal directions. The potential consequences on

jack-ups can include:
a) loss or reduction of bearing capacity;

b) excessive settlement;
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c) differential settlement among the legs;
d) lateral spreading of the seabed resulting in either uniform or differential leg displacements;
e) loss or reduction of spudcan rotational stiffness.

Consideration should be given to possible effects of additional actions that can occur from liquefied soil

surpoumnding orabove the spudcarrs:

To hssess the potential consequences of liquefaction to the jack-up on a site, the following three clauses
provide possible methods with increasing level of complexity:

1) Identify whether soils on the site are susceptible to liquefaction (A.9.4.6.4).

2) Perform a free-field liquefaction triggering assessment based on simplified procedures or non-
linear site response analysis (A.9.4.6.5).

3) Assess liquefaction and its consequences in a detailed analysis including the jack-up (A.9.4.6.6).

An pssessment of the potential for triggering of liquefaction can be performed by evaluating the ratio of
Cydlic Stress Ratio and Cyclic Resistance Ratio. This can be done by

— | Using simple formulae with available geotechnical data, such as-CPT and shear wave velocity data
(simplified calculations A.9.4.6.5.2), or preferably by

— | Using a non-linear Site Response Analysis (see for example Stewart and Kwok (2008)[171]) including
pore pressure development (more detailed time history analyses A.9.4.6.5.3).

A detailed assessment should be performed as ‘part of an ALE assessment (A.10.7.4) unless the
likdlihood of triggering of liquefaction is assessed-as low.

More information can be found in ISO 1990132, ISO 23469 and EN 1998-5:2004.
A.9l4.6.4 Assessment of site suseeptibility to liquefaction

Tha first consideration in a hazard evaluation is the assessment of site's susceptibility to liquefaction as
can| be determined by historical, geological, compositional and stress state criteria, see Kramer
(1996)M121],

An pvaluation of the-site’susceptibility to liquefaction should be made when the foundation soils include
layérs or thick lenSes of loose to medium dense sands and non-plastic silts. Case histories indicate that
liqyefaction usudlly occurs within a depth of 20 m or less (Kramer (1996)[121], Boulanger and Idriss
(20116)1301),

Forl many years liquefaction was thought to be limited to sands. However, liquefaction of non-plastic
silt§ has been observed and therefore plasticity characteristics are of significance. Coarse silts which are

non-plastic and with bulky particles are at risk of liquefaction; clays are non-susceptible. Well graded
soils are generally less susceptible than poorly graded soils and soils with rounded grains have a
greater tendency to contract and therefore liquefy under cyclic loading. Dense sands are less
susceptible to cyclic loading and to the accumulation of strains and displacements.

According to Boulanger and Idriss (2006)[27], soils with fines content less than 35% can be susceptible
to liquefaction. The liquefaction hazard may be neglected (Eurocode 8 [EN 1998-5:2004]) if peak
ground acceleration (at the sea floor) is less than 1,5 m/s2? (0,15g) and at least one of the following
conditions is fulfilled:
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a) the soil has a clay content greater than 20% with plasticity index greater than 10;

b) the strata has cone tip resistance, normalized with respect to atmospheric pressure, greater than
180 and shear wave velocity greater than 250 m/s.

Historical assessment is useful for seismic studies, since it is known that susceptibility is dependent on
magnitude and proximity to the earthquake epicentre. Geological assessment is useful since soils that

are 100S€ and of Uniform grain SiZe are moSt SUSCEpPLiDIe. 1 Neretore, fluvial Soils of Holocene agelare
more susceptible than Pleistocene deposits. In general, older deposits are less susceptible than younger
deposits. Furthermore, the applied cyclic shear stresses from historical wave loading and low-l¢vel
earthquakes over time can reduce the risk of liquefaction, Sassa and Sekiguchi (1999)1161] IClukey et al.
(1989)1531,

A.9.4.6.5 Simplified free-field assessment of liquefaction
A.9.4.6.5.1 General

Free-field liquefaction can occur when the earthquake induced Cyclic(Stress Ratio exceeds the Cyjclic
Resistance Ratio of a soil layer. An initial screening assessment of the margin against triggering of
liquefaction can be performed based on simplified methods. Two approaches are given in the following
subclauses.

The simplified methods provide a ratio of normalized cyclic vesistance ratio Acrr 0Over normalized cyclic
stress ratio Acsr giving a margin against triggering of liquefaction, i.e.

Sfrrig = Acrr/Acsr

A factor firig larger than 1,0 typically implies ne’liquefaction. However, these methods are approxinjate
(Pyke and North, 20191152]) and should be“used only as a screening tool (Pyke, 2015)[150. Evep if
liquefaction is not triggered, the soil cancexhibit reduction in strength and/or stiffness due to incregses
in pore water pressure. The effects of-these increases in pore water pressure should be accounted|for
during evaluations of stability and settlement.

Simplified methods for evaluating liquefaction-induced liquefaction and settlement are adversely
affected by the fact that cone penetration resistance provides only an indirect indication of the response
of soils to cyclic loading;.especially if the soils contain clayey fines. Transition and thin layer effects,[the
use of peak ground accelerations at the sea floor, standard depth reduction and magnitude weighting
factors, and the failure to account for excess pore pressure redistribution and dissipation will add to|the
uncertainty inhe’results. External factors, such as discontinuous sand layers, the thickness of pny
overlying “cfust”, and partial saturation, are not considered in simplified methods. These various
shortcomings are discussed in more detail by Pyke and North (2019)(1521,

Effects) from the spudcan footing, such as stresses from the structure and its dynamic responhse,
drainage conditions, preloading, consolidation etc., can also affect liquefaction susceptibility. THese
effects are not included in these simplified methods.

The above limitations and effects should be considered in the assessment of earthquake-induced
liquefaction. Liquefaction-induced ground deformations should also be considered.

A.9.4.6.5.2 Cyclic shear stress ratio and cyclic resistance ratio

Simplified methods Seed and Idriss (1971)165], Idriss (1999)I101], Youd et al. (2001)[210], Zhang et al.
(2002)1214], Idriss and Boulanger (2006)[105] can be used to further assess the free-field liquefaction
potential within the upper part of the soil profile by estimating the normalized cyclic stress ratio (Acsr )
and comparing it to the normalized cyclic resistance ratio (Acrr) computed from cone penetration test
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resistance (Moss et al., 20061139]; Boulanger and Idriss, 2016I3%1) or in situ shear wave velocity (Kayen et
al,, 201301151; Robertson, 2015[15¢]).

Possible free-field liquefaction assessment methods to calculate the ratio of Acrr OVer Acsr are provided
in Annex E.5.

A.9.4.6.5.3 Site response analysis

A nhon-linear site response analysis (including softening) in combination with pore pressure
development calculations can give a more realistic value of liquefaction, as discussed in Pyke and Noxth
(20[19)11511, [deally, this will also be a bi-directional analysis which uses both horizontal components ‘of
motion as input (Pyke, 2019)(151], Hashash et al. (2010)8%, Olson et al. (2020)1431,

A.914.6.6 Detailed analysis

In ALE Stage 3 time-history analyses the effects of the presence and dynamic response of the jack-up
are| considered with the jack-up footings supported by a soil model, such as in Galanes-Alvarez et al.
(20[20)17¢l. See also 10.10 and A.10.7.4.

Verttical settlement of the soils under the applied spudcan load should be ¢gnsidered for each leg of the
jack-up. The differential displacements between the legs can be critical-to structural stability and should

be ¢valuated.

Detlailed analyses are also recommended to evaluate “lateral spreading” if the site is located on or near
sloping ground. Lateral deformations could potentially causestability issues for the jack-up.

Corjsideration of lateral deformations can be important“hen surface layers are decoupled from deeper
layérs as a result of liquefaction of intermediate layer's’see Zhang et al. (2004)(215], This decoupling can
occur whether the sea floor is sloped or level.

A.914.6.7 Liquefaction-induced lateral flows

Thd potential for liquefaction-induced lateral flow in the vicinity of the jack-up should be considered,
see|A.6.5.1.

A.914.7 Scour

Thd key conditions for scour.are

— | hydrodynamic cenditions,

— | flow disturbance due to presence of an obstruction, and
— | potential for erosion of the sea floor material.

For the hydrodynamic conditions, the combination of tidal and non-tidal current velocities (e.g. storm-

driven currents) are 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 is related to the dimensions of the obstruction
introduced, e.g. the spudcan itself, the spudcan in combination with the leg structure and/or adjacent

infrastructures.

Particle size has a strong influence on the erodibility; see Figure A.9.4-2. Particle sizes larger than those
of the original sea floor, such as gravels and cobbles can be useful for scour protection.
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Scour is more important for spudcans with limited sea floor penetration, as removal of the soil can
result in the following:

— aredistribution of leg forces or loss of jack-up hull trim;

— areduction of the bearing capacity of the foundation and seabed fixity;

— eccentricity in the spudcan reaction,
— anincrease in an existing potential for punch-through in layered soils.

There is no definitive procedure for the evaluation of scour potential, but useful reference material jcan
be found in Sweeney et al. (1988)[177]; Whitehouse (1998)[201] and Rudolph et al. (2005) [158]. Previpus
operational experience can help in the management of scour, either in the dévelopment of sdour
protection measures or of an awareness of the critical combination of tidal and rion-tidal (storm drivien)
currents that can induce 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 eléyation.
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Key

X particle size, expressed in millimetres

Y mean flow velocity, expressed in metres per second
1 erosion

2 transport/erosion

3 transport

4 sedimentation/transport

5 sedimentation

Figure A.9.4-2 — Soil particle size and seabed mobility
[after McDowell and O'Connor (1977)[137]]

A.9{4.8 Spudcan interaction with adjacent infrastructure

The interaction of the spudcans with adjacent infrastructure can be addressed with reference to the
litefrature, e.g. Siciliano et al. (1990)(168], Stewart (2005)[171], Leung et al. (2006)[127), and Kellezi et al.
(2005b) 1171,

A.9.4.9 Geohazards

Cerftain areas of the world, including the US, require shallow geohazard surveys and publish documents
that can give some useful guidance, e.g. US Department of the Intérior Minerals Management Service
(2008)1921 and IOGP (2009)[1071, It is important that the workdis planned, performed and assured by
qudlified geohazard specialists to ensure that it is fit-for-purpose and meets the actual regulatory
requirements of the host country. See also ISO 19901-10.

A.94.10 Carbonate material

No guidance is offered.

A.10 Guidance on structural response
A.10.1 Applicability

No puidance is offered.
A.10.2 General considerations

Thg 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 systenl. The responses should be obtained using appropriate combinations of functional
actions, metecean or earthquake actions, and dynamic, second order and leg inclination effects with the
action facters’in Annex B. The application of actions is described in 8.8 and A.8.8. In 5.4.3, it is required
that the amnalysis be carried out for a range of headings with respect to the jack-up such that the most
ongrous loading(s) for each item in the list above is/are determined.

When determining the FLS response, the cumulative number of stress cycles should be used to estimate
the fatigue lives of steel components (see 10.6). Clause 10 is specifically aimed at short-term operations
where fatigue is typically not a consideration. However, fatigue response can be important for long-
term applications of a jack-up (see Clause 11).

A.10.3 Types of analyses and associated methods

The extreme storm ULS response can be determined either by a two-stage deterministic storm analysis
procedure using a quasi-static analysis that includes an inertial loadset (see A.10.5.2) or by a more
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detailed fully integrated (random) dynamic analysis procedure that uses a stochastic storm analysis
(see A.10.5.3).

Table 10.3-1 gives a list of some of the references used in an extreme storm response analysis. A
common approach can be to start with a relatively simple analysis and to increase the level of
complexity if the simple method shows the jack-up is unsuitable for the site.

raplie A.1U.5-1 — Lross rererences 1or extreme storm responses
Topic Reference Comments and additional references
location
Metocean action| Table A.7.3-1 |A.7 discusses actions, but Table A.7.3-1 gives an overview of the calculation procedufre
calculation and gives references to the required input data, methods of calculating'actions, and
procedure action factors.
Structural model A8 Table A.8.2-1 discusses the levels of detail in different structursal models, and the
information that can be obtained from them.
A.8.3 to A.8.5 discuss modelling of the legs (including seme simplified methods for
calculating equivalent leg stiffness properties), the-hull, and the leg to hull connectiojn,
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 aré«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 giyen'in A.10.5.2.2.3.
Large A.8.8.6 Different modelling techniques are discussed, including large displacement methodd,
displacement geometric stiffnesss-methods and negative springs.
effects
Conductor A.8.8.7 —
actions
Damping A104.3 Table\A.10.4-1 gives recommended explicit damping levels.
A7:3.3.2 describes relative velocity hydrodynamic damping and Formula (A7.3-15)
gives the specific limits for when relative velocity formulation may be used.
A.10.4.3.3 describes the hysteretic foundation damping that may be used in certain
cases.
Two-stage A.10/5.2 In this method, a DAF is calculated and used to develop an inertial loadset that is
deterministic combined with the maximum quasi-static wave action. The DAF can be from an SDOF
storm analysis analysis (A.10.5.2.2.2) or a random dynamic analysis (A.10.5.2.2.3).
Figure A.10.4-2 gives an overview of a two-stage approach incorporating foundation
fixity, which is normally included in the analysis.
A.10.4.4.1.2 gives foundation modelling for a two-stage analysis.
SDOF.analysis A10.5.2.2.2 This method is very simple and often used for a first pass assessment, but it has a
limited range of applicability and, while normally conservative, can underestimate the
DAF.
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Topic

Reference
location

Comments and additional references

Random dynamic
analysis

A10.5.2.2.3

Commonly used to develop the dynamic response and then the DAF in a two-stage
analysis

Sets out the metocean and inertial loadset components of the basic load case that
should be assessed for all values of (Tn/Tp), and the extra load cases that should be

considered when (T, /T,) > 0,9

Table A.7.3-3 gives specific recommendations on qualifying storm simulations.

A.6.4.2.3 gives information on wave spreading using either three-dimensional analysis
or a kinematics reduction factor.

ISO 19901-1:2015, 8.4.4 and A.8.4.3, give information on the intrinsic and apparent
wave periods, and the methodology for modifying the wave spectrum from intrinsic to
apparent.

A.10.5.3.3 gives additional details on all random wave dynamic analyses, regardless of
whether it is for a one-stage or two-stage assessment.

A.10.5.3.4 gives information on determining the MPME responsefwhich is the result of
the random analysis.

Table A.10.5-1 gives recommendations for calculating the MRME and on the storm
duration to use in the simulations.

Stofhastic storm
andlysis

A10.5.3

In this method, the MPMEs of the responses of interest (e.g. member utilizations) are
determined directly in a one-stage analysis, altheugh multiple one-stage dynamic
analyses can be required (10.5.3). DAFs are not specifically developed.

A.10.5.3.2 describes the determination and(@pplication of partial factors to 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.

Leginclination

A.10.5.4

The effect of leg inclinatienis'included in the structural code checks, but not in the
global response analysis.

A.10.4 Common parameters

A.1/0.4.1 General

Thg ULS response can be caleulated either by using a quasi-static analysis procedure including an
inertial loadset or by using @ more detailed (random) dynamic analysis procedure.

Clapise 8 and A.8 identify-the factors that affect the structural stiffness of the jack-up and discuss the
stryictural stiffness modelling at various levels of complexity. The actions are discussed in Clause 7 and

A7

Thg¢ magnitide'of the dynamic response is affected by the following:

a) | thé.dynamic characteristics (natural periods) of the structural system formed by the jack-up on its

foundation;

b) the characteristics of the excitation. For metocean excitation at sites with high current, there can be
significant contributions from higher order harmonics in addition to those normally associated
with quadratic drag terms and free surface effects.

The factors that affect these two characteristics are discussed in A.10.4.2 to A.10.4.5

202
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A.10.4.2 Natural periods and affecting factors

A.10.4.2.1 General

(E)

The natural period of the jack-up on its foundation in the fundamental (or first) mode of vibration is an
important indicator of the degree of dynamic response to be expected. The first and second vibrational

modes are normally the surge and sway modes. The natural periods of these vibrational modes

are

usuatty closetogethrer; whithof the twois the higher deperds omrwhichdirectiomr s tessstiff-Whirere
natural or wave period varies with heading, care should be taken that the periods used are applicabl

the
b to

the direction being considered in the analysis. The third vibrational mode is normally a torsipnal mode,
the three-dimensional effects of which can be important, in particular for headings where thelegs and,

hence, wave actions are not symmetric about the direction of wave propagation.

The natural period is dictated by the characteristics of the structural system, which are governed by
overall (global) structural stiffness, the mass and mass distribution, and the damping.

The undamped natural period is determined from Formula (A.10.4-1):

T, =2nJ(M/ K)

the

(A.10.4-1)

T, is the first natural period of surge or sway motion of the jack-up;

M s the effective system mass;

K s the effective system stiffness.
ISO/TR 19905-2 contains a manual method for calculating the natural period. The method is
recommended for use in analyses butiis useful for demonstrating some of the factors that affect

natural period of a jack-up.

A.10.4.2.2 Stiffness

not
the

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 ob

[ain

the various natural periods and mode shapes. Structural modelling at various levels of complexity is

discussed in A.8and should consider stiffness contributions from the following:
a) bending/deformation of the legs;
b) .shear deformation of the legs;

¢)¢ 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
spudcan-foundation interfaces.

the
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The system stiffness for the fundamental modes can be estimated from an idealized single degree-of-
freedom system as described in ISO/TR 19905-2. 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.10.4.2.3 Mass

No guidance is offered.

A.10.4.2.4 Variability in natural period
No guidance is offered.

A.1j0.4.2.5 Cancellation and reinforcement

A.10.4.2.5.1 General

If the legs of the jack-up were lumped together at one position, waves passing through would cause
each leg to have the same applied force history and the base shear transfer funetion (base shear versus
wayve period) would be a relatively smooth function. Assuming the leg _kinematic parameters are
axigymmetric, this transfer function would be the same for all wave headings. As the legs are moved
apart, at an instant in time the wave position relative to each leg is diffefent for each wave period. Since
each leg is at a different phase for each wave period, the amplitude of\the base shear transfer function at
evelry period is bounded by the value with all legs together. Essentially, there is some force cancellation
for|almost all periods (smaller amplitudes than all legs together). Since the spacing between the legs
changes by approach direction, different wave headings alse./result in different base shear transfer
funftions, even if the kinematic properties are still axisymmetric.

Fighre A.10.4-1 shows cancellation and reinforcemen@periods. It can be used for a first evaluation of
the|position of the calculated natural period(s) relative to the cancellation and reinforcement 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
waye periods.

Thg assessor should aim to maximize the overall jack-up responses and not just, for example, the DAF.
Thg DAF calculated through the.SDOF is independent of cancellation and reinforcement.

A.10.4.2.5.2 Quasi-static.deterministic waves

Care should be taken\te avoid cancellation in the quasi-static deterministic wave actions. This is not
normally an issue;xarely is the extreme storm wave period close to a cancellation period, but if it is, a
range of wave periods should be investigated (see A.6.4.2.9 and A.6.4.2.3).

A.10.4.2.5.3Stochastic dynamic wave response

Thd matural period(s) used in the dynamic analysis should be selected such that a realistic but

conservative value of thedymarmmic response s obtainmed for the particular applicatiomenvisaged—€are
should be taken to ensure that the response is maximized, not just the dynamic amplification, since it is
possible to have a large DAF combined with low metocean excitation, due to cancellation, leading to low
combined response. When the DAF is determined through a stochastic analysis, care should be taken to
minimize cancellation (see also A.7.3.3.3.3) as this can result in significant underestimation of the DAF.
In a two-stage stochastic analysis, the DAF is determined as the ratio of the responses of two models
(see A.10.5.2.2.3): one that includes and one that excludes dynamic effects. A significant percentage of
the dynamic effect is due to excitation of the natural period of the jack-up by that component of the
wave trace having that same period. If there is cancellation at that period, there is little excitation, so the
calculated DAF is unrealistically small.
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Care should also be taken when there is significant current velocity as this can lead to slightly different
cancellation effects. When combining current with a cyclic Morison wave loading, the drag term causes
a harmonic excitation at half the wave period. This second harmonic can result in significant dynamic

excitation, especially when the current is large and the period of the second harmonic is the same as

the

natural period. If cancellation of the second harmonic actions occurs, the DAF can be significantly

underestimated.

In order to prevent cancellation resulting in potential underestimation of the DAF, tThe range of poss
natural period(s) should be bracketed and compared with the relevant cancellation points in thé)glq
wave loading and the second harmonic of the wave period. When the natural period occurs ¢

cancellation point in the transfer functions, the mass or stiffness should be adjusted in a logical maxlr;er

to move the natural period away from the cancellation point. This generally ensures that the dyna
response is maximized within reasonable limits.

The definitive selection of natural period(s) should be based on the shape of the'global horizontal w
loading (base shear) and overturning moment transfer functions for the case tinder consideration.

If the analysis is for pinned spudcans with maximum hull mass, then thé-adjustment should be madg
reducing the hull mass (within the normal range) and/or by introduc€ing a degree of rotational fixit
the seabed.

If the analysis is for a case with a degree of spudcan moment fixity, then the adjustment can
logically be made by varying the degree of rotational fixity atthe seabed.

Alternatively, when the metocean data is omni-directional, the effects of wave spreading can be use
reduce the effects of cancellation by carrying out the dynamic analysis for a single wave heading al
an axis which is neither parallel nor normal to a.line through two adjacent leg centres. Thus, for
legged jack-up with equilateral leg positions and a single bow leg, suitable analysis headings can be y
the environment approaching from approxXimately 15° or 45° off the bow. The DAFs should
determined for one, or both, of these-héadings. The DAFs (or more conservative DAFs) can then
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
natural period and at the prédgminant wave spectral energy.

Figure A.10.4-1 presents:the periods at which first and second cancellations and reinforcements oc
in the total wave actions. It is valid for the main wave directions of 3- and 4-legged jack-ups in wy
depths exceeding~30'm. The potential for increased response due to short-crested waves should
considered (seeA.7.3.3.3.3).
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Dimensions in metres
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a)| Sample 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 — Periods for wave force cancellation and reinforcement as a function of leg
spacing
(10f2)
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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

~
(4]
<

3 legged jack-up

4 legged jack-up

wave direction versus leg locations associated with wave action curve 5

wave direction versus leg locations associated with wave action curve 6

indicative curve of wave action on jack-up versus frequency due waves in ditections 3
indicative curve of wave action on jack-up versus frequency due waves, ifidirections 4
first reinforcement point

second reinforcement point

O© 00 N O Ul » W N -

first cancellation point

=
=]

second cancellation point

static wave action on jack-up
wave frequency

wave period

vy &+ N

jack-up leg spacing

a  First wave force cancellation over all wave phase angles; water depth > 50 m.
b First wave force reinforcement overall wave phase angles; water depth > 30 m.
¢ Second wave force cancellation(over all wave phase angles; water depth > 30 m.

d Second wave force reinforceniént over all wave phase angles; water depth > 30 m.

NOTE1 Figure A.10.4-1'3) has been drawn for effectively deep water cases only. The reduced wave length in
shallow water resultsn slightly longer wave periods producing first cancellation.

NOTE2 On a 4‘legged jack-up, it is possible to get complete cancellation of the horizontal actions at certain
wave lengths (e:g.in a wave of specific length that results in two legs at the wave crest and two at the wave tropigh,
as shown by-line 'a’ in Figure A.10.4-1 a). It is not possible to get complete cancellation of the horizontal actionf on
a 3-legged)jack-up oriented with two legs parallel to the wave crest. There is partial cancellation in waves fhat
result invone leg at a trough when two legs 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 result in line 5. It can be possible to get complete cancellation on p 3-
legged jack-up oriented with any two legs parallel to the direction of wave propagation, as shown in Figure A.10.4-
1.¢), but it is not for precisely the wave periods given in Figure A.10.4-1 a).

Figure A.10.4-1 — Periods for wave force cancellation and reinforcement as a function of leg
spacing
(20f2)
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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).

Str]lctural 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);
altgrnatively, a percentage of critical damping can be applied.

Foyndation damping comprises three components: small strain material, hysteretic-and radiation
darhping. The small-strain soil material damping is typically small. At larger strains, amplitude-
defendent hysteretic damping can also occur. Where a non-linear foundation model is adopted for
dyrlamic response analysis, the hysteretic foundation damping and soil (stiffness reduction are
accpunted for directly. Where linearized soil stiffness is used in a time domain analysis, hysteretic
darhping should not be included.

A.10.4.3.2 Linear system damping

Whiere the model relies on damping defined as a percentage of ¢ritical, the total linear system damping
shquld not exceed 7 % without credible, applicable justification. Lower values can be appropriate for
fatigue 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.
Tahle A.10.4-1 summarizes typical upper bounds whef’using percentages of critical damping.

Table A.10.4-1 — Recommended;explicit damping from various sources

Damping source Global linear damping not to exceed
(% of critical damping)
Structure, holding system, ete, 2
Small strain foundation 28
Hydrodynamic 3oroP

2 | The small-strain soil mateyial~damping is typically small; in the absence of specific data, 2 % is considered to be a
reaponable estimate.

b [In cases where the refative velocity formulation is used [¢=1 in Formula (A.7.3-15)], the hydrodynamic damping is
accpunted for directly and\should not be included as a percentage of critical damping.

A.10.4.3.3 Hysteretic damping

Foyndation hysteretic damping can, in certain situations, increase the 2 % small-strain foundation
damping given 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
Richart (1966)(130], as given in Formula (A.10.4-2):
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C.q=R[0,85B2/(1-v)]V (G,ps) (A.10.4-2)

where

C.q is the radiation damping coefficient of a dashpot (force per unit velocity);

R s areduction factor applied to avoid unconservatism, which should normally be taken as 0,5;

B is the effective spudcan diameter at uppermost part of bearing area in contact with the soil;
v is Poisson's ratio (of the foundation soil);

G, is the shear modulus of the foundation soil [for clay, G, = G,,,,, the maximum ¢alue of the sh

max’
modulus, that occurs at small strain (see A.9.3.4.3); for sand, G, = Gmay, the/initial small-sti

shear modulus (see A.9.3.4.4)];
ps is the total, saturated, (mass) density of the foundation soil.

In non-linear dynamic analyses, or in linear time domain dynami¢ analyses using direct integrat
Formula (A.10.4-2) can be used directly to establish the damping coefficients for the foundat
dashpots.

In linear modal dynamic analyses, the additional contribuytion of vertical radiation damping to the lin
damping ratio for the vertical mode only can be calculdted as given in Formula (A.10.4-3):

(,q=R0,213 NstnJ—(ps/Go) (A.10.4
where

,q Iisthe radiation modal damping ratio to account for spudcan vertical motion;

Ns is the number of spudcans;

w,, is the angular natural'frequency of the vertical mode, expressed in radians per second.

n

NOTE1 The suggestedwvalue of 0,5 for R is a reduction on the amount of radiation damping and is compar
with values used in _other industries. The reduction is intended to account for the frequency dependence
spatial variance fe.g-stratification) in soil conditions below the spudcan.

NOTE2  Formula (A.10.4-2) is obtained by combining the definition of the damping coefficient, C, with
damping<ratio of Formula (A.10.4-3) and the corresponding formula for stiffness given by Lysmer and Ric
(19661301,
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NOTE 3  Radiation damping increases with increasing excitation frequency. Radiation damping levels fr

ocean wave excitation are expected to be less than 1 %, whereas for earthquake actions, radiation damping ra

A.10.4.4 Foundations
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:
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A1l

option 1: deterministic two-stage approach;

option 2: stochastic one-stage approach.

0.4.4.1.2 Option 1 — Deterministic two-stage approach

Figure A.10.4-2 illustrates the procedure schematically.
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In jhis approach, the dynamic response of the structure is evaluated based on either a simple linear

lysis or a more complex elasto-plastic analysis in order to determine an inertial loadset. The
amic analysis can include linearized springs. Typically, the initial linearized rotational stiffness for
dynamic analysis can be taken as 80 % of the value determined from A.9.3.4.1. This simplified
roach does not capture the temporary reductions in stiffness that occur during plasticity events
herally with detrimental effects), but also does not capture the increased damping associated with
se events (with beneficial effects).

foundation and structural assessment is next performed using a quasi-statid,Jiterative analysis
nique, for which the dynamic actions have already been determined. This quasistatic analysis can
hccomplished by means of either an elasto-plastic foundation model or by asimplified application of
full plasticity analysis as described below. This simple approach is used t0 apply moments on the

spudcan by inclusion of a simple linear rotational spring. The moments thus applied are limited to a

cap|
for

Thi

a)

b)

d)

acity based on the yield interaction relationship between the gross-vertical force (Fy), the horizontal
e (F};) and the moment (F),) acting on the spudcan.

5 simple procedure is described in the following steps (see‘the right hand side of Figure A.10.4-2).

Include vertical, horizontal and (initial) rotational stiffnesses (using linear springs, see A.9.3.4.1) in
the analytical model and apply the factored functional and factored metocean actions together with
the associated and separately calculated inertial loadset from a linearized dynamic analysis, to
determine the resulting forces Fy, Fy and the.moment Fy; on each spudcan.

Calculate the value of the yield interaction function (see A.9.3.3) using the resulting forces on each
spudcan. If the value is zero, the force-combination falls on the yield surface; for values greater than
zero, it is outside; and for values-smaller than zero, it is inside the yield surface.

If a force combination initially falls within the yield surface, the rotational stiffness should be
further checked to satisfy the reduced stiffness conditions in A.9.3.4.2.

If the force combijnation initially falls outside the yield surface, the rotational stiffness should be
arbitrarily redueed-and the analysis should be repeated until the force combination at each spudcan
lies essentiallyon the yield surface. If at that point the moment is reduced to zero and the force
combinationis still 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, which,
imturn, expands the yield interaction surface. See A.9.3.3.5 and A.9.3.3.6 for guidance on expansion

of yield interaction surface and A.9.3.6.6 for guidance on the displacement check.
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A.10.4.2.5.3.
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foundation,
model?
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and factored metocean actiopwith associated
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Is value of
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—{calculate rotational stiffness reduction factor f;
A934.23.

Run structural analysis using reduced
foundation stiffness to obtain the forces
Fy, Fy, Fy at spudcans.

Rotational
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analyses, compute-MPMEs and determine DAFs.
Use resulting' DAFs to determine inertial loadset.

Seleetvevised linearized foundation spring
and/or change hull mass: A.10.4.2.5.3.

Run non-linear elastic-plastic static and dynamic time
domain, analyses, compute MPMEs and determine DAFs.
Reduce effects of cancellation: A.10.4.2.2.5.3.

Use SDOF methodology to determine
inertial loadset: A.10.5.2.2.2.

Multiple random sea simulations should be run to check
non-linear sensitivity. Use resulting DAFs to determine

inertial loadset,

converged?

Foundation
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A9.3.6, Figure
A9.3-14
and 13.9

Displacement
check acceptable?
A.9.3.6.6 and

Yes

Structural
checks acceptable?
Clauses 12
and 13

—»lmccegtablel Unit acceptable

Figure A.10.4-2 — Analysis procedure for two-stage assessment
with foundation fixity — Option 1

A.10.4.4.1.3 Option 2 — Stochastic one-stage approach

Figure A.10.5-4 illustrates the procedure schematically.
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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 behaviour
of the foundation.

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)

b)
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Use a time domain random dynamic analysis to determine structural response and foundation
forces at each time step.

Determine the foundation behaviour using a non-linear elasto-plastic model, such that at each time
step the plastic and elastic portions of the behaviour are captured. If desired, this model cah include
hysteresis. This is likely to require an iterative procedure.

As the dynamic response is influenced by the time history of the actions, a number of random
dynamic analyses should be performed for differing input wave histonies); and the MPMEs
determined from a procedure described in A.10.5.3.4.

If, Lue to wave force cancellation effects, small changes in foundation ‘stiffness result in significant

ges in the response, the foundation stiffness should be selected with care to maximize the response
2 A.10.4.2).

0.4.4.2 Foundations for earthquake assessment

the simple screening assessment, the foundation sheuld be modelled with a high representative
he of G, from Clause 9, without degradation but with*appropriate rate adjustments.

more detailed assessments, a fully non-linear~coupled yield interaction model or a continuum
Hel should be used with degradation effects.

0.4.5 Storm excitation

rents change slowly compared with the natural periods at which jack-ups oscillate and can be
sidered to be a steady phenomenon. Variations in wind velocity cover a wide range of periods, but
main wind energy is associated with periods that are considerably longer than the natural periods
hck-up oscillations. Therefore, the wind can generally also be represented as a steady flow of air. The
iods of waves typically-lie between 3s and 20s. Since natural periods of jack-up in typical
lications fall withinthis range, the primary source of dynamic excitation is from waves.

waves are nof régular but random in nature, with a more predominant periodicity when a swell is
sent. This has important implications that should be considered for both the dynamic excitation and
resulting dynamic response.

0.5 Storm analysis

A1l

0.5.1 General

No guidance is offered.

A1l

A1l

0.5.2 Two-stage deterministic storm analysis

0.5.2.1 General

In the first stage, an inertial loadset is determined from a dynamic amplification factor using either a
single degree-of-freedom analogy (K pagspor), see A.10.5.2.2, or a random wave time domain random
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dynamic analysis (Kpapranpom), See 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 combinations are discussed in 8.8.

The spudcan-foundation interface can be modelled as described in 9.3.1.

A.10.5.2.2 Dynamic amplification factors (DAFs) and inertial loadsets

A.10.5.2.2.1 General

When using a deterministic analysis for calculating the jack-up's responses, the dynaniic responsg is
represented by equivalent inertial actions as described in A.8.8.5. The inertial loadset can be deriyved
from the classical SDOF analogy described in A.10.5.2.2.2, or from the more cofrplex random dynamic
analysis method discussed in A.10.5.2.2.3; see Figure A.10.5-1. It should be_recognized that dynamic
amplification is the result of inertial actions that are dominated by the hulkmass. Therefore, amplifyling

the hydrodynamic actions is not a correct physical representation.

NOTE The difference between the height of the applied wave actions@nd the height of the system centre of
mass means that the global response (e.g. base shear, overturning moment, hull deflection) and local respqnse

(e.g. member forces, holding system reactions, spudcan reactions) are not equally amplified by the inertial acti

pns.
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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 (K par spor)

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 SPDOEmath
THCODIT ¢t

T

— the wave/current action does not occur at the hull;

— the excitation is non-periodic (random) and non-linear.

The method described below generally leads to an approximation of the jack-up's realdehaviour that|has
been calibrated against 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 0,4 t0|0,8
and the current velocity is small relative to the wave particle velocities, the SDOF method can give
reasonable results, subject to items b) to d) below.

b) The SDOF method does not account for reinforcement, as discussed in A.10.4.2.4, and this can mpke
the method unconservative, particularly when 2 > 0,5. When 2 > 0,5, there can be significant engrgy
in an irregular sea at the jack-up natural period, and this is not accounted for in the SDOF method
because the DAF is not affected by any periodicity other than the excitation at 0,9T),. This lack of
excitation is particularly important when thé jack-up natural period is close to a wave
reinforcement point. In this case, the resonantresponse, combined with reinforcement, can repult
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 natural period within the base shear transfer function, resulting in different dynamic
amplifications.

c) The SDOF method can be uncenservative for cases where the current velocity is large relative to(the
wave particle velocities. If the results of the assessment are close to the acceptance criteria, further
detailed analysis is recommended.

d) The SDOF method~can be unconservative and should not normally be used in an extreme st¢orm
assessment when (2 is greater than 1,0, i.e. when T, > 0,9T,. However, the SDOF analogy may be

used when the)calculated (2 is greater than 1,0 providing (2 is taken as 1,0.

When using-the SDOF method, a minimum value of 1,2 should be taken as the DAF in an extreme storm
assessmeént; regardless of the DAF calculated using the SDOF method.

NOTE The DAF calculated in the SDOF analogy (Kpapspop) cannot be meaningfully compared to the DAF
determined with a stochastic wave assessment (K g ganpom)- This is because the methods for determining|the

relevant inertial loadsets are different, thus the same value of K,z spop and Kp g ganpom 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 (@) or

period (T) steady state, periodic and sinusoidal excitation is calculated by means of the classical
dynamic amplification factor (K par spor) s given in Formula (A.10.5-1):

1

K >1,20

DAF,SDOF ~ \/

242 2
(1-07)7 +(2¢0) (A10.5-1)
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where

T
Q s the jack-up's natural period (T,,) divided by the wave excitation period (T,,); 2 = T—n <1,0;
w

¢ is the damping ratio or fraction of critical damping, {< 0,07 (see A.10.4.3);

T, =09T,;

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 19901-1:2015, A.8.4.3);

is the natural period as derived in A.10.4.2.1.

n

Th¢ damping parameter, ¢ in this model represents the total of all damping contributiens (structural,
hydrodynamic and foundation damping). For the evaluation of extreme jack-up responses using the
SDOQF method, a value not exceeding 0,07 is recommended.

Thg calculated Kpar spor from the SDOF analogy is used to estimate an inertial loadset, which represents

the|contribution of dynamics over and above the quasi-static response as illustrated in Figure A.10.5-
1 a]. The inertial loadset should be determined as given in Formula(A)10.5-2) and applied at the hull
cenftre of gravity in the direction of wave propagation:

Fin = (K papspor — 1) Fes amplitude (A.10.5-2)
where
F;, is the magnitude of the inertial loadset;

Fgg amplitude 1S the single amplitude of quasi=static base shear over one wave cycle,
Fis amplitude = [FBs,(qs)max/= Fas,qsyminl /25

FgsqsyMax  1s the maximum quasi-static wave/current base shear;

Fgsqsymin  1s the minimun quasi-static wave/current base shear.

Formula (A.10.5-2) is partjof a calibrated procedure and should not be altered. A more general inertial
loaglset procedure, 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 psr ranpom)

In the time.domain random dynamic analysis procedure, two DAFs are calculated, one for the BS and
ong for, the overturning moment (OTM). The inertial loadset, F;, is calculated from these DAFs. The BS

and @TM DAFs are the ratios of the MPME of the dynamic BS/OTM to the MPME of the static BS/OTM

LD Y h mid A4 o 4 1. 1 - 1 _C 1. 1 - 1 .
[RMPME dynamic/ [\MPME staticJ' SCC IIgUlc A.1U.0°1 U], UTLCTIIHIICU ITUIT COITCS DUIIUIITE Uy IIdIIIIC diTU gqudSI=
static time 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 included in both the quasi-static (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
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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;

n’

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

Caution should be exercised when the wave period approaches resonance and additional load cdses
should be considered when (T,,/T}) is greater than 0,9. These extra load cases account for the changing
phase between the forcing action and the inertial action as (T,,/T,,) approaches andzexceeds 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, Formula (A.10.5-4). This load~case is required forx all
ratios of (T,,/T,). Three additional load cases, Formulae (A.10.5-5) to (A.10-5<7), should be considered
when (T,/T}) is greater than 0,9. Four sample load cases are shown diagrammatically in Figure A.1p.5-

3. In each case, the inertial loadset should be applied to the structure as described with A.8.8.5, uging
the same directional pair of Kpar panpom Values calculated for base shear and overturning moment.

NOTE1  Figure A.10.5-3 shows the phase between the forcing action’and the inertial action for an SDOF system
for varying values of Tn/Tp and represents the underlying reason-the extra load cases are assessed in a two stage
deterministic analysis when Tn/Tp is greater than 0,9. As_thé value of Tn/Tp increases beyond 0,9 the phase
between the exciting action and the inertial action changés from being approximately in phase for low valugs of
Tn/Tp, through being 90° out of phase when Tn/Tp =1,0.to being approximately 180° out of phase when Tn/]"p is
greater than 1,2. While Figure A.10.5-3 is drawn for an-SDOF system, a similar phasing analogy can be made [in a
random dynamic analysis, albeit without the same-degree of fine definition. It is because the phasing is not so well
defined in a random sea state that the extra cases'are specified above when Tn/Tp is greater than 0,9.

The total base shear and overturning moment is the same in the first three load cakes.
Formulae (A.10.5-4 to A.10.5-6) provide a match to the base shear but it is still necessary to correct|the
overturning moment. Both the base shear and overturning moment can be different in the fourth case:
Formula (A.10.5-7); see NOTES5 and 6.

The base shear inertialloadsets are calculated as given in Formula (A.10.5-3):

3)

Finpase(a) = Kpar,kANDOM FstaTic — FSTATIC,PHASE(a) (A.10.5

and are applied.in load cases as given in Formulae (A.10.5-4) to (A.10.5-7):

[Ee +<¥ep Del(0) = Fwino + Fstatic + Yep Fin,pHasE(0) (A.10.3-4)

tEe + Yep Del (90) = Fwinp + Yep Finprase(o0) (A.10.3-5)

[Ee + yip De](180) = Fwino + Fstaticup + Yep FinpHase(180) (A.10.5-6)

[Ee + ¥t De] -180) = Fwinp + Fstatic — Yp Fin,pHASE(-180) (A.10.5-7)
where

[Ee +¥ep Del () is the combined metocean actions and inertial actions for use as (E, + y¢p D) in

Formula (8.8-1);
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(a) is a subscript representing the notional phasing of the four different load cases
given in Formulae (A.10.5-4) to (A.10.5-7) in which (a) is (0), (90), (180), and
(—180), respectively (see NOTE 4);

Fsratic is the deterministic quasi-static wave/current loadset in the direction of the
MPME values;

Fwinp is the wind loadset;

Fsratic,pHask(a) is the deterministic quasi-static wave/current loadset for the relevant load cadse:

it is equal to Fgrryc for the normal PHASE ) case when used toealculate
Fin prasg(o) in Formula (A.10.5-4), which represents the normal‘case with

inertia down-wind and crest wave loading [see Figure A.10.5*2 a)];
when Tn/Tp >0,9:

itis equal to 0,0 for the PHASE () case when used to calculate Fj, pyasg90)

in Formula (A.10.5-5), which represents theélinertia only load case [see
Figure A.10.5-2 b)];

it is equal to Fgparicyp for the PHASE 4y, case when used to calculate
F,

inpHASE(180) IN Formula (A.10.5¢6), which represents the case with inertia

down-wind and trough wave loading [see Figure A.10.5-2 c)];

it is equal to Fgpapicyp £or the PHASE 4, case when used to calculate
F,

1
inertia up-wind apd:crest wave loading [see Figure A.10.5-2 d)];

npHAsE(-180) 1N Formula (A.10.5-7), which represents the case with

Fgraticup is the deterministiciquasi-static wave/current loadset in the up-wind direction

(i.e. maximum yupwind loadset, which is normally in the opposite direction to
the wind action).

Formulae (A.10.5-4) to (A.10.5-7) represent the metocean and dynamic components, E, and D, in
Formula (8.8-1). The gravity-Components Gy and G, should also be included when developing the
complete assessment load)case F; in Formula (8.8-1). The response analysis should include P-A and hull
sagping effects and the effects of leg inclination should be taken into account (see 7.8).

NOTE 2 It is relatively unusual to undertake a jack-up assessment where Tn/Tp is greater than 1,0 but such
situptions dosexist, e.g. in relatively benign conditions in deep water and with low spudcan fixity. Experience has
shopvn thatin‘Some cases the introduction of additional spudcan fixity reduces the natural period to below the
waye perigd and this action results in an increased DAF.

T Al 1 LA 40 O 20 o 1 £, 1 h P A4 dod H 4l LR | £ 4] H YR I | | 4] 4
NO Lo "UTHIUld kn.lU.J'J} IS5 d Stdldl 1UTIIIUId. TU 15 USTU U UTLTT IIIITIT UIT ulasuuuuc Ul UIT IIITT UdI TUdUSTL, DUt
has no associated point of action or direction. Formulae (A.10.5-4) to (A.10.5-7) are vector formulae in which, for
example, the inertial loadset is applied in the relevant direction and at the relevant elevation above the seabed.

NOTE 4  The subscript (a) is not the actual phase, but a notional, or indicative, phase taken from the SDOF
analogy, similar to that given in Figure A.10.5-3, (in the full knowledge that the assessment is using a multi-degree
of freedom model and loading). For example, PHASE y, is not necessarily at the wave crest. It is simply used to
represent the phase when the inertial loading is in-phase with the maximum down-wind wave/current action.
Likewise PHASE 4, is used to represent the phase when the wave/current action is zero. PHASE ;4 is used to
represent the case when the inertia and direct wave/current actions are out of phase, with the inertial actions in
the downwind direction and the wave/current actions, represented by the wave trough actions, in the up-wind
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direction. PHASE _ g0, is the reverse; the inertial actions are up-wind and the maximum wave/current actions are

down-wind.

NOTES5  The same total vectored sum of the actions and moments that comprise (E, + y;p De)(a) is used in

Formulae (A.10.5-4) to (A.10.5-6). In effect, the base shear and overturning moment are the same for all of the
first three cases: Formulae (A.10.5-4) to (A.10.5-6). This is because the load cases are designed to represent
different interpretations of the same results from the random time domain dynamic analysis. When assessing the

overturning moment. It is possible that the relationship between these two values is not known (i.e. the maxi
base shear can occur at a different time 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 Kp,zrinsom Vajues

are calculated for base shear and overturning moment. These DAFs are well defined, but it is not necess3arily
known of what components they are comprised. The intent of Formulae (A.10.5-4) to (A.10:526) is to present
three different sets of actions that can result in the different maxima base shear and overturinifg moments. Large
correcting moments are likely to be necessary in Formula (A.10.5-5), the inertia-only load case| In
Formula (A.10.5-5), the point of application of the actions has effectively moved from(being predominantly c|ose
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 actionjand the requirement to haye a
consistent base shear and overturning moment, the introduction of large cotrecting couples at the hull is likely to
be necessary.

NOTE 6  The base shear and overturning moments are the same\in“Formula (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 casés is
the location of the actions and the components that comprise them. This can result in different member loads fand
stresses.

NOTE7  Formula (A.10.5-7) can have a different. ‘combined base shear and overturning moment than
Formulae (A.10.5-4) to (A.10.5-6). In Formula (A.10:5-7), the magnitude of y;/, . pasE(-180) 1S identical, for hoth

base shear and overturning moment, to the valueof y;p, F;; pyasg(1g9) in Formula (A.10.5-6), but it is applied inf the

opposite direction. This case represents the;wave/current actions in the down-wind direction and the ineftial
actions in the up-wind direction. In most.cases, the magnitude of the vector (E, +y; De)(—180) is smaller than|the

magnitude of the equivalent vector insFormulae (A.10.5-4) to (A.10.5-6). It is, however, possible that the intefnal
leg stresses can be higher due to changes in internal leg shear and bending moments.

10/\
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a) Representation of b) Representation of c¢) Representation of d) Representation of
Formula (A.10.5-4) Formula (A.10.5-5) Formula (A.10.5-6) Formula (A.10.5-7)

Key
1 direction of storm
2 wind action Fyynp
3 wave action Fgparic
4 up-wind wave action at wave trough Fopricup
5 inertial loadset Fin'PHASE(O)
6 inertial loadset Fin’PHASE(go)
7 inertial loadset Fin’PHASEuSO)
8 inertial loadset Fin,PHASE(—lSO) with magnitude of base shear and overturning moment equal to Fin_PHASEUSO) but
applied in 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) =(0)
12 line indicating relative phase of wave/current action and inertial action for (@)= (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
Formulae (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
o i
180
120
90
60 /
0 >
0 0,5 1 1,5 2 o
Key

W rafio-ofthanatural mariad T totha nariad oftho foraing actinny T
Fate-e+the —pe €5 eFtee-o+tRe+toret

Hatti T cotHe-peTt SO

¢  phase angle in degrees between the forcing action and the inertial action

Figure A.10.5-3 — Phase between the forcing action and the inertial action for an SDOF system
for varying ratios of natural period to forcing period (7,/T,) and damping of 7 % of critical
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A.10.5.3 Stochastic storm analysis
A.10.5.3.1 General

In a stochastic storm analysis the extreme response can be predicted by stochastic methods where the
intent is to determine the MPME of the responses of interest using statistical methods (see A.10.5.3.4).
In the two-stage deterministic storm analysis, the MPMEs of the base shear and overturning moment

are usedto develop DAFs—Foraone-stage stochastic stormmamatysts; thre-intent s todetermime time
histories of the utilizations from which the MPME utilizations can be calculated; see Figure 10.5-4:

In all stochastic analyses all action factors are set to 1,0 (see 8.8.1.3). When the stochastic storm
analysis is used to determine a DAF (the first stage of a two-stage analysis), the metocean actions|are
unfactored in both the dynamic and the quasi-static analyses; the appropriate metocean action fadtor,
%p is applied in the second stage. However, when undertaking a fully integrated pne-stage dynamic
stochastic storm analysis that directly results in a time history of structural andfoundation utilizatipns,

the metocean parameters (i.e. wind velocity, wave height and current yelocity) are factored; |see
A.10.5.3.2.

The waves can be modelled using a random superposition model, which'is fully described in A.7.3.33.2,
that identifies important constraints associated with this method of fandom wave dynamic analysis.

Determine basic Develop factored metocean
metocean parameters - input parameters
(6.4) (A.10.53:2)

'

Run non-linear elasto-plastic random
dynamic time domain analysis for a
mumber of differing storm
simulations (A.10.5.3)

Develop elasto-plastic
foundation response
(A.9.3.3.2) and (A9.3.4.2)

i
Determine time-history of the
responses and perform
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

A.10.5.3.2 Application of partial factors to metocean parameters

When undertaking a one-stage fully integrated dynamic stochastic storm analysis, partial factors are
applied to the metocean parameters. To ensure consistency between the one-stage stochastic and the
two-stage deterministic approaches, the partial factors on metocean parameters should produce
metocean action levels comparable to the factored quasi-static metocean actions used in the
deterministic method.

When using dynamic stochastic storm analyses to determine a DAF for application in a two-stage
deterministic analysis, the partial factors should be set to unity.
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The partial factors on metocean parameters for fully integrated one-stage dynamic stochastic storm
analyses can be determined as follows.

Partial factor on wind velocity: The wind velocity used when generating the applied actions in
accordance with A.7.3.4.1 should be factored by

— 1,15 if 50 year return period independent metocean extreme storm actions are used, or

Thd
adj

The
ste

For
det
arr
stat
no
fact
act
act
fact

A1

— /1,25 100 year return period joint probability metocean data are used.

Partial factors on wave height and current velocity: The partial factors for wave height and current
velocity for use in the stochastic analysis are determined through an iterative process. The ptrocess
involves factoring the wave height and current velocity until the metocean parameter-factored
quasi-static stochastic wave/current action matches the action-factored quasi-staticédeterministic
wave/current action computed using higher-order wave theory (see NOTE belon))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 approkimation, the same
partial factors can be used as given above for wind velocity. Some adjustthent can be necessary to
achieve a good or conservative match between the following two pairs ef action values:

— the stochastic MPME and the deterministic maximum;

— the stochastic mean and deterministic mean, the latter determined from integration over a full
wave cycle (i.e. not from the average of the maximumand minimum values).

match of MPME/maximum and mean actions is nec¢essary to capture the cyclic behaviour. The
Istment generally results in different partial factors for the wave height and current velocity.

wave period used in the stochastic analysis should be modified to maintain the same wave
epness as that of the unfactored sea state.

the two-stage approach, the reference-level for the wave and current actions is the quasi-static
brministic action. This reference level*action is then modified through a DAF and the action factor to
ve at the final factored action. The'important point is that the final action is founded on the quasi-
ic wave/current deterministic'action. Conversely, in a fully integrated single stage analysis, there is
simple equivalent refereneenlt is, therefore, necessary to determine a stochastic equivalent to the
ored deterministic quasi-static wave-current action. This is achieved by calculating the stochastic
ons over three hoursyuntil partial metocean factors are found that match the MPME and mean
ons with those frenpthe action-factored quasi-static deterministic analysis. These partial metocean
ors can, then, be-tsed in the fully integrated stochastic dynamic analysis.

0.5.3.3 Random wave dynamic analysis method

Ti

ge
suf

method being used to determine the MPME. Specific recommendations are given in Tables A.7.3-3 and

e domain simulations require that a suitable random sea state is generated, that the validity of the
erated sea state is checked, and that the time step for the solution of the formulae of motion is

A.10.5-1.

Wave spreading may be taken into account, either by using a three-dimensional analysis method or by
using the kinematics reduction factor in a two-dimensional analysis (see A.6.4.2.3). Accounting for wave
spreading generally results in a smaller DAF.
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A.10.5.3.4 Methods for determining the MPME

The extreme response that should be checked in the assessment is the MPME response which has a
63 % chance of exceedance in a three-hour storm. This MPME response is defined in Table A.10.5-1 as
the mode value or highest point on the PDF. The stochastic waves modelled using a random
superposition model result in non-Gaussian responses.

Four methods for obtaining the MPME of the Tesponse are inciuded in Table A.10.5-1. Considerable qare
should be taken when T, /T is greater than 0,8 and the use of any method to determine the M{ME

response should be critically assessed. When T,,/T,, > 0,8 other T,,/T, ratios should be considered. [he

intent is to maximize the relevant responses (see A.10.4.2), but while not being unnecessalrily
conservative. This can be done by

— assessment of other wave height and period combinations (see A.6.4.2.9), or
— including or changing the level of spudcan fixity.

For the two-stage random dynamic analysis procedure the ratio of MPMEs of the dynamic to the qupsi-
static BS and OTM are used to determine the DAFs that are used to“calculate the inertial loadset ([see

A.10.5.2.2.3).

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 mod¢ 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 vglue
MPME from time for the probability level ofione exceedance in 3 hours. Take results as the average of MPMEs from at
domain simulations least 5 simulations. Ea¢h/input wave simulation should be of sufficient length (usually more than
60 min, see Table A.7.3-3). See C2.1.

or

Use multiple &hree-hour simulations and fit a Gumbel distribution to the absolute maximum fifom
each simglation. Sufficient simulations (usually 10 or more) should be used to obtain stable MHME
response values. See C2.2.

or

Use’ Winterstein's Hermite polynomial model; when the kurtosis is >5 use the improvemgnts
proposed by Jensen. Simulations of sufficient duration to provide stable skewness and kurtosif of
responses (normally in excess of several hours). See C2.3.

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 duration to obfain
stable standard deviation of responses are required (usually more than 60 min). See C.2.4.

A.10.5.4 Initial leg Inclination

The effects of initial leg inclination should be considered. Leg inclination can occur due to leg-to-hull

clearances and hull inclination. Generally, hull inclination limits are set in the operations manual. The

total horizontal offset due to leg inclination, Or, can be estimated as given in Formula (A.10.5-8):
0;=0,+0, (A.10.5-8)

where

Op is the total horizontal offset of the leg base with respect to the hull;
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Ifd

0, is the offset due to leg-to-hull clearances;
0, is the offset due to maximum hull inclination permitted by the operating manual.

etailed information is not available, O} should be taken as 0,5 % of the leg length below the lower

guide.

It i
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the

ine
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necessary to account for the effects of leg inclination only in structural strength checks. This can be
bmplished by increasing the effective moment in the leg at the lower guide by an amount equal to
offset O times the factored vertical reaction at the leg base due to fixed, variable, environmental,

rtial and P-A actions.
0.5.5 Limit state checks

ULS responses for assessment should be determined using appropriate combinatiohs of actions due
xed and variable load, wave/current actions and wind actions as required by théacceptance criteria
lause 13. The application of actions is described in 8.8; 5.4.3 requires that the analysis be carried out
a range of headings with respect to the jack-up such that the most onerdus’force(s) for each item
bd in Table A.10.5-2 is(are) determined. The relevant ULS response patameters (action effects) are
cated in Table A.10.5-2.
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Table A.10.5-2 — Action effects for limit state checks

Action effect

Limit state check Clause/Subclause Response parameters(s)? GF GVb Ee De
min max
Strength of members 12,133 Member force vectors® Y yd Y Y Y
Spudcan strength 134 Forces on the spudcan Y Y Y ¢
Holding system 13.5 Holding system force vectors Y yd Y Y '¢
Overturning moment Y 4
Overturning stability 13.8
Stabilizing moment ye yde
Foundation capacity: 13.9,9.3.6
— preload A.9.3.6.2 Vertical leg reaction Y Y Y ¢
— sliding
. A9.3.6.3 or . . .
— pinned A93.64.2 Vertical and horizontal leg reactions Y Y Y ¢
— with moment|A.9.3.6.5 Vertical, horizontal v v v "
fixity (A.9.6.3.4.2) (and moment) leg reactions
— Dbearing
— pinned A9.3.6.4.1 Vertical and horizontal leg reactions Y Y Y ¢
— v.th moment A9365 Vertical, horizontal . v v v "
fixity (and moment) leg reactions
— displacement A9.3.6.6 Spudfzan displacements and v v vf v "
reactions

Key

a

b
c

d

Y =yes

In all instances'the responses are assessed including the effects of deformation under functional actions (hull sag)
large displacement(P-A) effects.

location applicable to the configurations under consideration

Ee = metocean action due to‘the‘extreme storm event

D, = equivalent set of inertial actions representing dynamic extreme storm effects

Placed at most onerous centre of gravity position.

G, = actions due to the fixed load positioned such as to adequately represent the vertical and horizontal distribution

G, = actions due to maximum or minimum variable load, as appropriate, positioned at the most onerous centre of gray

Thereffects of leg inclination to be included, which may be added after global response analysis (see A.10.5.4).

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.

—

ty

hnd
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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

A1l

Thg
ass
gui

0.7.1 General

provisions in A.10.7 complement ISO 19901-2 by presenting special aspects of an earthquake
bssment procedure for jack-ups. The general procedures in Clauses 6 to 10 with the associatéd
Hance in Annex A remain valid where appropriate; more specific reference to earthquake situations

is provided in 6.6, 7.7, 8.6.3, 8.8, 9.4 and 10.3.

The
ver
of t

In {
and
con

A1

ISO
for
dep
wh
sho

The
Tah

a)

b)

d)

greatest structural threat to a jack-up subjected to an earthquake is likely to be associated with
fical excitations that result in uneven settlement of the spudcans, which can cause lateral instability
he jack-up.

ituations where the jack-up is working over a platform, the relative motions between the platform
jack-up should be evaluated. The relative motions can affect the ,eonductor and should be
sidered.

0.7.2 Earthquake assessment procedure

19901-2 gives alternative procedures for determining earthiquake actions and alternative methods
the evaluation of earthquake activity. The selection of theé procedure and the method of evaluation
end on the seismic risk category (SRC). The SRC depends.on the exposure level and seismic zone in
ch the jack-up is to be located and is given in 1S0;19901-2. The effects of near-source excitation
uld be considered (see A.10.7.5).

simplified ELE screening methodology is_given below and steps a) and b) are summarized in
le A.10.7-1.

Determine earthquake actions using €ither the simplified earthquake action procedure or the
detailed earthquake action procedure specified in ISO 19901-2 to develop spectral response
accelerations for a bedrock base-Use of the simplified procedure (maps) for the initial screening of
jack-ups is encouraged.

Evaluate earthquake activity and the associated response acceleration spectra for the assessment of
a jack-up against excitation of its base by ground motions using either ISO maps, regional maps or a
site-specific earthquake hazard analysis, as specified in ISO 19901-2. Since ISO map accelerations
are for a 1 000\year return period on rock, adjust the spectral shape for the 1 000 year event as
described inAS0O 19901-2 at the spudcan depth as a function of site soil characteristics.

Performiresponse spectrum analysis in accordance with A.10.7.3.

Evaluate the performance of the jack-up using the ULS assessment procedures provided in

e)

Clause 15.

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 (see 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

(E)

Item Source in ISO 19901-2:2022
1 000 year accelerations - determine Sa’map 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
Spectral parameters C, and C, 7.1b and Tables 6 and 7
Develop horizontal spectrum 7.1c and Figure 2
Develop vertical spectrum 7.1d and Figure 3
Select damping 7.1e - use 5 % unless an alternaté vdlue justified
Seismic action procedure 72,Nyg=land C,_,

A.10.7.3 ELE assessment

A.10.7.3.1 Partial action factors

The foundation, leg members and leg-to-hull connection~should be assessed for the factored assessnjent
actions defined in 8.8.1 for earthquake situations. The inértial action induced by the ELE ground motions

should be determined using dynamic analysis progedures such as response spectrum analysis or t
history analysis.

NOTE Reference can be made to Annex B,swhich contains all of the applicable partial action and resistd
factors for a site-specific analysis.

Spudcan sliding should be considered for the minimum vertical reaction (uplift case) when
earthquake actions oppose the weight.

A.10.7.3.2 Structural and foundation modelling
The mass used in the.dynhamic analysis should consist of the mass of the structure associated with

— the fixed load-Gy,

— the best/estimate of the variable actions; in lieu of specific data, 75 % of the maximum variable 1
G, can be used,

—=-the mass of entrapped water in the leg components and spudcans, and

me

nce

the

pad

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 (see A.7.3.2). Table A.7.3-2 gives

the hydrodynamic inertia coefficients that should be used in an earthquake assessment. For moti

ons

along the longitudinal axis of the structural members and appurtenances, the added mass may be
neglected (except for spudcans). 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.
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The structural model should include the three-dimensional distribution of the stiffness and mass of the
structure and account for large-displacement effects.

The vertical distribution of mass is important for earthquake 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. The cantilever position should be considered when
distributing the mass.

Asyimmetry in the distribution of the stiffness and mass of the jack-up can lead to significant torsion and
shguld be considered in the assessment. The jack-up model should represent the operational
conffiguration but the effects of the drill string can be ignored. Where the jack-up is supporting more
thah one conductor, their mass, added mass and stiffness should be considered in the model.

For| earthquake assessments, the hull sag moment should be based on the operating eondition (see
A.8(8.3).

In jomputing the dynamic characteristics of the jack-up, a modal damping ratio ofUp to 5 % of critical
may be used in constructing spectra for the ELE event. In addition, for theCprimary vertical mode,
radiation damping in accordance with A.10.4.3.4 can be included in the{Vertical response spectra
deflnition. Additional damping, including hydrodynamic or soil induced damping (hysteretic and
radiation), should be substantiated by special studies. Guidance on structural damping, hydrodynamic
darhping, foundation damping and vertical radiation damping are givenin A.10.4.3.

Soil springs derived from small strain initial stiffnesses sheuld be used to determine the natural
perjiods.

Foi| earthquake screening analyses, the simplest adequate spudcan-soil models should normally be
used. These models should incorporate the maximum-iriterpreted small strain stiffnesses and maximum
caplacities (see Clause 9 and A.10.4.4.2). Soil stiffness’degradation should not normally be included in an
earthquake screening analysis. More detailed spuidcan-soil interaction representations may be used.

Thd minimum soils information should*be obtained in accordance with A.6.5, but to a depth of
2 djameters below the deepest spudcair penetration. Depth to bedrock or a competent soil layer is
required and can be estimated from(geophysical investigation data or regional considerations.

Foyndation performance shouldibe determined on the basis of studies that consider the assessment
actjons. Except for the simplified screening analysis, the non-linear stiffness and capacity of the
fouphdation should be addressed in a manner compatible with Clause 9. If uplift or sliding is indicated
from the screening analysis, non-linear dynamic time history or pushover analyses can be used to
evaluate cumulativé-displacements and the resulting structural condition.

Vertical actions,on the foundations should not normally exceed the preload. If the vertical actions on the
foupdations\exceed the preload and the ULS Step 3 displacement check (see A.9.3.6.6) reveals the
potential-for excessive additional penetration, non-linear dynamic time history analyses with cyclic
degradation can be used to evaluate cumulative displacements and the resulting structural condition,

e.g encroachment on an nd}'m‘lﬂnt fixed plnffm‘m

A.10.7.4 ALE assessment
For jack-ups that do not satisfy the ULS criteria for the ELE screening assessment, a site-specific non-
linear ALE assessment can be used to try and demonstrate acceptability. This can be satisfied by a

pushover analysis or by time history analyses using ALE excitation.

Where substantial spudcan settlement or liquefaction is a possibility, a fully non-linear cyclic degrading
analysis using best available soils modelling technology is recommended.
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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-
source ground motions. At these near-source distances, the ground motions can exhibit substantial
rupture directivity effects and directionality, with motion characteristics often considerably in excess of
normal design values, including permanent offsets, larger amplitude ground motions at relatively
longer periods (e.g. T> 1 s), and vertical motions equal to or greater than horizontal motions at shorter

periods (e.g. T < U,35J).

A.10.8 Ice

A.10.8.1 General

A.10.8.1.1 Operating area types

For the purposes of this document, arctic and cold regions can be split into three types of area. These
area types are not absolutely distinct, but have been delineated to give‘guidance on how the dite-
specific assessment should be undertaken. The three area types are:

Areatype 1 Areas that have a well-defined ice-free season duringéwhich ice development is extremely
low probability, and there is no possibility of large(scale ice features. An example of Area
type 1 is upper Cook Inlet after all the ice has mélted in the Inlet, and the intrusion of ice
from Gulf of Alaska is not possible.

Area type 2 Areas that have a well-defined season during which the area is free of sea ice, but can be
affected by large scale ice features such as icebergs. An example of Area type 2 is the Kast
Coast of Canada during the summefmonths.

Area type 3 Areas that can have ice free periods, but can be subject to ice, in certain years, at any tjme
of the year (e.g. parts of the;6hukchi Sea) and areas that are not normally free from ice|for
any extended period at any time of the year.

When deciding the classification‘ef-the proposed area of operations guidance should be sought from|the
operator and the relevant coastal state.

The unit should be operated in conformity with its Marine Operations Manual.
A.10.8.2 ULS

No guidance offered.

A.10.8.3(ALS

No_guidance offered.

A.10.8.4 Assessments in the area types

A.10.8.4.1 Areatypel

Jack-ups operating in type 1 areas, during the ice free season should be assessed in accordance with this
document.

Studies should be undertaken to define when the ice free season starts and ends (see ISO 19906 and
ISO 35106). Operations should not commence until the area has been confirmed to be ice free. Ice
detection and threat assessment should follow the guidelines of ISO 35104. The jack-up should be
moved to a safe location before the start of the next ice season, even if planned operations have not
been completed (see A.10.8.7). Plans, including contingencies, should be developed using risk analysis.

© ISO 2023 - All right reserved 229


https://standardsiso.com/api/?name=dc9fe91cf8f4cdfdfaaf3f3f0cff23e9

ISO/FDIS 19905-1:2023(E)

For an area type 1, the potential for ice encroachment from other areas (e.g. open ocean into a bay or
inlet) should be assessed to have an annual probability of ice interaction less than 10-4. Given this low
probability of ice interaction [below the abnormal-level ice event (ALIE) requirements of ISO 19906]
there is no requirement for establishment of physical ice management procedures. Since operations
occur only when the area is free of ice and ALIE criteria are met, there is no extreme level ice event
(ELIE) to be considered.

A.10.8.4.2 Areatype Z

Jack-ups operating in type 2 areas should be assessed to this document, supplemented by an/ice
mahagement system. The ice management system should be developed to ensure that the ahnual
probability of interaction between ice and the jack-up is below the 10-* (the ALIE annual probability
given in ISO 19906:2019, 7.2.2.4).

Stuflies should be carried out to demonstrate that the ice management system ‘tan reduce the
probability of iceberg interaction to below 10-% Iceberg detection procedures should be established to
ensjure there is sufficient time for iceberg management, see ISO 35104.

It should be demonstrated that the probability of sea ice is below the ALIE without recourse to physical
ice management.

Ice|management plans can include moving the jack-up off site. If meving the jack-up is part of the
methodology for reducing the ALIE probability, then due account’should be taken of potential delays
(se¢ A.10.8.6).

A.10.8.4.3 Areatype3

Jack-ups operating in type 3 areas should be assessed’using the provisions relating to ice and actions
corftained in ISO 19906, ice management in ISO 35104, and supplemented by this document.

Thd applicable combinations of wind, wave;icurrent and ice actions are set out in ISO 19906. The
sources of the annual probabilities associated with the actions and action factors are given in 10.8.2 and
10.8.3. The resistance factors should. betin conformity with this document. The type, dimensions and
properties of the ice used for the ice-agtions should be in accordance with ISO 19906, accounting for the
seakon of operation and ice management procedures per ISO 19906.

A detailed risk assessment-should be conducted to determine, document and mitigate the ice related
risits to the safety of the.unit and its operation. Factors to be considered in such a risk assessment
incjude, but are not lingited to:

— | the capability~of the unit to locally and globally withstand the ice actions given in ISO 19906 (e.g.
increasedwave actions on braces with increased ice build-up and the effects of the accumulation of
ice rubble'within the leg);

— | thewreliability and effectiveness of ice forecasting and ice monitoring services, see 1SO 35104 and
ISO 35106;

— the reliability and effectiveness of ice management services, see [SO 35104;
— the ability to remove the unit from approaching iceberg tracks in a timely manner;

— the feasibility of transit to and from the area of operations within the allowable temperature and
ice conditions limitations;

— the effects of ice accretion on the elevated and floating stability of the unit, see ISO 19906 and
ISO 35106;
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— reliability of emergency evacuation and rescue systems, see ISO 19906:2019, Clause 18 and
ISO 35102.

Iceberg and sea ice detection procedures should be established that will ensure ice is detected far
enough in advance for ice management to be effective, see ISO 35104.

Ice management plans can include the effects of moving the jack-up off site, but if moving the jack-up is

part of the methodology for reducing the ALIE actions, then due account should be taken of potential
delays (see A.10.8.5.5).

A.10.8.5 Additional factors to be considered for arctic and cold regions

A.10.8.5.1 General

As specified in A.10.8.1, jack-ups operating in arctic and cold regions should be assessed to this
document and ISO 19906, as appropriate. Notwithstanding the general requirement for conformity with
relevant clauses in these documents, some areas of specific consideration are discussed in A.10.8.5.2 to
A.10.8.5.4.

A.10.8.5.2 Geotechnical and geophysical considerations

Geotechnical assessment should be carried out using information, penetrations, resistance factors, and
additional penetration assessment calculated in accordancefwith Clause 9 of this document. Howeyer,
due consideration should be given to arctic and cold(region specific geophysical and geotechniical
conditions with particular consideration given to-the potential for permafrost at the site (see
IS0 19906:2019, Clause 6; ISO 35106). The possible ‘interaction between the spudcan and permaffost
during and after preloading should be carefully. considered taking full account of the potential|for
punch-through during preloading and sudden additional penetration during operations. [he
methodology for assessing permafrost given in ISO 19906 is not directly applicable to spudjcan
foundations, because they are small, /but can be used to help establish a more spudcan-spe¢ific
methodology.

The potential for strudel scour-near the mouth of a river should be assessed (see ISO 19906,
ISO 35106).

A.10.8.5.3 Dynamic iceactions

Dynamic sea ice actions (see ISO 19906) can affect jack-ups. The magnitude of the effect is curreptly
unknown for jack-ups specifically and should be investigated, since structures that have experienjced
ice-induced vibrations have had natural frequencies in excess of most jack-ups (0,4 to 10 Hz versus a
likely jack-up-frequency of 0,1 to 0,3 Hz). The same ice failure mechanisms are likely to apply to jack-
ups as forjacket structures and other slender/flexible structures, see Yue and Bi (2000)213], Blenkarn
(1970)[251, Maattanen (1975)[1311 and Johnston et al. (1999)(1131,

Wave induced velocity of ice features (see ISO 19906, 8.3.2) can adversely affect the structure of a
jack-up and should be assessed.

A.10.8.5.4 Factors to consider for moving a jack-up off site in arctic and cold regions

Normal field moves of jack-ups are not part of the scope of this document, but in arctic and cold regions,
when moving a jack-up off site is part of the specified contingency plans for jack-up elevated operations,
some special considerations should be taken. The limits on jacking the unit down and moving off site
can be more restrictive than the elevated limits of the jack-up. Under these circumstances, plans should
be established to move the jack-up based on the jacking and move limitations, not the elevated limits.

Due consideration should be given to all the factors that could affect the ability of the jack-up to move
off site. Some of the factors can include, but are not limited to:
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— time to pull legs;
— effect of permafrost on leg extraction (e.g. possible adhesion of the spudcan to permafrost);
— potential for water freezing in the jetting lines, thereby making them ineffective;

— consequences of jacking iced leg/chords/braces through the guides in event of leg icing;

— | potential for ice accumulation on top of the spudcan as leg is jacked up;

— | jack brakes freezing;

— | ability to skid the cantilever in;

— | jacking the hull down onto ice features;

— |ice actions on the hull while pulling legs;

— | effects of ice accretion on the floating stability of the unit;

— | towing speed when leaving site can be slower than in open water eonditions;

— | reliability of the tugs and other necessary equipment in arctic and cold regions;

— | availability of a safe location to which to tow the jack-up.

Thd above list is not intended to be complete. It is intended to give some guidance on factors that should
be tonsidered. A risk assessment of the operation ef\moving the jack-up off site should be carried out
prigpr to commencing site-specific operations on\the site. The risk analysis should consider all the
factors that could adversely affect the ability ardd timing of a move. Any high risks identified during the
rislf assessment should be suitably mitigated.

A.10.9 Accidental situations

No guidance is offered.

A.10.10Alternative analysis methods

A.10.10.1 Ultimate strength analysis

No guidance is offered.
A.10.10.2 Methodology

Whien «using the provisions of ISO 19902:2020, 7.11 (reserve strength), care should be taken in
mofelling non-linear behaviour of chords and holding system of a jack-up structure.

A.11 Guidance on long-term applications
A.11.1 Applicability

No guidance is offered.
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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
appurtenances added or removed that affect mass, applied actions and structural integrity.

E
X

Y Y
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— increased weight and wind area from such items as production modules, risers, flare towers,
accommodation blocks, and conductors;

— increased wave and current actions due to risers, conductors or other structures exposed to wayes.

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 sea states, refer to A.6.4.2.10.

Joint probability and/or directional metocean data can be used to optimize the ULS and FLS assessment
for the long-term application.

A.11.2.3 Geotechnical data

Effects of seabed scour, differential settlement, <consolidation settlement, expected reseryoir
subsidence, sand waves, etc. can be of greater significance for long-term applications. For this reagon,
the site-specific geotechnical data should inclade 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 geotechnical properties due to top-hole construction activities, marine growth, effects from adja¢ent
structures, etc.

A.11.3 Special requirements
A.11.3.1 Fatigue assessment
A.11.3.1.1 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 structyiral
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 pnd

retained by the jack-up owner over the life of the jack-up. The quality of the database affects the historjical
results. The historical data can have a Inrgp vnrinhi]ify, 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) and, where available, the co-
ordinates of the previous sites so that metocean parameters can be developed for use in historical

analysis;

— hull elevation and orientation;
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— water depth;
— penetration;

— soil type and characteristics.

A.11.3.1.2 Fatigue sensitive areas

Ardas that are susceptible to fatigue damage include

— | leg members and joints in the vicinity of the upper and lower guides for the operating leg/guide
location,

— | leg-to-hull holding system,
— | leg members and joints adjacent to the waterline,
— | leg members and joints in the lower part of the leg near the spudcan, and

— | spudcan-to-leg connection.

Normally, it is not necessary that the fatigue assessment include congideration of the hull structure
sin¢e the long-term cyclic loading is similar to that experienced in“multiple short-term operations.
Gerjerally the hull is not fatigue sensitive.

A.11.3.1.3 Special considerations for fatigue assessment
Spdcial considerations in the fatigue assessment are listed below.
— | Inclusion of detailed models to arrive at local stress levels:

Areas in the structure with high stress levels can be identified using models developed for global
analysis and the stress ranges determined using appropriate stress concentration factors (SCFs)
from literature. Alternatively, more detailed fine-mesh finite element models can be used to
determine the hotspot stress ranges [suitable methodologies are given in DNV-0S-C104 (DNV
2022a)l63], DNV-RP-C203 (DNV.2021c)[59, ABS 115 (2003a)ltl, ABS 115 (2003b)(12], API RP 2A-
LRFD (1993)14], HSE (2001){¢1'and HSE (1999)°01].

— | Effect of foundation stiffness (seabed fixity):

The stiffnesses of the foundations are a function of the soil properties, the strain amplitudes and
loading history. {see A.9.3.4). As a consequence, the foundation modelling should consider upper
and lower bound stiffnesses (see A.9.3.4.3 for clay and A.9.3.4.4 for sand). Typically, the fatigue
assessmert of the spudcan and lower part of the leg requires the use of upper bound stiffness,
while.the'fatigue assessment for the upper leg and the leg-to-hull interface requires lower bound
stiffnéss. Although the foundation stiffness varies as a function of the reactions beneath the
spudcan, the variation is unlikely to be of significance except, possibly, for low-cycle fatigue.

— Inclusion of non-linearities and dynamics:

The structural response of a jack-up is such that pure linear techniques can be inadequate.
Therefore, the analysis should include the non-linear effects of the structure. These can include

— hydrodynamic actions,

— large displacement effects (see 8.8.6),
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— dynamic amplification (see 10.5.2, 10.5.3), and

— leg-to-hull interface, e.g. ensuring that those structures that transfer force in compression
contact only are properly modelled.

A.11.3.1.4 Fatigue analysis methodology

A Tobust analysis method should be used to determine the fatigue damage. The method shquld
determine the response of the jack-up structure to various sea states representing the operatignal
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-¢heck of non-lineafity
should be performed to validate this assumption for higher sea states.

For guidance on suitable fatigue analysis methodology, S-N curves and SCFs the assessor is referred to
one of the integral methods outlined in Table A.11.3-1. These should“be used taking account of |the

specific structural characteristics of the jack-up as described above:

For fatigue analysis the partial action factor should be reduced‘to unity when using S-N curves at|the
mean minus two standard deviations of log(N).

Table A.11.3-1 — Sources of guidance on fatigue analysis methodology

Organization Document Referende
DNV Methods are given in DNV-0S-C104 DNV-0S-C1p4
Technical guidance on fatigue calculations, e.g. calculation methods, SN-curves, SCFs are (202za)y
given in DNV-RP-C203 Fatiguezdesign of offshore steel structures DNV-RP-C303
(2021c)I5p1
ABS Methods are given in the Guide for the Fatigue Assessment of Offshore Structures (April ABS 115
2003) (2003a)1u
Commentary on ,the Guide for the Fatigue Assessment of Offshore Structures ABS 115
(April 2003) (2003b) 11
API Methods-are'given in API RP2A-LRFD-2019 APIRP 24-
LRFD
(2019)0141
UK HSE Guidance is given in OTO 2001/015 and OTH92 390 HSE (2001]f91]
HSE (1999]100]
ISO Methods are given in ISO 19902 —

A.11.3.1.5 Fatigue acceptance criteria

The fatigue analysis should determine the fatigue damage in the period before, as well as during the
long-term application of the jack-up. The margin of safety of a structural detail depends on its
accessibility for inspection and the availability of one or more alternative load paths (redundancy) after
failure of the detail investigated. The acceptance criterion for fatigue strength is as given in
Formula (A.11.3-1):

frneDee + fpsDes < 1,0 (A.11.3-1)

where
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D is the calculated existing fatigue damage prior to arriving at the site;

ce

D is the calculated fatigue damage during planned operations on site;

cS

frpe s the fatigue damage design factor applicable to D ; generally, fzp . = frp s but fgp . should not
be taken larger than 2 if the detail has been inspected thoroughly before the long-term
application;

frp,s is the fatigue damage design factor applicable to D ; see Table A.11.3-2 or A.11.3-3.

Table A.11.3-2 — Fatigue damage design factor fg,

Fatigue damage design factor, f;, .

Full access for inspection

Access for inspection, no

No access for.inspection,
no repair during

and repair repair during operation {Deration
Ful] redundancy/minor consequence 2 3 5
No fedundancy/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

stryicture does not have single members or member connections that, when damaged, can cause a
faillire with major consequence. This is typical of RCS approved jacksups with braced legs.

Table A.11.3-3 — Fatigue damage design factor'f,  — Redundant structure

D L. Fatigue damage
. escription . design factor,
(assumes there is structural redundancy for every member and member connection) I
FD,s
Primary hullstructure 1
Can} inspect and | Hull structure Leg-to-hull interface structure with access for 2
repair inspéction 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 . -
pe Leg chords, brace to chord joints, brace joints, leg to
not repair Leg structure under water : 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 inspect - .
Insp Leég structure under sea Leg chords, brace to chord joints, brace joints, leg to
or repair . 5
floor spudcan connection
Spudcan Structure without access for inspection and repair 5
If cAGQarL fotrigiin Bfn Ao ans ot st A dc ool oo vl nrafilineg wwrald +o0 g i g S d g
L\'Ooﬂl)’, Aa\.lsup ITITC  CIITIATIICUITICIIU TIIULIIUUS SuUllIl do vveiIu Pl Ulllllls, \AAAZ A ST VA 5! luuuus arru Pbbllllls

may be used, subject to RCS approval. Peening should only be used for improving fatigue lives after
appropriate 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 the long-term application. The procedure should be used to track the changes in
weights and to ensure ongoing conformity with the assumptions used in the assessment.
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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.

A11 24 M
T oIVt

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 eithercase,|the
actual growth should be monitored and, when necessary, removed to ensure conformity with |the
assessment assumptions.

A.11.3.5 Foundations

Settlements can occur (see A.9.3.6.7, 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 cenductor 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 affe€ts the redistribution of leg moments and
changes the dynamic response. The effects on fatigue life and strength should be considered, especiplly
at the leg to spudcan connection.

In conditions where scour can occur, scour protection‘can be required.
A.11.4 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 t}Jose
of a typical special survey. Therefore, it is advisable to plan the surveys prior to mobilisation o a
shipyard for modifications. Thé_ inspection plan should specify the locations and types of inspectjon,
taking into account the areas)that the assessor has identified as being critically stressed during |the
extreme storm or being fatigue sensitive during the long-term application. Areas that are not accessiple,
or are difficult to access-for in-service inspection, should be subject to more detailed pre-deployment
inspection and shouldybe specially evaluated (see A.11.3.1).

A.11.4.2 Projéctspecific in-service inspection programme

The projectspecific in-service inspection programme (PSIIP) should be developed by modifying and
updatifig-the existing in-service inspection programme normally required by the RCS. The PSIIP shquld
reflectthe requirements for the planned long-term application.

NOTE The PSIIP is likely to be subject to direction and approval by the RCS.

Areas that require special inspection procedures, such as underwater parts, should have documented
inspection procedures, giving due consideration to the most suitable and practical methods.

The results of the in-service inspections should be reviewed and, if appropriate, the PSIIP modified to

reflect the results of this review. This information can be relevant to ensure the ongoing validity of the
PSIIP and for extending the jack-up's time on site beyond that originally planned.
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A.11.4.3 Alternative project specific in-service inspection programme (PSIIP)
An alternative can be derived using a probabilistic approach. The safety philosophy behind the
alternative PSIIP should be in accordance with the RCS's safety philosophy and the structural reliability

level inherent in the RCS rules should be maintained. The approach developed should be documented.

When using a probabilistic approach, it should be recognized that uncertainties are associated with

pregictiomof the fatigue performmamnceandthe-imspectiom techmiquesapplied—Key uncertainties shoutd
be accounted for in the probabilistic analysis.

A.12 Guidance on structural strength
A.12.1 Applicability
A.12.1.1 General

Clapise A.12 applies to steel structures only. Where necessary, the formulae included in A.12 have been
non-dimensionalized using Young's modulus, E, of 205 000 N/mm? (or 29 700 ksi).

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
bej‘m—column element in an appropriate analytical model of the structure. Examples of structural
mepmbers are braces and chords in truss type legs and box or tubulatlegs, all of which form a part of the
striicture for which the properties can readily be calculated.

Thd cross-section of a non-circular prismatic structural, member is usually comprised of several
striictural components. Table A.12.2-1 shows classification'limits for circular and non-circular prismatic
mepmbers in typical jack-up chords comprising split-tubulars, rack plates, side plates and back plates
(se¢ 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
Fighre A.12.2-1) the reinforcing plate should be treated as a separate component. Non-circular
prigmatic members should be assessed using the provisions of A.12.6.
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a) Opposed rack split tubular chord member b) Triangular type chord member section
section
Key
1 rack plate
2 split tubular
3 side plate
4 back plate
5 rack tooth

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 12, subscripts y and z are used to define the two axes of bending of tubular and prismpatic
members, however F|, 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 Amerjcan
Institute for Steel Construction (AISC) (2005)[3], 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 i an

effective reduction’in the coefficient of variation.
A.12.1.2(Trass type legs
No_guidance is offered.

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

No guidance is offered.
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A.12.1.6 Overview of the assessment procedure
No guidance is offered.
A.12.2 Classification of member cross-sections

A.12.2.1 Member type

No puidance is offered.
A.112.2.2 Material yield strength

Thg value of the yield strength taken from a tensile test should correspond to the 0,2 % offget value.
Wheere this value is greater than 90 % of the ultimate tensile strength (UTS), the yield strength; F, used

in 4.12 should be taken as 90 % of UTS. The following variables are used in A.12:

F, is the yield strength in stress units (minimum of the yield strength and 90% of the UTS);

y
Fy;  is the yield strength of the ith component of the cross-section of\a’prismatic member, in
stress units (minimum of the yield strength and 90 % of the UTS/of the ith component of the
cross-section);
Fymin is the minimum yield strength of the Fy; of all components in the cross-section of a prismatic

member, in stress units;

Fy is the effective yield strength of the cross-section of a prismatic member, in stress units,

determined from the plastic tensile axial stréngth divided by the minimum cross-sectional
area.

A.12.2.3 Classification definitions

A.12.2.3.1 Tubular member classification

A cross-section of a tubular member is:a-class 1 section when Formula (A.12.2-1) applies:

D/t<0,0517 E/F, (A.12.2-1)
where

D is the outsidédiameter;

t isthe wallthickness;

F, istheyield strength in stress units;

E? is Young's modulus of steel (E=205 000 N/mm?2).

NOTE Conformity 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
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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 to 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 and
bending is complicated and requires knowledge of the cross-section stress distribution. It is always acceptable to
conservatively base the cross-section classification on the relevant axial compressive case.

Table A.12.2-1 — Classification limits for non-circular prismatic members
containing curved components

D/t limits
Class
Section in bending Section in compression
1 D/t<0,052 E/Fy D/t<0,052 E/Fy
2 D/t<0,103 E/Fy D/t<0,077 E/Fy
3 D/t<0,220 E/Fy D/t<0,102 E/Fy
4 D/t>0,220 E/Fy D/t >0,102 E/Fy

When classifying non-circular prismatic components in accordance with Table A.12.2-2 to A.12.2-4, a
distinction is made between internal components and outstand components as follows:

a) internal components are components that aré supported by other components along hoth
longitudinal edges, i.e. the edges parallel to the\direction of compression stress, and include

— flange internal components: internal eomponents parallel to the axis of bending;
— web internal components: intetnial components perpendicular to the axis of bending;

b) outstand components are -comiponents that are supported by other components along pne
longitudinal edge and at both ends of the member under consideration, with the other longitudjnal
edge free.

When a cross-section(is ‘composed of components of different classes, it is classified according to|the
highest (least favoutable) class of its compression components. 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.component that has been ignored is required to carry local loading, e.g. horizontal pifion
thrust, theseffects 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 glgbal
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 compongnts

that taper 1n thickness, the average thickness over the width of the component should be adopted.

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 AISC (2005)13], as given in
Formula (A.12.2-2):
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(A.12.2-2)

The LTB criterion for any closed section is derived from BS 5400-3, as given in Formula (A.12.2-3):

UDOIlD ng] -
min \/(11—12)(11 -J/2,6) (A.12.2-3)
where

1 is the major axis second moment of area of the gross cross-section;
I, is the minor axis second moment of area of the gross cross-section;

L,  is the effective length of a beam-column between supports, i.e. the length-between points that

are either braced against lateral displacement of the compression.flange, or braced against
twist of the cross-section, in addition to lateral support;

Ag  is the gross cross-sectional area;
44>
. _ ’
] is the torsion constant, / = W
t)

where

A
b

o isthe area enclosed by the median line of the perimeter material of the section,

w 1s the width of each component (wall of the section) forming the closed perimeter,

t is the thickness of-€ach component (wall of the section) forming the closed
perimeter;

Ny 1S the radius of gyration about the minor axis as defined in Formula (A.12.3-6);

Fy 1 is the yield strength, F, of the material that first yields when bending about the minor axis.
Conservatively;F, in Formulae (A.12.2-2) and (A.12.2-3) may be taken as the maximum yield

strength 6fall the components in a non-circular prismatic cross-section;
E is Young's modulus of steel;

Z is the fully plastic effective section modulus about the major axis determined from
Formula (A.12.3-2);

Fymin is the minimum yield 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.
A.12.2.3.3 Reinforced components

Reinforcement of member cross-sections is often of the form shown in Figure A.12.2-1.
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T

Key
base plate
reinforcing plate
b, width of base plate
b, width of reinforcing plate
4 thickness of base plate
t, thickness of reinforcing plate

Figure A.12.2-1 — Definitions for reinforced plate

To be considered a reinforcing plate, the plate should nominally be in-contact with the base plate actjoss
its full width and continuously welded to the base plate on all edges‘with adequate welds.

When a reinforcing component is used, there should be four\independent checks of the cross-section
classification in accordance with Tables A.12.2-2 to A.12.2-4:

a) the reinforcing plate (using t,) over the width b,using buckling coefficient increased by a factor of
1,573 (see below in A.12.2.3.3);

b) the combined plate using t . over width-b5; see Formula (A.12.2-4);

c) the base plate (using t;) over the width b, using buckling coefficient increased by a factor of 1,573
(see below in A.12.2.3.3);

d) the base plate (using t;) over the dimension of the unreinforced widths (conservatively taken as

If any component in _the cross-section is found to be slender (class 4), then the effective width of those
components, used in-determining the thickness of the effective combined plate, should be determiped
from Table A.12.3-1. If the combined plate is found to be slender (class 4), its effective width should be
determined froumt Table A.12.3-1.

Because“the reinforcing plate is welded to the base plate around all edges, their ability to bugkle
indepenidently over the width b, is restricted. Therefore, the coefficients in Tables A.12.2-2, A.12.p-4,

and.A.12.3-1 may be increased by a factor of 1,573 for cases a) and c) to account for this limjted
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
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with width b; in the formulae in Table A12.2-2 and A.12.2-4 should be determined from
Formula (A.12.2-4):

where

The

teneck = (Bt t1) /4 (A12.2-4)
toe=(121/b)1/3 (A.12.2-5)
I=[by(t; +)° = (by — b)t;3]/3 — Aer(ty + £, —y1)? (A.12.2-b)

value of yield stress for use in Tables A.12.2-2 to A.12.2-4 is the larger of the yield stress values for

the|reinforcing plate or the base plate.

Table A.12.2-2 — Cross-section classification — Flange intetnal components

Linjiting width-to-thickness ratios for compressed internal components

Le

A-A is the axis of bending

Class Type Section in bending Section in compression
o o

Plastic stress distribution in gomponent || l ‘:I | L ﬁ
and across section || ‘ \ : || ‘ | ||
(compression positive) \ | ‘ \ ‘ \ | | ‘ \ ||
1 T 1 =
_‘ + -+

Plastic — Class'1 Rolled or welded b/t;< 1,03V(E/F,) b/t;<1,03\(E/F,)

Rolled or welded

b/t:< 1,17\/(E/Fy)

b/t:< 1,17\/(E/Fy)

Co+1pact — Class 2

and across section

Elastic stress distribution in component

) . ] \ i
(compression positive) \ | ‘ \ / \ L ||
— # — ‘H
-+
Semi-Compact — Class 3 Rolled or welded b/t < 1,44\(E/Fy) b/ < 1,44\/(E/Fy)
Slender — Class 4 Rolled or welded b/t;> 1,44\/(E/Fy) b/t:> 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

o
gl

A, ,,,,,,, R .
b
A
|
A

A-A is the axis of bending
Outstand subject to Outstand subject to compression and bending
Class Type -
compression Tip in compression Tip in tension

Plastic stress distribution in ab ab
component
(compression positive) ¥ +

s R S :

| L i

i | b | b
Plastic — Rolled b/t;< 0,33\/(E/Fy) b2 (0,33 /on)\/(E/Fy) b/t;<[0,33 /(on\/on)]\/(E/Fy)
Class 1 Welded b/1;< 0,30N(E/F,) bt < (0,30/a)(E/F,) b/1;<[0,30/ (Vo) N(E/F,)
Compact — | Rolled b/t;<0,3 7\/(E/Fy) b/t:< (0,37 /ot)\/(E/Fy) b/t;<[0,37 /(a\/a)]\/(E/Fy)
Class 2 Welded b/1;< 033V(E/F,) b/1;< (0,33 /V(E/F,) b/1:< 0,33/ () N(E/F,)

Elastic stress distribution

Maximum compression

Maximum compression

in component at tip at connected edge
(compression positive)
S + 3 +
: _ 1< . =
Y e - e -
I I [
I i!i b ;!i
Roll¢d b/t;< O,55\/(E/Fy) b/t;< O,84\/(kcE/Fy) b/t;< 0,84\/(kcE/Fy)
Welded b/t;< O,50\/(E/Fy) b/t;< O,76\/(kcE/Fy) b/t;< 0,76\/(kcE/Fy)
Semi- P =0,/0 ¥=0,/0,
Compact= k,=0,57 - 0,213 + 0,07 k,=0,578/( + 0,34
Class 3 for1>yp>-1 for1>y=0
ky=1,7 - 59 + 17,192
for0>yp>-1
Slender — [Rolled or
Class 4 Welded b/t;> than for Class 3 b/t;> than for Class 3 b/t;> than for Class 3

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.
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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-A is the axis of bending

d/t, < 2,56\/(E/Fy)

d/t, < 1,03\/(E/Fy)

Claks Web subject to bending Web subject to Web subject to bending-and
compression compression

Plagtic stress + Fy + Fy £ Fy

disfribution in — i i — y

component g

(compression positive) = < — LA

I v J A\"
Fy- FY_ FY
Plaktic — Class 1 a=0,5 a=1,0 when a > 0,5

5,18V (E/ F.)
R S 24
w = (6,043 a - 1)

when a <0,5

d/t, < 1,28\/(E/Fy) Ja
Conpact — Class 2 d/t,,<3,09V(E/F,) dft, < 1L,17V(E/F,) when a> 0,5
4,82y (EI F)
dit <—— Y
w (512 ¢ —1)
when a<0,5
1,55V (E/ F,)
dl/ tw < B A
(24
Elastic stress .,.fb +fC +fb
distribution in Ty i
component 4
(compression positive) — Y~ S ~
v Y o v
S + -
Serhi-Compact<— d/t, < 4,14\/(E/Fy) d/t, < 1,44\/(E/Fy) when 1 >-1,0
Claps 3
1,44y (E/ F)
dlt < y

W (667440327

when 1 <-1,0
d/t,, < 2,07(1 = PV(-Y)(E/F,)

Slender — Class 4

d/tW > than for Class 3

d/tW > than for Class 3

d/tW > 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

A.12.3.1 General

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

H b 1 1 111 1 | 1 dr- LA | b
PLHISIIAUCTTITIITOCT S STTOUIU DT U4ASTU ULl TIdS UL CUIISIUCT dAUIUILS.

Where elastic section properties are determined for class 1 and class 2 sections in place~of) plastic
section properties (e.g. for Euler amplification calculations or structural analysis input. of”stiffrjess
parameters), these should be determined in accordance with A.12.3.3.

Cross-sectional properties are normally required in respect of both major and minor axes of a rjon-
circular prismatic member.

Cross-sectional properties for tubular members are specified in A.12.5.

The cross-sectional properties used in the stiffness model (e.g. when determining structural deflections
and natural periods) can differ from those used when assessing member strengths. For example,|leg
chord properties may include 10 % of the maximum rack tooth area when determining the leg stiffngss.
This additional material should not be included when calculating the section properties for strergth
assessment, except it may be used when determining the column buckling strength (see A.12.6.2.4) and
moment amplification (see A.12.4).

A.12.3.2 Plastic and compact sections
A.12.3.2.1 Axial properties — Class 1 and class 2 sections

For class 1 plastic and class 2 compact segtions, section properties should be determined assuming that
fully plastic behaviour can occur. The  properties required for a strength assessment should| be
determined taking into account the(physical distribution of components comprising the cross-section
and their yield strengths. For sithplicity, the following approximations can be used to determine |the
relevant properties.

For axial tension and compression, the fully plastic effective cross-sectional area for use in a strerlgth
assessment, 4, is as given in Formula (A.12.3-1):

where

F5; ¢ is the yield strength of the ith component of the cross-section of a prismatic memberj as
defined in A.12.2.2;

A;  isthe cross-sectional area of the ith component comprising the structural member;

Fymin is the minimum yield strength of the F; of all components in the cross-section of a prismatic

member, in stress units as defined in A.12.2.2.

NOTE1 The centroid of the plastic section (or squash centre) of a member comprising components of differing
yield strength can be offset from the centroid of the elastic section.

NOTE2 A can be larger than the physical cross-section of the member.
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A.12.3.2.2 Flexural properties — Class 1 and class 2 sections

The second moment of area, I, should be determined using the fully effective cross-section.
The fully plastic effective section modulus Z; is as given in Formula (A.12.3-2):

Zp = (Z Fvidi Ai]/vain (A-12-3'2)

where d; is the distance between the centroid of the ith component and the plastic neutral axis.

NOTE The plastic neutral axis does not necessarily coincide with the equal area axis for cross-sections
conjposed of different yield strengths.

When using this definition of Z,, the value of yield stress that should be used in the calculation of plastic

mofment strengths should be Fy;; as defined in A.12.2.2.

min
A.12.3.3 Semi-compact sections

For class 3 semi-compact sections, the section properties should be based on elastic properties
asspming that the full cross-section is effective. The relevant variables are'the cross-sectional area, 4y, as

given in Formula (A.12.3-3), the second moment of area, I, and the elastic section modulus, S;.
A=Z 4 (A.12.3-3)

Thg properties I; and S; should be determined assuming that.the full cross-section is effective for bending
abdut both major and minor axes. When considering a*Cross-section comprised of components having
different yield strengths, the section moduli used in.thé’calculations should encompass all critical points
on the cross-section.

NOTE Critical stress locations are typically-those at the edges of components and are a function of the
meinber forces, the yield strength of the compenent and its position within the cross-section of the member.

A.122.3.4 Slender sections
A.12.3.4.1 General

Clags 4 classification is determined from Tables A.12.2-1 to A.12.2-4. Cross-sectional properties for
clags 4 slender sections should be determined using elastic principles. In tension, fully effective sections
shguld be assumed, i:e-A; and S;. In compression, the sectional properties should be based on effective

sections as described’here.

Whien analysing structures that contain class 4 sections, care should be taken when determining the
for¢e distributions. It is recommended that the structural analysis be performed using full elastic
secfion{ properties and that the reduced section properties are used only for the member strength
checks) Since this overestimates the forces in class 4 members, care should be taken when the use of the

reduced sections causes a significantly different force distribution. In this case, an iterative analysis
process can be required.

Effective sections should be based on actual plating thicknesses combined with plating effective widths.
The effective widths of compression flange internal or outstand components should be determined in
accordance with the formulae presented in Table A.12.3-1 a) or b), respectively. The effective widths of
web 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):
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Y is the ratio of compressive stress to bending stress;

04 is the compressive stress if o, is tensile or the larger compressive stress if o, is also
compressive;

0y is the tensile stress if 0, is tensile or the smaller compressive stress if 0, is compressive;

k is the buckling coefficient (used in the assessment of the effective width of each compongnts

in a cross section);

p is the reduction coefficient;

Ap is the plate slenderness parameter;
Aplim ~ 1s the limiting plate slenderness ratio;
Apo  isthe plate slenderness ratio coefficient.

When determining effective widths for web internal componénts, the stress ratio, i, used in
Table A.12.3-1 should be based on compression flange internalj\and outstand component effective
widths, but the gross web section properties may be used.

The area reduction of curved components should be determined through the use of A.12.5.2.3. The
following steps should be followed.

a) The representative local buckling strength should be determined for a tubular member with |the
wall thickness and diameter equivalent to, the curved component in the non-circular prismptic
member.

b) The strength of a tubular, of the\same diameter and wall thickness used in step a), should be
determined based on its full cross section and material yield.

c) The ratio of the strengths.should be determined as in step a) strength divided by step b) strength.

d) This ratio of strengths, should then be used to determine an equivalent reduced area of the curyed
component in the(nen-circular prismatic member.

The use of plating)effective widths generally leads to a shift in the neutral axis compared with that
found using, gress sectional properties. This shift should be taken into account when determining
effective widths. When the structural analysis is performed using gross section properties, [the
additional'moment caused by the shift in the neutral axis should be found as the product of the akial
force~acting on the member and the shift in the neutral axis. This moment should be treated as
additional to other moments acting on the effective section unless more onerous conditions arise if jt is
omitted.

A12.5.4.2 Elfective areas for compressive loading

The effective area A, of a compressed component i should be found as the product of its thickness and
its effective width (which should never be taken as greater than the actual width). The effective area of
a curved component subject to uniform compression should be determined from its actual area reduced
by the ratio of its strength when treated as a class 3 or class 4 tubular [Formula (12.5-5), when
0,170 <AF,/P, ] versus its strength when treated as class 1 or class 2 tubular [Formula (12.5-5), when

AF, /P, <0,170], as set out in steps a) to d) in A.12.3.4.1. The total effective area, A

Xe —
component effective areas, as given in Formula (A.12.3-4):

oo 1S the sum of the
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A1l

For

Ao =Z Agge; (A.12.3-4)
2.3.4.3 Effective moduli for flexural loading

web or flange internal components subject to combinations of flexural and compression loading,

effective widths should be determined from Table A.12.3-1 c). For web or flange outstand components
subject to combinations of flexural and compression loading, effective widths (which should never be

tak
are

bn as greater than the actual widths) should be determined from Table A.12.3-1 b). The effective
h of a curved component subject to flexure should be determined from its actual area reduced by thé

ratjo of its strength when treated as class 3 or class 4 tubular [Formula (12.5-10), for 0,103 4 <(£;

D)
£) <

fou

(E t)] versus its strength when treated as class1 tubular [Formula (12.5-10), for (F, 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 I, should be
hd by calculating the properties of the section based on fully effective areas for compenents subject

to fension, on effective areas as defined in A.12.3.4.2 for components subject to compression, and on

effd
and

ctive areas as defined in the first paragraph for components subject to combinations’of compression
flexure.

Application of this procedure to determine effective second moments of areawhen applied to cross-

sec
par
mo

fions with slender components, especially when the section is not symmetric with respect to a
ticular axis, leads to two values of I, about such an axis, depending upon the sign of the bending

ment. Conservatively, the smaller value of I, can be used throughoutthe strength analysis.

re

Wl(}lin considering a cross-section comprised of components‘having different yield strengths, the

ced elastic section modulus S, used in the calculations‘should encompass all critical points on the

crops-section:

Se=1./1y; (A.12.3-5)
where y; is the distance from the neutral axis asseciated with /, to the critical point i.
NOTE Critical stress locations are typically those at the edges of components and are a function of the

meitnber forces, the yield strength of the component and its position within the cross-section of the member.
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Table A.12.3-1 — Section properties — Effective widths for components in slender sections

0.72tV(E/F,) 0.72¢V(E/F,) 0.72tV(E/F,)
4—4 l—» = - ~
t th
A A = ——A
— ' T Y
t
a) Compression internal components
0.75¢V (ko E/Fy) 0.50¢(V(E/F,) 0.75¢/(koE /F,)
0.50¢V(E/Fy) Y
A,,i J
A—— |
Y=0,/0, A,=1,04(d/t,) \/[Fy/(Ek)]
!
“QI 124020 p=1 if 4,<0,75
de=p d _ 2 ;
S p=[A,-00473+)l/A,2 <10  ifa,>075
dey = 25/ (5~ ) and (3+9) =0
| "SQI dep = dog— oy k=8,2/(1,05 + ) if1>9>0
O
zﬂ k=7,81-6,29y+9,78 2 ifoxy >-1
1
- - _ )2 e _
noi $<0 k=598 (1-1) if-1>1>-3
- S dy=pd.=pd/(1-)
'Umi del =04 deff
] deZ =06 deff
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 1 a) is a special case of ¢) with no bending and is included for clarity.

NOTE 2 The formula for Ko, used in b), is given in Table A.12.2-3 in the row for “Semi-compact - Class 3” members.
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A1l

A1l

2.3.5 Cross-sectional properties for the assessment

2.3.5.1 Tension

In tension, the cross-sectional area for use in the assessment should be 4; where

A, =A,for class 1 plastic or class 2 compact sections, see Formula (A.12.3-1);

= A for class 3 semi-compact sections as defined in Formula (A.12.3-3);

= A as defined in Formula (A.12.3-3) for class 4 slender sections in tension across the whole of
the cross-section (including bending); otherwise use A, for class 4 sections as defined by
Formula (A.12.3-4).

Wheere the cross-section contains cut-outs, pin-holes, etc., A, should be determined at.thelocation of the

mif
leas

A1

In d

A1l

In f]
the

The

Jimum cross-section, unless the section is equipped with doubler plates surrounding the hole that at
t replace all the lost area.

2.3.5.2 Compression

ompression, the cross-sectional area for use in the assessment should be A, where
A. =A,forclass 1 plastic or class 2 compact sections, see-Formula (A.12.3-1);
= A;for class 3 semi-compact sections as defined in-Formula (A.12.3-3);
=A,. for class 4 slender sections as defined:in Formula (A.12.3-4).

2.3.5.3 Flexure

exure, the second moment of area with'respect to the y and z axes of bending that should be used in
assessment should be determined:from the following:

Iy, I, = I¢for class 1 plastic and class 2 compact sections as defined in A.12.3.2.2;
= I¢for class 3 semi-¢ompact sections as defined in A.12.3.3;

=1, for class 4 slender sections as described in A.12.3.4.3 accounting for both the chosen axis
and the direction of bending.

sectionimoduli for the two bending axes should be determined from the following:

S S,

v S, =2y for class 1 plastic or class 2 compact sections, see Formula (A.12.3-2);

= S¢for class 3 semi-compact sections as defined in A.12.3.3 for each critical stress location;

= §, 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

con

siderations, ry,, should be determined as given in Formula (A.12.3-6):

b = (I¢/A.)%" for sections in classes 1 to 3; (A.12.3-6)
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= (1, /A,.)%5 for sections in class 4.

A.12.4 Effects of axial force on bending moment

A.12.4.1 General

Euler moment amplification (p-8) applies to all members in axial compression.

(E)

For classes 1, 2, and 3 cross-sections, the eccentricity between the elastic and plastic centroids indy
an additional moment. This affects members in both tension and compression.

For class 4 members, in addition to the Euler moment amplification, there is an eccentricity betwi
the full cross-section area normally used in the structural analysis and the effective neuitral axis use
the member strength check. This can affect members in both tension and compression.

A.12.4.2 Member moment correction due to eccentricity of axial force

The plastic centroid or “centre of squash” is defined as the location at which the axial force produces

ces

Fen
d in

no

moment on the fully plastic section. For chords with material asymmetry (e.g. when the section includes

components of differing yield strengths) the centre of squash can\be’ offset from the elastic centr
Before a section is checked, the moments should be corrected by the moment due to the axial fq
times the eccentricity between the elastic centroid (used in the/structural analysis) and the “centr
squash” in accordance with Formula (A.12.4-1). There is n¢ eccentricity for tubular members or
non-circular prismatic members with material symmetryx

The corrected effective moment, M

we Should beicalculated for each axis of bending, as giver
Formula (A.12.4-1):

MuezMu+ePu (A.lz.‘

where

pid.
rce
b of
for

in

:

iy

M, is the moment in a member due to factored actions determined in an analysis that includes

u

global P-A effects;

global P-A éffects;

P is the axial force:in the member due to factored actions determined in an analysis that incluldes

e is theeccentricity between the axis used for structural analysis and that used for structiiral

strength checks, taking due account of the sign in combination with the sign convention for |

e for class 1 and 2 members, is the distance between the elastic and plastic neutral 3
orthogonal to the axis of bending under consideration. Annex F presents data inclug

D .
u

xes
ing

this offset distance (together with other geometric data) for many members of each
chord family,

e for class 3 members, is equal to e, as defined in A.12.6.2.3,

e 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,

e is equal to 0 if the structural model fully accounts for the offset between the neutral axes

of the modelled member in the strength checks,

e is equal to 0 for tubular members; for other cross-sections in classes 1, 2 and 3 with
material symmetry and when an elastic strength check is used for the assessment of

members in classes 1, 2 and 3.
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A.12.4.3 Member moment amplification and effective lengths

The amplified moment, M,

. Should be calculated for each axis of bending as given in Formula (A.12.4-
2):

Mua:Bmanue (A.12.4-2)

where

M, is as defined in A.12.4.2;

Bmar is the member moment amplification factor for the axis under consideration, equal to one of
the following:

—  Bmar=1,0 for (i) members in tension, or (ii) members in compression where the individual
member forces are determined from a second order analysis, i.e.cthe equilibrium
conditions are formulated on the elastically deformed structure so thatlecal p-d effects are
already included in M,;

C : .
— Buar =ﬁf0r members in compression where the lotal member forces are
—fu/tE

determined from a first-order linear elastic analysis, i.e. the equilibrium conditions are
formulated on the undeformed structure and therefoxe”M, does not include the local

member p-0 effects:

where

Pp = (n?E)/(K Lw)? and should be calculated for the plane of bending;

I is the second moment_of*area for the plane of bending as defined in A.12.3.5.3
(including percentage,of rack teeth of chords, see A.12.3.1);

Kand C,,. are givenin Table A.12.4-1;

K is the effective length factor for the plane of flexural buckling;

Lub issthe unbraced length of member for the plane of flexural buckling
normally taken as one of the following:

— face to face length for braces;
— Dbraced point to braced point length for chords;

— longer segment length of X-braces (one pair is in tension, if not braced
out-of-plane).

enr_the analysis of a jack-up with single-column tubular or box section legs has been undertaken
accountingfo erembpe omentamplificationreffectsof gtobal P-Afhult-sway, B aybets TS

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.
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Table A.12.4-1 — Effective length and moment reduction factors

(E)

Structural member K C o
Tubular or box complete legs 2,0b A
Chords with lateral loading 1,0 C
Chords without lateral loading 1,0 B
Primary diagonals and horizontals 0,7 B-or. @
K-braces® 0,7 C
Tubular braces Longer segment length 0,8 C
X-brace€
Full lengthd 0/7 C
Secondary horizontals (e.g. span-breakers) 0,7 Bord
a The value of C,_ . can be determined from rational analysis. In lieu of such analysis, the following valiesmay be used:
A For members whose ends are restrained against sidesway €, =085
For members whose ends are unrestrained against sidesway Cp=X0
B For members with no significant transverse loading, ignoring self-weight; buoyancy; and direct wave/current and wind actiofs:
C, =06-04M /M, <085
where M, /M, is the ratio of the smaller to the larger non-amplified end moments of the segment of the member in the plarfe of
bending under consideration. M, /M, is positive for the segment subjéct to reverse curvature and negative when subject to sipgle
curvature.
M, =M, at end 1; similarly for M,
C For members with significant transverse loading, otheh.than distributed actions including self-weight; buoyancy; and direct
wave/current and wind actions:
€, =10-02P /P, <085 (AISC (2005)(131 Table C-C2.1, point actions)
Pp= PEy or Py, as appropriate for the axis ofbending under consideration.
b Alternatively use effective length alignment chart in Figure A.12.4-1.
€ For either in-plane or out-of-plane effeetive 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-braces, when all membérsjare in compression and the joint is not braced out-of-plane.
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GA K GR To estimate the effective length of an unbraced column, such
o0 0 . as tubular or box complete legs, the use of the alignment
=20,0 7 chart in Figure A.12.4-1 provides a simplified method for
128’8 : + 10,0 : 128'8 determining adequate K values. The alignment chart can be
’ . T * ’ modified to allow for conditions different from those
30,0 — - 5,0 — 30,0 assumed in developing the chart.
20,0 — -+ 4,0 — 20,0
] + B The subscripts A and R refer to the joints at the two ends of
100 — 1 30 100 the column section being considered. G is defined as
ST
70 — T — 70 G =5
9,0 — T 6,0 Lo
E)O i 1 i ) .
] | In which ¥ indicates a summation of all menibers rigidly
4.0 _ T 2,0 L 4,0 connected to that joint and lying in the ‘plane in which
40 — — 30 buckling of the column is being consideted! I is the moment
T B T | ’ of inertia and L. the unsupportedylength of the column
10 T 20 section, and I, is the moment“of inertia and L, the
¥ R ’ unsupported length of a girder er other restraining member.
| - 1,5 L I, and I, are taken about/axes perpendicular to the plane of
T buckling being considered.
1,0 i 1,0
I ~ For column ends supported by a pinned restraint, G is
] T — theoretically, infinite but, unless truly friction free, can be
m s I taken as 20\for practical cases. If the column end is rigidly
n B restrained,”G may be taken as 1,0. Smaller values may be
D — — 1,0 — 0 used\ifjustified by analysis.

NOTE Taken from ISO 19902:2020, Figure A.13.5-4,

v w|

igure A.12.4-1 — Alignment chart for determining the effective length of unbraced columns

A.12.5 Strength of tubular members
A.12.5.1 Applicability

Thg strength of unstiffenedtubular members that satisfy Formula (A.12.5-1) should be assessed in
accprdance with A.12.5.

D/t<0,2 E/Fy (A.12.5-1)

Tubulars that\do not satisfy Formula (A.12.5-1) should be assessed using alternative methods that
resflt in levels of reliability comparable to those implicit in this document, such as DNV-RP-202 (DNV
2031b)58rand API Bulletin 2U (2004)16l,

[ . o O A. RN OI' D S U '-"l' OIISEIVAalIvVe 101 UDUIdI W

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

of the tubular, the strength formulae in A.12.5 may be used.

The strength formulae are considered applicable for steels with a yield strength up to 800 N/mm?2. The
yield strength used should be as specified in A.12.2.2.
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NOTE The strength formulae for tubular members are based on ISO 19902:2020, Clause 13. However, for use
in this document, the ISO 19902 formulations have been converted to a force base rather than a stress base. In
addition, the combined axial, bending, beam shear and torsion checks have been simplified in A.12.5.

The formulae ignore the effect of hydrostatic pressure. The condition under which hydrostatic pressure
can be ignored for a specific member is as given in Formula (A.12.5-2):

dw = Twlim (A 12:5-2)
where

d, is the equivalent 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 the additional soil pressure py'/(p,.9);

dyim  is the limiting head of water in metres applicable to the tubularinquestion,
oy = (%)2,985;

p is the depth below the sea floor in metres (zero if abeve sea floor);

y' is the submerged (effective) unit weight of the soil;

Pw is the mass density of water;

g is the acceleration due to gravity.

For convenience, some typical maximum valies of D/t, are given for a range of effective heads of water
in Table A.12.5-1.

Table A.12.5-1 — Maximum (D/t), values for given equivalent head of water

Equivalent head of water Maximum tubular
Ay lim (D/t)
m
43 60,0
50 56,9
75 49,7
100 45,1
125 419
150 39,4
200 35,8

If the member D/t exceeds the maximum value of (D/t), the assessor should refer to ISO 19902, whidh is

based on stress rather than strength.
A.12.5.2 Tension, compression and bending strength of tubular members
A.12.5.2.1 Yield strength to be used in calculating capacities

The presence of torsion can affect the axial, bending and shear capacities of tubular members. The flow
of A.12.5 has been set up that all the basic member strength calculations include the effects of torsion,
where appropriate. When the torsion is small, these effects reduce to zero impact. If there is a need to
calculate simple axial and bending capacities without any torsional effects, then the actual yield
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strength of the material may be used in these checks to give an indicated, informative value. However,
all reported strengths should include the effects of torsion.

The yield strength, Fyr, which includes the effects of member torsion to be used in A.12.5 should be
calculated using Formula (A.12.5-3):

F,r =F, when T, < 2=
Fyr=(1- o /T;m)) E when T, > Z:TT (A.12.5-8)
where
Fy is the yield strength in stress units as defined in A.12.2.2;
T, is the torsional moment due to factored actions;
T, isthe representative torsional strength, calculated as given in Formula{A.12.5-4):
T, =2I,F, /(D\3) (A.12.5-4)
L is the polar moment of inertia of a tube, calculated as given imFormula (A.12.5-5):
L= (7/32) [D*— (D - 2t)4] (A.12.5-5)

Yrry IS the partial resistance factor for torsional and-beam shear strengths, yg 1, = 1,05.
A.12.5.2.2 Axial tensile strength check

Tulpular members subjected to axial tensileZforces, P,
Formula (A.12.5-6):

. due to factored actions should satisfy

Pyw<AF;1/vrrt (A.12.5-6)
where
A is the gross cross=sectional area;

Yrre IS the partialresistance factor for axial tensile strength, yp 1, = 1,05.

A.12.5.2.3 Axial compressive strength check

Tubular members subjected to axial compressive forces, P
Formula‘(A:12.5-7):

. due to factored actions should satisfy

o
g
N

n
o =
H

.

D D /..
Tuc="1a/’/rRTc
where

P,  isthe representative axial compressive strength as determined in A.12.5.2.5;

Yrre IS the partial resistance factor for axial compressive strength, yp .= 1,15.
A.12.5.2.4 Local buckling strength

The representative local buckling strength, P, should be determined as given in Formula (A.12.5-8):

c’
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Xe —

(E)

P = (1,047 -~ 0,274 AF,1/P,)) AFyq (for 0,170 <A F, /P, < 0,333) (A.12.5-8)

e =

where, in addition to the variables in A.12.5.2.1, P_, is the representative elastic local buckling strength,

’ 7 Xe
calculated as given in Formula (A.12.5-9):

P.=2C,EA(t/D) (A.12.§
where C, is the critical elastic buckling coefficient.

The theoretical value of C, for an ideal tubular is 0,6. However, a reduced value- of C, =0,
recommended for use in the determination of P, to account for the effect¢of"initial geome
imperfections. A reduced value of C,=0,3 is also implicit in the limits-for AF,/P,. given
Formula (A.12.5-8).

A.12.5.2.5 Column buckling strength

The representative axial compressive strength of tubular members, P,, should be determined fi
Formulae (A.12.5-10) and (A.12.5-11):

P,=(1,0-0,278A2)P, (forA<1,34)

P,=0,9 P, /A? (for A >1,34) (A.12.5-
where

A= (Py/Pg)O® (A.12.51

Py is the representative local buckling strength (see A.12.5.2.4);

A isthe column slenderness parameter;

Pg is the smaller of-the Euler buckling strengths about the y- or z-direction, Py = n? E I/(KLuw,)%

E is Young'ssmodulus as defined in A.12.1.1;

K is the-effective length factor in y- or z-direction; see A.12.4.3;

Lus=is the unbraced length in y- or z-direction; see A.12.4.3;

I is the second moment of area of the tubular.

-9)

is
tric
in

om

10)

11)

A.12.5.2.6 Bending strength check

Tubular members subjected to bending moments, M, should satisfy Formula (A.12.5-12):

M, <My /vro (A12.5-12)

where
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05 . . _ .
M, isequalto (Mfy + M&Z) ; it is the resolved bending moment due to factored actions about

member y- and z-axes, respectively, determined in an analysis that includes global P-A
effects;

M,  isthe representative bending moment strength, determined as given in Formula (12.5-13):

A1

Tuk
Fon

wh

A1

Tuk
For

wh

M= for-(F T BYHE <6517
My =[1,13-2,58 (F,4D)/(E)] M,  for 0,051 7 < (F, D)/(E £) <0,103 4 (A.12.5-13)

M,=[0,94-0,76 (F,D)/(E)] M,  for 0,103 4 < (F,D)/(Et)<0,2
M,  is the plastic moment strength as given in Formula (A.12.5-14):

M, =F

p=Fyr [D*=(D-20)%/6 (A.12.5-14)

Yrtb IS the partial resistance factor for bending strength, yg 1, = 1,05.

2.5.2.7 Torsional shear strength check

ular members subjected to torsional shear forces due to: factored actions should satisfy
mula (A.12.5-15):

Ty <T, /YRy (A.12.5-15)
Pre

T

., is the torsional moment due to factored:actions;

T, is given in Formula (A.12.5-4).
2.5.2.8 Beam shear strength check

ular members subjected..to beam shear forces due to factored actions should satisfy
mula (A.12.5-16):

V<P, /Yrry (A.12.5-16)
ere

V iscthe beam shear due to factored actions;

P, is the representative shear strength, as given in Formula (A.12.5-17):
D A o] (A 4D 1)
Ty =21y (Z2V3]) Lz 17)
NOTE P, is calculated from Fy_T according to Formula (A.12.5-3) and therefore accounts for the

effects of torsion.

A is the gross cross-sectional area;

Yrry IS the partial resistance factor for torsional and beam shear strengths, yg 1, = 1,05.

260 © ISO 2023 - All right reserved



https://standardsiso.com/api/?name=dc9fe91cf8f4cdfdfaaf3f3f0cff23e9

ISO/FDIS 19905-1:2023

A.12.5.3 Tubular member combined strength checks
A.12.5.3.1 Axial tension and bending strength check

Tubular members subjected to combined axial tension and bending should satisfy the conditions gi
in Formulae (A.12.5-18) at all cross-sections along their length:

(E)

ven

205
P, M2F
1—cos (g yi';‘y:‘) 4 ZRI lll\illb w <10 and Yr1ePar < AFy 7

where, in addition to the previously defined variables

P, is the axial tensile force due to factored actions;
A is the gross cross-sectional area;
Fyr is the yield strength in stress units as defined in A.12.5.2.1;

My, M,, are the bending moments due to factored actionsiabout member y- and z-a

respectively, determined in an analysis that includes‘global P-A;

(A.12:5]18)

Kes,

M, is the representative bending moment strength,‘as defined in Formula (A.12.5-13);
YRTt is the partial resistance factor for axial tepsile’strength, yg 1, = 1,05;
YRTb is the partial resistance factor for bending strength, yg 1, = 1,05.
NOTE If yr Pt > AFyr Formula (A.12.5-18) is not an appropriate measure of member utilization. A meagure

e . . P M2 +MZ)"°
of the member utilization, U, can be obtained by, calculating U = yi':f u Yo (M + M)

y,T My
A.12.5.3.2 Axial compression and bending strength check

Tubular members subjected to combined axial compression and bending should satisfy the conditi
given in Formulae (A.12.5-19) and (A.12.5-20) at all cross-sections along their length:

beam-column check:

ons

[VR,TC Puc/Pa) + (VR,Tb/Mb) Uwua\y2 + 1Wuazz)0'5 < 1'0 [A125'19)

and local stréngth checks:
2 2105
I~¥cos (g yR'TCP“C) + yR'Tb(M‘;VYIJrM“Z) <10 and YrRrchuc = Byc (A.12.5-20)
yc b

where

P,. isthe axial compressive force due to factored actions;

Py is the representative local buckling strength in A.12.5.2.4;

P, is the representative axial compressive strength as determined in A.12.5.2.5;

M,,, is the amplified bending moment about the member y-axis due to factored actions as

determined in A.12.4.3;

M,

uaz

determined in A.12.4.3;

is the amplified bending moment about the member z-axis due to factored actions as
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M, is the representative bending moment strength, as defined in Formula (A.12.5-13);
Yro IS the partial resistance factor for bending strength, yg 1, = 1,05;
Yrre IS the partial resistance factor for axial compressive strength, yg 1. =1,15.

NOTE If yp 1cPuc > Py Equation A.12.5-20 is not an appropriate measure of member utilization. A measure of the member

2 2\
YR, TcPuc + VR,Tb(Muy+Muz)
Pyc My

loca| strength utilization, U, can be obtained by calculating U =

A.122.5.3.3 Combined axial tension or compression, bending, shear and torsion strength check

Thg effect of shear on the strength of tubular members subjected to axial tension or compression or
berjding can be ignored if Formula (A.12.5-21), using the definitions of A.12.5.2.8, is satisfiéd;
0,7 Py

V<

~ YRTv

(A.12.5-21)

If Hormula (A.12.5-21) is not satisfied, reduced representative strengths should be calculated. The
untjeduced and reduced tensile strengths, AF; 1y, are given by Formula (A.12,5-22)

%4

AFy,T,V = AFy,T lfp—v < 0,7
YR,Tv
AFyp, =07 + 1,2 — (1 S ) AFyp  if—%>07 (A.12.5-22)
YR, Tv YR, Tv ¥R, Tv

the| unreduced and reduced representative local buckling strengths, Py, are given by Formula
(A.12.5-23):

Byey = By if 5-—<0,7
YR,Tv
14 14 . 14
By =(07+ 12— (1 —p—v> Py if 5—>0,7 (A.12.5-23)
YR, Tw YR Tv YR, Tv

and the unreduced and reduced representative bending moment strengths, My, are given by Formula
(A.12.5-24):

Mb,v = Mb iprv <0,7
YR,Tv
14 14 . 14
th - [017 + 1;2 Py (1 — TP \] Mh if P > 0;7 (A125'24)
|_ YR Tv YR,TV/ J YR Tv

NOTE1 Formulae (A.12.5-22), (A.12.5-23) and (A.12.5-24) demonstrate that the reduced tensile strength,
reduced local buckling strength and reduced bending strength equate to 70 % of their representative strengths
even when fully utilized in shear.

Consequently, combinations of axial tension, bending and shear should satisfy Formula (A.12.5-25):

2 2 \05
1 — cos (g ]2‘;;:‘:) + YR'Tb(MI;};MUZ) <10 and Yr1iePur < AFy 7y (A.12.5-25)
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NOTE2  If ygpPy > AFyr, Equation (A.12.5-25) is not an appropriate measure of member utilization. A

0,5
. . . . YRTtP Yr1o(ME+M2
measure of the member utilization, U, can be obtained by calculating U = AR'T‘ ut (M + M)

F y.Tv Myy

Combinations of axial compression, bending and shear should satisfy Formulae (A.12.5-26) and
(A.12.5-27):

. 05
VR,';cPuc + 'VR,Tb(Ml;‘;y"'Muaz) < 1’0 (A125-26)
a b,v
T YR, TcPuc YR, Tb (Mﬁy"'M&z)o's
1—cos|Z=; + Y <10 and Yr1cRuc < B (A.12.527)
yc,v b,v !

In Formula (A.12.5-26), the axial compression strength, P, should be calculated from Formula
(A.12.5-10) using Pyy instead of Pyc.

NOTE3  If yprcPic > B then Formula (A.12.5-27) is not an appropriate measure of member utilizatiop. A

0,5
YR TcPuc + ‘yR,Tb(M&y"'M&z)

measure of the local strength member utilization, U, can be obtained by calculatingU = >
yc b,v

A.12.6 Strength of non-circular prismatic members
A.12.6.1 General

The structural strength provisions for rolled and weld€d non-circular prismatic members are generplly
based on the AISC (2005)13]. The AISC (2005)[131 specification for LRFD was interpreted and, in sqme
cases, modified for use in the assessment of mebile jack-up structures. The strength formulae|for
column buckling for lower strength steels in ‘A.12.6.2.4 were modified for consistency with [the
approach used for higher strength steels, which was taken from Galambos (1998)[75.. Interpretation of
the specifications was necessary to enablepresentation of a straightforward method for the assessment
of beam-columns with components of varying yield strength and/or with cross-sections having only a
single axis of symmetry. Development of the specifications was necessary to provide the following:

a) a method to deal with member cross-sections comprising components constructed of steels with
different yield strengths;

b) a method for the assessment of beam-columns under biaxial bending to overcome a conservatjsm
that has been identified in the standard AISC interaction formulae.

The yield strength-tised in A.12.6 should be as specified in A.12.2.2.

The effects.of hydrostatic loading on non-circular prismatic members should be considered. The critical
conditien‘for hydrostatic loading on non-circular prismatic chord members is likely to occur when High
spudcan fixity results in high chord axial loads in deep water.

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 g less than 2,0. If the component is used under conditions with an
equivalent head of water greater than the limiting equivalent head of water 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
equivalent head of water for components of differing plate slendernesses.
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— —

dy1im = 2984 — 2 0928 + 5 5427 - 6 6035+ 3 025 for f< 2,0

Key|
b width of base plate
t thickness of base plate
dw_lim limiting equivalent head of water in metres for which additional analysis is not required; itis.the depth below
the water surface (including penetration into the seabed where applicable) plus the additipnal soil pressure
pY'/(P9)
p plate slenderness parameter § = (b/t)(Fy/E)0/5
p is the depth below the sea floor in metres (zero if above sea floor)
y' is the submerged (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

check

Thable A.12.6-1 — Maximum plate slenderness parameter S for given equivalent head of water

Equivalent head of water Maximum plate slenderness
d . parameter
w,lim
m Vit
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 and A'12.6.3, y and z are used to define the axes of a non-circular prismatic member.
A.12.6.2 Non-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 Formula (A.12.6-1):

Py < Pe/Ygpe (A.12.6-1)
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where
P, is the representative axial tensile strength of a non-circular prismatic member, calculated as
given in Formula (A.12.6-2)
P =X(F,A) (A12.6-2)
Fy is the yield strength of the ith component of the cross-section of a prismatic membey, in
stress units, as defined in A.12.2.2;
A; is the cross-sectional area of the ith component comprising the structural member;

Yrpe IS the partial resistance factor for axial tensile strength, yp p, = 1,05.

A.12.6.2.3 Axial compressive local strength check

Non-circular prismatic members subjected to axial compressive forces, P, due to factored actipons
should satisfy Formula (A.12.6-3):

Puc s Ppl/yR,Pcl (A.12.( 3)

where, in addition to the definitions given in A.12.6.2.2
Yrpa s the partial resistance factor for local agial'compressive strength, yp p=1,1;

P

ol is the representative local axial compressive strength of a non-circular prismatic member

as given in Formulae (A.12.6-4):t0"(A.12.6-6);

P, =Z%FA; for class 1 and class 2 members (A.12.6-4)
A, =4
Py =3F,A;— EFA; — FyninZA) PR for class 3 members (A.12.6-5)
r p h
Py =Fymindc for class 4 members (A.12.6-6)

Fymin  is the'minimum yield stress of the F; of all components in the cross-section of a prismatic
member, in stress units, as defined in A.12.2.2;

A; is the cross-sectional area of the ith component comprising the structural member;

A, is the cross-sectional area for use in the assessment of a non-circular prismatic membey as
defined in A.12.3.5.2;

h is the subscript referring to the component that produces the smallest value of P,

Ay =b/tor 2R/t as applicable for component h, with effective width b, or outside radius R;

Ap is as determined for component h from TablesA.12.2-2 to A.12.2-4 as given in

Formulae (A.12.6-7) to (A.12.6-10):

— for rectangular rolled or welded web or flange components supported along both
edges:
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A =117 |E/| F._.
P VE Ty (A.12.6-7)

— for rectangular rolled flange or web components supported along one edge:

ip =0,37,/E/ Fyi

:

(A.12.6-8)

The
calq

— for rectangular welded flange or web components supported along one edge:

A =0,33 |E/ F_.
P VE Ty (A.12:6:9)

— for components derived from tubulars (with reference to Table A.12.2-1):

A =0,077E/ F.,
P yi (A.12.6-10)

A is determined for component h from TablesA.12.2-2 to (A.12.2-4 as given in
Formulae (A.12.6-11) to A.12.6-14):

— for rectangular rolled or welded web or flange compenents supported along both
edges:

A.=1,44_|E/| F_.
r VET Ty (A12.6-11)

— for rectangular rolled flange or web cofitiponents supported along one edge:

A.=0,55/E/ F_.
r VE T Ty (A.12.6-12)

— for rectangular welded flange or web components supported along one edge:

A.=0,50/E /-FE
r VRO (A.12.6-13)

— for components derived from tubulars (with reference to AISC (2005)[3] and
Table A.12.2-1):

4= 0,102E/ F,
r yi (A.12.6-14)

eccentricity between the elastic and plastic neutral axes, e,, for class 3 members (see A.12.4) can be
ulated as.given in Formula (A.12.6-15):

: N

; Ur 4 Jh (A.12.6-15)

where e is as defined in A.12.4.2, but calculated for the cross section as if it were class 1 or 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
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all member classifications subjected to flexural buckling should be determined as given
Formulae (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 )Ppl for A.< 1,5 [derived from AISC (2005)(13], Formula E3-2] (A.12.6-16)

P = (0, 877//1C2 ) Ppl for A.> 1,5 [derived from AISC (2005)(13], Formula E3-3]  (Ay12.6-417)

b) alternatively, for high-strength steels (F, > 450 MPa), the following may be used (see ¥.1):
4322

P, =10,76257¢ Py for) <12 (A.12.6418)

P, =(0.860 8/21%5¢) B, fora.>12 (A12.6419)

where, in addition to the definitions in A.12.6.2.3,

0,5
p
1
A= Pi (derived from AISC (2005)(13], Ch. E3; see also F.1) (A.12.620)
E
Py is the minimuim Euler buckling load for any plane of bending, as defined

in A.12.4.3 (including percentage of rack teeth of chords; see A.12.3.1)

When section contains un-reinforced, cut-outs, the slenderness parameter, A, should be based on |the
minimum 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 buckling.
The slender section properties determined in A.12.3.4 account for the local buckling of class 4 cross-
sections.

The bending moment strength of typical closed section jack-up chord members used in truss legs isnot
normally limited by lateral torsional buckling. However, this should be checked as described in
A12.2.3.2.

The representative bending moment strength, M,, is given by the plastic bending moment of the entire
section as given in Formula (A.12.6-21):

M,=ZF (A.12.6-21)

p’ ymin
where

M, is the representative bending moment strength;
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Z, is the fully plastic effective section modulus, determined from Formula (A.12.3-2);
Fymin  1s 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
methodology described in A.12.3.2.

A1

The
mo

wh

2.6.2.5.3 Class 3 semi-compact section bending moment strength

representative bending strength, M,, is obtained by interpolating between the plastic bending

ment and the limiting buckling moment as given in Formula (A.12.6-22):
Ay — A
My =M, (Mp MR) P
r p

h (A.12.6-22)
bre, in addition to the definitions in A.12.6.2.5.2

M, is the plastic moment strength;

M, =Z F, ., as calculated by Formula (A.12.6-21);

My =S¢F, <M, (A.12.6-23)

S¢ is the elastic section modulus of a semi-compact section of a non-circular prismatic member
for the plane of bending under consideratioty;’see A.12.3.3;

Fy  isthe yield strength of the material atthe critical point in the cross-section, determined when
calculating the section modulus (see’A.12.3.3);

h is the subscript referring to-the component which produces the smallest value of M,;

A,  =b/tor 2R/tas applicable for component h;

A is as determined for component h from TablesA.12.2-2 to A.12.2-4, as given in
Formulae (A-12:6-24) to (A.12.6-29):

— ford{rectangular rolled or welded flange components supported along both edges when
theébending results in uniform compression:

A =117 (E/ F._.
P VEL Fyi) (A.12.6-24)

— for rectangular roited flange or web COMpONents SUpported along one edge and SUbject to
combinations of compression and bending:

A =037 /(E/ F._.
P VES Fy) (A.12.6-25)

— for rectangular welded flange or web components supported along one edge and subject
to combinations of compression and bending:

A =0,33.(E/ F_.
P VS Fyi) (A.12.6-26)
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— for rectangular rolled or welded web components supported along both edges and
subject to combinations of compression and bending:

A, = |:4,82 (E/ Fyi)]/ (5,120 -1)  (fora>0,5) (A12.6-27)
4 =155 B/ F.) ] a (for €< 0,5) (A.12.6-28)
P— \j A

where a is a factor that varies depending on the applied loading,-given| in
Table A.12.2-4, and equals 0,5 in bending, 1,0 in compression, and variablebetween
these values for combined bending and compression.

— for components derived from circular tubes and subject topure bending (see
Table A.12.2-1):

A =0,103E/ F,,
p yi (A.12.6-29)

When the location of the tubular component results in combined bending and
compression the value of /”tp can conservatively be taken from Formula (A.12.6-10).

Alternatively, the value of lp may be interpolatéd between the values for pure bending
and pure compression.

A is determined for component h frofn ¥ TablesA.12.2-2 to A.12.2-4, as given| in
Formulae (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.=1,44 ((E/ E..
r VY i) (A.12.6-30)

— for rectangularrolled flange or web components supported along one edge and subjedt to
combinations of compression and bending:

A~= 0,55 (E/ F._.
) VE Fyi) (A12.6-31)

—-for rectangular welded flange or web components supported along one edge and subject
to combinations of compression and bending:

AN=0,50 ((E/ F,;
Y VES Fy) (A.12.6-32)

— for rectangular rolled or welded web components supported along both edges and

1o Vary a3 43 £ 3 Jd 1 A
SUUJTLT LU LUITTUIIIAUUILIS UT CULITPI TS SIVIT alld UCllulllS.

A, = [1,44 (E/ Fyi)}/ (0.674 +0,327y)  (for y>-1,0) (A.12.6-33)

A = [2,07(1_.,,)v(_(,,)] (E/ Fy,-) (for y <-1,0) (A.12.6-34)

where ¥ is the stress ratio as shown in Table A.12.2-4.
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— for components derived from circular tubes and subject to pure bending (see
Table A.12.2-1):

A =022E] F,,
r yi (A.12.6-35)

When the location of the tubular component results in combined bending and

coxanryaccing dha aoliia o€ 9 0 oo s o oo Fivzaly bha +olray Lo Dol (A 19 2 140
COTIPTCSSTOTL, Tt varat— 0T 7 Catt LOTSCrvatrv ey Ot —tantCT 1T Ot T OTHTuta (7 - 1270~ 1 )s

Alternatively, the value of A may be interpolated between the values for pure bending
and pure compression.

2.6.2.5.4 Class 4 slender-section bending moment strength

representative bending moment strength, M,, of class 4 sections is given by the limiting flexural
ding moment in Formula (A.12.6-36):

M,=S,F, (A.12.6-36)

where S, is the reduced elastic section modulus of a slender section,6f’a non-circular prismatic
member for the plane of bending under consideration, see’A.12.3.4.3 and £y is the yield

strength of the material at the critical point in the cross-section, determined when calculating
the section modulus (see A.12.3.3).

2.6.2.6 Bending moment strength affected by lateraltorsional buckling

reduced representative bending moment strength M, due to LTB should be calculated for all
mbers that do not meet the screening checks of either Formula (A.12.2-2) or Formula (A.12.2-3) for
n and closed sections, respectively, regardlessof the class of section. When the representative
ding moment strength is reduced due to LTB compared to the strength calculated in A.12.6.2.5, the

reduced bending moment strength should beused in the strength checks.

Fun
AIS

A1

ther guidance on the bending .moment strength accounting for LTB can be found in the
C Specification (2005)[131 and BS/5400-3.

2.6.2.7 Bending strengthcheck

Non-circular prismatic- ‘members subjected to bending moments, M, should satisfy

For

wh

u

mula (A.12.6-37):
M, < My/Vrpn (A.12.6-37)
Pre

M is M, or M

" .z the bending moment due to factored actions about member y- and z-axes,

43 1
I CD}JCLLIVCI)’,
M, is the representative bending moment strength, determined from A.12.6.2.5 and A.12.6.2.6;

Yrpp IS the partial resistance factor for bending, yg p, = 1,1.
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A.12.6.3 Non-circular prismatic member combined strength checks

A.12.6.3.1 General

There are two different assessment approaches for the strength of non-circular prismatic members
subjected to combined axial forces and bending moments:

b) the plastic interaction surface approach (see A.12.6.3.3), which is applicable to members.inclags 1
and class 2.

A.12.6.3.2 Interaction formula approach
Each non-circular prismatic structural member should satisfy the following conditions| in
Formulae (A.12.6-38) to (A.12.6-40) at all cross-sections along its length~When the shear dug 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).

Local strength check (for all members) is as given in Formula (A.126-38):

1
n nin
YrpaP YR pr 7rppM
RPa’u n , uey + R,Pb" " uez <10
Ppls Mby sz

(A.12.638)

Beam-column check (for members subject to axial compression) is as given in Formula (A.12.6-39) or
Formula (A.12.6-40):

— ifygpaPu/Pp> 0,2, then (after AISC(2005)['3], Formula H1-1a)

1
P M\’ M Y7
7/R,Pa u +§ (7R,Pb uay J 4 [7R,Pb uaz} <10

P, 9 My, M,,
(A.12.6-39)
— if yppaPu/Rps0,2, then (after AISC (2005)03], Formula H1-1b)
1
n nin
7R,PaPu + }/R,PbMuay N 7R,PbMuaz <1,0
2Pp Mby M,,
(A.12.6-40)

where

P, s the applied axial force in a member due to factored actions, determined in an analysis that
includes P-A effects (see A.12.4);

P . isthe representative local axial strength of a non-circular prismatic member where

pls

P, = P, for members in tension, as defined A.12.6.2.2,
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Pjs = Py, for members in compression, as defined A.12.6.2.3;
is the representative axial strength of a non-circular prismatic member where

Pp = P, for members in compression, as defined A.12.6.2.4;

ey

uez

uay

uaz

y

YA

YR,Pb

YR Pa

is the corrected hpnding moment due to factored actions about the member y-axis from

A12.4;

is the corrected bending moment due to factored actions about the member z-axis  from
A12.4;

is the amplified bending moment due to factored actions about the member-y-axis from
A12.4;

is the amplified bending moment due to factored actions about thenmember z-axis from
A12.4;

is the representative bending moment strength about the mémber y-axis, as defined in
A12.6.2.5 or A.12.6.2.6;

When the shear due to factored actions is greater than.60-% of the shear strength, the bending
moment strength should be reduced parabolically £0yzero when the shear equals the shear
strength (P,, in A.12.6.3.4). For a more detailed, d€scription of the method see EN 1993-1-1,

Eurocode 3;

is the representative bending moment *strength about the member z-axis, as defined in
A12.6.2.5 or A.12.6.2.6;

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,y in A.12.6.3.4)."\For a more detailed description of the method see EN 1993-1-1,
Eurocode 3;

is the partial resistance factor for bending strength, YRpb = 1,1;
is the partialaesistance factor for axial strength where

Yrpa =Yryp: for axial tensile strength, ypp,=1,05 in Formulae (A.12.6-38), (A.12.6-39) and
(A.12.6-40);

YR pa = Vrpc fOr axial compressive strength, yp p, = 1,1 in Formula (A.12.6-38);

272

YRra = Vrpc [0T axtal COMpressive strength, vy p, = 1,1 1N Formutae (A 1276-39)and (A 1276-407:

is the exponent for biaxial bending, a constant dependent on the member cross-section
geometry, determined as follows:

— 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;
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— for all geometries, a conservative value of 7= 1,0 may be used.

Annex F presents an approach to determining the value of 7 by manual calculation. The following
mapping of the variables should be applied.

a) M., M’,, should be set to the applicable of M,

uey’ uey’ ““ue
above.

,or M., M

vay Muaz respectively, as described

b) M

ny» My, should be set to My, , M,,,, respectively.

A.12.6.3.3 Interaction surface approach

In the interaction surface approach, the assessor develops a plastic strength interactieisurface in tefms
of the axial strength and biaxial moment strengths. The interaction surface can be based on Dyer (1992])(¢7]
and can be used for the strength checks. The approach is based on axial forcecapplied at the “centrg of
squash”, which is defined as the location at which the axial force producestho moment on the fully
plastic section.

IMPORTANT — The assessor should be aware that the sign of the. moment is crucially important
for sections without material or geometric symmetry. The sign convention should, therefore] be
observed with care.

NOTE A common case where errors in sign can be introduced is when taking the results of a comptiter
analysis and applying them to a series of parametric formula€that can have a different axis convention.

A measure of the interaction ratio can, then, be obtained as the ratio between the vector length from|the
functional origin to the member forces, and the vector length from the functional origin to the neatest
point on the surface. The functional origin is;theforce point associated with the functional actions in|the
absence of environmental actions.

Annex F provides, by way of example, conservative interaction formulae and curves for generic families
of chord cross-sections based on plastic strengths P, M,,, and M,,. The resistance factors should be

introduced by the assessor. This is achieved by the definitions as given in Formulae (A.12.6-41) to
(A.12.6-43):

Py =P/ VR pa strength check (for all members) (A.12.6-41)
or Py=P,/Yppd beam-column check (for members subject to axial compression)

M,y =My 7 VR po (A12.642)
My, =My, /Y po (A12.643)

where

M,y is the representative bending moment strength, as defined in A.12.6.3.2;

M,, isthe representative bending moment strength, as defined in A.12.6.3.2;

P, is the representative axial strength of a non-circular prismatic member, as defined in

A12.6.3.2;
P, is the representative local axial strength of a non-circular prismatic member, as defined

in A.12.6.3.2;
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Yrpp IS the partial resistance factor for bending strength, yp p, = 1,1;

Yrpa IS the partial resistance factor for axial strength where

YR pa = Yrpt fOr axial tensile strength, yp p, = 1,05;

Y2 —v for axial compressive strenoth v =11-
RPr—R;PC T &1 RPT Ty

YRpa = Yrpc fOr local strength, yp p = 1,1.

For) the strength check, the applied member forces (P, My, M, in Annex F) should be P, M, M,, as
deflned in A.12.6.3.2.

Forjthe beam-column check, the applied member forces (P, My, M, in Annex F) should be , M,,,,, M,,,, as
deflned in A.12.6.3.2.

A.12.6.3.4 Beam shear

Nom-circular prismatic members subjected to beam shear forces due to-factored actions should satisfy
Formulae (A.12.6-44) and (A.12.6-45):

Vy < Py/Yrpy (A.12.6-44)
V,<P,./Yrpv (A.12.6-45)
where
Vy, V, isthe beam shear due to factored actions in the local y- and z-direction, respectively;
Py, P, is the representative shear strength in the local y- and z-directions, respectively, as given in
Formula (A.12.6-46):

Py Py =A, Fypin /N3 (A.12.6-46)

A is the effective shear area in the direction being considered; see Table A.12.6-2;

Yrpy IS the partialresistance factor for torsional and beam shear strengths, y p, = 1,1.
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Table A.12.6-2 — Effective shear area for various chord component cross-sections

Section Effective shear area, 4,
Rolled I, H and channel sections, load parallel to web tD,
Welded I sections, load parallel to web td
Rectangular hollow sections, load parallel to webs AD/(D.+B)
Welded box sections, load parallel to web 2td
Rolled Tee-sections, load parallel to web tD,
Welded Tee-sections, load parallel to web t(Dy~T)
Circular hollow sections with diameter/wall thickness is less than or equal to 60 0,64
Circular hollow sections with diameter/wall thickness greater than 60 Usé rational analysis
Solid bars and plates 094
Closed sections with inclined plates 0,9 Z[cos(6) 4,1
T  isthe flange thickness of a welded T-section.
t is the web thickness.
D, is the overall depth of cross-section.
d is the web depth; for rolled sections measured with respect to root’radii, for welded sections measured between ingide
faces of flanges.
B, is the overall breadth of cross-section.
A isthe area of cross-section.
A,; isthe area of rectilinear component i.
0; is the angle between the shear force direction(being considered and the larger dimension of the cross-section of

component I.

The effective shear area of closed:section triangular chords [see Figure A.12.1-1 b)] in the local y- and z-
directions, respectively, can be¢alculated using elastic theory as given in Formula (A.12.6-46):

Ay, Ay, =1, 8)/Q (A.12.6-446)
where

Iy, I, js:the second moment of area of the cross section, excluding rack tooth (see A.12.3.1 and

Figure A.12.1-1), about the y- and z- neutral axes, respectively;

tooy't,, is the collective width of components through the cross section at the location to| be
assessed, perpendicular to the y- and z- axes, respectively;

Q. 0. is the first moment of the area between the cross sectional location to be assessed and|the

outer fibre, about the neutral axis

[t can be necessary to calculate effective shear areas at various locations on the cross section in order to
determine the maximum shear stress for each axis.

The effective shear area of a chord containing split tubular components can be calculated following the
examples given in Figure A.12.6-2.

Alternatively, other rational methods can be used.
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Additional information on calculating the shear stresses in a sample of split tubular and triangular cross
sections can be found in ISO/TR 19905-2.

Dy Dy

T~ 2 N 2

% v
/ /
a) [Split tubular with solid rack, full penetration weld of b) Split tubular with solid raek, full penetration weld of

tubular to rack tubular to rack, but tubulat tapered to reduce wall
thickness whére.connected to the rack

Dy

7_\ ’\174

%
AN NN SO
%]

c) Pplit tubular with rack split inte‘two parts connected d) Split tubular with rack split into two parts connected

by backing plate (6) with fullpenetration welds to by two lapped plates (8) with fillet welds to sides of
back side of each rack component each rack component
Key
1 Structurali split tubular part of chord with diameter D: and wall thickness Tt. The area of cross section, 4, is

defined'below

2 CGhord rack of width Wr and thickness T

3 TWo artificial areas that have maximum dimensions of the thickness of the rack, Ir and the width of the welded
contact area between the chord tube and the chord rack, Ti, with a maximum value of the chord tube wall
thickness (Tt < Tt), as shown in diagram (b)

4 Rack tooth, not part of structural area

5 Two artificial areas through the chord rack that have the thickness of the backing plate (item 6), Th, and the
width of the structural part of each of the two rack sections, Wis

6 Backing plate of width Wh and thickness Tb that has continuous full penetration welds to the backside of each
rack chord rack section

7 Two rack sections, one on each side of the chord with dimensions W:s width and T thickness
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8 Two lap plates connecting the two sections of chord rack

X Axis parallel to the chord rack

Y Axis perpendicular to the chord rack

At Area of cross section of the split tubular components of the member to be used in determining Avx and Avy. In

diagrams (a), (c), and (d), A is the total area of cross section of both halves of the split tubular components
having diameter Dt and wall thickness Tt In diagram (b) A is the effective area of cross section of both halves

of the split tubular components with diameter Dt but with a wall thickness Tt

Avx Shear area in the X direction. The value of Avx can be determined from rational analysis. In lieu of such analysis,
the following values may be used:

Diagram (a) Ax=09D:T:+ 0,6 At
Diagram (b) Avx=0,9D: Tr + 0,6 At
Diagram (c) Avx = 0,6 At
Diagram (d) Avx= 0,6 At
Avy Shear area in the Y direction. The value of Avy can be determined from rational analysis. In lieu of such analysis,

the following values may be used:
Diagram (a, b) Awy=0,6Ac+09 Tr Wr
Diagram (c, d) Avw=0,6Ac+2(0,9 TIy) Indiagrams (c), & (d) Tu= Tt
Figure A.12.6-2 — Examples of shear areas of leg ehords containing split tubular components

A.12.6.3.5 Torsional shear

Closed-section non-circular prismatic members subjected to torsional shear forces due to factored
actions should satisfy Formula (A.12.6-47):

Ty < Typ/Yrpv (A.12.6447)
where

T, isthe torsional moment due to factored actions;

T,, is the representative torsional strength of the non-circular prismatic member as given in
Formula)(A.12.6-48):

Top=Iop Fymin/ (r; V3) (A.12.648)
Lgp, " is the polar moment of inertia of the non-circular prismatic member;

re is the maximum distance from centroid to an extreme fibre;

Yrpy Iis the partial resistance factor for torsional and beam shear strengths, yg p, = 1,1.

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.
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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 strength checks.

If it is considered necessary to evaluate joint strength, the resistance of tubular joints can be assessed in
accordance with ISO 19902:2020, 14 and A.14 (Strength of tubular joints), and that of non-tubular joints
by rational analysis. The internal forces (action effects) due to factored actions should be determined in

accprdance with 8.0, rather than using 150 19902 and 150 19901-3.

NOTE The intent of the joint check is to ensure that the joint is strong enough to resist the internal forces die
to factored actions. The joint strength is not required to meet or exceed the full member strength. Guidance.on
nonftubular joint strength can be found in other provisions of ISO 19902 and ISO 19901-3.

A.13 Guidance on acceptance checks

No guidance is offered.
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Annex B
(normative)

Summary of partial action and partial resistance factors

Table B-1 — Summary of partial action factors

Symbol Description Factor Subclause(s)

partial action factor applied to the inertial actions D, due to dynamic

%D . . . 1,0 8.8.1.1to 8.8.1.4

, response, in combination with

%G partial action factor applied to the fixed actions G, 1,0 8.8.1

%ev 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 8.8.1.1t0 8.8.1.4
when applied to deterministic ULS storm action E, (used with 50 year 115 8.8.1.2
independent extreme values) ’ o
when applied to the deterministic ULS storm action E, (used with.+00 year 128 8.8.12
joint probability metocean data) ’ o

%E when applied to the stochastic ULS storm actions E_ usifig factored

1,0 8.8.1.3
metocean parameters determined in accordance with'4.10.5.3.22
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 indueed by the ALE ground motions in
. 1,0 8.8.1.4.2
earthquake analysis
NOTE The reference subclauses provide the methods of application and the factors are specifically tied to the calculation methodologies

given in each reference subclause.

2 The metocean partial factors used‘in-the quasi-static stochastic analysis are determined through an iterative procedpire.
The procedure involves factoring.thé-metocean parameters (wave height, current velocity and wind) until the partial-
factored quasi-static stochastic force matches the action-factored quasi-static deterministic force. The start point for [the

iteration can be taken as ()%
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Table B-2 — Summary of partial resistance factors

Symbol Partial resistance and material factor description Factor | Subclause where
the factor can be
used
Y partial material factor for calculated foundation capacities 1,25 E.4.6
JRPRE partial resistance factor for preload 1,1 A9.3.6.2
partial resistance factor for horizontal foundation sliding capacity for
. : 1,25 A9.3.6.2
effective stress (sand/drained)
partial resistance factor for horizontal foundation sliding capacity for total
TRHfc . 1,25 A9.3.6.2
) stress (clay/undrained)
partial resistance factor for horizontal foundation sliding capacity when 10 fus
considering material factored representative soil strength ’ o
partial resistance factor for vertical-horizontal foundation bearing capacity 1,1 A9.3.6.4
TRVH partial resistance factor for vertical-horizontal foundation bearing capacity 10 E4.7
when considering material factored representative soil strength ’ o
RTb partial resistance factor for bending strength of a tubular member? 1,05 A125
artial resistance factor for axial compressive strength of a tubular
Yete P " P & 1,15 A125
, member
TRTt partial resistance factor for axial tensile strength of a tubular member?@ 1,05 A125
artial resistance factor for torsional and beam shear strengths of a
Tar P ¢ & 1,05 A125
v tubular member
partial resistance factor for bending strength prismatic.of a non-circular
7R Pb . . a 1,1 A12.6
, prismatic member
partial resistance factor for axial compressive'§trength of a non-circular
TR,Pc ; ; a 1,1 Al12.6
) prismatic member
partial resistance factor for local axial cempressive strength of a non-
TRpd . : . a 1,1 Al12.6
] circular prismatic member
artial resistance factor for axial-tensile strength of a non-circular
Tt partan I . & 1,05 A12.6
, prismatic member
partial resistance factorfor torsional and beam shear strengths of a
TRpv ; ; , 1,1 A12.6
) non-circular prismati¢ member
RS partial resistance factor for spudcan strength 1,15 13.4
TRH partial resistance factor for holding system 1,15 13.5
TROTM partial tesistance factor for stabilizing moment 1,05 13.8
NOTE The requifements for partial factors are given in the normative clauses e.g. 9.3.6, 12.5, 12.6, etc. however examples of the specific
application of these factors are given in Annexes A and E in the subclauses shown above. The reference subclauses provide the methods of
application and'the factors are specifically tied to the calculation methodologies given in each reference subclause.
8 | The structural resistance factors for tubular members given here and referenced in Clause 12 are based on an
indppendent 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 based on AISC (2005)[13] which changed its equivalent
resistance factor from 1,18 to 1,1 between the 1986 and 2005 editions because a reassessment of the applicable data resulted
in an effective reduction in the coefficient of variation.
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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
gives examples of jack-ups designs in each category.

LEG-TO-HULL CONNECTION
|

Fixation System No Fixation System

Opposed Pinions

Unopposed Pinions Opposéd Pinions

—— V) 4 @ [

Unopposed Pinions

Fixed Floating Fixed Floating Fixed Floating Fixed Float|ng
Jacking Jacking Jacking Jacking Jacking Jacking Jacking Jacking
System System System System System System System System

Examplesof jack-ups in each category

FandG GustoMSC NONE NONE Baker Marine CFEM Baker Marine NONE
-L780 11 -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

-J70 -150
GustoMSC Modec
-CJ 46 -300C GustoMSC
- CJ] 50 (new) - 400 - Gusto designs
Hitachi LeTourneau
- Giant class -53

-84

Keppel FELS - 82-SD-C
- KFELSMod V -116C
- KFEES-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 [eacir Tes] ITteT Fire 1 T Sta frutation st ' ' Gausstanity:
Guidance is given in Table A.7.3-3. For each simulation record, the procedure for computing the MPME

ESPOIISEe O erest. T1e DU C C U O OUId DCE CCKREd Ol U [ %

co
— | Step 1:

The response time history, R(t), is first analysed to calculate the mean, /g, as given in
Formula (C.2.1-1):

n (C.2.1-1)
where

R(t;) is the time history of the response of interest;

t; is the time point j;
n is the number of useable time points in simulation (discounting the run-in).
— | Step 2:

The individual response maxima n the simulations are next extracted in accordance with the
following criteria:

A maximum occurs at ¢; ifFormula (C.2.1-2) apply:

R(t;_1) <R(t;) andyR(¢;,1) < R(t) (C.2.1-2)
Suppose N, mraxima are found in the extraction.
— | Step 3:

Fronmrthe N

max
My, where k varies from 1 to N,

response maxima, the mean of the signal, s, is subtracted and the resulting maxima
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 largest
value, and the lower bound of the first block is set to zero. Any maxima with a value less than zero
are discarded. The blocks are numbered in ascending order from g=1 to 20, and are defined 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 q

is then as given in Formula (C.2.1-3):
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0,5
q-1 q
F, = 1+an an (Nmax +1)
J=0 JA=0 (C.2.1-3)

where ny is equal to the number of negative maxima peaks (the number of points not fitting into the
20 blocks).

— 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
Formula (C.2.1-4):

% B
F(M*;Ol, ﬂ’ y):l—exp _(M _7/]

a
(C.2.1-4)
where
F(M*a, B.7) . .
is the probability of non-exceedance of the value M* where
a is the scale parameter,
B is the slope parameter;
4 is the threshold’parameter.

a, B,(M* —y)>0,0

— Step4b):

Only data blocks(with a probability of non-exceedance greater than a threshold value of 0,2 |are
used to fit the Weibull distribution, i.e. only the blocks for which Formula (C.2.1-5) applies:

F,>0,2 (C.2.1-5)
Notice that M, are in ascending order.

—=-Step 4 c):

Eor-aach of thaca blaocks a tha daviatiane § of tha ahcarvad nrahahilityy fram tha carraciandi
5 the-eevVidtto S ecr Sty e+t e-—€0+t S

uuuuuuuuuuuuuuuuuuuuuuu & ns—65-of the-observed-probability re-corresponding

probability of the Weibull cumulative distribution function, F, (transformed to Weibull scales) are
calculated as given in Formula (C.2.1-6):

6 =In{-In[1-F(m7 ;0N]} - Flin( M7, —7) —In(a)] (C.2.1-6)

— Step 4 d):

The parameters ¢, 5 y are now estimated by a non-linear least squares technique such that the
summation as given in Formula (C.2.1-7) is minimized:
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20 )
2.9
q=x
where x is the value of g for which F; > 0,2. (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.
— | Step 5:

The MPM value, My;py;, is found as the value of M for which Formula (C.2.1-8) applies:

F(M*;a,B,7) = 1 — _
max T )
sim (C.2.1-8)
where
T3, is 3 hours;
T, 1sthe simulation duration.
— | Step 6:

The corresponding MPME value, Ry;py; is then found as given in Formula (C.2.1-9):
Rypme = g + Mypy (C.2.1-9)
where
HR is the mean value of-R(t) established in Step 1;
Mypy is the MPME(value (excluding the mean) established in Step 5.
— | Step 7:
The procedure is repeated for each required response parameter.

C.2l2 Guidance on the second method of Table A.10.5-1: Fitting Gumbel distribution to
histogramof absolute maximum responses from a number of time domain simulations
to determine responses at required probability level

The basic assumption of this method is that the absolute maximum values in three-hour simulations
follow a Gumbel distribution as given in Formula (C.2.2-1):

Fa (x) = exp{—exp(— X ;WH
(C.2.2-1)

where

F3,(x) is the probability that the three-hour maximum does not exceed value x;
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7 is the location parameter;
K is the scale parameter.
The 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 resp0|nse
simulations.

— Step 2:

Fit a Gumbel distribution through these 10 or more maxima/minima. This cdnybe done using|the
maximum likelihood method, yielding y and x. Alternatively, Lu et al. (2001)[12°] have shown that
the method of moments closed form solution produces results consistent with the maximum
likelihood method for values of ; although they showed significantivariation in the values df x
However, when calculating the MPME, with a 63 % probability. ef) exceedance, the effects of x
approach zero, as shown in Step 3 below, and the only remaining influence is on the calculdted
value of i, as given in Formula (C.2.2-3). Therefore, the method of moments closed form solution
normally can be used to calculate wand «: as given in Formidae (C.2.2-2) and (C.2.2-3):

k= (oV6)/m (C.2.2-2)
w=u—0577« (C.2.2-3)
where

M is the mean of the maxima/minima;
o is the standard deviation of the maxima/minima.
— Step 3:

The value Rypyg is found as given in Formulae (C.2.2-4) and (C.2.2-5):

Rygpae = ¥ e n{=In[ Fyy (Rypngi) ) (C.2.2-4)
where
F3p, (Rypumg) = 0,37 (C.2.2-5)

The 0,37 lower quantile is used because the extreme of recurrence of once in three hours has a
probability of exceedance of 0,63 (=1 — 0,37). In this case, it can be seen that

Rypme = ¥
— Step 4:

The procedure of Steps 2 and 3 can similarly be applied for minima although, because of the
potential error in x; and because 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 .
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C.2.3 Guidance on the third method of Table A.10.5-1 — Application of Winterstein's
Hermite polynomial 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 Winterstein (1988)203]1 fits a Hermite polynomial of Gaussian

professes to transform the non-linear, non-Gaussian process INto a mathematically tractable
probability density function. This has been further refined by Jensen (1991)(112] for processes with large
kurtosis.

Thip procedure requires a suitable length time domain simulation for each quantity of interest. The
inpht sea state simulation should be checked for Gaussianity. Guidance is given in Table A/.3-3. The
calgulation procedure to determine the maximum of a time series, R(t), with a simulation_duration Tsim
for ja three-hour exposure, T3y, is as follows.

— | Step 1:

Calculate the mean, 4, the standard deviation, o; and the following quantities of the time series for
the parameter under consideration as given in Formulae (C.2.3-1) and\(C.2.3-2):

a3 =(1/mZ[(R- )3/ o (C.2.3-1)
ay=(1/n)Z[(R - 1)*]/o* (C.2.3-2)
where

o5 is the skewness;
a, is the kurtosis.

When the kurtosis is less than 3,0, the approach given here is not valid and the alternative given in
Winterstein (1988)(203] should be used.

— | Step 2:

Construct a standardized response process, z = (R — 1)/ o. Using this standardized process, calculate
the number of zero-upcrossings, N. In lieu of an actual cycle count from the simulated time series,
N =1 000 may beyassumed for a three-hour simulation.

— | Step 3:

Compute the following quantities from the characteristics of the time series for the response of
interest as given in Formulae (C.2.3-3) to (C.2.3-5):

hy :a3/{4+2\/[1+1,5(a4 —3)}}

(C.2.3-3)
h, = {\/[1 +1,5(ay —3)] - 1} / 18 (C.2.3-4)
_1
K=(1+2h32+6h42) % (C.2.3-5)
C.2.3-
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It is necessary to seek a more accurate result by determining a solution for €y, C; and C3 from

Formulae (C.2.3-6) to (C.2.3-8):

o303 = Cy(6C,2 +8C,2 +72C,C5 + 270C;2) (C.2.3-7)

o%a, = 60C,% + 3C,*+ 10 395C;% + 60C,2C,2 + 4 500C,2C4% + 630C,2C5% + ..
.+ 936, C,2C5 + 3 780C,C53 + 60C,3C, (Ci2.]

using as initial guesses the values given in Formulae (C.2.3-9) to (C.2.3-11):

C,=0K(1-3h,) (C.2.3

C,=oKh, (C.2.3-

C;=0oKh, (C.2.3-
where

o is obtained from Step 1;

K,h;and h, are obtained from Formulae (C.2:3-3) to (C.2.3-4).

-8)

-9)
10)

11)

Following the solution for C;, C, and C;, the values for K, h; and h, are recomputed as given in

Formulae (C.2.3-12) to (C.2.3-14):

K=(C,+3C3)/o (C.2.3412)
h;=C,/(cK) (C.2.3413)
h,=C5/(cK) (C.2.3{14)
Step 4:
The most probable value, U, of the transformed process is computed as given in Formula (C.2.3-15):
U=
(C.2.3{15)
where
u is a Gaussian process of zero mean, unit variance;
T;,  isthree hours;
T, isthe simulation duration, expressed in hours.
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Step 5:

The most probable maximum, transformed back to the standardized variable, z, is then as given in
Formula (C.2.3-16):

Zypm =K [U+ h3(U 2 - 1) + hy(U3 - 3U)] (C.2.3-16)

C.2
m
si

Thd
det
(se
and
res
ad
(ra
sim
cur
res

The
onl
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and

Step 6:

Finally, the MPME in the required three hour exposure period for the response under
consideration, can be computed from Formula (C.2.3-17):

Ryvipme = 4+ 0 Zypy (C.2.3-17)

.4  Guidance on the fourth method of Table A.10.5-1: Application of drag-inertia
thod to determine the base shear and overturning moment DAF from®ime domain
ulation

method, based on Shell International Petroleum, SIPM EPD/51/52 (4991)167], may be used to
ermine Kpap panpom Used to compute the inertial loadset for a two-stage deterministic storm analysis

e 10.5.2). The method combines two components of the total dynamic response, namely the static

inertial parts. The inertial part is computed as the difference between the total dynamic and static
bonses and should not be confused with the response to inertialkwave loading. The method requires
btermination of the response of the jack-up for four conditions. In all four cases, the storm simulation
idom seed) should be identical, but with different components of the loading and/or response
ulated. The responses considered are usually total wave and current base shear and total wave and
rent overturning moment, for computing thesbase shear and overturning moment DAFs,
bectively.

four cases being simulated are full dynamictesponse, full static response, static response to inertia
y wave loading (setting C, = 0) and staticyresponse to drag only loading (setting C,, = 0). From these

inertial response is obtained as the full dynamic response minus the full static response. The means
standard deviations of the response are extracted from the time domain responses and the DAFs

computed as illustrated in Figure C.2:4-1.

The
T

n

app
Fig

Thi
sho
on

drag-inertia method given here includes a final step to scale the DAF based on the period ratio
T, This step is included-to ensure that the DAF values are not underestimated for cases where T,

roaches T; see Perry and Mobbs (2011)1147). The formula for the scaling factor is shown in
ire C.2.4-1 and iS-llustrated graphically in Figure C.2.4-2.

5 method should not be used to compute MPME values for use in a one-stage stochastic analysis. It
uld be uSed only in a two-stage analysis when the foundation is modelled as either pinned or based
inearized stiffness in the DAF calculation.

Fun

ther details on the background to, and limitations of, this method can be found in ISO/TR 19905-2
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Figure C.2.4-1 — The drag-inertia method including DAF scaling factor
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Figure C.2.4-2 — Graphical representation of DAF scaling factor, F,,
applied in the drag-inertia method
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