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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national
standards bodies (ISO member bodies). The work of preparing International Standards is normally
carried out through ISO technical committees. Each member body interested in a subject for which a
technical committee has been established has the right to be represented on that committee.

International organizations, governmental and non-gavernmental, in liaison with 1SQ, also take part in

the work.
matters of
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[SO collaborates closely with the International Electrotechnical Commission (IEC).‘on
plectrotechnical standardization.

n the ISO/IEC Directives, Part 1. In particular, the different approval criteriayneeded for
pes of ISO documents should be noted. This document was drafted in ac¢erdance with
les of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

5 drawn to the possibility that some of the elements of this document may be the subjeq
ts. ISO shall not be held responsible for identifying any or all Such patent rights. Detail
rights identified during the development of the documentwill be in the Introduction and
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given forthe convenience of users and does
in endorsement.

planation of the voluntary nature of standards, the meaning of ISO specific terms
5 related to conformity assessment, as_ well as information about ISO's adherence to
ide Organization (WTO) principles “in the Technical Barriers to Trade (TBT),
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gy, Subcommittee SC 7, Offshore structures, in collaboration with the European Commi

rgy, in accordance with the Agreement on technical cooperation between ISO and
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Table 10.3-1 and A.10.8, and added 8.8.9;

Clause

added

need for Classification revised in Scope and expanded in 5.1.7;

3 updated to align with 19900 and other sources. Further definitions added;

definitions of symbols for undrained shear strength in 4.1.2;

degradation factors in 4.1.5;

viii

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;

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

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

— |minor update to alternative analysis methods (see 10.10, formerly 10.97;
— |minor clarifications in 13.2;

— |clarified that the Hmax to Hsyp relationships in A.6.4.2.2 are defaults in the absence of site-specific
data; the application of kinematics reduction in A.6.4.2)3is no longer by means of wave height
reduction;

— |most probable peak enhancement factor in A.6.42.7 now given as a range;
— |default current profile in A.6.4.3 revised;

— |alternative wind profiles now permittéd-in A.6.4.6.2;

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

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

— |the requirements for, the geotechnical report in A.6.5.1.5.3 have been revised and| expanded
especially in respect)of shear strength;

— |penetrationinclays in A.9.3.2.2 updated to address strain rate dependency and strain softening;
— |squeezihglof 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 updates to the ultimate vertical/horizontal/rotational capacity interaction function and
parameters in A.9.3.3.2 for spudcans in sand and clay due to the inclusion of further soil profiles in
clay and an approach for including the effects of cyclic loading on foundation capacities;

— 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;

— clarifid
— guidan
(comb
using
have b
— clarifidg
— clarifiq

— beam §

— Table

(clay/Windrained) and added partial resistance factors or vertical-horizontal foundation bea

capaci
foundd

— correc
— Figure
— Figure
— added

— added
metho

— Norwa
commyg
perma

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

ce on strength of tubular members in A.12.5 updated to align with ISO 19902:2
ned axial and bending loading in A.12.5.3 of cosine interaction form instead of previous f
inear interaction) and simplified combined axial, bending, beam shear and\torsion che
pen added;

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

d Fyin A.12.6.2.5.4 on Class 4 slender-section bending moment Strength;

hear area formulations for chord cross sections updateddn'A.12.6.3.4;

B-2: revised partial resistance factor for horizontal“foundation capacity for total st

y when considering material factored representative soil strength and for calculd
tion capacities.

E.1-1 corrected;
E.3-1 b) corrected;
Clause E.4 on calculated.foundation capacities approach;

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

y regionalrequirements in H.2 updated. H.2.2 Regulatory framework and H.2.4 Techn
entary-deleted. Added new H.2.3 Technical requirements for jack-up rigs operating close
hentoccupied installation.

[ions to formulae in Figure C.2.4-1, "Thé.drag-inertia method including DAF scaling factor|

020
brm
cks

"ess
fing
ited

rion

ical
to a

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

A list 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.
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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).

NOTE 1

The
req
ind

appropriate for attended and unattended offshore structures, regardless of the type of struct

naty

It i
des
qu
mo
inh
the

Thd

wide latitude in the choice of structural configuratien’s, materials and techniques withouf

inn

Thi
(SN
req
spe

NOT
prio

probability metocean extremes, together with associated partial action factors. It is based o

ben

Site
a sy
asp
stag
oth
diff

ej:ity control procedures and national requirements, all of which”are mutually depe

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

International Standards on offshore structures prepared by TC 67/SC 7 addr
istries worldwide. Through their application, the intention is to achieve. reliab
ire or combination of the materials used.

5 important to recognize that structural integrity is an overall concept comprising
Cribing actions, structural analyses, design or assessment rules,-safety elements, wo

ification of one aspect of design or assessment in isolation can disturb the balance o
erent in the overall concept or structural system. The_implications involved in mo
refore, must be considered in relation to the overall reliabjlity of all offshore structural sys

International Standards on offshore structures prepared by TC 67/SC 7 are intended
pvation. Sound engineering judgment is, therefore, necessary in the use of these documen

5 document, which has been developed from the Society of Naval Architects and Maring
IAME) Technical & Research Bulletin<5-5A (2002)[179], states the general principles
Lirements for the site-specific assessment of mobile jack-ups; it is intended to be usg
Cific assessment and not for jack¢up-design.

E2  Forthe exposure level 1+(L:1) assessment and, where appropriate, the exposure level 2 (L2)
r to evacuation being effected, this document requires the use of 50 year independent or 10

thmarking and best practice in the international community.

-specific assessment is normally carried out when it is intended to install an existing jac
ecific site. The-assessment is not intended to provide a full evaluation of the jack-up; it as|
ects not @ddressed herein have been addressed using other practices and standards at
e. In seme instances, the original design of all or part of the structure could be in accor
br Ihternational Standards on offshore structures prepared by TC 67/SC 7, and in s

bss  design

lirements and assessments for all offshore structures used by the petroleum and natural gas

lity levels
ire and the

models for
‘kmanship,
hdent. The
F reliability
difications,
tems.

to provide
hindering
'S

Engineers
and basic
d for site-

assessment
D year joint
n extensive

(-up unit at
sumes that
the design
dance with
bme cases,

brent 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 failure. 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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NOTE3 ISO/TR 19905-2:2012 is based on ISO 19905-1:2012. The second ediiton of ISO/TR 19905-2 will be
based on this document.

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

NOTE 4  The site-specific assessment (SSA) of a jack-up normally comprises the two parts: an elevated SSA
(SSA-E), addressed in this document, and an installation and removal SSA (SSA-I), which is planned to be

addressed in an International Standard as part of the ISO 19905 series.

In this doc

mrant-tha folawineavaerbal forme araunsad-

— “shall” i
— “should
— “can” in

- umayn lr

TTITCTTIC,CIrTc—TOTTO VvV ITT S vV T oo ToT oo C oot

ndicates a requirement;
indicates a recommendation;
licates a possibility or a capability;

dicates a permission.

xii
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INTERNATIONAL STANDARD

ISO 19905-1:2023(E)

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

Part 1:
Jack-ups: elevated at a site

1 [Scope

Thi

site
gas

a)
b)

5 document specifies requirements and provides recommendation and_guidance for tH
Lspecific assessment (SSA-E) of independent leg jack-up units for use in the petroleum 3
industries. It addresses:

occupied non-evacuated, occupied evacuated and unoccupied jack-ups;

the installed (or elevated) phase at a specific site.

Ita
ass¢

so addresses the requirement that the as-installed condition matches the assumptions
pssment.

This document does not address the site-specific assessment of installation and removal (SSA

To
use

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

Wh
ass§
actipns contained in ISO 19906 and procedures for ice management contained in ISO 3
document does not address.design, transit to and from site, or installation and removal from

bn assessing a jack-up operating.in regions subject to sea ice and icebergs, it is intend

This document is applicable only to independent leg mobile jack-up units that are structuj
and| adequately maintained, which is normally demonstrated through holding a wvalid

clagsification society, classification certificate. Jack-ups that do not hold a valid recognized cl
soclety certificate are assessed according to the provisions of ISO 19902, suppler
methodolegiées from this document, where applicable.

e elevated
nd natural

ised in the

D).
h, which is

bd that the

bssor supplements the provisions of this document with the relevant provisions relgting to ice

5104. This
Site.

rally sound
recognized
hssification
nented by

prity of well

NOTE1
conaae
documen

t. See A.1 for guidance on this topic.

NOTE 2
code) provide guidance for the design of jack-ups.

2 Normative references

dréssed in this

RCS rules and the IMO MODU code (International Maritime Organisation Mobile Offshore Drilling Unit

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, the

latest edition of the referenced document (including any amendments) applies.

[SO 19900:2019, Petroleum and natural gas industries — General requirements for offshore structures
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ISO 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.

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

ISO 1990612019, Petroleum and natural gas industries — Arctic offshore structures

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

ISO 35106) Petroleum and natural gas industries — Arctic operations — Metocean, ice, and seabed data

3 Terms and definitions
For the puyrposes of this document, the terms and definitions given in 1SO\19901-2, ISO 1990[1-4,
ISO 19906 jand the following apply.

ISO and IE( maintain terminology databases for use in standardization at the following addresses:
— ISO Onlline browsing platform: available at https://www.iso.org/6bp

— IEC Elgctropedia: available at https://www.electropedia.org/

31
abnormal fenvironmental event

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

[SOURCE: ISO 19900:2019, 3.1]

3.2
abnormal wave crest
wave crest{with probability of typically 10-3 to 10~* per annum

3.3
accidental event
non-envirdnmental haZardous event (3.31) having probability of occurrence not greater than 10-3|per
annum (1 ipn 1 000 years)

Note 1 to eptryr Accidental events, as referred to in this document, are associated with a substantial releade of
energy, suclj as.yessel collisions, fires, and explosions.

Note 2 to entry: Lesser accidents that could be expected during the life of the structure, such as dropped objects
and low energy 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

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: ISO 19900:2019, 3.4, modified — "structural member" added and "structure" changed to
"jack-up".]

3.6
asspssment

sitd-specific assessment
evaluation of the stability and structural integrity of a jack-up (3.36) and, where applicable| its seabed
resfraint or support against the actions determined in accordance with specific requirements

Not¢ 1 to entry: The specific requirements are given in this document.

Notg¢ 2 to entry: An assessment can be limited to an evaluation of the componénts or members of the structure
whifh, 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 situatign (3.9)

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

3.8
assessment resistance
resistance limit calculated using factored representative values (3.64) of basic variables (3.13) or from
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 pf physical conditions for which the jack-up (3.36) or its components are verified

Note 1 to entry:)For discussion on configuration, see 5.4.1.

Note 2 to\éntry: The assessment situations are checked against the acceptance criteria of this document to
denjofistrate that the relevant limit states are not exceeded.

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

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
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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

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

3.13
basic varigble
variable rgepresenting physical quantities which characterize actions (3.4) and enwvironmeptal
influences,[geometric quantities, or material properties including soil properties

Note 1 to ¢ntry: Basic variables are typically uncertain random variables or random "processes used in| the
calculation ¢r assessment of representative values of actions or resistance.

[SOURCE: ISO 19900:2019, 3.7]

3.14
boundary [conditions
actions anfl/or constraints on a structural member (or a greup of structural members) by other
structural members or by the surrounding environment

Note 1 to enftry: Boundary conditions can be used to generate rgaction forces at locations of restraint.

3.15
characteristic value
value assighed to a basic variable (3.13) with-aprescribed probability

Note 1 to eftry: In some design/assessmeft situations, a variable can have two characteristic values, an upper
value and a Jower value.

[SOURCE: ISO 19900:2019, 3.9]

3.16
chart datum
CD
local datuny used to.fix water depths on a chart or tidal heights over an area

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

[SOURCE: ISO 19901-1:2015, 3.2]

3.17

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: ISO 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 to entry:  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 Kj,p ¢pop for a single degree of freedom analogy or

Kparranpom for a stochastic simulation, see 4.1.1.

3.19
deterministic analysis
analysis in which the response is determined from a single combination of actions

3.2

earthquake response spectrum

fungtion representing the peak elastic response for single degree of freedom oscillaters w|
damping ratios in terms of absolute acceleration, pseudo velocity, or relative displacem
agalnst natural frequency or period of the oscillators

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

3.2

exposure level

clagsification system used to establish relevant criteria for a jack-up (3.36) based on conse
faillire

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

[SOURCE: ISO 19900:2019, 3.20, modified — "structure" replaced with "jack-up" and No
added.]

3.22
extleme storm event

extfeme combination of wind, wave)and current conditions used for the assessment of {
(3.36)

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

3.28
field
gengral area where the jack-up (3.36) is intended to operate

Note 1 to entry?\The field is a general area as opposed to the site (3.74) which is specific.

3.24

ith specific
ent values

quences of

ast (see I1SO

e to entry

he jack-up

fixdddoad

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

onary and

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
incremental deformation

3.29

global anaflysis

determination of a consistent set of internal forces and moments, or stresses, in a structure that, an

equilibrium with a defined set of actions on the entire structure

Note 1 to e
the equilibr

3.30
hazard
potential s

try: When a global analysis is of a transient situation (e.g. earthquake), the inertial re§ponse is pa
um.

burce of harm

It of

Note 1 to eptry: Harm is typically differentiated between harm to people,.harm to the environment, or harn in

terms of cos

[SOURCE: 1

3.31
hazardousg
event that

EXAMPLE
scour in the

[SOURCE:
include ice

3.32
independé
jack-up un

3.33

ts to organization(s) or society in general.
SO 19900:2019, 3.26]
event
bccurs when a hazard (3.30) interacts witha jack-up (3.36)

Wave or iceberg impacting the jackup, excessive weight added to the jack-up, vessel collision
vicinity of the jack-up.

SO 19900:2019, 3.27, modified — "structure" changed to "jack-up", Example modifie

berg and to exclude fire, explosion, and landslip.]

int leg jack-up
t with legs that can be raised and lowered independently

inertial loadset

set of actio

hs that approximates the effect of the inertial forces

and

1l to

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

3.34
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 then raising
the hull to the required elevation. The majority of jack-ups have three or more legs, each of which can be moved
ind i f

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 owner or
chafterer.

3.38
joint probability metocean data
conpbinations of wind, wave and current that produce thé/action effect that can be expdcted to be
exceeded at a site, on average, once in the return period

3.39
leaning instability
instability of an independent leg jack-up that @an arise when the rate of increase of actipns on the
foundation with jack-up inclination exceeds the rate of increase of foundation capacity with depth

3.4D
limft state
state beyond which the jack-up (3:36) or a structural member (3.87) no longer satisfies the gassessment
critpria

3.41
loagl case
conppatible load arrangements, sets of deformations and imperfections considered simultang¢ously with
permanent actions\and fixed variable actions for a particular design or verification

3.42
long-term-operation
opefration of a jack-up on one particular site for more than the recognised classification soclety special

raxrneaeriod
survey-period

3.43

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

3.46
mean low water spring tidal level
arithmetic mean of all low water spring tidal sea levels measured over a long period, ideally 19/ear§

3.47
mean sea level
MSL
arithmetic mean of all sea levels measured at hourly intervals over a long period

Note 1 to enptry: Seasonal changes in mean level can be expected in some regions and-over many years the njean
sea level cai) change.

[SOURCE: ISO 19901-1:2015, 3.20]

3.48
mean zerd-upcrossing period
average infrinsic period of the zero-upcrossing waves in a seastate

Note 1 to entry: In practice, the mean zero-crossing perjéd is often estimated from the zeroth and seqond
moments of{the wave spectrum as given by Formula (3.41-1):

T =T =\/m0(f)/m2(f) :2n\/m0(w)/m2(a)) (341-1)

f isthe frequency in cycles per second’(Hertz);
m, is the zeroth spectral moment-and is equivalent to 02, the variance of the corresponding time series;
m, is the second spectralmement;

T, and
spé¢ctral moments, (T, = T,);

, are the avetage zero-upcrossing period of the water surface elevation, defined by the zeroth and second grder

o isthetaye frequency in radians per second.

[SOURCE: ISO 19901-1:2015, 3.22, modified — "intrinsic" deleted, "(up or down) zero-crossing"
changed 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
raising effects from the section shape and any weldment or other fixing detail

3.51

nominal value
valye assigned to a variable specified or determined on a non-statistical basis, typically fromn 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
opdrating manual

marine operations manual
latest approved document that defines the operational characteristics and capabilities of the Jack-up

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

3.58
opdrator
representative of the company or companies leasingthe site

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

3.5¢
performance
ability of a jack-up (3.36) ox~a structural member (3.87) and the foundation to fulfil specified
reqpirements

Not¢ 1 to entry: Specified requirements include requirements for structural and foundation irjtegrity and
fundtionality.

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

3.5
pr nading

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
through to the time when the maximum load is applied and held

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
foundations. Assessors consider values that can be reasonably achieved during preload operations. The
assessment fis invalidated if the value considered in the site assessment is not achieved during preload operati¢ns.

3.57
punch-thrpugh
rapid, uncdntrolled vertical leg movement due to soil failure in strong soil overlying weak-soil

3.58
quasi-statjc
static repr¢sentation of a dynamic process

Note 1 to ¢ntry: In some cases, the influence of structural accelerations €an be approximated by using an
equivalent ihertial loadset.

3.59
rack phase difference
RPD
relative difference in the position of adjacent leg chords within a leg measured parallel to [the
longitudingl axis of the chords

Note 1 to enftry: This is the out-of-plane distortion of.the plan-frame.

3.60
recognized classification society
RCS
member off the international association of classification societies (IACS), with recognized and releyant
competence and experience ih jack-ups, and with established rules and procedures |for
classificatipn/certification of such units used in petroleum-related activities

[SOURCE: [ISO 19901-%:2013, 3.23, modified — "floating structures" replaced by "jack-ups",
"installations" replaced by "such units".]

3.61
redundangy
ability of astructure to find altermative toad paths fottowing structurat fatture of one or more
components, 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.

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: ISO 19902:2020, 3.39]

3.63

reli|ability

per

Not
the

Not
[SO

3.6

formance (3.54) over a specified period of time

e 1 to entry: When reliability is used in the context of limit states, it can be expressed as the pro
imit is not exceeded.

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

1

representative value

valu
(3.9

Not
valu

[SO

3.6
res

le assigned to a basic variable (3.13) for verification of:a limit state (3.40) in an assessme

)

e 1 to entry: Two types of representative value used inwerification are characteristic value (3.15)
e (3.51).

URCE: ISO 19900:2019, 3.40, modified —"'Design" deleted.]

D
stance

abiliity to withstand action effectsy(3:5)

Not
four

3.6

e 1 to entry: When undertaking an assessment, the resistance checks normally include: Overturn
dation, holding systen, structural members (3.83) and structural components (3.82).

-

D

retyrn period

ave

Not

Fage periodbetween occurrences of an event

e 1 tosentry: The offshore industry commonly uses a return period measured in years for en

bability that

nt situation

hnd nominal

ng stability,

vironmental

evelllts. The return period in years is equal to the reciprocal of the annual probability of occurrence of tlhe 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.

[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
ISO 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).

© ISO 2023 - All right reserved
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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

3.69
sea floor

seabed material from the foundation due to current and waves

interface between the sea and the seabed (3.71)

[SOURCE: 1

3.70
sea state
condition g

Note 1 to ern
which this ¢
situation at

[SOURCE: 1

3.71
seabed
materials 4

[SOURCE: 1

3.72
shallow g
gas pocket

3.73
significan{
statistical 1

Note 1 to er]
the mean z4

height is cu

where o is
measureme

S0 19900:2019, 3.46]

f the sea during a period in which its statistics remain approximately statignaty

try: In a statistical sense the sea state does not change markedly within the period. The period d
ondition exists is usually assumed to be three hours, although it depends-en the particular we
hny given time.

SO 19901-1:2015, 3.31]

elow the sea floor (3.69)
SO 19900:2019, 3.47]

S
5 or entrapped gas below impermeable layers at shallow depth

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

try: The significant'wave height was originally defined as the mean height of the highest one-thir
ro upcrossing waves in a sea state. In most offshore data acquisition systems, the significant y

Frently taken‘as 4% (where m is the zeroth spectral moment, see I1SO 19901-1:2015, 3.37) oy

the standard deviation of the time series of water surface elevation over the duration of
ht, typically a period of approximately 30 min.

[SOURCE: 1

:Eher

ing

d of
ave

40,
the

S6219901-1:2015, 3.35]

3.74
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

12

.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
classification and mandatory surveys

Note 1 to entry: This is also referred to as “renewal survey” by some IACS members. The special survey period is
norjmalty betweemn five and etghtyears.

3.79
spectral density function
spectrum

enefgy density function
megsure of the variance associated with a time-varying variable per unit frequency band and per unit
dirgctional sector

Note 1 to entry: Spectrum is a shorthand expression for the full and formal name of spectral density] function or
enefgy density function.

Note 2 to entry: The spectrum is, in general, written with two argiments: one for the frequency varigble and one
for 3 direction variable.

Note 3 to entry: Within ISO 19901-1, the concept of a spectrum applies to waves, wind turbulenc¢ and action
effefts (responses) that are caused by waves or wind turbulence. For waves, the spectrum is a mefpsure of the
enefgy 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
perjod of the maximum (peak) energy density in the spectrum (3.79)

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

Note 2 to entry: There are two types of spectral peak period used within this document: intrinsic ajd apparent.
Theldistinctionds 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.

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

3.8
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

© IS0 2023 - All right reserved 13
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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

3.84

frequency domain stochastic analysis.

stress concentration factor

SCF
factor relat

ing a local stress to the nominal stress at a detail

[SOURCE: ISO 19902:2020, 3.49, modified — Note 1 to entry deleted.]

3.85

structurallanalysis

process or plgorithm for determining action effects from a given set of actions

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

[SOURCE: [SO 19902:2020, 3.50, modified — Note 1 to entry with added.example and reference to
"structuralmember".]

3.86

structurallcomponent

component

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

Note 1 to [entry: The cross-section of a non-tubular member is usually comprised of several structural
componenty. A component consists of only one material. Where a plate component is reinforced by another piece

of plating, t}

e reinforcement can be of a different yield strength. See also further discussion in A.12.1.1.

3.87

structurallmember

member

physically distinguishable part of a braced structure connecting two joints

Note 1 to enftry: A structural member can also be defined as the leg of a non-truss leg jack-up.

Note 2 to enftry: See also furtherdiscussion in A.12.1.1.

3.88

sudden hurricane

sudden cydlone

sudden typhoon

sudden trdpieal revolving storm that forms locally and, due to speed of formation and proximity to
infrastructure at titme of formation, MIight Not attow SUufficient time to evacuate occupied tacilities within
the time required by the emergency evacuation plan

Note 1 to entry: The intent is that the jack-up be assessed to L1 for the specified sudden tropical revolving storm,
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

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 softening is also to be considered.

[SOURCE: ISO 19901-8:2023, 3.42, modified— Added Note 2 to entry.]

3.9&
utilization

member utilization

foupdation utilization
maximum absolute value of the ratio of the generalized representation of the-assessment aftion effect
to the generalized representation of the assessment resistance in compatible‘units

Note 1 to entry: Utilizations are calculated for each limit state of the assessment'situation being considgred.

Note¢ 2 to entry: Only utilizations smaller than or equal to 1,0 satisfy the assessment criteria for a pagticular limit
statg.

Note 3 to entry: The assessment action effect is the response to thé€ftactored actions. The assessment fesistance is
the representative resistance divided by the partial resistance factor.

Note¢ 4 to entry: For members and foundations subjected to, combined forces, the internal force patfern and the
resiftance combine into an interaction formula. If the interaction formula governing the assessment|check is, or
can pe, reduced to an inequality of the form U < 1,0, then the utilization is equal to U.

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

3.98
water depth
vertical distance between the(séa 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 depth
values. Generally, assessmént water depth is determined to the extreme still water level.

Not¢ 2 to entry: The\water depth used for calculating wave kinematics varies between the maximum fvater depth

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

[SOURCE:ISO 19901-1:2015, 3.47, modified — Notes to entry rewritten.]

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 ares, i.e. the submerged weight of soil displaced

by the spudcan below Dembed, the greatest embedment depth of maximum cross-sectional
spudcan bearing area below the sea floor

C moment reduction factor
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Dembed

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

the

equivalent set of inertial actions representing dynamic extreme storm effects or ground

motion effects due to earthquakes
metocean actions due to the extreme storm event
fatigue damage design factor

assessment load case (see 8.8)

K

KDAF,RANDOM

KDAF,SDOF

L4
L,

L1

Ly

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

gross vertical force acting on the soil beneath the spudcan due to the assessment load

case F (see 8.8)

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

actions due to maximum or minimum variable load, as appropriate, positioned at

most onerous centre of gravity location applicable/,to” the configurations ur
consideration

effective length factor

DAF from random wave time domain (stochastic) analyses, including the mean val

obtained from a random wave calculatieh. It is the ratio of the absolute value
dynamic action effect to the absolute value of the corresponding static action effect, ¢
including their mean value

DAF from single degree-of-freedom representation of dynamic behaviour, excluding

mean values, obtained from @ single degree-of-freedom (SDOF) calculation. It is the r
of the amplitude of a dynamic action effect to the amplitude of the corresponding st
action effect for periodic excitation of a linear one degree-of-freedom m
approximation of jacksup behaviour

length of the vector from a specified origin to the action effect
length of thewector from the origin specified for L, to the factored interaction surface

length-of the vector from origin used for establishing the bearing utilization (Fy, Fv)og
thesenVironmental response point (determined from the factored actions) (Fy, Fy)

and

the
der

Lies,

bf a
ach

the
atio
atic
del

length of the vector from origin used for establishing the bearing utilization (Fy, F,) o

nd

<)

le

16

passing through (Fy, Fy) to the factored vertical-horizontal capacity surface Qyy

length of the vector from origin used for establishing the sliding utilization (Fy, Fv)r¢ to

the environmental response point (determined from the factored actions) (Fy, Fy)

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

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

overturning moment due to factored actions
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number of cycles to failure in fatigue of a specified constant amplitude stress range

maximum horizontal foundation capacity

factored resistance

factored stabilizing moment

representative stabilizing moment

iack-unnatural neriad
J r | ¢

SEIC IS B

,vhm

YeD
VtE
Yia
Yiv

apparent modal or peak period of the wave spectrum
intrinsic modal or peak period of the wave spectrum
intrinsic mean zero-upcrossing period of the water surface elevation'in a sea sf
utilization

utilization of preload

utilization of foundation resistance to sliding

utilization of vertical and horizontal foundation capacity

maximum vertical reaction under the spudcan considered required to supp

ate

ort the in-

water weight of the jack-up during thelentire preloading operation (this is not the soil

capacity; see 3.56)

vertical force applied to the spudcan due to the assessment load case (see 8.8
effects of leg weight and water, buoyancy but excludes effects of backfill and sj
buoyancy)

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

submerged weight of the overburden on top of the spudcan from bacK
preloading

partial action factor applied to the inertial actions due to dynamic response
pdrtidl action factor applied to the metocean or earthquake actions
partial action factor applied to the actions due to fixed load

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

) (includes
budcan soil

has been

fill during

YrH
yR,ch
YRrRoOTM
VRPRE
14:35

YvH

partiat resistarce factor for trotding systenTstrength
partial resistance factor for horizontal foundation capacity
partial resistance factor for stabilizing moment

partial resistance factor for preload

partial resistance factor for spudcan strength

partial resistance factor for foundation capacity

4.1.2 Symbols used in A.6

D,

directional spreading function as a function of n
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D,
D;
dw

F(aw)

srp

h ref

Lw

18

directional spreading function as a function of s
directional spreading function as a function of &
water depth

directionality function

wave frequency

individual extreme wave height

increased significant wave height to account for wave asymmetry
significant wave height for the assessment return period
reference depth for wind-driven current

wave length of the wave with H_,, and T, in water depth dy, according to the peripdic
wave theory used

inverse exponent of the power law wind profile
parameter exponent in D,

smallest spacing between the legs of 3-legged jack-ups
Pierson-Moskowitz wave spectrum for a sea State
JONSWAP wave spectrum for a sea state

wave spectral density function expressed as a function of wave frequency
directional short-crested power density spectrum
parameter in D,

average undrained-shear strength = (s, ¢+ s,p + S,g)/3
static triaxiallepmpression undrained shear strength
static DSSiundrained shear strength

statie'triaxial extension undrained shear strength

intrinsic wave period associated with H

apparent modal or peak period of the wave spectrum

intrinsic modal or peak period of the wave spectrum

intrinsic mean zero-upcrossing period of the water surface elevation in a sea state
current velocity as a function of z

downwind component of associated surge current (excluding wind-driven component)
1 min sustained wind speed at elevation Z ¢ (normally at 10 m above MSL)

downwind component of mean spring tidal current
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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

Zof reference elevation above MSL

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

¥ shape parameter of the peak enhancement factor in the JONSWAP spectium

K kinematics reduction factor

o directional spreading factor based on latitude

o standard deviation of the normal distribution in D,

'4 latitude

4.1)]3 Symbols used in A.7

Acs cross-sectional area of member

A, equivalent area of leg per unit height

A; equivalent area of member or gusset i

Ay projected area of the blockii perpendicular to the wind direction

Cy added mass coefficient

Cpe equivalent value.of the drag coefficient of a leg bay

Cpe equivalentvalte of the drag coefficient of member i

Cp €p; drag coefficient, drag coefficient of member i

Copi(9) 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
Co Crni inertia coefficient, inertia coefficient of member i

Chne equivalent value of the inertia coefficient of a leg bay

Chnei equivalent value of the inertia coefficient of member i

C, shape coefficient

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

D, equivalent diameter of leg

Dg face width of leg, outside dimensions, orthogonal to the flow direction
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D,.(6)
dw

20

projected diameter

water depth

increased significant wave height to account for wave asymmetry
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 respeg
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 the water 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

combined particle veloeity

acceleration of the'considered member, normal to the member axis and in the direc

of the combined-particle velocity

wave particlé velocity

wayve particle velocity resolved normal to the member axis

wave particle acceleration resolved normal to the member axis

current velocity for use in the hydrodynamic model

far field (undisturbed) current velocity

wind velocity at the centre of block i

fluid particle velocity resolved normal to the member axis

modified coordinate for 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

tto

the

rion
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B; angle defining the member inclination from horizontal

AF wave action per unit length

AFjrag drag action per unit length

AF, ertia inertia action per unit length

Pa mass density of air

Pw mass density of water

0 angle in degrees

Sw instantaneous water level (same axis system as z)

4.1}4 Symbols usedin A.8

Agq axial area of equivalent leg model beam

Agep 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 connéction stiffness

K, vertical leg-to-hull.connection stiffness

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

Lub distancefom the spudcan reaction point to the hull vertical centre of gravity

M applied moment

P applied shear

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

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

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

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

dc 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
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CH,shallow
CH,deep
Cwm

CmNe

Cmu

Dembed

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

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

slope of the cantilever at the point of shear application from the detailed leg model
Symbols used in A.9 and Annex E

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)

spudcan laterally projected embedded area
depth interpolation parameter
bearing capacity squeezing factor constant

effective spudcan diameter at uppermost part of bearing area in contact with the soil | for
rectangular footing B equal to width)

diameter of the contact area in plan when the spudcan is fully:. seated
soil buoyancy of spudcan below bearing area i.e. the submerged weight of soil displdced
by the spudcan below Dembed, the greatest embedmenf)depth of maximum cross-sectignal
spudcan bearing area below the sea floor

bearing capacity squeezing factor constant depéndent on spudcan diameter
horizontal capacity coefficient

horizontal capacity coefficient for thesnormally consolidated case per A.9.3.3.2 a) i)
horizontal capacity coefficient.fgothe uniform strength case per A.9.3.3.2 a) ii)
horizontal capacity coefficient at shallow embedment

horizontal capacity coefficient at deep embedment

moment capacity.coefficient

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

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

gréatest embedment depth of maximum cross-sectional spudcan bearing area below|the
sea floor (see Figure A.9.3-3)

depth of backflow; infill should not be considered

relative density of sand (percent)

depth beneath sea floor

bearing capacity depth factor

depth at which maximum bearing resistance occurs (layered case)
depth factor on surcharge for drained soils

depth factor on self weight for drained soils
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feyv cyclic degradation factor on vertical capacity

feyn 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 Fy (see 8.8)

(FyfQv): vertical load at intersection of adhesion yield surface and foundation yield-surflace

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

f factor applied to moment capacity used in yield surface formula for embeddefl spudcans
on clay

fr foundation rotational stiffness reduction factor

Gk maximum value of the shear modulus (of the foundation soil) which occufs at small
strain
distance from spudcan maximum bearini@ area to weaker layer below

H,, limiting depth of cavity that remaifns open above the spudcan during penetratipn

hy embedment depth to the uppé€rmost part of the spudcan, (if not fully embedded, h; = 0)

h, spudcan tip embedment.dépth

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, K5 K5 stiffness factors for vertical, horizontal and rotational foundation stiffness respectively

K 1, K5 Kgz deptrfactorsforverticat, frorizomtat and rotationat fourndation stiffress 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 factor for sand overlying clay

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

Ny bearing capacity factor for a flat rough circular footing
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Po

Pa
Qo
Qu
Qus
Qu
Qmip

QMps

QMpv

Qpeak

Qu,b

SuH
ul
um
Su,b

u,t

24

bearing capacity factor for a flat rough circular footing

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

area

atmospheric pressure
spudcan bearing capacity at sea floor

maximum horizontal foundation capacity

foundation sliding capacity
ultimate moment capacity of foundation

increased ultimate moment capacity due to further spudcan penetration ur
environmental actions

ultimate moment capacity when further spudcan penetration leads to full contact off
entire underside of the spudcan with the seabed

ultimate moment capacity under further spudcan penetrdtion, when the applied vert

force is too low to achieve full contact of the entire{dnderside of the spudcan with
seabed
maximum bearing capacity atd =d

crit

ultimate vertical foundation bearing capacity assuming the spudcan bears on the sur
of the lower (bottom) clay layer with no backfill

gross ultimate vertical foundatiohleapacity

net ultimate vertical foundatien 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

der

the

ical
the

face

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 clay layer below spudcan

undrained shear strength of upper clay layer below spudcan
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ort the in-

, (includes
budcan soil

has been

fill during

pow during

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

Swnml minimum undrained shear strength within % spudcan diameter below the mudline.

T thickness of weak clay layer underneath spudcan

vy volume of the spudcan below the maximum bearing area that is penetrated into the soil

43 available spudcan reaction

Vio maximum vertical reaction under the spudcan considered required to supp
water weight of the jack-up during the entire preloading operation (this,is not the soil
capacity; see 3.56)

Ve vertical force applied to the spudcan by the assessment load (case, see 8.9
effects of leg weight and water buoyancy but excludes effects ©f backfill and sj
buoyancy)

Vepla the total volume of the spudcan beneath the backfill

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

Wi submerged weight of the backfill

Wit a submerged weight of the backfill that occurs after the maximum preload
applied and held

Whit o submerged weight of the.@verburden on top of the spudcan from back
preloading

Whi omin minimum value of. the submerged weight of the backfill, due to backfl
preloading

s adhesion factor

p equivalent cone angle

o steely/soil friction angle in degrees

7R He partial resistance factor for horizontal foundation capacity

R 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

v Poisson's ratio

4.1.6 Symbolsusedin A.10

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

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

e
F BS,Amplitude
F BS,(QS)Max

Fis (qs)Min

equivalent set of inertial actions representing dynamic extreme storm effects or ground

motion effects due to earthquakes

metocean actions due to the extreme storm event

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

minimum quasi-static wave/current base shear

KDAF,RANDOM

magnitude of the inertial loadset

shear modulus

actions due to the fixed load positioned such as to adequately represent th€ir vertical
horizontal distribution

shear modulus of the foundation soil

actions due to maximum or minimum variable load, as appropriate, positioned at

most onerous centre of gravity location applicable{/to the configurations un
consideration

DAF from random wave time domain (stochastic) analyses

and

the
der

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

Mg effective system mass

Op total horizontal offset of the legbase with respect to the hull

0, offset due to leg-to-hull ¢learances

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

T, apparentmedal or peak period of the wave spectrum

Ty intrittisic modal or peak period of the wave spectrum

1% Roisson's ratio (of the foundation soil)

Q ratio of jack-up natural period to wave excitation period

P 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)

4.1.7 SymbolsusedinA.11

D, calculated existing fatigue damage prior to arriving at site
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calculated fatigue damage during planned operations on site
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

Svymbols used in A.12

gross cross-sectional area

total effective area of a slender section in compression of a noncirculaj
member

prismatic

cross-sectional area for use in the assessment of a non-cireular prismatic member in

compression

effective area of a plate with reinforcement

effective area of a component i of a non-circularprismatic member in compresgion

cross-sectional area of a semi-compact section of a non-circular prismatic menpber

cross-sectional area of the ith componént comprising the structural member
the area enclosed by the median line of the perimeter material of a section

fully plastic effective cross-sectional area of a non-circular prismatic member

cross-sectional area forwuse in the assessment of a non-circular prismatic member in

tension

effective shear(anea of a non-circular prismatic member in the direction being ¢onsidered

member moment amplification factor for the axis under consideration
overallbreadth of cross-section

width of the wall of a component forming the closed perimeter of a section
effective width of a component

width of base plate

width of reinforcing plate
moment reduction factor

critical elastic buckling coefficient
outside diameter of a tubular
overall depth of cross-section
limiting equivalent head of water

distance between the centroid of the ith component and the plastic neutral axis
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Young's modulus of steel (elastic modulus)

eccentricity between the axis used for structural analysis and that used for structural

strength checks

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

reduced material strength

for

yip]d ch"pngfh in stress units

effective yield strength of the cross-section of a non-circular prismatic memberin/st
units

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

minimum yield strength of all components in the cross-section of a non-circ
prismatic member (minimum value of Fy;, in stress units)

yield strength, F; of the material that first yields when beiiding about the minor axis
acceleration due to gravity

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

second moment of area

effective second moment of area of athon-circular prismatic member cross-section

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

polar moment of inertia\of a tubular

polar moment of {nertia a non-circular prismatic member
major axis séeond moment of area of the gross cross-section
minor axis second moment of area of the gross cross-section
torsion constant

effective length factor

[ess

atic

hlar

hlar

effective length of a beam-column between supports
limiting plastic length
limiting unbraced length for inelastic torsional bucking

unbraced length of member for the plane of flexural buckling

representative bending moment strength of a tubular or a non-circular prismatic

member

representative bending moment strength about member y- and z-axes, respectively
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plastic moment strength of a tubular or a non-circular prismatic member

p
oy Mpz 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 analysis that
includes global P-A effects
M, amplified bending moment determined from M,
el torrected effective berrding moment determmimed-from
ual Myaz amplified bending moments due to factored actions about member.y- gnd z-axes,
respectively
Mol My, corrected bending moments due to factored actions aboutcimember y- dnd z-axes,
respectively
My M,,, bending moments due to factored actions about membgr y- and z-axes, reéspectively,
determined in an analysis that includes global P-A effeets
P, representative axial compressive strength of a tabular
Pg Euler buckling capacity
P, representative axial compressive strength based on local strength for column puckling of
a non-circular prismatic member
P, representative axial strength ofa non-circular prismatic member
P representative local axial compressive strength of non-circular prismatic member
prismatic members
P, representative axial tensile strength of a non-circular prismatic member
P, axial force-inta member due to factored actions determined in an analysis that includes
global PcAeffects
it axidl tensile force due to factored actions
P daxial compressive force due to factored actions
P, representative shear strength of a tubular
I are the Tepresentative siear Strengtis 1 the focal 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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Neb

It

7 R,Pa
Y R,Pb

7 R,Pcl

7 Rpt

VR Pc

7 Rpv

7R Tb

VR Tt

30

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

radius of gyration for the plane of flexural bending
maximum distance from centroid to an extreme fibre for torsional shear check

reduced effective section modulus of a slender section of a non-circular prismatic
member

1 . . 3.1 C . . C . 1 . . 1
Cldbtl\. bCLtlUll IIIouuIus vl d DCllll'LUllll}st DCLtlUll Ul 4 ITUIr-tirculidls pl lbllldtll. IICIITUTT

1%

section moduli for use in the assessment of a non-circular prismatic member in flextre
torsional moment due to factored actions

representative torsional strength of a tubular

wall thickness of a tubular

thickness of base plate

thickness of reinforcing plate

thickness of a flange component

thickness of a web component

beam shear due to factored actions

beam shears due to factored actions.in the local y- and z-directions, respectively
distance from the neutral axis-associated with I, to the critical point i

fully plastic (effective) section modulus

factor that varies depending on the applied loading

submerged (effecCtive) unit weight of soil

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

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

partial resistance factor for local axial compressive strength of a non-circular prismfatic

TITCTITOCT

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

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

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

partial resistance factor for bending strength of a tubular

partial resistance factor for axial tensile strength of a tubular
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partial resistance factor for axial compressive strength of a tubular

partial resistance factor for torsional and beam shear strength of a tubular
buckling coefficient

column slenderness parameter

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

prismatic column slenderness parameter for a non-circular prismatic member

el
—
=
=]

Pw

01

4.2| Abbreviated terms

ALH
ALS
BS

BSTF
CD
DAF

elastic plate slenderness parameter
plastic plate slenderness parameter
limiting plate slenderness ratio
plate slenderness ratio coefficient

exponent for biaxial bending, a constant dependent on the prismatic menjber 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 $maller compressive stress if o, is compressive

ratio of compression to bending stress

abnormal-level-earthquake
abnormal /accidental limit state
base shear

baseshear transfer function
chart datum

dynamic amplification factor

FE
FLS
IACS
LAT
LRFD
LTB
MPM

extremetevelearthgtake

finite element

fatigue limit state

International Association of Classification Societies
lowest astronomical tide

load and resistance factor design

lateral torsional buckling

most probable maximum
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MPME
MSL
OCR
PDF
PSIIP
RCS

most probable maximum extreme

mean sea level

over-consolidation ratio

probability density function

project specific in-service inspection programme

recognized classification society

ROV
RPD
SCF
SDOF
SLS
SSA-E
SSA-I
SWL
TRS
ULS
VIV

5 Overall considerations

5.1 Gen€d
5.1.1 Inte
The site-sp

document,
informatio

remotely operated vehicle

rack phase difference

stress concentration factor

single degree-of-freedom

serviceability limit state

site-specific assessment for the elevated condition
site-specific assessment for installation and removal
still water level

tropical revolving storm

ultimate limit state

vortex induced vibration

ral
raction with SSA-I

ecific assessment-of a jack-up normally comprises the two parts, an SSA-E, adressed in
and an SSA<4/While different personnel can carry out these assessments, much of the s
n is used in'both, including:

— jack-u

datay

this
hme

— geotechnical data;

— geophysical information.

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

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 the
same time as the data collected for the SSA-E (e.g. soil data). Failure to collect all the data required for
both analyses at the same time can be costly and inefficient.
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The normal expectation is that the SSA-E will be undertaken before the SSA-1. However, there can be
cases in which this order is reversed, e.g. when the SSA-E is likely to produce a favourable conclusion
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;

— |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

Asspssments undertaken in accordance with this document)shall be performed only by persons
conjpetent through education, training and experience in the relevant disciplines.

5.1{3 Planning

Addquate planning shall be undertaken before a.site-specific assessment is started. The plapning shall
include the determination of all assessment situations relevant for the site under consideration. The
ass¢ssment criteria shall be in accordance with Clause 13.

5.1/4 Assessment situations and associated criteria

The assessment situations shall include both extreme events and operational modes because|the critical
modle of operation is not always-obvious. The assessor shall use site-specific metocean, earthquake and
geofechnical data, as applicable, for the assessment. The assessment situations and associafed criteria
are fjointly specified in the remainder of this document. They form one whole and shall not b¢ separated
from one another.

For|mobile offshore’drilling units operating in regions subject to sea ice and icebergs, the requirements
of this document-shall be supplemented with the relevant provisions relating to ice actions cpntained in
[SO[19906.and procedures for ice management contained 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 opdrations.

5.1.5 Reporting

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

5.1.6 Regulations

Each country can have its own 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
site and type of operations to be conducted.
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5.1.7 Classification of unit

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

at the specific site subject to assessment; or

situations and are subject to periodic inspection, both to the standards of an RCS.

hold a valid classification society certification from an RCS throughout the duration of the operation

have been verified by an independent competent body to be structurally fit for purpose for elevated

Jack-ups th
of ISO 199

5.2 Asse

This subcl
acceptance
Annex A p
Annex B sf
informatio
for the ass
Gulf of Me
document
that they h

at do not conform with this requirement shall be assessed in accordance with the provisi
2, supplemented by methodologies from this document, where applicable.

ssment approach

huse provides an overview of the data required, the assessment methodology, and
criteria. An example of a flow chart for extreme storm assessment i§'shown in Figure 5.
rovides additional information and guidance, including detailed“calculation methodol
ecifies the partial factors for use in the assessment. Annexes C-to F provide supplemen
h or alternative calculation methodologies. Annex G providés a recommended contents
essment report. Annex H provides regional information-and provision for Norway and
kico. ISO/TR 19905-2 provides background to some of the recommendations given in

hind a detailed sample calculation. Other assessment methodologies may be applied, provilld

hve been shown to give a level of structural reliability equivalent, or superior, to that imp|

in this docyment.

The assess
and c) (in
acceptance
requireme
assessed td
a) Comps3
accord
b) Carry
SDOF
more (
calculd

Carry

!

ment of the jack-up can be carried out at.warious levels of complexity as expanded in a]
order of increasing complexity). TheCobjective of the assessment is to show that
criteria of Clause 13 are met. If this-is achieved at a certain complexity level, there is

level b) or c).

re assessment situations. with design conditions or other existing assessments determine
ance with this document.

ut appropriate caleulations in accordance with the simpler methods (e.g. pinned foundat
ynamics) given\in this document. Where possible, compare results with those from exis
letailed/complex (e.g. secant or yield interaction foundation model, time domain dynam
tions.

but<appropriate detailed calculations in accordance with the more complex methods

ons
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P-1.
hgy.
fary
list
UsS
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icit

, b)
the
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1t to consider a higher complexity~lével. In all cases, the adequacy of the foundation shall be

d in
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e.g.

secant

yield interaction or continuum foundation model, time domain dynamics) given in

this

document.
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Ob

Ob

Establish proposed weights and C of G's (6.2)

tain jack-up data (6.2)

tain site and metocean data (6.3 and 6.4} Obtain ice data (6.7)

Obtain geotechnical data (6.5)
Obtain earthquake data (6.6)

!

Are there "other aspects” that limit acceptability?
- Metocean actions: marine growth; VIV (7.3.2 and 7.3.3) x -
re preventative
- Earthquake (10.7) .
- . . . Yes measures available
- Foundations: skirted spudcans, hard sloping strata, footprints, .
L " : R . - and will these be
leaning instability, leg extraction difficulties, cyclic, mobility,
; X : . ) acceptable?
scour, interaction with adjacent infrastructure geohazards
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) 0
Run assessment
* No for the reduced
| [s adequate leg length available? (5.4.6 and 13.7) |—> payload that result
* in adequate leg
length?
Yes Do comparable calculations according to this document Yoo
{ exist and show acceptability (5.2)?
Assdss foundation | Not OK No
(Clayse 9 and 13.9)
0K 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 overturning stability Not OK
(Clause 12;13.1to 13.5 and 13.8)
y OK
Assess foundation (9.3.6 and 13.9.1)/ Not OK
Figure Ai9.8*17 to level 1, 2 or 3 as appropriate
y OK
. s Not OK
Checkeffect of foundation displacements, (13.9.2) |—>
y OK
If required, re-assess penetration, (9.3.2) hull elevation Not OK
and leg length (5.4.5.6, 13.6.7)
* not required/OK
If applicable, report potential for interaction with adjacent Not OK
structures (5.4.7, 9.4.8)
If applicable, repeat assessment for other penetrations Not OK N
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 |- Founda_tlon model (8.16.31/ ?.3) ||
ACCEPTABLE ACCEPTABLE - Dynamlc response calculation
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 fi

gure does not fully address:

Earthquake (6.6, 7.7, 8.8.8, 10.7)

Long term applications (Clause 11); Temperature (13.10);

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)

b)

d)

36

Operational and Extreme assessment situations.

The site-specific assessment shall include evaluation of extreme assessment situations with
combinations of extreme level metocean actions and the associated storm mode gravity actions.
Earthquake and ice actions shall also be considered in combination with the associated permanent
and operational gravity actions; however, evaluation is required only in some areas of the world.
The applicable partial action and resistance factors for the extreme assessment situation End
exposlire level shall be as summarized in Annex B. For the associated Ultimate Limit State)(U[LS),
the integrity of the structure should be unimpaired, but damage to the non safety-critical
(secorldary) structure of the jack-up can be tolerated.

ExtrerIe assessment situations shall be assessed with the jack-up in the mogst.critical operafting
configyiration (increased variable load, cantilever extended and unequal leg’loads) when [the
extremnje level metocean conditions are

— witthin the defined serviceability limits for the jack-up (i.e. the metocean conditions are |ess
seyere than those defined for changing to the elevated storm configuration), or

— seyere weather occurs with insufficient warning for\ the unit to be put in to stprm
copfiguration, e.g. squalls.

Consideration of the operating configuration is particularly important when the factored functignal
actiong are close to the preload reaction and a small;additional leg reaction due to metocean actions
can cafise significant additional penetration.

Operafional assessment situations use théleperational metocean conditions with the associdted
operating mode gravity actions and eonfiguration. For jack-ups where the operations manual
permifls increases in, or redistributionof, the variable load with reduced metocean conditions
(operafting configuration, nomogramis, etc.), the assessor shall establish an operational assessnjent
situatipn. Where nomograms are used, a representative selection of situations applicable to the|site
shall be assessed (e.g. the extreme storm event and one or more less severe metocean condition$).

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

jack-uplto the elevatéd-storm configuration.

Servicgability.assessment situations

Servic¢ability assessment situations are normally covered by the limits specified in the operatjons
manual and, therefore, MOt Necessary to asse (mnie e operationa onfiguration
requirements for the site are outside those limits. However, the requirements of a) above always
apply.

Fatigue assessment situations

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

Abnormal/Accidental assessment situations

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

1 General

A jack-up can be used in various modes at a single site (e.g. drilling mode/workover mode/tender
mode/production mode). In each mode, the jack-up can be in the operating or storm survival

con|
ele
con|
an
on
det

Wh

Tguration. ifferences (e.g.
ations required for each, skidding the cantilever in for a storm, reducing variable deckile:
idered in the assessment. The practicality of any required configuration change shall bg
appropriate assumptions incorporated into the assessment calculations. Any required 1
he operations shall be included in the operating procedures. The assessment situatio
rmined from appropriate combinations of mode, configuration and limit state.

re the assessment indicates that an assessment situation does not (meet the acceptance

arying hull
hd) shall be
p evaluated
estrictions
ns shall be

criteria of

Clagise 13, the assessment configuration may be adjusted to achieve'dcceptability, providing that any

res
are

rele
con

5.4

The
legy
sha

NO1
way

5.4

The
var
eac

5.4

For
fixe

lting deviations from the standard operating procedure of thejjack-up are practically

vant, to the operator. Alternatively, metocean data applieable to the season(s) of operat
Kidered.

2 Reaction point and foundation fixity

assumed reaction point at the spudcan shall be'documented in the assessment report. Th
are normally assumed to be pinned at the reaction point. Any divergence from this 3
1 be stated.

E The assumption of pinned foetings is a conservative approach for the bending moment
of the leg-to-hull connection; see 8.6.3.

3 Extreme storm eventapproach angle

critical extreme storm -event approach angles relative to the jack-up are usually differ
ous checks that shall be made (e.g. strength versus overturning checks). The critical d
n check shall be tised.

4 Weights,and centre of gravity

eachclimit state and configuration being assessed, the appropriate magnitude and pos
d_and variable loads shall be used. The tolerances on both magnitude and positiog

achievable,

documented and are communicated by the jack-up ownér to their offshore personnel and, if

on may be

e jack-up's
ssumption

n the leg in

ent for the
rection for

tion of the
n shall be

con

cidered when determining the weights and centres of gravity to use in the assessment

Where the location of the cantilever, substructure, etc., or the hull elevation, differ between the elevated
operating and storm survival configuration, the practicality of making the changes required to achieve

the

5.4.

storm survival configuration shall be established.

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 Leglength reserve

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 appropriate.
Aspects requiring consideration by the operator include the effects of potential contact with adjacent
infrastruct > X ; ), - 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 Othler

The assessment is based on the best available information on the conditions at the,site: In some casgs, it
can be found that the actual conditions at the site are inconsistent with the.information used,|e.g.
penetratioh, eccentricity of spudcan support, orientation, leg inclination. In ether cases, the effectls of
factors sudh as large guide clearances and sensitivity to RPD cannot be preperly quantified priof to
installatior]. In all such cases, the validity of the assessment shall be counfirmed once the jack-up |has
been installed.

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

5.5 Expagsure levels

5.5.1 Detpermination of exposure level
Jack-ups cdn be categorized by various levels of exposure to determine criteria that are appropriateg for
their intemded service and the assessment Situations. The exposure levels are determined| by
consideratjon of life-safety and of environmental and economic consequences as described in

IS0 1990042019, 7.3.

5.5.2 Exposure level L1

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

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

NOTE1 Thegguivalency of the alternatives was justified for temperate climates.

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

5.5.3 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
mode given in the marine operations manual shall be clearly identified and agreed between the jack-up
owner and the operator.
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6.1

E Operational and evacuation procedures are outside the scope of this document, howeve
can be required to prepare the jack-up for the unoccupied condition.

4 Exposure level L3

-ups that meet the requirements for L2 and that are not normally occupiedyand may be d
psure level L3. The requirements given in ISO 19900:2019, 7.3.4 shall be applied.

extreme storm assessments L3 jack-ups shall be assessed to criteria-that shall be agreg
jack-up owner and the operator.

5 Exposure level for earthquake

earthquake, a jack-up shall be assessed as L1 unless it is normally unoccupied and
lirements given in 1ISO 19900:2019, 7.3.4, where item¢) is changed to "visits are not plar
e than 24 h on jack-ups in regions with seismi¢’zones 1 to 4. When normally unoc
hquake assessment requirements shall be agreed'-between the jack-up owner and the op¢

Analytical tools
Hance is given in ISO 19900:2019, Clauises 11 and A.11 on the use and validation of analyt
models. It should be noted that many software suites do not adequately address jack-up {
es, such as time domain dynamics; foundations, large displacement effects and appropria
Cks.
Data to assemble for each site

Applicability

Cla

the|general area where the jack-up is to operate; the site is the specific position/orientation
field. The site data are normally a subset of the field data. The data that should be incly
ass¢ssment report are listed in Annex G, which can be used as a check list.

se 6 describes the data that are required to undertake an assessment. In this document,

I significant

lassified as
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meets the
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e code

the field is
within the
ded in the

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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any changes that are not included in the latest revision of the operations manual;

cases;

design

preloading capacity or pre-drive capability;

parameters including, where applicable, RPD limits

proposed lightship and variable load and centres of gravity for each configuration, accounting for

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

6.3 Site and operational data

The site d

clearly spe
derived fo1
jack-ups.

At platforn
platform, t

The assesg

metocean ¢lata are used in the assessment, the jack-up heading‘shall be specified. The overall reliab

of the jack-

The data |
accommod|
and consed

6.4 Metd
It is of priy
quality of
following:
a) water

b)

c)

tide an

wave (g

details|of any relevant modifications.

a should include the site coordinates, sea floor topography and water depth.feferenced
cified datum, e.g. lowest astronomical tide (LAT) or chart datum (CD). Be-aware that ch
use by comparatively shallow draft shipping are often not sufficiently ‘accurate for si

1 sites, platform drawings, the required hull elevation or the required clearances with
e jack-up heading and other interface data shall be obtained\from the platform operator.
or can use directional metocean data to optimize the jack-up heading. When directi
up should not be compromised by the use of such.¢riteria.

provided by the operator shall include the proposed mode of use (drilling, product
ation, etc.) and the number and size of any supported risers or conductors. The life-sa
uence category of adjacent infrastructure while the jack-up is on site shall be provided.
cean data

he importance to obtain apprepriate metocean data for the site with due recognition of
the data. Site-specific ddta shall be obtained from or on behalf of the operator for
epth (LAT or CDJ;

d storm surge;

ata:

to a
arts
ting

the

nal

lity

ion,

fety

the
the

as

b

— sig

mificant wave height and spectral peak period (stating whether intrinsic or apparent

discussed in A.7.3.3.5),

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

— ab

d) curren

normal wave crest elevation (see A.6.4.2.4).

t 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;

— icing;

— lowest average daily air temperatures, etc.

Directionality of wind, wave and current may be considered if accurate data are available. For

det¢rministic analysis, wave kinematics factors may be applied to account for wave shoxt-drestedness
and|jack-up leg spacing; see A.6.4.2.3.

General information on metocean data are given in ISO 19901-1. Details of the required mefocean 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 periqd of joint
propability metocean data shall be used for the site-specific assessmefit)of occupied jack-uips. Partial
actipn factors for the alternative return periods are given in 5.5.4, 8.8:1"ahd Annex B.

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

As 3 minimum, a occupied-evacuated jack-up shall be assessed for the 50 year independent eixtremes or
10( year joint probability metocean data that can bezreached while the jack-up is still ocgupied; see
5.5.4. For example in a TRS area, consideration may be given to the use of a 50 year return period
“su@lden hurricane”.

As 3 minimum, an unoccupied jack-up shall be assessed to an agreed exposure level; see Tablg 5.5-1.

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

6.5 Geophysical and geotechnical data

Siterspecific geotechnical jinformation applicable to the anticipated range of penetrations shall be
obtained from or on behalf of the operator. The type and amount of geotechnical data required depend
on the particular circumstances, such as the type of jack-up and previous experience at [the site or
nearby sites. Suehninformation can include geophysical survey (sub-bottom profiler, side-$can sonar,
batﬁymetry, magnetometer) data; boring/coring data; insitu and laboratory test data; jand visual
suryey data;

The field Shall be evaluated for the presence of geohazards. Such hazards and their potential mitigations
are|described in Table A.6.5-1.

For sites where previous operations have been performed by jack-ups of the same basic design, it can
be sufficient to identify the location of the existing footprints, to assess the hazards associated
therewith and refer to previous site data and preloading or penetration records; however, the accuracy
of such information should be verified.

At sites where there is any uncertainty, borings/corings and/or 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 sh

7 Actio
7.1 Appl

This clause
specific ass

Details reg
A.7, which
equivalent

In this clay

hll be obtained through the use of ISO 19906 and I1SO 35106.

ns
icability

e presents an overview of, and basic requirements for, the modelling of actions for {
essment in accordance with this document.

arding methods and formulations that can be applied to <€alculate actions are presente
also includes presentation of hydrodynamic formulations and coefficients for detailed
modelling of hydrodynamic actions on legs.

se and A.7, actions are presented as representative values. The representative actions §

ite-

d in
and

hall
lent

be multiplied by the partial action factors as given in 8.8prior to the determination of the assessn
load cases.
7.2 Gengral
The follow]ng outlines the actions that shall bg considered in general terms:
a) metocgan actions:
1) actions on legs and otherstructures from wave and current;
2) actions on hull and’exposed areas (e.g. legs) from wind.
c) functidnal actions;
1) fixed actions;
2) actions from variable load.
d) indirect actions resulting from responses:
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

Theg hydrodynamic modelling of the jack-up leg can be carried out by utilizing “detailed” or *¢quivalent”
techniques. The hydrodynamic models shall represent all structures and appurtenances stibjected to

way
rep

Hyc
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the

laddlers and other appurtenances shall be considered in the calculation of the hydrodynamic

for
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using the Morison equation and an appropriate hydrodynamic model. A wave theory approp
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e and current action. The effect of different hydrodynamic properties in different directid
resented as appropriate for the analysis.

rodynamic (drag and inertia) coefficients shall be selected that are apprepriate for the f]
e actual jack-up leg structure and chosen wave theory. Applicable test results may be us
coefficients for non-circular members (and not the complete leg)“The effects of raw w4

the legs.

effect of marine growth on the actions shall be.censidered. Because jack-ups a
ortunities are available to clean the leg to reduce hydrodynamic actions.

3 Wave and current actions

e and current actions on the legs and appurtenances (e.g. raw water tower) shall be

e height, period and water depth shall*be used for the determination of particle kinem
tmatics for the calculation of actions caused by waves shall be derived from the inty
od or the intrinsic wave frequency.

E When waves are superimposed on a (uniform) current, the intrinsic reference frame fo
els at the speed and in the/diréction of the underlying current. An observer travelling at the same §

sures the intrinsic waveperiod (see A.7.3.3.5 and 1SO 19901-1:2015, 8.4.4 and A.8.4.3). The wave
nsic wave length; €here is no apparent wave length.

derived actiéns are directly affected by the current profile chosen and the method usec
profile when the height of the water column varies in the presence of waves. Guidance
.6.4.3.

isChormally considered to be covered by class, but should be checked for jack-ups

ns shall be

ow regime
bd to select
iter piping,
toefficients

re mobile,

computed
riate to the
atics. Wave
insic wave

I the waves
peed and in

same direction as the current is stationary with respect to the intrinsic reference frame and, therefore,

has only an

| to modify
s provided

ith large-

diameter tubular legs when the current velocity exceeds that used in the design; see for example DNV-
RP-C205 (DNV 2021d)!69l; Grundmeier, Campbell and Wesselink (1989)(851 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)1%; 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
calculation. If the assessment of the jack-up shows that it is marginal in one of these configurations,
consideration may be given to limiting the variable load to a lower or higher level (depending on the
critical parameter), providing the jack-up can be successfully operated under such restrictions. The

assessor shall document any restrictions on the variable load that apply to the operating limits at

site and co
in the oper

7.5 Disp

Indirect fo
considered
enhancemé
amplificati

7.6 Dyng

municate them to the jack-up owner. The intent is to ensure that these limits are-incly|
pating procedures for the site.

acement dependent effects

ces that are a consequence of the displacement of the structure and its foundation shal
in the analysis. The effects are due to the first-order sway, foundatign)settlement, and to
nt due to the increased flexibility of the legs in the presence’of axial actions (E
bn); see A.8.8.6.

mic effects

Indirect fogrces due to dynamic response of the jack-up shallybe considered and are particul

important
thereof; se

Dynamic e
responses.

for sea states having significant energy near the natural periods of the jack-up or multi
2 10.5.2 and 10.5.3.

fects shall be included in earthquake analyses (see 10.7) and can be important for ice ac

7.7 Earthquakes

Actions andl action effects due to earthgttakes shall be considered where appropriate; see 8.8.8 and 1

7.8 Icea

ctions

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

7.9 Othe]
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leg moments due to leg inclination resulting from leg-to-hull clearances and hull inclina

shall be copsidered as described in 8.3.6 and 10.5.4.
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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

ass

essment load cases.

8.2 Overall considerations

8.2

.1 General

In general, structural modelling for the assessment of a jack-up shall achieve the following objectives

for

8.2

The purpose of structural modelling is to estimate theforces and displacements in a strud
subjected to the calculated applied actions.

The distribution of global actions and estimates.of internal forces and displacements can 4

thr

To

locdl hull displacements, a finite elemént/(FE) model shall be developed.

An

included.

8.2

In

strycture. FE models can contain combinations of detailed and simplified structural modg
modlelling techniques are summarized below, with further detail given in 8.3 through 8.6:

a)

b)

c)

d)

poth static and dynamic responses:

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

including non-linear effects as necessary;

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

2 Modelling philosophy

pugh the use of simplified, equivalent modellinig techniques.

etermine displacements and forces.in the leg, leg-to-hull connection, leg/spudcan conr

bxplicit model of the conductoer is rarely warranted, however the loading from conductor

3 Levels of FE modelling

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

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

k-up under

suitable representation of the leg, leg-to-hull connection and the legrfoundation interaction,

mechanical

ture when

e obtained

ection and

(s) shall be

tative hull
lling. Four

ve stiffness

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;

combined equivalent/detailed leg and hull; simplified lower legs and spudcans, detailed
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

upper legs

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

A “detailed leg” model consists of all structural members, such as chords, horizontal, diagonal and
internal braces of the leg structure and the spudcan (if required). Each structural component of the leg

is represe
the use of
when nece

8.3.3 Equ

eam elements is generally accepted practice. However, other finite elements can be utili
5sary, to accurately represent individual structural members.

ivalent leg (stick model)

An “equivdlent leg” model consists of a series of collinear beam elements simulating-the complete

structure.
characterig

tics of the detailed leg.

8.3.4 Combination of detailed and equivalent leg

In this mod
equivalent

8.3.5 Stif]

The leg sti
the rack to
the rack te
strength of

8.3.6 Leg

el, the areas of interest are modelled in detail and the remainder of the leg is modelled a
leg.

ness adjustment

fness used in the overall response analysis can account for a contribution from a portio
oth material. Unless detailed calculations-indicate otherwise, the assumed effective are
beth should not exceed 10 % of their<maximum cross-sectional area. When checking
the chords, the chord properties shetld be determined discounting the rack teeth.

inclination

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

8.4 Mod
8.4.1 Gen

The hull st

plling the hull
eral

Fucture shall be modelled so that the actions can be correctly transferred to the legs and

del,
ved,

leg

[n this model, a series of one or more beam elements represents the overall stiffiess

b an

n of
A of
the

hull

the

hull flexibi

Iy 1s represented accurately.

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
the means to identify any possible leg-to-hull contact at locations other than the guides.

8.5.2 Guide systems

The guide structures restraining the chord members shall be modelled, accounting for cleaLances and
thefr direction of action. When chord-to-guide contact occurs in the span between chord-brace
conpections, significant local chord bending moments can occur. Therefore, varieus” guid¢ positions
shall be investigated.

8.5]3 Elevating system

The elevating systems shall be modelled using either the stiffness déerived from detailed pnalysis 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

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

8.516 Jackcase and associated bracing

The jackcase or jackhouse structures and associated bracing shall be modelled based on their actual
stiffness.

8.5{7 Equivalent leg-to-hull stiffness
Thg model shall'represent the overall stiffness characteristics of the leg-to-hull connection.
8.6 Modelling the spudcan and foundation

8.6{1C-Spudcan structure

The spudcan structure shall be modelled with sufficient detail to accurately transfer the seabed reaction
into 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 Fou

ndation modelling

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
analysis, the non-linear soil-structure interaction effects shall be taken into account. The model shall
include the interaction of rotational, lateral and vertical soil forces. Methods of establishing foundation
fixity are given in Clause 9.

When fixit]
foundation|

The spudc
stage. In ca
these area
moment.

For foundattion modelling under earthquake excitation see 10.7 and A.10.7,

¥ brings the structural natural period closer to the excitation frequency, the inclusiol
fixity can amplify the response and shall, therefore, be considered.

hns, the leg-to-can connection and the lower parts of the leg are addressedat the de
ses where the spudcan reactions could exceed the design values the reactions used to as
5 shall be obtained from a foundation model that provides a high estimiate of the spud

h of

bign
bess
can

and

hall
wth,

e.g.

8.7 Masq modelling
The mass model shall reflect the mass distribution of the jack-up. The model shall include structural
non-structfiral mass, including entrapped fluids, marine growth, added mass, etc. The added mass §
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 mass
model (e.g|conductor tension and hook loads):
— The stfuctural mass shall include:

— legs;

— hull structure;

Sp

The no

udcans.

n-struetural mass shall include:

Added

48

hyllequipment and outfitting;

mass of the variable load;
sea water supply system;
leg appurtenances;
marine growth;

entrapped water in flooded members and spudcans.

mass shall include contributions from:
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submerged legs and leg components, e.g. chords and braces;

sea water caissons;

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

8.8 Application of actions

8.8.1 Assessment actions

8.8+%

The assessment load case, F,, shall be determined using the following generalized form’in

partial factors are applied before undertaking the structural response analysis to enstire th
linear behaviour is properly captured, as given in Formula (8.8-1):

Fy

whére

G

4

NOTE

The actions-and action effects that shall be included in the analysis are outlined in 8.8.2 to 8.8

8.811.2” Two-stage deterministic storm analysis

Jullicial

=760 T 7eyGy +7ep(Eq +7¢pDe)

are actions due to the fixed load positioned such as te~ddequately represent their y
horizontal distribution; see 8.8.2;

are actions due to maximum or minimum variable load, as appropriate, positioned

onerous centre of gravity location applicableto the configurations under conside
8.8.2;

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

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

is an equivalent sef of inertial actions induced by the ELE or ALE ground motion for
assessment; see\8.8.8;

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

See Anittex B, which contains all of the applicable factors for use in a site-specific analysis.

which the
ht the non-

(8.8-1)

ertical and

ht the most
ration; see

barthquake

5; see 8.8.5

parthquake

8.

The partial action factors for the deterministic storm analysis described in 10.5.2 and A.10.5.2.2.3 shall
be as given below:

— %= 10and 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=1,15 when applied to the actions due to the 50 year return period independent extreme

metocean data;

— %g= 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:

— Ke=1

0 and is applied to the actions due to fixed load;

— Kv=1

— ne=1
metocy

I 7/f,D=1

8.8.1.4 H

8.8.1.4.1
— Ke=1
— Kv=1
— %e=0
— #%p=1
8.8.1.4.2
— he=1
— Kv=1
— ne=1
— #%p=1
NOTE ]

the analysis
normal resi

0 and is applied to the actions due to the variable load;

pan parameters, see 10.5.3, A.10.5.3;

0 and is applied to the inertial actions due to dynamic response.

arthquake analysis

The partial action factors for ELE analysis described in 10,7shall be as given below:
0 and is applied to the actions due to fixed load;

0 and is applied to the actions due to the variable load;

9 when applied to the ELE actions;

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

The partial action factors for the ALE shall be as given below:
0 and is applied to the actions due to fixed load;
0 and is applied to the actions due to the variable load;

0 when applied to the-ALE actions;
0 and is appliéd to the inertial actions induced by the ALE ground motion (E, = 0).

'he apparent inconsistency between the earthquake partial action factors is due to the differencg
methods used for the ELE and ALE assessments. The 0,9 partial action factor in conjunction with
tance factors is taken from ISO 19902. The 0,9 partial factor was determined in the API calibratig
t'WSD. The ALE action factor of 1,0 is used in conjunction with a system survival assessment.

LRFD againg

0 when applied to the metocean actions derived from the factored wind, wave and cury

8.8.2 Functional actions due to fixed load and variable load

ent

s in
the
n of

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

include:

— weight in 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;

weight of readily removable equipment.

The actions due to fixed load and variable load shall be modelled to represent the correct vertical and

hor
8.8

Hul

legq. It shall be verified that the amount of hull sag-induced moment transferred to the
analytical model is appropriate given the operating procedures of theDjack-up and g
conditions.

8.8

Winld actions on the legs and hull shall be modelled to represent their vertical and
distribution.

Wa
rep

8.8

The application of inertial actions depends.on the dynamic approach adopted; see Clause
F approach, the inertial actions are-applied as horizontal force(s) acting through the hull centre of
grayity. For deterministic storm analysis, with dynamics from a stochastic analysis, the
distributed to better approximate the dynamic overturning moment. Inertial actions

SD(

nor

8.8

P-A

displacement of the hull (sideways) under assessment actions (see 7.5).

P-A

8.8

+al it 2| dictailoa s
LUlIld1r vv L,lslll, dllU TIIdoo UlIoul1IUULIVvVIL.
3 Hull sagging

sagging resulting from distributed actions and hull flexibility can impose bending mom

4 Metocean actions

e /current actions on the leg and spudcan structutres above the sea floor shall be n
resent their vertical and horizontal distribution.

5 Inertial actions

mally be applied on the legssbelow the hull.

6 Large displacement-effects

effects occur becatse the jack-up is a relatively flexible structure and is subject

effects shall be included in the structural analysis.

7 ,Conductor actions

bnts on the
legs in the
ite-specific

horizontal

1odelled to

10. For the

forces are
thould not

to lateral

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 conflict.

In this clause, and the corresponding A.9, values for actions, forces, loads, preload, reactions,
resistanced, capacity, moments, weights and geometry are presented as representative values anjess
indicated gtherwise. The representative actions shall be multiplied by the partial action factors.as,gjven
in 8.8 priof 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 Gendral

Adequate geotechnical and geophysical information as outlined in 6.5 shall“be gathered and used to
assess the fpudcan penetration and foundation stability of the jack-up at the site. See further guidgnce
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 fwo objectives of gathering geotechnical and geophysical information. The first is to engure
that the fofindation is adequate to carry static, cyclic, and tramsient forces without excessive settlenjent
or movement. The second objective is to provide adequate information for foundation models of
increasing sophistication for use in structural response analyses.

The assessment shall consider:

— the possible range of predicted leg penetrations;

— the possibility of rapid leg penetration and/or punch-through;

— likely dcale of spudcan movements, e.g. due to consolidation, capacity exceedance;
— the effects of cyclic loading;

— the conmsequences of'specific site conditions, such as are listed in 9.4.

9.3 Geotechnicalanalysis of independent leg foundations

9.3.1 F011ndation 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 capable of
generating spudcan reactions in excess of 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.

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

thegretical yield surface in the vertical reaction, horizontal reaction and moment reaction (V|
Foundation safety assessment is achieved by comparing the imposed forces with the yield|stu

However, for structural response analysis, the foundation can be modelled as pinned or with
foundation fixity. Foundation fixity is the rotational restraint offered by the soil-supporting t
and| shall only be used in a model that also includes finite vertical and horizontal foundation

HM) space.
-face.

A degree of
he spudcan
stiffnesses.

The degree of fixity is dependent on the soil type, the maximum vertical“spudcan rea:{jion during

installation, the foundation stress history, the structural stiffness of the jack-up, the geo
spudcan, the spudcan translational and rotational displacements,,and’/the simultaneous v
horjzontal actions.

The structural response analysis shall be carried out usingjyone of the following foundati
which have increasing levels of complexity:

pinned model: simple pinned foundation for all legs;

reduction of rotational stiffness ensures conformity with the yield interaction surface;

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

continuum model: non-linear continuum foundation model coupled to the structure;
shall also account for (the load-penetration behaviour beyond the penetration ag
preloading.

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

2 Leg penetration during preloading

methods.for calculating ultimate vertical bearing capacity of a foundation in various ty
discussed in A.9.3.2. The gross bearing capacity formulae adopted are based on the assur
ained process, and penetration in clay is an undrained process.

etry of the
ertical and

bn models,

secant model: linear vertical, linear horizontal and secant rotational stiffness where the iterative

where the

this model
hieved by

'pes of soil
nption that
Cases that

geotechnical data sho interpretation and re
the special case of carbonate material, see 9.4.10 and A.9.4.10.

portin

barding the

g of the analyses. For

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.

During preloading, a significant volume of soil below the spudcan is made to plastically deform as the
spudcan penetrates, thus generally expanding its yield surface and increasing its capacity. During
removal of the preload, the soil unloads elastically and the foundation response is stiffer than during

preload pepetration. Provided the jack-up’s preload capacity is appropriate for a site’s environme
conditions| the soil behaves in an essentially elastic manner for most combinations of Vert
horizontal and moment loading that the spudcan experiences while on site. Inelastic response ocq
when the dombination of vertical, horizontal and moment loading approaches the yield surface; th
likely only [for a few, if any, loading cycles during an extreme storm. Degradation can take the form

softened f

The yield
embedmern
spudcan ve

For the ca
yield surfa

9.3.4 Foundation stiffnesses

Foundation analysis under time-varying loading requirestknowledge of the load-deflection behavioy

the soil. Th

undation and/or additional displacement (vertical, horizontal, and/or rotational).
surface can be described by the formulae given in A.9.3.3 for a_fange of soil types
ts. The weight of all soil backflow and infill on top of the spudcan-shall be included in

rtical reaction to be assessed against the yield surface.

se of layered soils, additional analysis should be performed to determine the appropn
Ce.

is is usually described by spring stiffnessesin the vertical, horizontal and rotational mo

htal
cal,
urs
s is
of a

and
the

iate

r of
des.

Initial stiffesses, as described in A.9.3.4.1, can be_estimated from the solutions for a rigid circular pllate

on an elag
A9.3.4.4) 3
dependent
loading.

The reduc
included in
Where the
used to de
unchanged
continuum

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

tic half-space using the small strain. shear moduli for clay (see A.9.3.4.3) or sand
nd Poisson's ratio; alternatively,-aicontinuum model can be used. The soil shear moduly

ion in stiffness as the\spudcan reactions approach or exceed the yield surface shal
the analysis. There.are different approaches to determining the softening of the stiffneg

fermine the reduced rotational secant stiffness; the vertical and horizontal stiffness re
The stiffness reduction is implicit in fully coupled yield interaction models and in non-lix
foundation‘models, as discussed in A.9.3.4.2.3 and A.9.3.4.2.4, respectively.

reduction of stiffness is not included in the soil model, the provisions of A.9.3.4.2.2 shou‘l_;f

see
s is

on strain level; therefore, suitable adjustments should be made for cyclic and dynamic

be
ses.
be
ain
ear

the

effective st

ffrresses.

The effects of soil-leg interaction for deep penetrations can be included. Guidance is given in A.9.3.4.6.

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

The overall jack-up foundation stability shall be assessed for the forces F}; and Fy, and the moment Fy,
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 A9.3-17. If a lower Jevel check
failg to meet the foundation acceptance criteria given in A.9.3.6, a higher level check can be,performed.
The 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 ¢heck:

— 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, three steps shall be completed for a
Level 2 check:

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

— Step 2b: Foundation capacity check and“sliding resistance check (A.9.3.6.5), baged on the
vertical, horizontal and moment reactions from a spudcan model that includes|rotational,
vertical and horizontal foundation.stiffness with rotational stiffness reduction; or

— Step 2c: Foundation capacity:¢heck (A.9.3.6.5), based on the vertical, horizontal a)jd 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: Displacementycheck (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 Leyel 2 check
whensthe foundation capacity check fails and/or a check of the effects of windward leg sliding
whénjthe Level 2 sliding check fails; or

—< Step 3b: 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.

The maximum vertical reaction is expected to occur on the leeward leg. Likewise, the minimum vertical
reaction 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 are
ignored in Step 2a analyses as the spudcans are considered to be pinned.

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

For Step 2
unfactored

When a Stg
on the spul
used to ev
performed
displacems
foundation|
criteria in

contact with any adjacent structure nor exceed practical limitationsforcontinued operations.

Step 3a sh3

for leewardl legs. Sliding of windward legs shall be investigated. Additional settlement and sliding c4

the magnit
be evaluatg
be iterated

Step 3b sh3
(large disp

9.4 Othe
9.4.1 SKki1
Special con
skirt p

filling

, the foundation capacity and sliding checks are performed implicitly through the use o
yield function as described in A.9.3.3.

p 2a or 2b assessment results in calculated factored combined vertical and horizontal fo
dcan that lie outside the factored bearing capacity envelope, a Level 3 assessment shal
hluate the associated displacements. For all Step 2c analyses, a Step 3a~assessment shal
The procedure shall account for the redistribution of forces resultirig from the overload
nt of the spudcan(s). The acceptability of structural utilizations,-overturning utilizati
utilizations and displacements shall be re-evaluated in accerndance with the accept
Clause 13. The resulting displacement of the jack-up shall-h€ither lead to the possibilit

1l be accomplished by using the load-penetration curve to estimate the additional settlen
de and distribution of the foundation reactionsto change. The effects on the structure §
d, including displacement dependent effects;]f the effects are significant the procedure s
1l be performed using a structural tagdel including non-linear response of soil and strucf
acement effects).

I considerations

'ted spudcans

sideration shall be\given to the analysis of skirted spudcans including, but not limited to:
bnetration;

pf any woeids within skirt should partial penetration occur;

f an

ces
be
be
and
bns,
nce
y of

lent
use
hall
hall

ure

bearin

b ‘eapacity (which can exceed preload, see E.4);

sliding

resista
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settlement, including consolidation of trapped soils;

moment capacity;

resistance;

foundation stiffness;

drainage paths;

nce 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
penetrates into a hard sloping stratum, there is potential to generate eccentricity in the spudcan
reaction, which should be taken into account. There is also increased potential for slippage on sloping
or undulating strata.

9.4{3 Footprint considerations

The
ren
suc
extr
loca

The
con
soil
and
the
exp
Fini

9.4

Lea
bea
and|

depressions in the sea floor, or in harder layers within the seabed, that remain when 3
oved from a site are referred to as footprints. The form of the depression depends on sev
n as the spudcan shape, the soil conditions, the spudcan penetration achieved and the
action. The shape and the time period over which the depression exists ¢an also be affe
| sedimentary regime.

positioning of spudcans very close to, or partially overlapping, footprints shall b
sidered. This is because of the difference in resistance between the original soil and th¢
in the footprint area and/or the slope at the footprint périmeter. The resulting leg dis
or eccentric spudcan loading can cause damage to the\jack-up. The situation can be co

pcted to be minimal when the edge-to-edge distance,exceeds one spudcan diameter, see
nie (2001)173], Cassidy et al. (2009)8], Gaudin et‘al. (2007)[78] and Gan et al. (2008)[771.

4 Leaning instability

hing instability of jack-ups can occun during operations in soft clays where the rate of
ring capacity with penetration is small, leading to uncontrollable leg penetration. The p
consequences of such instability-shall be considered.

| jack-up is
bral factors
method of
cted by the

e carefully
» disturbed
blacements
licated by

m
proximity of a fixed structure or wellhead. The interaction between a spudcan and a 9E)otprint is

ewart and

ncrease in
btential for

9.4/5 Leg extraction difficulties

Prigr to emplacement ofithe jack-up, consideration shall be given to potential leg extraction fifficulties;
seelA.9.4.5.

9.4)6 Cyclic mebility, liquefaction and liquefaction-induced lateral flow

Cyclic loading’ can cause a progressive build-up of pore pressures within the foundation soils and
congequent soil strength degradation (cyclic mobility or liquefaction). The effects can be either over a

larg

e.area or local to the soils under the spudcan.

Earthquakes cause cyclic loading in the soil and can result in failure of the soil mass locally or over a
large area. At a site with, or adjacent to, a sloping seabed, the potential for earthquake induced large-
scale liquefaction-induced lateral flow that could affect the jack-up should be assessed; if present, the
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-upstocated I close proximity to pite-fournded Structures, soildisptacements caused by]the
spudcan p¢netration can induce actions on the nearby piles. The magnitude of the soil displagenjent
depends oh the spudcan proximity (distance of the spudcan edge to the pile's outside surface),|the
spudcan dlameter, penetration, and soil stratigraphy. If the proximity of the spudcan te_the pile is
greater than one spudcan diameter, then no significant lateral actions on the pile aré-¢éxpected |n a
homogenegus single-layer soil system. However, this is not necessarily true for a layered soil system.
When the proximity is less than one spudcan diameter or layered soil conditions are-encountered, then
the assessdr should report the possibility of induced actions on the pile(s).

Guidance regarding the analytical procedures available for assessing these:spudcan induced actions on
piles, pipeljnes and other adjacent infrastructure is given in A.9.4.8.

9.4.9 Gedhazards

Natural, shallow geological features and conditions such as faults, scarps, fluid expulsion features pnd
gas-chargefd or over-pressurized sediments can posexadditional threats to jack-ups that |are
independent of the forces on the foundation. These geological hazards, collectively called geohazalrds,
can result|in unforeseen events such as submarineslides and uncontrolled fluid releases that |can
adversely pffect jack-up performance and/or stability. These events can be triggered by natfiral
phenomeng such as earthquakes or by human activities such as drilling.

Shallow gephazard risk assessments are performed routinely in the offshore industry to safeguard yell
and geoteghnical drilling operations _from subsurface hazards such as shallow gas. However, {t is
important [that a pre-installation shallow hazard assessment for a jack-up consider the ovdrall
geological petting and all the geohazards that can threaten the jack-up or its operations while on fite.
This work ghould be conductedand assured by competent geohazard specialists. Further informatign is
given in A.9.4.9.

9.4.10 Carponate material

Carbonate materials‘can exhibit unexpected behaviour and should be addressed with care (see A.9.3.2.5
and ISO 19Pp01-4):

10 StructuralTesponse
10.1 Applicability

The response of a jack-up is determined by applying actions in accordance with the assessment load
case Fy (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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Action 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

stability;

— displacements to check for interaction with adjacent structures.

Actlon effects required for the assessment of jack-ups in the FLS, when applicable for]

long-term

opefrations, typically include local cyclic stresses which shall be checked to assess fatigue,damage (see

Clagse 11).

10.3 Types of analyses and associated methods

A jack-up shall be assessed for the in-place elevated storm mode. Depending on the geographic location
of the site, assessments for earthquake, ice and abnormal environmental events can be rgquired. In
unusual circumstances, assessments for fatigue resistance and accidental situations can be rejquired.

Different methods of analysis can be used for the various limit States to be considered. The

analysis for the in-place elevated storm mode include:

are determined.

methods of

deterministic two-stage analysis, in which the respotises of the jack-up are determined by analysing
a single combination of actions for each assessmentssituation;

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

performed in the time domain;

alyses are

ultimate strength analysis in which'the collapse strength of the jack-up structure and its ffoundation

Tablle 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

Deterministic analysis Stochastic analysis Ultimate
strength
Intplace elevated mode Linear Non-linear Dynamic linear Dynamic analygsis
non-linear
Ultimate and Gengrally outsulie
E‘ thelscope of this
servi Ity Iimi S S€e 10.5, A.10.5.2 and A.10.5.3 document
(ULS and SLS) See 10 10'
Fatigue limit state (FLS) See 10.6 not applicable See 10.6 not applicable not applicable

Accidental/Abnormal
limit state (ALS)

Appropriate, but
can be unduly
conservative

Appropriate, but
outside the scope
of this document

Appropriate, but
can be
conservative

Appropriate, but
outside the scope
of this document

Generally outside
the scope of this
document.
However see 10.8
forice

Earthquake (ULS or ALS)

See 10.7 and A.10.7

Appropriate, but outside the scope of
this document

Generally outside
the scope of this
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 estim

tion-ofnatural periodsiscritical for the determination-of thestructural responses-bees

use

jack-ups c3
from the s
natural per

Determiniy

— the walter depth and hull elevation,

— leg per

— the magnitude and location of masses associated with actions dueto'fixed load and variable load.

10.4.2.2 §

The overal
foundation|
stiffness v4

10.4.2.3

The mass 11

For all analysis types, the most likelysmass distribution should be considered, e.g. the position of]

cantilever,
distributio
the known

10.4.2.4 \

The variab
in natural
periods of

Mass

n exhibit significant dynamic effects. As a result, the dynamic responses can differ marks
tatic responses. The assessment of responses shall consider the possible variation “of
iods and its implication on the accuracy of the analyses.

g the natural periods depends upon accurate estimates for

etration and nature of the foundation, and

tiffness

stiffness of the jack-up shall be determined inchiding the hull, legs, leg-to-hull connect
and the P-A geometric effects as defined by the modelling practices in Clause 8. A rang
lues should be considered if stiffness information is not well defined.

nodel shall include contributionsfrem structural, non-structural and added masses (see 8

the distribution of the yariable load, and the level of marine growth. A range of value
s should be considered-if mass information is not well defined or when the tolerances
position are significant.

[ariability in natural period

lity in natyral period shall be considered. There are several factors that can cause variab
periods-including stiffness non-linearities in the structure and foundation. The nat
hejack-up are a function of the static and time-varying response due to non-linearities in

pdly
the

ion,
e of

7).

the
5 or
on

lity
iral
the

structural

hitd’ foundation behaviour. Structural non-linearities can result from stiffness changes

gap

impact, yielding, etc.). Foundation non-linearities can result from changes in stiffness as a function of
the force level with respect to the yield surface and force reversal (hysteresis). For example, the
variability in natural period should be taken into account when selecting the levels of fixity to use in 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 one

60 © IS0 2023 - All right reserved


https://standardsiso.com/api/?name=d6619815f1e9d3d0504621ff74975167

ISO 19905-1:2023(E)

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
amplification. This effect should be minimized by adjusting the natural period of the jack-up to be away
from the cancellation periods.

10‘.le.5 Damping

Cortributions to the system damping include foundation damping, hydrodynamie’ damping and
stryctural damping. Non-linear behaviour of the foundation and the jacking systentalso corjtributes to
system damping. The degree to which each of these contributions affects the system damping depends
on the type of analysis and the level of system response.

10.4.4 Foundations

The analysis of the structure and the assessment of the foundation ean be performed essentjally in two
different ways.

— |Option 1: Deterministic two-stage approach. The . fifst stage is to calculate th¢ dynamic
amplification factor and inertial loadset, often using linearized analyses. The foungation and
structural assessment is then performed using a,quasi-static iterative or elasto-plastic analysis
technique, for which the dynamic actions are approximated by the pre-determined inertipl 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

Wirnd, current and waves allncontribute to the storm excitation. The primary source of dynamic
excltation is from the fluctuating nature of waves.

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

Varjous mean \Wwave directions shall be considered. The effect of wave spreading around the mean
dirgction maybe taken into account, provided reliable information is available.

Whemusing joint probability metocean data, relevant combinations of wind, waves and current shall be

P | P I PN H +lo i las - L A7 2 1 142
Con IUCTITU LU UTLUCTIIIIIC LT TTIIUSTUT UIITT UUS CUILITUIIIAUIUIL \DCC Yo Y4 .J-.L-L)-

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

A more defailed time domain stochastic storm analysis procedure, in which inertial actions are dire
included, cpn also be used. This analysis predicts the combined static and dynamic response of-the’j
up to randpm wave actions from which the most probable maximum extreme (MPME) responses

calculated;

Action effe
event to m

Table 10.5
dynamics i

see 10.5.3.

cts due to leg inclination shall be combined with action effects due to-the extreme st
hiximize leg and holding system strength utilizations.

1 summarizes the two approaches to incorporating foundatien’/response (10.4.4)
h the analysis.

10.5.2 Tw

The most gommon 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 uniguely linked to the occurrence of a single

periodic e

Determinig
through th

the act

— the tim

an inej

The action

-stage deterministic storm analysis

reme wave.

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

ions due to fixed loads, variable leads and wind actions;
e-dependent, but quasi-static wave/current actions;

tial loadset represenfing dynamic effects.

of the first and-second list items above shall be determined in accordance with Clause 7.

ctly
hck-
are

brm

and

the
ave
and

ave
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Two-stage One-stage
deterministic storm analysis stochastic storm analysis
Parameter Stage 1 Stage 2 : i
Determine DAF . sl Multiple random time
Single deterministic . .
. domain simulations
storm analysis
DAF,SDOF DAF,RANDOM
Wave/current . Rand‘?“.“ . Random
- not applicable (superposition of High order regular wave . .
actions i (linear or higher order)
1near (‘nmpnnpntﬂ
Time d . Inertial loadset determined
Dyfamics Formula (A.10.5-1) slirrnnila?cigilsn by means of Time domainh sjmulations
(see A.10.5.2.2.2) (see A.105.2.2.3) K. esvor OF Ko it anvon (see A.10[5.3)
(see A.10.5.2)
Wil’d actions not applicable Ignore Quasi-static Quasi-sthtic
Fodndation Linearized Linearized Non-linear Non-lingar
. Non-linear
Strycture Stllffness from or calibrated Non-linear Non-lingar
non-linear structure .
to non-linear

Output DAESDOF DAFRANDOM (Global)tesponses (Global) responses

The inertial actions induced by time-varying wave and current actions are approximately rgpresented

by

statlic wave/current actions. Methods of calculatingithe DAF include:

a classical single degree-of-freedom analogy;

in inertial loadset. The magnitude of the inertial\loadset is determined from a DAF and the quasi-

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

A.19.5.2.2.3 gives load cases that should be considered when Kpap panpom iS used to determine the

inertial loadset in a two-stage)janalysis. The first load case that includes in-phase inertial

load shall

alwpys be considered, e.g. asFormula (A.10.5-4). When (T,,/T}) > 0,9, additional load cases donsidering

outjof-phase inertial loads should be considered, e.g. the three shown in A.10.5.2.2.3

(A.10.5-5) to (A.10.5:7):

Formulae

When determining DAFs, P-A effects shall be included in both the quasi-static and the dynamlic analyses
and| the confribution of the P-A effect to the overturning moment shall be included in the dverturning

moinent.

10.

b.3 Stochastic storm analysis

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

In each simulation, the actions due to fixed loads, variable load and wind actions are combined with the
time-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.

When undertaking a fully integrated dynamic stochastic analysis that directly results in a time history
of structural 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

stochastic analysis used for determining the DAF are set to unity.

10.5.4 Initial leg inclination

The initial |eg inclination resulting from guide clearances and from the permitted hull inclination-results

in additionpl leg moment. If the initial leg inclination is explicitly modelled, the additional morments|are

inherently fincluded in the results.

If the initial leg inclination is not explicitly modelled, the member forces and holding system forces from

the analys]s 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 case$, 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 direcfion.

10.5.5 Limjit 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 §pudcan connections;

— strength of the holding system. Hull strength.and jackhouse to deck connections are considerefl to
be covered by classification unless specialeircumstances apply;

— overturning stability and spudcan sliding;

— spudcdn strength and foundation-bearing capacity.

Checks shdll be performed faot-a’range of sea state directions to determine the maximum limit sfate

utilizationg.

See also Clauses 9, 12-anid 13.

10.6 Fatigue analysis

A fatigue jnalysis is normally undertaken during the jack-up design phase. For jack-up operations 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
fatigue 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
assessment 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.

or the ELE
L 10.10) in
brformance
structural
hny of the
ge can be

If the jack-up does not satisfy this 1 000 year ELE screening to ULS assessment criteria

scrg¢ening assessment has not been performed, the alternative assessment metheds (se
conpbination with ISO 19901-2 shall be used to evaluate conformity with the earthquake p¢
reqpirements. In this case, the jack-up is acceptable if the assessment dentonstrates that
failires causing loss of life and/or major environmental damage do not occur under

earthquake events considered although, in some cases, considerable’ structural dama
sustained.

NOT
how
assq
Res

E1 The dynamic effects of the soil column are not specifically addressed in the screening
ever they are included implicitly in the response spectra~amplification coefficients. In the
ssment approach, the non-linear soil behaviour and its effect on the soil dynamics can be include
bonse Analysis or a more detailed soil representation.

assessment,
alternative
d in the Site

The
con

effect of the earthquake on the cantilever hold*dewn and other critical parts of the jack{up shall be

sidered.

as well as
int drilling
should be
taken into

Earfhquake actions shall include accelerations due to the fundamental modes of vibration
higher frequency modes associated with_the legs above and below the hull, and signific:
facilities. In addition, the local actions:from soil movement on the spudcans and the legs
congidered, where relevant. The associated inertial actions on all significant masses shall be
accpunt.

Partial action factors for eartliquake assessments are given in 8.8.1.1 and 8.8.1.4.

Sin reasonable

mag

e it is not possible-to ready the jack-up for an earthquake, it is important to consider
s and operatingconfigurations.

For
and|

NOT

earthquake/assessments, the spudcan internal entrapped mass shall be included in the 1
the spudcan added mass (surrounding water and/or soil) shall be included where signifi

E2," A low mass tends to lead to a shorter natural period and, hence, greater amplification. A

hass model
rant.

higher mass

L - 1 - 3.1 . 1 I R | adel . ) . 1L | - 4l | 3 : h
resurts T a ronger perroa put calr ot assotIated WItIT greater raterar Torces aepenanIg ol tie-rea ction in the

transverse accelerations in combination with the increased mass.

The assessment model shall include a realistic range of spudcan-soil modelling that encompasses the
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 Gen

eral

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 104

undertaken (see 10.8.3).

When the

assessmen
be demons
seasonality

See A.10.8.
10.8.2 ULS
When undg
— Theex
— Theex
— Thegr
— Theex
— Theex

— In thsd
ISO 19

10.8.3 ALS
When undg

— The a

annual probability of ice interaction with jack-up is greater than 10-2, Ul$Syand ALS
s shall be undertaken (see 10.8.2 and 10.8.3). The annual probability of {ce-interaction
trated to be reduced through analysis and use of ice management, remeval (moving off)
(see 19906:2019, 8.2.7,1SO 35104).

1.1 for examples of different operating area types.

rtaking ULS ice assessments in extreme assessment sithiations, see 5.3 a):

treme level wind, wave and current return period.shall be taken from this document.
treme wind, wave and current action factor:shall be taken from this document.

hvity action factors shall be taken from this document.

treme level ice probability of exceedance shall be taken from ISO 19906:2019, 7.2.2.3.
treme level ice action factors'shall be taken from ISO 19906:2019, Table 7-3.

absence of a joifit) probability analysis, combination factors shall be taken fi
006:2019, Table 7-2-

rtaking ALS ice assessments in abnormal assessment situations:

bnormal level wind, wave and current probability of exceedance shall be taken fi

ISO 19

IAVA
\vavr

< (annual probability of ice interaction with jack-up) < 10-2 an ALS ice-assessment shalIl be

ice-
can
and

foIm

fom

— Theab

normal level wind, wave and current action factor shall be taken from ISO 19906.

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

— Theab

— Theab

normal level ice probability of exceedance shall be taken from ISO 19906:2019, 7.2.2.4.

normal 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

ISO 19

66

906:2019, Table 7-2.
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10.8.4 Assessments in the area types

A.10.8.4 gives examples of the assessment used in the different area types.

10.8.5 Additional factors for arctic and cold regions

The assessment of operations in arctic and cold regions shall account for factors additional to those
addressed for other regions. See A.10.8.5.

10.

9 Accidental situations

Acc

by the jack-up owner, operator or regulator (see also 5.3).

10.
10.
An

fou

the
bety

The

imp
The

b)

dental situations are not normally addressed as part of an assessment unless specifical

10 Alternative analysis methods
10.1 Ultimate strength analysis

hltimate strength analysis is intended to identify the collapse strehgth of the jack-up st
ndation under applied actions. For occupied situations, the accéptance criteria are typi
regulator. For unoccupied/occupied-evacuated situations, the acceptance criteria shall
veen the operator and the jack-up owner. In some areas of‘the world, the analysis can ent

assessing the jack-up for abnormal wave condition" to demonstrate survivability
10 000 year return period in the North Sea);

scaling the extreme storm actions until failure is predicted to occur, to meet a targ
strength ratio (e.g. Gulf of Mexico fixed stru¢tures; see ISO 19902:2020, 9.10.2);

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

uncertainties associated with foundation capacity can be significantly greater than those
1 the ultimate strengthsof-the structure. In performing ultimate strength analyses, it i

refore, the followirg-strategy is recommended.

Structural orfoundation failure should be identified using an analysis based on meg
estimates):of-structural steel properties and soil properties.

Where foundation failure occurs before structural failure, structural failure should be ¢
assuming a foundation fixity based on upper bound or, if necessary, artificially strong, e

y required

ucture and
ally set by
be agreed
nil:

(e.g. for a

ret reserve

associated
5 therefore

ortant to make this~distinction and to evaluate both structural and foundation failire modes.

n (or best

letermined
stimates of

soll properties. The foundation displacement due to the foundation failure should be ap

propriately

modelled. This should provide an assessment of the steel structure strength.

Ultimate strength evaluation is used to estimate the most likely collapse strength of a structure with
partial resistance factors set to 1,0. Due to the absence of partial resistance factors, an ultimate strength
evaluation shall be interpreted and used with care.

10.10.2 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 related to
the long-term application.

11.2 Ass¢ssment data

In addition to the data normally required for short-term assessment, further data associatéd with lgng-
term use afe 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 resistancg or
fatigud endurance of structural components;

— the lintitations on the ability to re-level the hull and maintain hull elevation, e.g. in connection with
supported conductors;

— the deyiations from the standard operating and elevated;storm mode configurations given in|the
maring operations manual;

— the me¢tocean data suitable for fatigue assessment, including directionality of wind, waves pnd
curren;

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

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

11.3 Spedial requirements

11.3.1 Fatigue assessment

The remaining, fatigue life of all relevant structural components shall be shown to be adequate for|the
planned pégried on s1te In the assessment any fatigue damage contributions from the jack- up S prior

owner. In view of the 1nherent uncertainty of fatlgue life assessments, a margin of safety shall be apphed
through a fatigue damage design factor (fgzp). 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
The assessment shall include the effects of the long-term accumulation of marine growth.

11.3.5 Foundations

The 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.

11.4 Survey requirements

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

a) |aspecial survey prior to deployment on site;

b) |project specific surveys in accordance with an in-service inspection programme (PSIIP).
The PSIIP required for long-term operations shall be developed based on:

— |RCS requirements;

— |the jack-up's priorfeperating and inspection history;

— |the assessmentresults for the expected operations.

Sealfloor sutveys shall be included in the PSIIP for sites where scour and/or seabed mobility|are known
to occur.

If changes to the initially p]:mnpr‘] duration are prnpncpd hy the operator the jqu-llp owner should
document that the jack-up has sufficient remaining fatigue life, and approval is obtained from the RCS
and regulator.

12 Structural strength
12.1 Applicability
12.1.1 General

This 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 requirements cover the design, construction, and periodic survey of the jack-up and address issues,
such as material properties, fabrication tolerances, welding, construction details and parts of the
jack-up other than the legs (e.g. jackhouse and hull structure), which are not normally addressed in a
site-specific assessment. For example, when the forces within the fixation system are within theAimits

set by the

and jackho
the structy
spudcan cg

In this cla
geometry 3

manufacturer and are approved by the RCS, no additional assessment is required of'thé
juse. Similarly, if the foundation's vertical and rotational reactions on the spudcanfare wi
ral limits set by the manufacturer, it is not necessary to check the strength of the le
nnection.

se, and the corresponding A.12, values for strength, capacity, properties, modulus
re representative values unless indicated otherwise.

12.1.2 Trulss type legs

The requir|
plates, the

bments set out in Clause 12 relate to chords and braces of tpuss type legs. Weld sizes, gu
strength of joints, etc., are covered by RCS requirements,*and should not control the ovg

structural integrity. Chords and braces are covered in 12.2 to 12.6.

12.1.3 Oth

Some of th

ler leg types

e checks included in Clause 12 are applicablé-to either tubular or box-type legs, but for tH

configurations, Clause 12 should be supplemented(with other documents to address stiffened secti

e.g. Amerig
DNV-RP-C2

an Petroleum Institute references ARl Bulletin 2U (2004)[16] and API Bulletin 2V (2004)*
02 (DNV 2021b)(581 and DNV-CG-0128 (DNV 2021a)[57].

12.1.4 Fixation system and/or elevating system

The factorg
the fixatio
manufactu
but can be
directions.
represent

NOTE

d representative ultimate strength shall be used for the strength assessment. The strengt
h system and/or the)elevating system is normally supplied by the manufacturer.
Fer's data is not necessarily the unfactored representative ultimate strength of the syster
a working stress/limit value. Data can be given separately for the vertical and horizo
If no representative ultimate strength data are given, or cannot be inferred, ]
ive ultimate strengths shall be determined through rational analysis.

n example of a rational approach to determining the ultimate strength is to multiply the allow|

rated capacityby+1,15.

hull
thin
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and

sset
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bns,
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n(s)
ntal
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12.1.5 Spudcan strength including connection to the leg

The factored representative ultimate strength of the spudcan and the spudcan to leg connection shall 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),

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-n
legs (see 12.6)], and

strength of joints (see 12.7).

12.2 Classification of member cross-sections

12.2.1 Member types

Theg methodology used to classify member cross-sections is différent for circular cross-
tubfilar members and for all other cross-sections of prismatic members. Longitudinally
tubpilars and tubulars with pin-holes, cut-outs, etc., shall be{considered to be non-circula
memnbers.

12.2.2 Material yield strength

The material yield strength used in the member glassification and the calculation of membe
shall correspond to the value at 0,2 % strainoffset from the initial linear stress-strain be

less
12.

Thd
to ¢
cro

For
con
sect

truss type

sections of
reinforced
" prismatic

I strengths
haviour. A

er value shall be used when the material-does not exhibit sufficient work-hardening.

.3 Classification definitions

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

non-circular prismatic members, the components and cross-sections are classified
pact, non-compact (or semi-compact) and slender, in order of decreasing strength. Wh
ion is composed’of components of different classes, it shall be classified in accordance wi

as plastic,
EnN a cross-
th the class

of i
sec
ass
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s component(s) with the lowest strength in compression. Slender components with
ion cambe ignored, provided that only the remaining cross-section is used for all asp
ssmeént: The following classification shall be applied.

n a cross-
ects of the

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

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

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 Gen

The requir
or more c(
properties

Cross-secti]
and addreg

12.3.2 Plas

For class 1
plastic pro

Where ela
properties
sections.

12.3.3 Semi-compact sections

Section prd
effective ci1
yield stren

the minimym section modulus or the/principal axes.

The strength check is based‘gh an interpolation between class 2 plastic capacity and class 3 eld

capacity.

NOTE ]
member for

eral
ements in 12.3 apply to rolled and welded non-circular prismatic members comprising
mponents, such as can be found in a chord section of a jack-up leg. Their'cross-secti

shall be determined as described in 12.3.

onal properties of tubular members are included within the determination of their strer
sed in 12.5.

ftic and compact sections

perties.

tic section properties are determined for class1*and 2 sections instead of plastic sec
these can be based on a fully effective cross=section and shall then be treated as for cla

oss-sections. When considering a cross-section comprised of components having diffe
bths, the critical stress locations shall be evaluated as these do not necessarily coincide ¥

'he critical Stress locations are typically at the edges of the components and are a function of
res, the yield strength of the component and its position within the cross-section of the member.

12.3.4 Slerer sections

one
nal

1gth

plastic and class 2 compact sections, section properties{can be determined assuming fully

fion
5S 3

perties for class 3 semi-compact sections shall be based on elastic properties assuming fully

"ent
vith

stic

the

Cross-section properties for class 4 slender sections shall be determined using elastic principles. When
the stress across the entire section is tensile, the full section may be used. If any part of the section is in
compression, the sectional properties shall be reduced as required based on effective sections (see
A.12.3.5).

12.3.5 Cross-section properties for the assessment

The nomenclature and selection of variables for use in the assessment of members are summarized
in A.12.3.5.
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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 in both tension and compression.

Euler moment amplification, or p-6 effects, shall be included for members in axial compression. When
p-Seffects are not included in the structural response analysis, they shall be included in.the strength
cherks. The effective length factors (K)and moment reduction factors (C,,.) for use in strength checks

arelisted in Table A.12.4-1. Alternatively, they can be determined using a rational analysis that includes
joinlt 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
shopld include the effects of both the global large displacement effects)(P-A) and the lochl member
momment amplification (p-6). Large displacement effects (P-A) are addressed in Clause 8.

12.5 Strength of tubular members

The 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.

The requirements given in 12.5 ignore the effeécts of hydrostatic pressure. The validity of this
assyimption shall be checked for all sealed tubularsections (see e.g. Table A.12.5-1).

12.6 Strength of non-circular prismatic members

The strength of non-circular prismatic members shall be checked for combined axial forces and
benlding, and for shear and torsional'shear. The partial factors for the checks required by thi$ subclause
arefgiven in Annex B.

The requirements given in/12.6 ignore the effects of hydrostatic pressure. The validity of this
assi]:mption shall be checked for all sealed non-circular prismatic members (see e.g. Figure A|12.6-1 and
Tablle A.12.5-1).

12.7 Assessmeént of joints

Joint strengtl’is normally addressed by the RCS for the metocean conditions given in the [operations
manuak Ifthe assessor has concerns that the site conditions lead to joint loads that exceed those
assissed by the RCS, joint strength shall be assessed.

13 Acceptance criteria
13.1Applicability
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);
hull elevation (see 13.6);

leg length reserve (see 13.7);

foundd
resulti

interac
tempe

The assess
limit state

overtuLning stability (see 13.8);

tion integrity including preload, foundation capacity, sliding displacement, - settlen|
hg from exceedance of the capacity envelope (see 13.9);

tion with adjacent infrastructure (see 13.10);

rature (see 13.11).

ment checks for structural strength, overturning stability and fgundation integrity for ¢
ind assessment situation are based on a utilization parametéx/as described in 13.2.

13.1.2 Ultimate limit states

The assesq
exceeded i

ment of the ultimate limit states (ULS) shall ensure that the acceptance criteria are
1 any of the applicable assessment situations; seé.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 j
guides, the
system sup
of foundat
Foundatio
detailed fo

Conformity
conducted

13.1.3 Sen

hck-ups that are often critical with ‘wegard to structural strength are the legs at the lo
legs between guides, the pinionsvand/or rack teeth, the fixation system and/or fixa
ports (if fixation system is fitted)-and the leg to spudcan connection. Where there is a deg
on fixity, the lower parts of the leg shall be checked assuming an upper bound fixity va
fixity may be included in(the evaluation of the upper leg when justified by an applicable
indation study.

in whole or in part’can also be demonstrated through comparison with prior assessmsg
in accordance ith the provisions of this document.

Viceability and accidental limit states

lent

ach

not

wer
[ion
Iree
lue.
and

ents

Serviceabil]ity limit states and accidental limit states are discussed in 5.3.

13.1.4 Fatlguc Hmitstates

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

NOTE The special survey period is normally 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.

ForLassessments where the relevant action ettect can be expressed by a single response, U is of the

gengral form given in Formula (13-2-2):
A
U= % (13.2-2)

whére
Ap, is the action effect due to factored actions
R is the factored resistance

For| members and foundations subjected to combined forcés, the internal force pattefn and the
resistances combine into a single interaction formula, e.g~ecombined axial and bending, se¢ 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
inequality of the form U < 1,0, then the utilization iséqual to U. For assessments where the resistance is
given by the yield interaction surface (for foundations) or the plastic interaction surface (for|strength of
non-circular prismatic members) the utilization'is of the general form given in Formula (13-2-3):

U=
L,

(13-2-3)
wheére
L1 is the length of the'vector from a specified origin to the factored action effect

L, is the length 6f the vector from the origin specified for L; to the factored interaction sufrface

Factored actiofis-shall be determined in accordance with the assessment load case F in 8.8.

Actlon effects shall be determined in accordance with the requirements of Clauses9, 10 and 12.
Asspeiated guidance is given in A.9, A.10 and A.12. The particular form of the utilization|formula is

d H .1 4] £ Aot S 4] 1 1 £ lokad s 4] ]
et TIIIITU Uy UIT TUULTUAUUIT allIU STTTIHGUT TIITURS TUTTHUIATTU T HITST LIdUSTS.

Annex B summarizes the clause(s)/subclauses(s) in this document where the applicable calculation
methodology and the associated assessment check(s) can be found, and lists the values of the partial
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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13.4 Holding system strength assessment

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 yru = 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 applicable
assessment situations, shall be checked against the factored representative value of ultimate strength. A

partial res

using calcu

manufactu

NOTE1 T
strength (oY
sloping seal]

NOTE 2
exceeds the

13.6 Hull

A hull eley
wave crestj
elevation is
elevation a

In some an
response, (
sufficient
reliability
probability

The hull el

NOTE1 |

T

b

stance Iactor Ior spudcan strength or YRS = 1,15 shall be used. Care should be taken w

lated foundation capacities (e.g. see E.4.9) because the forces can be higher than used in
rer’s design case.

er the range of predicted penetration); and eccentric spudcan support (e.g. due®o foundation fi
ed or existing spudcan footprints).

he spudcan strength checks are unlikely to be critical unless the assessnient’vertical seabed reag
maximum design preload reaction.

elevation assessment

ation resulting in at least 1,5 m clearance between the assessment return period extre
elevation and the underside of the hull shall be provided (see 6.4). The extreme wave ¢
normally determined from the extreme still waterdevel (SWL) in A.6.4.4 and the wave c
pove SWL in A.6.4.2.4.

en
the

his check addresses issues such as: spudcan overburden (at maximum penetration); spudcan

Kity,

tion

tIme
rest
rest

eas of the world an abnormal wave crest-elevation (see A.6.4.2.4) that can affect the gl
an be greater than the extreme wave ctest elevation plus 1,5 m. The hull elevation sha

clear this abnormal wave crest elevation. Where appropriate metocean databases
odels exist, the abnormal wave-crest elevation can be determined accounting for the j
of tide, surge and crest elevation:

evation shall account for any settlement due to the extreme or abnormal storm event.

fletocean studies after(hurricanes Katrina and Rita have suggested that there exist local wave (¢

bal

be
and
bint

rest

enhancements with a small area'gPeffect, (Forristall, 2007)[71l. When calculating the hull elevation for jack-ups, it

is not neces
affect the ja

NOTE 2
during the

impingemeTt. This(differs from the definition historically used by the jack-up industry.

T

sary to consider.these local effects over and above the abnormal crest elevation since they do
k-up globally,

he air gapis defined in I1SO 19900 as the clearance between the highest water surface that oc
extrentemetocean conditions and the lowest exposed part not designed to withstand 9

not

curs
yave

13.7 Leg length reserve assessment

The leg length reserve above the upper guides should account for the uncertainty in the prediction of
leg penetration and account for any settlement. The 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 can
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 the
effective reduction in leg stiffness at the upper guide;

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

reservoir settlement.

8 Overturning stability assessment

Formula (13.2-2) shall be used to assess margin of safety against overturning of the jack-up. The
utilization shall be calculated as the ratio of overturning moment due to the factored actions, My, and

the

factored stabilizing moment, R, gy

The
assé

axe
8.6.

by |

whyd

The
situl
acc

Lar

unt for the following contributions:

and position of centre of gravity in accordance with 5.3, 5.4.4, 7.4 (see also A.7.4);
foundation fixity shall'be calculated in accordance with Clause 9, taking account of any r
the moment fixity)to conform with the yield surface of the foundation.

be deflection-(P-A) effects can be included in one of three ways.

displaced position resulting from the factored actions.

large deflection (P-A) effects shall.be;included when computing the overturning utilizatidn;

overturning moment, M, shall be calculated about the overturning axis in the miost critical
pssment situation using the assessment load case F. For independent-leg jack-ups/thé gverturning
5 shall pass through any two or more spudcan reaction points. The reaction points‘are described in

P and A.8.6.2. The factored representative value of the stabilizing moment R {4y}, shall bg calculated
formula (13.8-1):

Raorm = Rrotm/Yrom™ (13.8-1)
Pre

R.orm s the representative value of the stabilizing moment;
Yrorm i the partial resistance factor for stabilizingmoment, y; oy = 1,05.
representative value of the stabilizing moment, R, 41y, shall be calculated for the same gssessment
ation and about the same axis as used fomsthe calculation of the overturning momenf and shall

the minimum stabilizing moment from the most onerous combination of minimum variable load

the stabilizing moments provided by a degree of foundation fixity; any stabilizing moments from

bduction of

A reduced stabilizing moment can be calculated from the fixed action with the jack-up at the

An increased overturning moment can be calculated incorporating the additional overturning of

the hull at a displaced condition.

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 (1379-27:

Vit + Wgg a
xrx ——---v--v-v-- <
U Vio ! 7R pRE =10
o E (13.9-1)
or
Fy =Wgg o + B
4 <
Ysl Vio! Yrpre b
o R (13.9-2)

where the ymbols are as defined in 4.1 and j pgg shall be takertas 1,1.

For a Step|2a check with pinned spudcans, the utilization” of the vertical and horizontal foundation

capacity, Uk, shall be determined (see e.g. A.9.3.6.4.1))and shall satisfy Formula (13.9-3):
L
Usyhm [ 7= < 1,0
b2
(13.9-3)
where

Ly is |the length of the vector from origin used for establishing the bearing utilization
(Fy, Fv)ore to the envirommental response point (determined from the factored actions)

(Fy, Fy) (see e.g. A9.3:6.4.1).

Ly is the length-ofithe vector from origin used for establishing the bearing utilization (7, Fy)opg
and pgssing through (Fy, Fy) to the factored vertical-horizontal capacity surface Qyy¢ (see e.g.
A.9.3.64.1).

For a Step 2a check, the utilization of the foundation resistance to sliding, U, shall be computed (see
e.g. A.9.3.6.4.2) and shall satisfy Formula (13.9-4):

L
US,th = LSl < 1:0
S2

(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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Lsz is the length of the vector from origin used for establishing the sliding utilization (F}, F)y; 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 a Step 2c¢ check, using a yield interaction or continuum foundation model, conformity with the
foundation 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.
13.

If the forces on any spudcan due to the assessment load case F result in autilization cq

acc
A9
stry
lim
dep

NOT
is sf

13.

The

13.

The
lim

NOT
in tH

A.9.3.6.4.2) and Formula (13.9-4).

10 Displacement check

rdance with 13.9.1 that exceeds 1,0, a further assessment may be performed as dj
3.6.6. This assessment shall show that any additional settlements and/or the associated

tations on levelling the hull and re-establishing a safe hull elevation, or alternati
arting the site.

ecified in the operations manual.

11 Interaction with adjacent infrastructure

displacement of the jack-up shall not:

lead to contact or adverse interaction with any adjacent structure;
exceed practical limitations for eontinued operations.

12 Temperatures

50 year lowest mean ddily average air and water temperatures shall be in conformit
ts given in the operating manual.

E The purpose of this check is to ensure that the field temperature is compatible with the mj
e jack-up construction.

mputed in
scussed in
additional

ctural action effects are within acceptable limits. Furthermore; there shall be no ¢perational

vely safely

E A conservative estimate of the allowable settlement canbe-derived from the hull inclination limit if this

y with the

aterial used
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NOTE The

Annex A
(informative)

Additional information and guidance

clauses/subclauses in this

annex provide additional

information and guidance

on

clauses/subclauses in the body of this document. The same numbering system and heading titles have been used

for ease in i¢erttifying thesubctause i the body of thisdoctument towhich itretates————————————————]

A.1 Guid

Although t
Guidelines

A.2 Guid

No guidang

A.3 Guid
No guidang
A.4 Guid
A4.1 Sy
No guidang
A4.2 Sy
No guidang
A4.3 Sy
No guidang
A4.4 Sy

No guidang

Ance on scope

e is offered.

e is offered.

ance on symbols
ymbols used in A.1
e is offered.

rmbols used in A.2
e is offered.

ymbols used in A.3
e is offered.

ymbols used in A.4

e is,offered.

A45 Sy

his document does not address the integrity of well conductors, the Instituté-for Petrolg
(2001)1r06l provide guidance on their assessment.

ance on normative references

ance on terms and definitions

No guidance is offered.

A.4.6 Symbols usedinA.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 usedinA.8
See 4.1.4
A.4.9 SymbolsusedinA.9
See 4.1.5

A.4.10 Symbols used in A.10

See@ 16
A.411 SymbolsusedinA.11
Seef4.1.7
A.4.12 Symbols used in A.12

Seel4.1.8

A.5 Guidance on overall considerations

No guidance is offered.

A.6 Guidance on data assembled for each site
A.6.1 Scope

No guidance is offered.

A.6.2 Jack-up data

No guidance is offered.

A.6.3 Site data

No guidance is offered!

A.6.4 Metocean data

A.6}4.1 General

The jack-up should be assessed for the extreme storm event (ULS assessment). For occupi¢d jack-ups

(category S1), the 50 year return period independent extremes should be used. Alternatively, 100 year
joint probability metocean data may be used. The action factors for these two alternatives differ.

If the jack-up life safety category is 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 alighed on
an advant:feous heading subject to practical and infrastructure limitations at the site.

A.6.4.2 aves

A.6.4.2.1 | General

The extrerhe wave environment should be determined in accordance with“A.6.4.2.2 to A.6.4.2.1(. It
should be |based on the three hour storm exposure for the relevant asséssment return period (e.g.
50 year independent extremes or 100 year joint probability). The seasaenally adjusted wave height may
be used when appropriate for the proposed operation. When a-fatigue analysis is required (see
Clause 11))long-term wave data should be obtained.

The assesspr should check the consistency of the wave data provided, giving particular attention to|the
wave peri¢ds and the ratio of H,,, to H, 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 individual
extreme wave height for the assessment return period, or the significant wave height Hg,,. [The
relationship between H,, and H,,,, should be determined accounting for the duration of a storm (three

hours minjmum) and for the additionial 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 off site-specific information, H,, may usually be determined from H,,,, using the generally
accepted r¢lationship foraen-cyclonic areas as given in Formula (A.6.4-1):

Hpax =[1,86 Hy g (A.6.4-1)

max

Similarly fopr eyclonic areas, in the absence of site-specific data, the recommended relationship i as
given in Formula (A.6.4-2):

Hpnax = 1,75 Hgp, (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
determined from Formula (A.6.4-3):

K= (A.6.4-3)
where

and the type of storm or region:
for low latitude monsoons with typically |¥| < 15° ¢= 0,88

for tropical cyclones below approximately 40° latitude ¢=10,87

Altdrnatively, Formulae (A.6.4-4) to (A.6.4-7) can be used;see Hoyle et al. (2009)1101]:

Sy S5\ dy
K = 0,824¢ + 0,426¢2 — 0,043 (—) ¢ — 1,450 (—) ¢ — 0,800 (—) ¢+
Ly, Ly Ly
2

d H Hoax\
..+ 0,658 (L—W) — 0,640 (%) +1;303 (%) ¢?

w w w

and|subject to the following:

0,08 < (%) <043

0,14 < (2)£.0,76

W.

0,07 < {*mex) < 0,58

w

where

for extratropical storms for the range of latitudes 36°<{ ¥ | <72° ¢=1,0193-0,0

¢ 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 Jatitude ¥|in degrees

208| ¥

(A.6.4-4)

(A.6.4-5)

(A.6.4-6)

(A.6.4-7)

S is the smallest spacing between the legs of 3-legged jack-ups;
dw is the water depth;
H is the maximum wave height;

T, isthe intrinsic wave period associated with H,.;

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.
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Sy

The limiting values = 0,43, CLl—W= 0,76 and %= 0,07 may be applied for calculation of x in

w w w

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
low wave conditions that dominate in FLS assessment; such cases are likely to be outside the limits of

applicability, where k= ¢ can be applied.

In lieu of uf

in the anal
sum terms
Frequency
predicted &

The wave
with A.7.3.

In the analysis, a single value for the intrinsic wave period T

the maxim

the current should be used in the derivation of wave kinematics ‘required for action calculati

guidance is
normally b

3,44\[

where H,,

A.6.4.2.4

The wave
level in A.§
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A reasonalh
shorter tha
in tropical
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ysis method, provided that higher frequency interaction effects (e.g. those due to frequg
) are appropriately modelled through the use of second (or higher) order wave-the
interaction effects introduce additional actions that offset some of the reduction-in acti
y three-dimensional linear wave theories. See A.7.3.3.3.2.
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1se €xpressediin seconds, associated ¥

im wave can be used. The “intrinsic” period of the wave as seen by an observer moving

given in ISO 19901-1:2015, 8.3. Unless site-specific information indicates otherwise, T
etween the limits as given in Formula (A.6.4-8):

Hgp) < Tass < 442 |(Hgp) (A6

is the return period of the extreme sigtiificant wave height, expressed in metres.

Wave crest elevation

'rest elevation used to determine the minimum hull elevation above the extreme still w.
4.4 can be obtained from-the extreme wave height, H_ ., in A.6.4.2.2, and the appropr

tic wave theory in A.7.3.3.3.1.

ly foreseeable extreme return period should be used for this calculation, and should be
n 50 years, even if a lower return period is used for other purposes (e.g. the ULS assessn
storm areas):

egions;the abnormal wave crest elevation should be calculated based on storm statistics
o-principles descrlbed in ISO 19901-1:2015, A.8.7. Examples for the regional applicatio
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If a wave height reduction factor is used in a deterministic wave analysis to account 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(),
and the JONSWAP, Si5(®), 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, ie. S, (f), can be found in ISO/TR 19905-

2:2012,6.4.2.5.
A.6.4.2.6 Airy wave height correction for stochastic analysis
When Airy wave theory is used for stochastic (random) wave action calculations, see A.7:3.3|3.2, then it
is npcessary to account for wave asymmetry, which is not included in Airy wave theory. The| significant
wave height should be increased to capture the largest wave actions at the maximum"crest|amplitude.
The increased significant wave height, H,, should be determined as a function_¢f\the watey depth, dw,
expressed in metres, as given in Formula (A.6.4-9):

Hg = [1+4 (10Hgy, / T3;)e /29| H,, (A.6.4-9)
whére

dw s the still, or undisturbed, water depth (positive);

HSrp is the return period extreme significant wave height, expressed in metres;

T,; is the intrinsic modal or peak period of the-wave spectrum, 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

Wh
twog
spe
Infd
req
two
mo{

bn undertaking a stochastic analysis (either for a one-stage analysis or for determining

-stage analysis), it is necessary to either consider a range of wave periods or a sui
ctrum that contains sufficient breadth of the peak to capture the dynamic chai
rmation on the range~of/periods to use is given in this sub-clause, however, to
Llirement for dynamic-analyses with several different wave periods, a practical alternativg
-parameter spectrum; such as Pierson-Moskowitz with y= 1,0, in combination with the s
t probable peak{period. When using the relationships in Table A.6.4-1, the value of yused

as given by the data/provider.

For
extr
intn

a given-$ighificant wave height, the wave period depends on the significant wave steepne

h DAF for a
rfable wave
acteristics.

avoid the
t is to use a
ite-specific
| should be

ss which in

eme seas in deep water often lies within the range 1/20 to 1/16. This leads to the ex
insicumean zero-upcrossing period T,

Al

p
related to H,, in metres, given in Formula (A.6.4-{0):

ession for

3,2 /(Hsrp) < T < 3,6 [(Hyp)

(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, H; and T,;.

Relationships between variables for different yaccording to Carter (1982)[4%] 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 sitg-specific information indicates otherwise values of y between 2,0 and’ 3,3 can be uped,
selecting the value that produces the largest DAF.
If a JONSWAP spectrum is applied, the response analysis should consider a‘range of periods associgted
with Hg,, Based on the most probable value of T ; plus or minus one&tandard deviation. However, it
should be ¢nsured that the assumptions made in deriving the spectral\period parameters are consisfent
with the vilues used in the analysis. Alternatively, applicable combinations of wave height and pefiod
can be obfained from a scatter diagram determined from site-specific measurements; in this dase,
specialist advice should be obtained on a suitable spectral forfwfor the site.
For other spectrums the assessor is referred to DNV-RP-€205 (DNV 2021d) for guidance.
A.6.4.2.8 | Short-crested stochastic waves
For calculgtions of stochastic (random) wave.actions, the short-crestedness of waves (i.e. the angplar
distribution of wave energy about the dominant direction) may be taken into account when site-spetific
informatioh indicates that such effects are applicable. In all cases the potential for increased respdnse
due to shprt-crested waves should be investigated. The effect may be included by means ¢f a
directionaljty function F(aw), givenin Formula (A.6.4-11):
Sin(fs ) = Sy (FHF (ay) (A.6.4{11)
where
w is thexangle between the direction of elementary wave trains and the dominant direction
of the short-crested waves;
Snn(f; w) ib tllC dll ULtiUlld} DllUl t'Ll Ubtcd PUWCI1 dCllbi‘l?y D}JCL‘L_I ullil,
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,
the maximum dynamic response can be caused by waves or sea states with periods outside the ranges
given in A.6.4.2.3 and A.6.4.2.7. Such conditions should also be investigated to ensure that the maximum
(dynamic plus quasi-static) response is determined by considering sea states with different
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appropriate method-for’computing current profile (see Figure A.6.4-1) is as given in Form

12)

ke-specific study should normally-define the current velocity components.

binations of significant wave height and spectral period, or deterministic waves wit
binations of individual wave height and period. Such combinations may be limited-to p1

4.2.10 Long-term wave data

fatigue calculations (see 11.3.1), the long-term wave climate is required. For fatigue a
b-term data present the probability of occurrence for each sea statef characterized by w|
Ctra and the associated physical parameters. This can be presented’in the form of a signif
rht versus mean zero-upcrossing period scatter diagram or as atable of representative se

4.3 Current

rent components should be applied in the downwind)direction. The extreme wind-driy
‘ent velocity should be that associated with the assessment return period wind. When

timum surface flow of the mean spring tidal current and the assessment return period su

be seasonally adjusted. If directional.data are not available, the components should H
braically and assumed to be omnidiféetional.

current profile can be definied by a series of velocities at a range of elevations from §
er surface. Unless site-specific data indicates otherwise, and in the absence of oth
ents (such as circulation, eddy currents, slope currents, internal waves, inertial curren

and (A.6.4-133;
Ve = (Ve V) (dwtz) /dw] 7+ V., [(Aret + 2) / hret] for |z| < hrer
V= (Ve + V) (dwtz) /dw] /7 for |z| > hret

kceedance that are equal to or lower than the intended probability level of the asséssment.

h different
robabilities

halysis, the
Ave energy
icant wave
h states.

ren surface
directional

rmation regarding other current velocity compounents is available, the downwind component of the

rge current

uld be added to the wind-driven surface current as indicated below. When appropriate, the currents

e summed

ea floor to
br residual
Ls, etc.), an
hlae (A.6.4-

(A.6.4-12)

(A.6.4-13)

where

©IS

V. is the current velocity as a function of z;
NOTE A reduction can be applicable according to A.7.3.3.4.
dy is the water depth

V. is the downwind component of mean spring tidal current;

%4

S
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%4

v 1s 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;

hrer 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 current
and wave [actions in ISO/TR 19905-2:2012, 6.4.3, show that the constant current profile is on|the
conservatiye side compared to the power law formulations presented in ISO 19901-1.

V4

Vt+VS VW

h ref

dw

NS S A R s s s

Key
dw water d¢pth

hret referende depth for wind“driven current
downwind component 0f surge current
downwihd comporent of tidal current
wind-drjven surface current

NS SLS

vertical poordinate relative to the SWL under consideration, positive upwards (always negative in the water column)

Figure

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

determination.

— Unless reliable joint probability data are available, the extreme SWL, expressed as a height

A.6

Site

above LAT can be taken as follows:

mean high water spring tidal level+ relevant return period extreme storny'sy

— When lower water levels are more onerous for action calculations,.the mini
expressed as a height above LAT should be taken as follows:

When determining the SWL for air gap calculations (safe hull elevation), a reasonably f
extreme return period should be used. This should be no shorter than 50 years, even|

4.5 Marine growth

Lspecific data should be obtained. In the absence’of such data, default values for thi

disribution are given in A.7.3.2.5.

A.6

A.6
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reld

Thd

4.6 Wind
4.6.1 General

wind velocity used for the assessment return period should be the 1 min sustained W
ted to a reference level of 10'm above MSL.

wind velocity profile may be defined by a logarithmic function in accordance with ISO 1

app
pro

roximated by a power)law (see A.6.4.6.2). A comparison of wind actions shows that the

6.4)6.1. Typically, the-average difference is in the range of 7 % for a 1 min average wind spee
at 1J0 m above séa-lével, and 2 % for a 1 min average wind speed of 40 m/s.

Different jack<up configurations (weight, centre of gravity, cantilever position, etc.) may be s
operating’and elevated storm modes. In such cases, the maximum wind velocity conside
operating mode should not exceed that permitted for the change to the elevated storm mode.

return period is used for other purposes (e.g. the ULS assessmient in tropical storm areas).

[rge.

mum SWL

mean low water spring tidal level + relevant return period'negative storm surge.

oreseeable
if a lower

kness and

rind speed,

9901-1, or
power law

ile is slightly more/severe than the ISO 19901-1 logarithmic profile, see ISO/TR 19905-2:2012,

1 of 20 m/s

becified for
red for the

Formulae for the calculation of wind actions are given in A.7.3.4.

A.6.4.6.2 Wind profile

An expression for the vertical profile of the mean wind speed in the form of a power law is given by
Formulae (A.6.4-14) and (A.6.4-15):

VZ = Vref(Z/Zref)l/Nw forZ = Zref
V, =V
Z - et forZ<Z .
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where
V, isthe wind speed at elevation Z above the SWL under consideration;
V.er is the 1 min sustained wind speed at elevation Z ¢ (normally 10 m);

Z

Z

r

is the elevation above the SWL;

o is the reference elevation above the SWL;

Nw is
an|

Alternativd
A6.5 G
A.6.5.1 G

A.6.5.1.1

Adequate ¢
site and th
off locatior
prudent to
faults. Asp
in the refe
A.6.51.2 t
operations
considered

Detailed ¢
ISO 199011

Experience
previous b

A.6.5.1.2

An approp

the inverse exponent of the power law profile; Nw = 10 unless site-specific data indicate
alternative value of N is appropriate.

profiles may be used when justified by the site-specific data.
pophysical and geotechnical data

eoscience data

General

eophysical and geotechnical information should be available to assess the suitability of]
e foundation stability. The area covered should be sufficiently large to encompass any st3
; normally a 1 km x 1 km square is sufficient. For areas with regional geohazard issues,
adopt a larger survey area to quantify the risk of potential geohazards, e.g. mud volcan
ects that should be investigated are shown in Table A.6.5-1 and are discussed in more dé
renced subclauses. The information obtained;from the surveys and investigations set oy
A.6.5.1.5 is required for areas where there is no adequate data available from previ
In areas where information is available, the recommendations set out herein may
using information obtained from other surveys or activities in the field.

uidance on geophysical and. geotechnical site investigations can also be found
10 and ISO 19901-8, respectively.

of prior jack-up operations in the same field should be considered, particularly when
paring pressures exceed those for the present operation by an adequate margin.

Bathymetricsurvey

iate bathymetric survey should be supplied for an area approximately 1 km square cent

on the pro
over the s
proposed
out using a

A.6.5.1.3

posed.site. Line spacing of the survey should typically be not greater than 100 m x 25
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it is
pes,
ptail
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in

the

red

0 m
the

rvey ‘area. Interlining should be performed within an area 200 m x 200 m centred on

coustic reflection systems (e.g. high-resolution multibeam echosounder).

Sea floor survey

arried

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 determined taking account of local conditions.
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Table A.6.5-1 — Foundation hazards, methods for identification and prevention/mitigation

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 A.6.5.1.4

A.6.5.1.5,A9.3.6

Seabed modification

Modify the spudcans (when punch-through failure is
anticipated in advance)
Settlement/bearing failure Shallow seismic survey A.6.5.1.4
Soil sampling and other geotechnical testing and analysis A.6.5.1.5,A9.36
Ensure adequate jack-up preload capability A9.3.6
Sliding failuife Shallow seismic survey A.6.5.1,4
Soil sampling and other geotechnical testing and analysis A.65.1:5,A9.3.6
Increase vertical spudcan reaction
Modify the spudcans (when sliding failure is anticipated in
advance)
Scour and dgposition 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 depaosition is anticipated
in advance)
Geohazards (liquefaction-induced Sea floor survey A.6.5.1.3
lateral flow, nudslides, mud Shallow seismic survey A6.5.14
volcanoes etf) Soil sampling and other geotechnical testing and analysis A.6.5.1.5
Gas pocketsfshallow gas Shallow seismic survey, complemented by pilot-hole drilling |A.6.5.1.4
(where applicable) during subsequent geotechnical survey
Faults Shallow seismic Survey A.6.5.1.4
Metal or othér object, sunken wreck, [Magnetometer’and sea floor survey A6.5.1.3
anchors, pip¢lines etc.
Local holes (depressions) in sea floor, |Sea flogr survey A.6.5.1.3
reefs, pinnadle rocks, non-metallic Visual inspection
structures (g.g. grout blanket) or
wooden wrefk
Leg extractidn difficulties Soil sampling and other geotechnical testing and analysis A.6.5.1.5,A.9.4.5
Consider change in spudcans (when leg extraction difficulty is
anticipated in advance) A9.45
Jetting/Airlifting
Eccentric spjidcan reactions Bathymetry, sea floor & shallow seismic surveys A.6.5.1.2,A.6.5.1.3
A6.5.1.4
Shallow seismic survey (buried channels or footprints) A6.5.1.4
Soil sampling and other geotechnical testing and analysis A.6.5.1.5,A9.4.2

Seabed slope

Bathymetry, sea floor & shallow seismic survey

Seabed modification

A6.5.1.2,A.6.5.1.3,
A6.5.1.4

A9.4.2

Footprints of previous jack-ups

Evaluate field records

Prescribed installation procedures
Consider filling/modification of holes as necessary

A6.5.1.1,A.6.5.1.2,
A6.5.1.3

A9.4.3
A9.4.3
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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.

NOTE Detection of gas pockets/shallow gas by means of shallow seismic survey alone involves large
uncertainties, and shallow gas may not be detectable. In such cases, proportional mitigation measures should be
cong§idered, Including possible additional detection equipment or driiling of a pitot-hole (5ee IS0 19901-8 and
[SO[19901-10).

Dug to the qualitative nature of seismic surveys, it is not possible to conduct analytical foundation
appraisals based on seismic data alone. The seismic data should be correlated with existing|soil boring
data in the vicinity and show similar stratigraphy.

A shallow seismic survey should be performed over an approximately 1. km square area cenfred on the
proposed site. Line spacing of the survey should typically be not gredter than 100 m x 250 m over the
suryey area. The survey report should include at least two verticalcross-sections passing through the
proposed site showing all the relevant reflectors and allied geolggical information. The equipment used
shopuld be capable of stratigraphic resolution to 0,5 m and thicker to a depth equal to the| greater of
30 n or the anticipated spudcan penetration plus 1,5 times.the spudcan diameter.

A.6{5.1.5 Geotechnical investigation

A.6/5.1.5.1 General

Siterspecific geotechnical investigation and testing are recommended in areas where any of the
follpwing 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.
A.6{5.1.5.2 Geotechnical investigation scope

A geotechnical investigation should comprise a minimum of one borehole to a depth below the sea floor
of 30 m erthe anticipated spudcan penetration plus 1,5 times the spudcan diameter, whichever is the
greaternAll the layers should be adequately investigated and the transition zones cored at g sufficient
sanipling rate

The number of boreholes should account for the lateral variability of the soil conditions, regional
experience and the geophysical investigation. When a single borehole is made, the borehole should be
at the centre of the leg pattern. More detailed recommendations from the InSafe]JIP (RPS Energy 2010)
are presented in Annex D.

Undisturbed soil sampling, in situ testing and laboratory testing should be conducted. Recognized

in situ 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 limits, grain size, etc.), relative density, submerged unit weight, remoulded 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 [soil
strength déterioration due to cyclic loading conditions including

— soil stiffness,

— shear modulus,

— strain rate effects,

— founddtion damping from radiation effects and material hystereticldsses, and
— shear yave velocities (for use in earthquake site response analysis).

Soil infornjation to evaluate spudcan extraction requires thefemoulded or residual soil strength that
takes accoynt 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 pnd
A.9.4 are best established by combining results-from:

— laboratory tests on unconsolidated-samples [e.g. unconsolidated undrained (UU) triaxial pnd
miniatjire vane tests],

— laboratory tests on conselidated samples (e.g. consolidated direct simple shear tests| or
consoljdated triaxial test ifi-compression or extension), and

— insituftests (e.g. coné\penetrometer tests, ball or T-bar penetration tests, in situ vane tests).

Consideration should)be given to available site-specific jack-up installation experience when assesing
the appropriateshear strength. In the absence of site-specific experience, it is recommended to use|the
average undrained shear strength, s ..., in the equations presented in A.9.3 and A.9.4. Soil strepgth

reduction fram cpudr‘an dicfur]'\anr‘n chnu]d bhe r‘nncidnrnd when uh']i'n'ng thig dncign prnﬁ']n In

addition, caution should be taken when applying the average undrained shear strength to bearing
capacity calculation procedures that were previously developed and/or calibrated with the undrained
shear strength obtained solely from UU 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. In situ 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.
Lateral variations of geotechnical parameters can be assessed from the correlation of the shallow

seis

A.6

mic data and the geotechnical information from the borehole logs and/or in situ tests.

.6 Earthquake data

No guidance is offered.

A.6[

No

A.7

A.7

7 Ice data

buidance is offered.

Guidance on actions

.1 Applicability

Cla

assgssments.

Theg wave and current actions are presented for quasi-static‘and dynamic analyses in A.7.3.

qu

and| the dynamic effects are represented by an inertial loadset. Calculations of actions for
analysis in time domain simulations are also presented. Such analyses are applicable for ca
inertial loadsets or for the direct calculation of the'structural responses including dynamic

hydrodynamic formulations and coefficients_are presented together with formulae for dg

eq

Wir
stat]

Gui

A.7

No

A.7

A7

se A.7 presents formulations and methods that can be applied to calculate actions for site-specific

Normally a

i-static, deterministic extreme wave analysis is performed for jack-up site-specific agsessments,

ivalent modelling of leg hydrodynamic.actions.

ic wind actions are presented in ‘A/7.3.4.

lance on the determination'pf the functional actions is presented in A.7.4.
.2  General

buidance is offered.

.3 Metocean actions

3.1, sGeneral

A7

341 Load cases

stochastic

culation of
bffects. The
ptailed and

d models, flow coefficients for different structural parts and a formulation for the calculation of

The wave/current actions on the legs and other structures and the wind actions on the hull, legs and
other structures should be considered due to either

a)
b)

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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A.7.3.1.2 Methods for the determination of actions

This subclause describes how the actions are developed for determining the jack-up response by one of
two alternative methods, deterministic and stochastic.

A deterministic analysis involves developing static metocean actions and an inertial loadset. The inertial
loadset can be developed from either an SDOF method or a stochastic assessment of the wave actions to

develop a DAF.
A more detailed stochastic time domain analysis procedure implicitly includes inertial actions and can
account for non-linearities of the action and foundation interaction.
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
Fully
Tobic Description Deterministic | ~Stochastic | integrated
P p analysis DAF method stochajltic
analysis
Water depth Define storm water depth considering LAT, tide and storm A6.44
surge T
Current Define current velocity and profile. A6.4.3
Determine the effective local current profile by multiplying
the specified current profile by a factor accounting for A7.3.34
interference from the structure on the flow field.
Determine the current profile above mean waterdevel in the
presence of waves by stretching the current profile such A6.4.3
that the surface component remains constarnt,
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.7.3.35,
apparent and calculate the gther value that has not been ISO 19901-1:2015, 8.4.4 and A.8.4.3
supplied
Define the r.eturn periad SIgnlflca}nt wave height and not applicable A64.25, A642T
corresponding spéctral peak period
Calculate effective significant wave height as appropriate not applicable A6.4.2.6
Spec1.fy wave spectrum, wave direction and wave spreading | not applicable A64.2.5 A642.8
functien
Calculate wave velocities and accelerations by not applicable
stiperposition of intrinsic wave components representing A7.3.3.3.2
the wave spectrum and wave spreading functions
. : -
Is deterministic wave subject to cancellation? A10.4.25 n.ot
applicable
Wave theory Determine the two-dimensional wave kinematics from an not applicable
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 A6.4.23 not applicable
Scal.e the Apply partial fac.to.rs .to w1pd, wave and current to match not applicable A1053.2
environment factored deterministic actions
Hydrodynamic |Establish detailed or equivalent leg models to represent A7.3.2.1,A.7.3.2.2,A.7.3.2.3,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
. . A7.3.2.4,
equivalent) as functions of member shape, roughness
. . . . A7.3.25
(marine growth), size, and orientation.
Include the marine growth thickness relevant for the site
. . A.7.3.25
and duration of the planned operation
Wa pllmlrrpnf Combine lacal current prnfi]p vectorially with the wave
actipn kinematics to determine locally incident fluid velocities and A.7.3.3.3.1,
accelerations for calculation of wave and current actions by A.7.3.33.2
Morison's equation.
Wind Define wind speed and wind profile A.64.6
Wirld action Define shape coefficients and calculate the static wind A73.4
action. T
Fur.lctlonal Define functional actions A7.4
actipns
Othpr actions Define other actions A.7.8
Sto¢hastic DAF | Does natural period coincide with cancellation or not applicable A.7.3.3.3.3, not
reinforcement PP A10.4.2.5 applicable
. . . A.10.5.2.2.3, not
Determine DAF stochastically not applicable A1053 applicable
Method of Determine DAF either deterministically or stechastically. € follow
. . . . . A.10.5.2.2.2 e not
inclpsion of Represent dynamic effects by an inertial loadset deterministic .
: A.10.5.2.2.3 . applicable
dynpmic effects analysis
in apalysis - . I -
Does natural period coincide with €ancellation or not apolicable | not applicable A.7.3.3.3.3,
reinforcement? PP PP A.10.4.2.5
Action factors Apply action factors to the'metocean actions and dynamic not applicable
8.8.1.2 8.8.1.3
effects
Loaf cases Develop assessmeiitload case by linearly combining the 88.1.1 not applicable
factored metocean actions with the factored functional S 8.8.1.1
. A.10.5.2.2.3
actions
Additionalload cases if (Tn/Tp) >0,9 A10.5.2.2.3 not applicable npt
applicable
When a fullynintegrated stochastic analysis is undertaken (see 10.3), partial factors are applied to the
metioceansparameters instead of the metocean actions, as described in A.10.5.3 and 8.8.1.3. When using
stoghastic dynamic analyses for the purpose of determining a DAF, no partial action factors dre applied;
however-inthesubsequent-deterministican is-including the-inertial loadset based-on-the stochastic

A.7.3.2 Hydrodynamic model

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 in a

final regular wave deterministic calculation on the basis of item a) above, an average drag property

is cons
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dom wave analyses from which the final results are obtained directly, the drag propert
ection of wave propagation is used.

members are normally taken as the node-to-node distance of the mefbers in orde
small non-structural items (e.g. anodes, jetting lines of less than 4" nominal diameter);
v. Large non-structural items, such as raw water pipes and ladders, should be included inl
b standing conductor pipes and raw water towers should be considered separately from
ynamic model.

pose of this calculation, a node is defined as the point-where two member axes interg
ween terminating members along the axis of the continuous member at the node may
calculating the equivalent Cj,.

om the model if it is shown to be insignificant. In water depths greater than 2,5H or w}

1s exceed half the spudcan height, the “effect of the spudcan is normally insignifidg
hydrodynamic actions should be modelled with hydrodynamic coefficients applicable
bter members; see ISO/TR 19905-2:2012, 7.3.2.4 and 7.3.2.5.

ick-ups, the lower section of the leg adjacent to the spudcan can be heavily reinforced
s should be explicitly modelled.

L

'he solidification effect, which increases the actions from waves due to interference from objects *
the flowfield, is normally not included in the determination of the hydrodynamic coefficient]
Ck-ups_are usually space frame structures with few parallel members in close proximity so
d solidification effects are usually not important. However, solidification can be important for clo
bets such as are found in some raw water systems.
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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). Model
test data may be used for non-circular members, if available. In such cases the effects of roughness,
Keulegan-Carpenter and Reynolds number dependence should be considered. The building block
methodology described below was developed and calibrated for SNAME Technical and Research
Bulletin 5-5A (2002)[1701. 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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3.2.2 “Detailed” leg model

All members are modelled with Morison coefficients accounting for member cross-section orientation
relative to the flow direction. Members can be lumped together using the corresponding CpD, = XCpD;

and

A.7.

geo
app
sho
thid

Wh
pro

Thd
cho
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For

why

The hydrodynamlc model of a bay is comprised of one, equlvalent Vertlcal tubular 1

CA=2C,mnD?/4, accounting for flow direction, as defined in A.7.3.2.4.

3.2.3 “Equivalent” leg model

1ed together w1th equlvalent CpD = ZCDeD and C A= ZCmeAe, as deflned in A.7.3.2.4.

uld be varied with elevation, as necessary, to account for changes in dimensionsymar
kness, etc.

en the hydrodynamic properties of a lattice leg are idealized by ancfequivalent”
perties can be found using the method given below.

equivalent value of the drag coefficient, Cp,, times the equivalent-diameter, D, of the
sen as given in Formula (A.7.3-1):

CpeDe = DeZCpe;

equivalent value of the drag coefficient for eachymember, Cy,, is determined a

mula (A.7.3-2):
D.L
Cpei = [sin? B, + cos? B, sin? a; IREI I.D’—’
e
bre
Cp; isthe drag coefficient of an individual member i as defined in A.7.3.2.4;

D.  is the reference diameter of member 7 (including marine growth as applicable) ag
A.7.3.2.4;

D, isthegqguivalent diameter of leg, suggested as /(X DI.ZII. /s;

ocated at the
7.3.3.2) are

The model
ne growth

model, the

bay can be

(A.7.3-1)

5 given in

(A.7.3-2)

defined in

[ fs'the length of member i node to node centre;
s is the length of one bay, or part of bay considered;
a; 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):

vertical members (e.g. chords): Cpei =Cp;(D; 1 D,)
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horizontal members: Cpei = sin3 (O‘i)CDi (D"li J (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, 1s the equivalent inertia coefficient, which may normally be taken as 2,0 when using 4,;

A. is the equivalent area of leg per unit height, equal to (Z4.1.)/s;

e

A; is|the equivalent area of member or gusset, equal to ©D2/4;

D; is|the reference diameter, chosen as defined in A.7.3.2.4.

For a morelaccurate model, the C_, coefficient may be determined as given in Formula {A.7.3-5):

CmeAe [F AeZCiei (A.7.3-5)
where
2 20 in? Aili
Cmei 9 [1+ (sin?B; + cos?p; sin®a;) (Cri—1)] (Aes) (A.7.3-6)
C,,; is |the inertia coefficient of an individual member “which is defined in A.7.3.2.4 related to

reference dimension D,.

For dynamjic modelling the added mass of fluid per-unit height of leg may be determined as pA, (C,, - 1)
for a singlg member or pA,(C,,. — 1) for the equivalent model, provided that 4, 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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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

uld be obtained from this subclause.

Recommended values for hydrodynamic coefficients for tubulars with a diameter smaller than 1,5 m

are

given in Table A.7.3-2, based on the data discussed in the supporting ISO/TR 19905-2:20

Table A.7.3-2 — Base hydrodynamic coefficients for tubulars

12,7.3.2.4.

Surface condition Cp; C,,; for wave load analysis G,,; for earthquake
Smgoth 0,65 2,0 2,0
Rough 1,00 1,8 2,0

The smooth values normally apply above MSL + 2 m and the rough values below MSL + 2 m,

isa
the

Hyc
ISO

Act

surface should be taken as rough for wave actions aboye - MSL + 2 m.

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:

Cp;=2,0

appllied together with the projected area of the gusset visible in the flow direction, unless

dat
cor

h show otherwise. This drag:coefficient may be applied together with a reference diam

Figure A.7.3-2). In the.equivalent model of A.7.3.2.3 the gussets may be treated as an

hor
mat

For
mol
cor

ine growth maybe ignored.
non-tubular geometries (e.g. leg chords) the appropriate hydrodynamic coefficients ma

responding formulae, as appropriate.

iwhere MSL

5 defined in A.6.4.4. If the jack-up has operated in deeperwater and the fouled legs are not cleaned

rodynamic coefficients for large diameter methbers may be calculated in accordance with

model test
pter D; and

responding length [; chgsen such that their product equals the plane area, A;=D,/; and|D;=1; (see

equivalent

zontal member of\Jength [, with its axis in the plane of the gusset. C,; should be taken|as 1,0 and

7, in lieu of

e detailed information, be taken in accordance with Figure A.7.3-3 or Figure Al7.3-4 and
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Key
1  flow dirgction
2 visible gart of gusset i
A; areaofgusseti; A;=1D;
D; referende diameter of gusset i
I;  referende length of gusset i
Figure A.7.3-2 — Gusset plates: equivalent modelling
o
X A
w
8 ~
y ¥
a7 Z RS
D X777 |
N7/ 0,0 | | -
0 30 60 90 4
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 C,

102 © IS0 2023 - All right reserved


https://standardsiso.com/api/?name=d6619815f1e9d3d0504621ff74975167

ISO 19905-1:2023(E)

For a split tube chord as shown in Figure A.7.3-3 the drag coefficient C, 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):

Cho ; 0° <@ <20°
“oi S\, + {cm % - CDOJsinZ [(0-20°)917] 20° < 6 < 90°
! (A.7.3-7)
wheére
t, isthe marine growth thickness;

6  isthe angle in degrees; see Figure A.7.3-3;

Cp, Iisthe drag coefficient for a tubular with appropriate roughness, see Table A.7.3-2;

Cp; s the drag coefficient for flow normal to the rack (6 =90°%),related to projected djameter, W.
Cp, is given by Formula (A.7.3-8):

1,8 ; (W/D;) < 1,2
Cpr = {1,4+ (W/D;)/3 ;o 12< (W/D) <18 (A.7.3-8)
2.0 ; 1,8< (W/Dy)

The inertia coefficient Cy; = 2,0, related to the equivalent volume nD;2/4 per unit length of member, can
be gpplied to all heading angles and any roughness.

S
©
2,5
w/D, =147
2,0 |- /
1,5
™ 1,0 |-
D
_ 0,5
0,0 | | | | | -
0 30 60 90 120 150 180 6
Key
1  flow direction
Cp; drag coefficient for use with D;
D; reference dimension (height of backplate) of chord i
W width of chord to mid-point of rack tooth
6  angle between flow direction and plane of rack (degrees)

Figure A.7.3-4 — Triangular chord and typical values of C};
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For a triangular chord as shown in Figure A.7.3-4, the drag coefficient Cp, related to the reference
dimension D; = D, the backplate width, should be taken from Formula (A.7.3-9):

Chi= CDpr(e) Dpr(e)/Di

(A.7.3-9)

where the drag coefficient related to the projected diameter, Cp,, is determined from
Formula (A.7.3-10):

1,70 ; 0=0°
1,95 ; 6 =90°
CDpr((_?) =<1,40 ; 6 =105°
1,65 0 =180°-6,
2,00 ; 6 =180°
(A.7.3110)
Linear int¢rpolation should be applied for intermediate headings. The projected diameter, D }\(6),
should be determined from Formula (A.7.3-11):
D; cosf ; 0< 6< by
Dpr(0) = { Wsin6 + 0,5 D; |cosf| ; 0, < 6 <.180 -9, (A.7.3111)
D; |cosO| ; 180 -6, < 6 180
The angle §, is the angle where half the rackplate is hidden, 6, = arctan[D,/(2W)].
The inertiq coefficient C, ;= 2,0 (as for a flat plate);related to the equivalent volume of zD?2/4 per pnit
length of nlember, can be applied for all headings-and any roughness.
Shapes, combinations of shapes or closely ‘grouped non-structural items which do not readily fall into
the above|categories should be assessed from relevant literature (DNV-RP-C205, 2021d) and/or
appropriate interpretation of (model)* tests. The model tests should consider possible roughnless,
Keulegan-(arpenter and Reynolds‘number dependence.
A.7.3.2.5 | Marine growth
Some of the influences ¢fmarine growth are:

— anincy

— increa

ease in the' hydrodynamic diameter;

bes’in weight, buoyancy, mass and added mass;

— variation 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.
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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 thefglobal wave
actipns. Appurtenances such as stairways, ladders and jetting lines should be considered-for inclusion in
the hydrodynamic model of the structure.

Appgurtenances are generally modelled by means of increasing the effective diametler and/or
hydrodynamic coefficients of a structural member.

A.7|3.3 Wave and current actions

A.[7.3.3.1 General

Hydrodynamic actions for deterministic or stochastic analysis-should be calculated using the Morison
equiation 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 periods should be used appropriately; see
A.73.3.5.

A.[7.3.3.2 Hydrodynamic actions

Waye and current actions on slender meémbers having cross-sectional dimensions sufficiently small
conppared with the wave length should be-calculated using the Morison equation. The Morisdn equation
is nprmally applicable providing that

Lw> 5D, (A.7.3-12)

wheére
Ly is the wave length;

D; is the reference dimension of member (e.g. tubular diameter).

Theg Morisdn) equation specifies the action per unit length as the vector sum ag given in
Formula{A:7.3-13):

AE = AFgpap + AFjpepia=0.50DCov 0| + pCAcslly — pCaA T, (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):
AFgrag = 0,50, Cp Doy 1| (A.7.3-14)

where
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AFyrag s the drag action (per unit length) normal to the axis of the member considered in the
analysis and in the direction of v,;

Py is the mass density of water (normally 1 025 kg/m3);
Cp is the drag coefficient (= Cy, or Cp, from A.7.3);

is the fluid particle velocity resolved normal to the member axis;

DI‘ ib L}IU I cfcx CIICC dilllUllbiUll ill d [Jldllt! J8L0) 1 llldl Lo Llltf ﬂuld VEIULiLy Vn. Dr— Df Ul De fl UII1 A.7.3.
The fluid particle velocity, v,, may either be the absolute or relative fluid particle velocity. In a
deterministic analysis, the absolute fluid particle velocity is applied. In a stochastic analysis, the fluid
particle velocity, v, may be taken as given in Formula (A.7.3-15):

v =u +V. —ar
n n " Cn n (A.7.3{15)
where

u, +V{, is the combined particle velocity found as the vector sum of the wave particle velocity pnd
the current velocity, normal to the member axis;

7n is the velocity of the considered member, normal‘te’the member axis and in the direction
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 action
analyses only if the following applies:

u*T,/I); > 20

where

u* is the partiele velocity = V¢ + #H,/T, ;

T, is the first natural period of surge or sway motion;
D; isthe reference diameter of a chord.
NOTE See also A.10.4.3 for relevant damping coefficients depending on a.

To obtain fhejinertia action, the appropriate inertia coefficient (C,,) should be taken in combination

with the cross-sectional area of the geometric profile, including any increase for marine growth, as
described in A.7.3.2.3. The Morison's inertia action formulation is as given in Formula (A.7.3-16):

AFertia = P Cm Acs Un — p Cq Acs Ty (A.7.3-16)
where

AF, .1tia s the inertia action (per unit length) normal to the member axis and in the direction of

Cn is the inertia coefficient;

Acs is the cross-sectional area of member (equal to 4; or A, 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.

mg iy, = pCy A iy (A.7.3-17)
where m, is the added mass contribution (per unit length) for the member.
In 4 dynamic response analysis, the added mass (m, integrated over the member length)“is normally
tranpsferred 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 wate¥“depth, wave height and period
shopld be used, based on the curves from ISO 19901-1:2015, A.8,4.2, as shown in Figure A.7.3-5. For
pragtical purposes, Stokes' 5th (within its bounds of applicability) or an appropriate order of Dean's
Strgam Function are acceptable for regular wave elevated storim)analysis.
If breaking waves are indicated according to ISO 19901-1:2015, A.8.4.2, it is recommend¢d that the
wave period is changed to conform with the breaking limit for the specified height.
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g  acceleration due to gravity
H  maximum wave height

Hy breaking wave height

T, intrinsiq wave period

A deep water breaking limit <<H/Lw= 0;¥4, where Lw is the wave length
B Stokes' fifth order, New-wave orthird order stream function
C  shallow|water breaking limit H/d. = 0,78

D  stream function (showingorder number)

E  linear/Airy or third ordér stream function

F  shallowwater

G  intermefliate depth

H deep water

NOTE Cakemr fromr1S6-1996+1+2615:

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 su

m 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
kinematics are required with one which is at the same proportion of the still water depth

which the
as the true

elevation is of the instantaneous water depth. This can be expressed as given in Formula (A.7.3-18):
, _Zk T Cw
1 1 {W
Py 1 dw
(A.7.3-18)
whegre
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;
Gw is the instantaneous water level (same axis system as z);
dw is the water depth, still or undisturbed (positive).
This method ensures that the kinematics at the instantaneous free surface are always evalpated from
the [linear wave theory expressions as if they were at thestill water level, see Wheeler (1969)[1991 and
ISOYTR 19905-2:2012, A.7.3.3.3.2.
For|higher order wave-kinematic models, an appropriate alternative for stretching the wavg profile to
thefinstantaneous wave surface should be adopted.
The statistics of the underlying randonr wave process are Gaussian and fully known theoretically. The

that drag actions are a non:lihear (squared) transformation of wave kinematics,
hy
Thd
larg
the
for

emj;irical modification around the ffeg¢'surface to account for free surface effects, together w

statistics of such a pracess are generally not known theoretically, but the extremes ar
er than the extremes of a corresponding Gaussian random process. For a detailed inve
dynamic behaviourof a jack-up, the non-Gaussian effects should be included. Multiple

Hoing this are presented in Annex C.

Wh
wit

en the randem displacements of the submerged parts are small and the velocities are
1 respeet.to the water-particle velocities, the damping is not well represented by t

ith the fact
makes the

odynamic action excitatientalways non-linear. As a result, the random excitation is non-Gaussian.

b generally
stigation of
brocedures

significant
he relative

velgcity tfermulation in the Morison equation, which tends to overestimate the da

underpredict the response. A criterion for determining the applicability of the relati
forr ul fnh‘nn“rn“;“4‘7337

ping and

?e velocity

1a
TOTOCIOTT T 5TV CIT T 1 X 7 w070+ 4%

A summary of recommendations for the time domain modelling of random waves is given in

Table A.7.3-3.

© ISO 2023 - All right reserved

109


https://standardsiso.com/api/?name=d6619815f1e9d3d0504621ff74975167

ISO 19905-1:2023(E)

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,
1981)(1601,

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_, TIEal Waves and MaxITTiIT Crests are Wit practicat Himts:

o
— correct mean wave elevation;

— standard deviation = (H,/4) + 1 %;

— —0,03 <skewness < 0,03;

—  2,9<kurtosis <3,1;

— maximum crest elevation = U‘@/‘HM -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,/200or T, /20

where

T, isthe apparent mean zero-upcrossing period of the wave spectrum;

T, isthejack-up natural period, see A.10.4.2.1

(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 stable
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 rhagnitude of the actions on the-Structure and the dynamic amplification are affected by
cancellatioph and reinforcement of wave'actions, dependent on leg spacing (heading) and wave length.
The effects|of directionality and wavé 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: [n a two-dimensional long-crested simulation, the effect of directionality can be included by
developing a base shear transfer function (BSTF) accounting for spreading, “BSTF with spreading], as

described below [see Z,6.4 of Sarpkaya (1981)[160]].

a)

b)

d)

Develdp a setof two-dimensional BSTFs, one for the “principal” direction of interest, and the others
offset 1rom the principal direction.

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.

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.

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

Thei current velocity and profile as specified in A.6.4.3 should be used. Where the current profile is
defined by discrete points, linear interpolation between the data points is sufficient.

The current induced drag actions are determined in combination with the wave actions. Thik is carried
out|by the vectorial addition of the wave and current induced particle velocitiesprior to the drag action

caldulations.

The 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)[1791 and1SO/TR 19905-2:2012, 7.3.3.4:

Ve =Ve[1+Cp,D, ! (4Dg)1 " (A.7.3-19)

whére

Vi is the current velocity for use in the hydfodynamic model; V. should not be taken as less
than O,7Vf,

Ve isthe far field (undisturbed) curréent velocity;

is the equivalent drag coefficient of the leg, as defined in A.7.3.2;

is the equivalent diameter of the leg, as defined in A.7.3.2;

Dp  isthe face width of leg, outside dimensions, orthogonal to the flow direction.

A.713.3.5 Intrinsicand apparent wave periods

The intrinsic wave period is based on a reference frame travelling with the speed and dire¢tion of the
curtent, and'should be used, except as detailed later in this subclause, to calculate the wave kinematics.
The apparént wave period is that which is observed by a stationary observer and is the period that
shopuld_be used to calculate the jack-up dynamics. The intrinsic wave period, in conjunctign with the

Wat rdenth and annronriato vwava thoaaru ara ucad to calculata tho wava lanath
e pehatra p p o piate oy et e oo B o B ato-cart ot e e W e e gt

NOTE1 There is only the intrinsic wave length; there is no apparent wave length. If one applies the apparent
wave period in an analysis, the excitation period is correct but both the kinematics and the wave length are wrong.
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 period is
defined as the wave period seen by a stationary observer, while the “apparent” wave period is the wave period as
it “appears” to an observer moving with the current. By comparison, ISO 19901-1 “intrinsic” equates to RP 2A
“apparent”, and ISO 19901-1 “apparent” equates to RP 2A “actual”.

Formulae for transformation between the intrinsic and apparent wave periods are given in
ISO 19901-1:2015, A.8.4.3. It gives no direct guidance on modifying short-crested sea states, although a
suitable method can be inferred. The assessor should ensure that the correct procedure is used by the
software in calculating wave particle kinematics and dynamics; it is important to understand the
terminology used by the software vendor; see NOTE 2. In summary, the steps taken to convert intrinsic

to apparen|
a) Calculz
wave t
b) Calculz
c) Calculg
(the cq
ifin an|
d) Calculg
Conversior

[Wave pertod are as fo1ows.

te the wave length based on the intrinsic wave period and the water depth, using-a.suit
heory.

te the intrinsic wave celerity as wave length divided by intrinsic wave period.
te the apparent wave celerity by adding the resolved current velocity to the wave cele
lerity is increased if the current is in the same direction as wave pfepagation, and decres3

opposing direction).

te the apparent wave period as the wave length divided by the apparent celerity.

undertaken iteratively.

Care shoul
always gre
only for ve
state.

This conve

d be taken with opposing currents that the vector sum of apparent celerity and currer
hter than or equal to zero, otherwise the wavés move backwards. This is likely to be reley
ry short period waves when developing,the apparent component periods of a random

uniform currents over the full water depth. It can be used practically if the current is uniform over

top 50 m @
in-line curj

(1989)1120]

Vin—Liy
where

k 1

ent speed, Viy_ngp May.be used, as shown in ISO 19901-1:2015, A.8.4.3, and Kirby and C
and as given in Formula (A.7.3-20):

2k

prevc [ Ve(2) cos(8(2)) cosh[2k(z + dy)]dz

E — (A73'

s the.wave number = 27t/Ly, ;

hble

rity
sed

from an apparent wave period to an intrinsic wave period follows a similar approach but is

t is
rant
sea

'sion procedure between apparent and intrinsic periods strictly applies in the case of simpple

the

f the water column. In cases of a non-uniform current profile, a weighted, depth-averaged

hen

20)

Ly i

dw i
Ve(2) i
z i

0(2)

s the actual wave length (i.e. deep water wave length corrected for water depth);
s the water depth;
s the current velocity at depth z;

s the vertical coordinate relative to the SWL under consideration, positive upwards;

6(z) = 0,0 when in line.

is the angular direction of the current at depth z relative to the wave propagation direction;

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
tools do not have the feature implemented.

When undertaking a two-stage deterministic storm analysis (A.10.5.2) using a DAF developed from a
ranflom dynamic analysis (A.10.5.2.2.3) with linearized foundations, it can be acceptable to use a
speftrum with an apparent peak period for all stages in the calculation of Kp,ppanporand the inertial
loadset. The error is expected to be small when the ratio T},;/T, is within the range’1+ (,08. If this

approach is used, the analysis should also be undertaken without period adjustment and the more
onerous DAFs used. When T,;/T,, is outside this range, a more rigorous approach-should be cpnsidered.

A.7|3.4 Wind actions
A.7|3.4.1 Wind action

Thd wind action on each component (divided into blocks of not more than 15 m vertical extent), Fy,;, can
be domputed using Formula (A.7.3-21):

Fwi = Pidwi (A.7.3-21)
where
P; isthe pressure at the centre of block i;

Ay is the projected area of block.i perpendicular to the wind direction.
The pressure P; should be compjpited using Formula (A.7.3-22):

P; = 0,5p,V7:Cs (A.7.3-22)
whére

pa s the\mass density of air (taken as 1,222 4 kg/m3 unless an alternative value can e justified
for-the site);

V7 is the specified wind velocity at the centre of block i; see A.6.4.6.2;

C. isthe shape coefficient, as given in A.7.3.4.2.

S

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 (fla

t side) 1,0 based on total projected area

legs)

Hull and associated structures (excluding derrick and | 1,1 based on the total projected area (i.e. the area enclosed by the

extreme contours of the structure)

Deckhouses,
draw-works

jack-frame structure, sub-structure,

house, and other above-deck blocks 1,1 based on the projected area

C, = Cp, as determined from A.7.3.2.3, normally using smooth drag

Leg sections
and below th

H gl L. H e £ 4 .
[ProjecangapoveTacRrame-Stractare

hull coefficients (ignoring marine growth)
ehu

Ay determined from D, and section length

Isolated tuby

lars (crane pedestals, etc.) 0,5

Isolated stru
I-sections)

ctural shapes (angles, channels, box, 1,5 based on member projected area

Derricks, cra
sections only

The appropriate shape coefficient for the members concerned app
to 50 % of the total projected profile area-of the item (25 % from e
of the front and back faces)

ne booms, flare towers (open lattice
, not boxed-in sections)

lied
ach

Shapes or co

mmbinations of shapes that do not readily fall into the above categories should bé.subject to special considerati

jon.

A.7.3.4.3

Wind pres
wind tunn
data for str

A74 Fy

Provided 3
operating

assess only
supported

The follow

a) actions

b) extren

Wind tunnel data

bures and resulting actions for the hull and associated structures may be determined f
uctures mainly comprised of tubular components, such as truss legs.

inctional actions

ppropriate procedures exist and:ityis practical to change the mode of the jack-up fi
o elevated storm mode on recéipt of an unfavourable weather forecast, it is necessar
' the elevated storm mode. €Consideration should be given to actions on the conductol
by the jack-up.

ng should be defined:

due to the maximum and minimum elevated weight. In the absence of other informat

e limits of the centre of gravity position (or reactions of the elevated weight on the legs)

the corrfigurations in a) above;

fom

] tests on a representative model. Care should:be*exercised when interpreting wind tumnel

fom
7 to
s if

ion,

the m:lilimum elevated weight can normally be determined assuming 50 % of the variable load
permitted by the operating manual;

for

c) substructure and derrick position, hook load, rotary load, setback and conductor tensions for the
configurations in a) above;

d) weight, centre of gravity and buoyancy of the legs.

If a minimum elevated weight or a limitation of the centre of gravity position is required to meet the
overturning acceptance criteria (see 5.4.4 and 13.8), then the addition of water in lieu of variable load is
permitted in the assessment, provided that

— the functional actions do not exceed the operations manual limits,

— procedures, equipment and instructions exist for performing the operation of adding water
offshore, 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

buidance is offered.

A.7.6 Dynamic effects

No

buidance is offered.

A.7.7 Earthquakes

See

10.7 and A.10.7.

A.7.8 Ice actions

See

10.8 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 3

environmental actions should be considered. Relevant data for the region should be a
caldulating wave, current and wind actions, increases in dimension and changes in shape 3

rou

bhness can be significant.

A.8 Guidance on structurallmodelling

A.8.1 Applicability

Tec

hniques for modelling the legs, hull, leg-to-hull connection, and leg/spudcan conn

disqussed. The deg-to-hull connection model includes the upper and lower guides, jackil

fixal

kion systems, and jackcase/associated bracing. Modelling of the foundation is limi

stryctural. details in this clause; geotechnical aspects are presented in A.9.

Becpuse of the interaction of the mass and stiffness models, e.g. the effect of mass modelling

nd on the
bplied. For
nd surface

ection are
g pinions,
ted to the

bn hull sag,

D h I P T | 1 £ -1 LR TR | 1 1 FolR 1 h P
1t 1srecommrencded tirattheassessor oe tamiiar witirtire-whnore ot thts crause vefore comm

modelling.

A.8.2 Overall considerations

A.8.2.1 General

No guidance is offered.

A.8.2.2 Modelling philosophy

encing the

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

© ISO 2023 - All right reserved
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aspects of the model. A.8.6 describes the interaction of the structural model with the foundation. A.8.7
describes modelling the mass and A.8.8 describes the application of the actions.

A.8.2.3 Levels of FE modelling

While it can be desirable to fully model the jack-up when assessing its structural strength, this is rarely
necessary for a site-specific assessment. An overly complex model can introduce errors and
unnecessarily complicate the assessment. Consequently, assumptions and simplifications, such as
equivalent hull, equivalent leg, etc., are often made when building the model(s) used for the assessment.
In view of this, one of the various levels of modelling described in a) through d) below can be used. It

should be
assessing ft
modelling

recognized that some of these methods have limitations with respect to the accurac

fechniques and should be referenced to ensure that the selected model addressescall-asp

required fdr the assessment. When simplified models, such as those described in b) and d) are used,
usually appropriate to calibrate them against a more detailed model.

a) Fully

The
accor

etailed leg model:

7 of

he structural adequacy of a jack-up. Table A.8.2-1 outlines the limitations of the various

bcts
it is

odel consists of “detailed legs”, hull, leg-to-hull connections and spudcans modelled in
nce with A.8.3.2, A.8.4, A.8.5 and A.8.6, respectively. The results-from this model can be ysed
to exdmine all aspects of a jack-up site-specific assessment, <including foundation stability,
overtupning resistance, leg strength and the adequacy of the jacking system or fixation system.

b) Equivdlent leg (stick model):

The m
(see A
to the
overtu
forces

equivalent leg. The results from this model'€an be used to examine foundation stability
Ining resistance. This model can also be(used to obtain reactions at the spudcan and inte
and moments in the leg in the vicinity-of the lower guide for application to the “detailed

and leg-to-hull connection model d).

c) Combi

The m

hed equivalent/detailed leg.and hull model:

pdel consists of a combination of “detailed leg” for the upper portion of legs and “stick mo

for thg lower portion of the legs (see A.8.3.4). The hull, leg-to-hull connections and spudcans

model

hull co

nections and the adequacy of the jacking and/or fixation systems. See Figure A.8.2-1.

d) Detailgd single-l€g and leg-to-hull connection model:

The m

bdel consists of a “detailed leg” or a portion of a “detailed leg” (see A.8.3.2), the leg-to-

bdel consists of “stick model” legs (see A.8.3.3), hull structure modelled using beam eleménts
8.4.3), leg-to-hull connections (see A.8.5) and-spudcans modelled as a stiff or rigid extengion

and
'nal

leg

del”
are

ed in accordance-with A.8.4, A.8.5 and A.8.6, respectively. The results from this model can be
used t&Lexamine foundation stability, overturning resistance, leg strength in the region of 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

Applicability
I II 11 1\" \Y% VI VII
Base shear . ..
Model type and Overturning | Foundation Global Leg Jacking/fixation Hull
. leg member system element
overturning checks checks .
forces forces reactions forces
moment
a) Fully detailed leg Yes Yes Yes Yes Yes Yes See note
b) Equivalentleg — — —
(stick npodel) Yes Yes Yes Yes
c) Combirjed
equivalent/detail Yes Yes Yes Yes Yes Yes See ndte
ed leg and hull
d) Detailefl single leg
and legfto-hull — — — — Yes Yes —
connection model
NOTE Hyll stresses are only available from more complex hull models.
A.8.3 Modelling the leg
A.8.3.1 General
For truss l¢gs the model(s) can be generated in accordance-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 fiphite
elements with due consideration for local and global buckling.
A.8.3.2 Detailed leg
Modelling $hould account for offsets between member work points and centroids, as omitting this d¢tail
can be undonservative. If member offsets are not included in the model, analysis of the relevant jofints
should consider their effect. Gusset (plates are typically omitted in the structural leg model. Howeer,
their benefiicial effects can be taken-into account in the calculation of member and joint strength.
A.8.3.3 Efuivalent leg (stick‘model)
The leg stijucture can be-simulated by a series of collinear beams with the equivalent cross-sectignal
properties|calculated,ising the formulae indicated in Tables A.8.3-1 and A.8.3-2 or derived from|the
applicatior] of suitable unit load cases to the 'detailed leg'. The stiffness properties of the equivalent leg
should equyate<ta those of the 'detailed leg' model described in A.8.3.2. Where such a model is ufed,
relevant arjdlysis results can be applied to a detailed leg model to determine member stresses, fixafion

system/pinion forces, etc.

The determination of stiffness for the equivalent leg model can be accomplished as outlined below.

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 used
with caution as the values of equivalent shear area and second moment of area are dependent on
the number of bays being considered.
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b) From the application of unit load cases to a detailed leg model prepared in accordance with 8.3.2
and 8.3.5: The leg should be rigidly restrained, generally at the first point of lateral force transfer
between the hull and the leg, although it can be more convenient to use a different reference point,
e.g. level of the fixation system or neutral axis of the hull. The variables 4, &, 6, and 6, 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:

— Axial unit load case: This is used to determine the axial area, A¢q, of the equivalent leg model
beam according to standard beam theory as given in Formula (A.8.3-1):

., FLe FL¢

T AeqE %9 E4

(A.8.3-1)
where
A is the axial deflection (shortening) of the cantilever at the point of force application;
F  isthe applied axial action;
L. isthe 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 cantileyer: This is
used to derive the second moment of area (I) according to standard beam theory gs given in
Formula (A.8.3-2):

_ MILZ

v =

ML ML
and 0y = — =2K= —

MLZ
=>]=—= =
EI E6py

2El T 2Eby

(A.8.3-2)
where
6y s the lateral deflection of the cantilever at the point of moment application;
M is the applied moment;
0y 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,applied at the end of the cantilever, which can be used to derive I a¢cording to
standard beam theory as given in Formula (A.8.3-3):

PL2 PL2
= =] =
2EI 2E0p

Op
(A.8.3-3)

where

P is the applied shear;
0p is the slope of the cantilever at the point of shear application.

Using either this value of I, 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):

PL}  PL,. 7,8PL.I
= = Aseff =S rs _ bi3
3E]  AgesG 3EISy — PL?

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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Table A.8.3-1 — Formulae for determining the effective shear area for two dimensional

structures
Structure Effective shear area of frame, A4si
A  (1+v)sh?
! si T d3 53
. - 4+ =
24, 64,
\
B . (1+v)sh?
y si
LR S Sl A oo
= A, 8A, NA | 3 V3
: \
I
S A
¢ = - L C (18v)sh?
A ASi - d3 ~ 53
'AD < < 44, 124,
: A
\\/ |
D S A 2
| - - 7 A - (1+v)sh
Ay~ ‘ N L S
+ +
\ o | =~ 24, 24, 64,
AVERD) ‘
[ ) I
E S I
! !4—»! o G | A - 48(1+V)IG
A A si 2
2d° 1
| \ | stl1+ G
< = sh Iy
| | |
/ : B
[ I
Key
bay height Ay area of horizontal brace
h centre to|centre of chords on face v Poisson's ratio (0,3 for steel)
length ofldiagonal brace on face I largest inertia of chord

Ac

Ay area of diagonal brace

area of chord

Iy largest inertia of brace

N number of active bays

NOTE 1 The stiffness properties are the same for all directions unless the chords have different areas.

NOTE 2 The formulae can be inaccurate if significant offsets exist between brace work points.

NOTE 3 The equivalent beam end rotations can be inaccurate for bracing type C. This can be important if this
modelling is used in conjunction with rotational foundation stiffness.

NOTE4 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
Z
iﬁ Agi Aeq = 34c
\ 3
N— A4 Asy =4, = EAsi
A \
G a—— T
_ @ 1
IT - _A51h2
h | *
|
1
Z
oy
Asi Aeq = 4'ACi
B = q 'Y Asy = Asz = 2Asi
Iy = Iz = ACihz
h

7
) \}% A
4 N i Ao = 4Ac
/ < ca = Hai

e NI W Ay = A = 245
- Plaa ¥ »~ Y I, = I, = Agh?
AN /

N\ Y Iy = Agh?
\})/

Asi | effective shear areafor two-dimensional structure (from Table A.8.3-1)
Aci

As | effective shear area about representative axis (y or z)

Key

individual chérd-area

I secondimoment of area about representative axis (y or z)

It | torsional moment of inertia

NO FE1 Ao can batalran ~ctha cord ~raq 1ol ding o contrihition frora tha vaclr taath (caa Q 2 B
Tt rer-CaipDe-tekeasSthe-coraareaherdahga-contFputonreitRe-fackteet5ee-o=o

NOTE 2  Based on DNV-RP-C104 (DNV 2022b).

A.8.3.4 Combination of detailed and equivalent leg

The combined detailed and equivalent leg model should be constructed with the areas of interest
modelled in detail and the remainder of the leg modelled as an equivalent leg. To facilitate obtaining
detailed stresses in the vicinity of the leg-to-hull connection (guides, fixation/jacking system, etc.), the
detailed portion of the leg model should extend far enough above and below this region to ensure that
boundary conditions at the 'detailed leg'/'equivalent leg' connection do not affect stresses in the areas
of interest. Care should be taken to ensure an appropriate interface and consistency of boundary
conditions at the connections.
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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 guidangetsoffered:
A.8.4 Modelling the hull

A.8.4.1 General

Recommernlded methods of modelling the hull structure are given in A.8.4.2 andJA:8.4.3. Hull mass

modelling {s discussed in A.8.7 and the modelling of hull sagging is discussed in A.8.8.3.

A.8.4.2 tailed 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. The elements‘should be capable of carrying i

plane shear and out-of-plane moment.
A.8.4.3 Efuivalent hull model

In an equivalent hull model, the deck, bottom, side shelband major bulkheads are modelled as a gril
of beams. The axial and out-of-plane properties of the'beams should be calculated based on the dept]
the bulkhdads, side shell and the "effective width” of the deck and bottom plating. Beam elem¢
should be positioned with their neutral axes at'mid-depth of the hull. Due to the continuity of the d
and bottom structures and the dimensiong-of‘a typical hull box, the in-plane bending stiffness caf
treated as [large relative to the out-of-plane stiffness. The torsional stiffness should be approximd
from the clpsed box section of the hull‘and distributed between the grillage members.

A.8.5 odelling the leg-to-hull connection
A.8.5.1 General

The leg-tothull connection modelling is of extreme importance to the analysis since it controls

the

age
h of
bnts
eck
1 be
ited

the

distributioh of leg bénding moments and shears carried between the upper and lower guide struct

res

and the jacking orfixation system. It is, therefore, necessary that these systems be properly modelled in
terms of dtiffaess, orientation and clearance. A simplified derivation of the equivalent leg-to-hull

connection| 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 (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.

122 © IS0 2023 - All right rese

rved


https://standardsiso.com/api/?name=d6619815f1e9d3d0504621ff74975167

ISO 19905-1:2023(E)

T _—
~
a) Single sided rack and pinion b) Opposed rack and pinion

/\<_\

e N e o e R

Q
\

c) Pin and yoke
Figure A.8.5-1 — Types of elevating system

Representative leg-to-hull\connections are shown in Figure A.8.5-2. The basic function of the|leg-to-hull
conphection is to transferforces between the leg and hull as follows.

— |Horizontal ghear is transferred by a set of horizontal forces in the lower guides and/or fixation
system.

— | Vertical force is transferred via a set of vertical forces in the support system.

mdina 1a o At 1o b rrad bz o rvabination ofb 1o ot = cantha taaa o o 1 kay d
SO S THOTH e TS trar ST CO oy a COTomatroT O o TZ20Trear rorees o p ptrantT wer gul es

and/or by a set of vertical forces in the support system.
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124

\"4

=

< > —
‘ ‘ ::v System includes:

— jackcase;

unopposed jacking pinions.

|
2 E |: ) — fixed jacking system with opposed| or
——

Fy

a) Fixed jacking system without fixation system

4l

>

>

b'A
b‘Q

T

)
1
: 3 3 : System includes:
.: 5 — jackcase;
— shock pads;
2_’ 4> — floating jacking system with opposed or
unopposed jacking pinions.

M Fy

Fy

b) Floating jacking system without fixation system

Figure A.8.5-2 — Representative leg-to-hull connections (1 of 2)
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System includes:

— jackcase;

jacking system with opposed or unopposed

) jacking pinions;
3
P
b
b

E

5 05 A
e
i
V@@v ?VWWV
J =
|

— fixation system.

c) Jacking system with fixation system

Iq
ol

System includes:

— jackhouse;

Ul
192\
=

— upper and lower yokes;

— upper and lower shock pads;

2 — jacking cylinders;

— jacking pins.

d) Pin and yoke jacking system
Key

wpper-guide reaction
PP

lower guide reaction
pinion reactions
fixation system reactions

jacking pin reactions

e woN R

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

© IS0 2023 - All right reserved 125


https://standardsiso.com/api/?name=d6619815f1e9d3d0504621ff74975167

ISO 19905-1:2023(E)

the leg-to-hull connection due to the environmental actions are transferred largely by the fixation
system because of its high stiffness. Depending on the specified method of operation, the stiffnesses, the
initial clearances and the magnitude of the applied forces, a portion of the environmental leg loading
can also be transferred by the jacking system and the guide structures. After the fixation systems are
engaged, some jack-ups release the pinions by disengaging the jacking system. Under this condition, the
leg bending moment is shared by the upper and lower guides and the fixation systems. A complete
typical shear force and bending moment diagram is shown in Figure A.8.5-3, with a more detailed
representation shown in Figure A.8.5-4. In Figure A.8.5-4 a) to c) the part below the lower guide is
independent of the leg-to-hull connection.

For jack-ups without a fixation system, the leg bending moment is shared by the jacking system pnd
guide strugture. For jack-ups with a fixed jacking system, the distribution of leg moment between|the
jacking syskem and guide structure mainly depends on the stiffness of the jacking pinions. Typical shear
force and Bending moment diagrams for this configuration are shown in Figures A.8.5-4 b} and A.8.5-
4 c).

For a floating jacking system, the distribution of leg bending moment between the.jacking system jand
guide strugture depends on the combined stiffness of the shock pads and pinions. Typical shear fgrce
and bendirlg moment diagrams for this configuration are shown in Figure A.8:54 d).

The leg-tothull connection should be modelled considering the effects of guide and support system
clearances| wear, construction tolerances and backlash (within the)gear train and between the dfive
pinion and|the rack).
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Key

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

shear force

= @

bending moment

Figure A.8.5-3 — Complete leg shear force and bending moment — Jack-ups with a fixation
system
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a) Jack-ups with a fixation system

4 8 S

b) Jack-sips without a fixation system and having a fixed jacking system with opposed pinions

4 8 S

N

7o .,

M

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

Key
1 |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 flgating on shock pads
S |shear force
M |bending moment
Figure A.8.5-4 — Leg shear force and bending moment within the leg-to-hull connection (2 of 2)

If tHe jacking system has unopposed pinions,local chord moments arise due to

j ===

— |the horizontal pinion force component (due to the pressure angle of the rack/pinion), an
— |the vertical pinion force component acting at an offset from the chord neutral axis.

The techniques in A.8.5.2 to/A.8.5.7 are recommended for modelling leg-to-hull connections (specific
data for the various parts.of the structure can be available from the design data package).

A.8]5.2 Guide systems

The guide structures should be modelled to restrain the chord member horizontally only in directions
in which guide contact occurs. The upper and lower guides can be considered to be relatively stiff with

respectte’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 i, however,
recommended that at Ieast two positions be cCovered when assessing leg strength: one at a node and the

other at midspan. This is to allow for uncertainties in the prediction of leg penetration and possible
differences 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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b) Guide at node-- guide’reaction ignoring d) Guide at node-- simplified distribution of the
guidelength guide reaction
Key
F  guide refction
h  guide lepgth

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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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

con

A.8.

sideration of member interface gap spacing and mechanical component stiffness.

5.4 Fixation system

The fixation system should be modelled to resist both vertical and horizontal forces based on the
stiffness of the vertical and horizontal supports and on the relative location of their associated
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idations. It 1s important that the model reflects the local moment strength of the fixaf
ing from its finite size and the number and location of the supports.

5.5 Shock pad — Floating jacking systems

iting jacking systems generally have two sets of shock pads at each jackcase,’one locateq
the other at the bottom of the jackhouse. Alternatively, shock pads can\be provided for g
lock of pinions. The jacking system is free to move up or down untilit contacts the upp
Ck pad. In the elevated configuration, the jacking system is in contact with the upper sho
he transit configuration it is in contact with the lower shock pad. The stiffness of the
uld be based on the manufacturer's data and the shock pad,should be modelled to res
e only. It should also be recognized that the shock pad stiffriess characteristics are nor
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
ct impact on the distribution of horizontal férces between the guides and the jacking sy
is not modelled, it is normally sufficientto restrain the base of the jackcase and associa]
vell as the foundations of the fixation system and the lower guide structures at their con
hull.

5.7 Equivalent leg-to-hullstiffness

determination of stiffnesses for the equivalent leg-to-hull connection model can be acq
he following means.

The application‘ef unit load cases to a detailed leg model in combination with a detailed|
connection ;model in accordance with 8.3.2 and 8.5: Unit load cases are applied as d
A.8.3.3. The-effective stiffness of the connection can be determined from the differencg
the results from the detailed leg model alone (see A.8.3.3) and those from the detailed 1
to-hull’connection model as follows.
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— Axial unit load case: This case is used to determine the vertical leg-to-hull connectid
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

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/(0c —0Om) or K =ML/(Sc — Sm)

(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.
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onditions should be developed. This analysis can be perfornied on an independent model of
pabed reaction point

fechnical analyses demonstrate otherwise, thévertical position of the reaction point at ¢
ould be located at a distance above the spudcan tip equivalent to

e maximum predicted penetration (when spudcan is partially penetrated), or
e height of the spudcan (when thespudcan is fully penetrated).
f an independent leg jack*up can be either assumed to be pinned or supported Y

al and rotational foundation springs at the reaction point. The assumed boundary condit
learly stated together with the assumptions for any moment fixity provided to the spudd

n geometry,sloping seabeds, bottom obstructions, existing spudcan footprints, etc., can re
al eccentricity of the spudcan support. In such cases, the horizontal position (eccentricity
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ometry and seabed topology under the action of preload and should, normally, only be taken
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téwvhere this is detrimental to the assessment results. In such cases, the strength of the spud

can

should also be considered.

Non-symm

etrical 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

The vertical distribution of mass is important for all dynamic analyses as it affects the latdral inertial
actipns. Care should be taken when modelling the hull mass to ensure that the horizontal distribution of
mags is correct as it affects the yaw response. This is important particularly in fatigue and earthquake
analysis. The cantilever position should be considered when distributing the mass.

For|earthquake assessments, see A.10.7.

Normally, the correct functional actions cannot be simply obtained from™a mass model of the hull and
legq with the application of gravity since it is not possible to consistently account for buoyarcy, 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 €nsure that the proper corrgctions are
madle to the functional actions. See A.8.8.2 and A.8.8.3.

A.8.8 Application of actions
A.8|8.1 Assessment actions

The assessment follows a partial factor format-’The partial action factors are applied to the actions
defined in other clauses (i.e. they are actiomfactors, not action-effect factors). The jack-up response is
non-linear and, hence, the application of thé combined factored actions does not in general develop the
sanje result as the factored combination-6f individual action effects.

Thd actions and action effects aré.discussed in turn below.
A.8/8.2 Functional actionsdue to fixed load and variable load

The actions on the hull’due to fixed load and variable load should be applied to the modgl in such a
mamnner as to represent their correct vertical and horizontal distribution. The hull functional actions are
the |hull masses¢nidtiplied by the vertical gravitational acceleration. The hull mass distribufion can be
represented bya combination of self-generated mass and applied point masses at the node ppints of the
modlel. Whenvredistribution 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, pne of the
alternative approaches in A.8.8.3 should be used.

The 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

When a jack-up is installed on site, the legs normally engage the seabed with the hull supported by its
own buoyancy in a hogged condition. Subsequently, with the hull slightly clear of the water, preload
ballast is taken on board thus preloading the legs to achieve their final penetration. This normally leads
to an extrejme 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 guide
clearances) the design and operation of the jacking system operational parameters, etc. Such moments
should be |considered in the assessment analyses, and are larger in shallow waters'where the|leg
extension elow the hull is small and consequently the leg bending stiffness is higher.

effects if the functional actions are applied to the jack-up in its initiallysundeflected shape at|the
operating hull elevation. The hull sag moment is generally overpredicted-by this modelling technique
and may b reduced by up to 75 % of the value that would be obtainéd from an analysis using a hull
mode] with

An FE motlel with distributed hull stiffness and distributed functional actions)incorporates hull [sag

a) the maximum extreme storm weight distributed according t0.A.8.8.2,

b) guide ¢learances set to zero, and

c) the elevating system loads equalized within each.leg.

The reductjon of the hull sag moment should be.achieved by one or more of the following:
— applying correcting moments to the hullin the vicinity of each leg;

— redistifibuting the hull weight, whilst maintaining the correct centre of gravity;

— including realistic guide clearances; and/or

— adjusting position of thgSpudcan reaction point (prescribed displacement).

Methods that affect the stiffness of the model such as increasing the hull stiffness or increasing|the
conformity at thesbase 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 limits
(as opposed 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

ove

rturning 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

.8.4.2 Wave/current actions

Wave/current actions are determined from 7.3.3. The wave/current actions on the leg and the spudcan
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:Irctures above the sea floor should be modelled to represent their correct vertical and
disfribution. Where nodal actions are used, their application should ensure that the corfect
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overturning moment are achieved on each leg, and reflect the distributed nature ofjthe ag

8.5 Inertial actions

eterministic dynamic storm analysis requires the explicit determinatien~of an inertial
Clause 10). This loadset should be applied to the model in combination with the other ac

the SDOF approach, F,, is applied to the hull as lateral force(s) acting through the hu
ity.

bn the inertial loadset is derived from a random dynamic analysis, the applied loadset sh
 the inertial base shear and the inertial overturning moment. This can be accompl
bination of

lateral force(s) acting on the hull,

lateral force(s) acting equally on all the'legs above the upper guide in the direction of th¢
actions, and

correcting moment(s) applied-asa horizontal or vertical couple(s) to the hull.
ratio of the total lateral forces acting on the legs above the hull to the lateral forces ac
. The moment due tothe lateral forces applied to the legs above the upper guide should

[ve, the correcting moment in c) should increase the overturning moment.

Ces or moments due to inertial actions should normally be applied only to structure abov
e. Intérnal leg forces and foundation forces are both important aspects of a site-specific §

horizontal
total shear
tions.

oadset, F;,
tions.

] centre of

buld match
ished by a

e metocean

ting on the

should not exceed the ratio of the mass of the legs above the upper guide to the total mass of the

not exceed

correcting moment required to match the overturning moment, i.e. when applying the florces in b)

b the lower
issessment
hese in an

The application of the inertial loadset using concentrated forces can result in spurious local

.8.6 Large displacement effects

There are two displacement effects that should be captured:

stresses.

— lateral displacement of the hull causes the functional actions to increase global OTM (global P-A

©IS

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:

In large displacement methods, the solution is obtained by applying the load case in increments and
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 global
displagement and Euler amplification effects such that Bmar=1,0 in the moment amplificafion
formulae (see A.12.4).

b) Geomdetric stiffness methods:

Geomdtric 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 understdand specifically which
large displacement effects the software approximates (global and perhaps.lo¢al) so that the corfect
value qf Bmar can be chosen for use in the moment amplification formulae\(see A.12.4).

c) Negatiye spring method:
A simplified geometric stiffness approach allows linear-elastig.incorporation of P-A effects in an FE
program without recourse to iteration. In this approach, a&'correction term is introduced into|the
global ptiffness matrix prior to analysis. When the analysi§’is complete, the hull deflections, leg axial
forces|and leg bending moments include the global .P-A effects. The derivation of the method is
descrilped in ISO/TR 19905-2:2012, A.8.

The correction term is
—P, /L

where

P, is fhe sum of the leg forces-due to functional actions on legs at the hull including the weight of
the legs above the hull;

L isthe distance from the spudcan reaction point to the hull vertical centre of gravity.
This negative stiffnéss ‘correction term applied at the hull produces an additional lateral force at the hull

proportional to the structural deflection. The resulting (additional) base overturning moment is equal
to P, times thehull 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 orthogonal
springs are attached to the hull in the vicinity of each leg, using the total spring stiffness divided by 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
hydrodynamic action on the conductor should be included in the jack-up's global analysis model and
applied through the support point on the hull.

The[effects of stiffness and damping in the conductor are not generally modelled In a jack-up structural
ass¢ssment because they normally have negligible influence on the global jack-up responsg;

Structural integrity assessment of an individual conductor is outside the scope of this. documé¢nt.
A.8|8.8 Earthquake actions

See[10.7 and A.10.7 for earthquake actions.
A.8(8.9 Ice actions

See|10.8 and A.10.8 for ice actions.

A.9 Guidance on foundations

A.9.1 Applicability

No guidance is offered.

A9.2 General

No guidance is offered.

A.9.3 Geotechnical analysis of independent leg foundations
A.9{3.1 Foundation medelling and assessment

A.9{3.1.1 General

In 9.3.1 and A.9.3.T are addressed the approaches to foundation modelling for

— |respohse analysis; and

— |foundation assessment checks.

The response analysis should incorporate dynamic effects using a compatible or conservative
foundation model. Dynamic effects can either be 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 particplar
signifi¢ance for silty soils and/or carbonate materials.

— Cases where an increase in spudcan penetration occurs and a potential for punch-through exjsts,
e.g. dug to cyclic loading.

— Cases where horizontal seams of weak soil are located beneath the spud¢an that can resulf in
inadequate horizontal (sliding) capacity and sliding instability.

If any of the above circumstances exist, further analysis should be carriéd out.

In the casdg of partial embedment of a conical spudcan, e.g. in sandy soils, after preloading, additignal
spudcan emnbedment can result in a considerable increase in foundation capacity, which can be used in
the assessthent checks.

In some cijcumstances, the foundation capacities and stiffnesses are not sufficient for the unit to satisfy
the acceptdnce criteria (Clause 13) based on the applied preload. In such cases, the assessment can be
based on fpundation capacities and stiffnesses calculated using soil strength parameters and partial
material faftor y,, instead of the applied preloadjin“accordance with the approach described in E.4. .
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Table A.9.3-1 — Approaches to foundation assessment

Fixity treatment in Foundation assessment Acceptance Subclause
response analysis category
Simple preload check, Level 1; Step 1a A9.3.62
Windward leg check Level 1; Step 1b A9.3.63
(both are subject to limitations) s otep D
Pinned Bearlr}g and sliding checks using vertical-horizontal Level 2; Step 2a A93.6.4
capacity envelope
Displacement check using the vertical-horizontal
capacity envelope and load-penetration curve; should Level 3; Step 3a A9.3.6.6
also meet the Level 2; Step 2a sliding checks
Beirm% ezmcsi shdzlng checks (uses the same procedure as Level 2; Step 2b A93.65
Simple interaction | Level 2; Step 2a)
surface (secant Displacement check using the vertical-horizontal
model) capacity envelope and load-penetration curve; should Ievel 3; Step 3a A9.3.6.6
Fixify also meet the Level 2 sliding checks
Full interaction Foundation checks are implicit in the non-linear model; Level 2; Step 2c A.9.3.6.5
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-lig€armodel Level 3; Step 3b A9.3.6.6
A.9{3.1.3 Simple pinned foundation
Pinped foundation treatment incorporates a simples 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.
A.9(3.1.4 Linear vertical, linear horizontal and secant rotational stiffness
This foundation fixity treatment in€erporates a check on foundation capacity in terms pf vertical-
horjzontal capacity and sliding capacity. The amount of rotational fixity is not directly inyolved in a
chefking formula. However, the moment, bearing and sliding interaction is implicitly checked through
the|use of the yield surfacefunction. Vertical-horizontal and sliding capacities should still be checked
explicitly through the procedures described in A.9.3.6.
A.9]|3.1.5 Non-linearvertical, horizontal and rotational stiffness
The vertical, horizontal and moment interaction is implicitly checked through the use of the yield
intdraction medel as described in A.9.3.4.2.3. No other checks are required providing thal sliding is

incqrporated in the model.

A9

31:6 Non-linear continuum foundation model

This model should not be used unless one of the simpler analysis methods above has been used to
provide a benchmark for the results. The soil model should be capable of capturing the non-linear
behaviour for the strain levels expected in the response. The interface between the spudcan and the soil

sho

uld be modelled to account for effects such as sliding due to insufficient friction.
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A.9.3.2 Legpenetration during preloading
A.9.3.2.1 Analysis method

A.9.3.2.1.1 General

The conventional procedure for the assessment of spudcan load/penetration behaviour is given in the
following steps.

a) Model the spudcan.

b) Compyte 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. A low representative value and a high representative value of the soil strength
profile|should also be used to assess the implications of the range of spudcan penetrations.

c) Use Fagrmula (A.9.3-1) to convert the gross ultimate vertical bearing capacityrat’each depth to|the
available structural spudcan reaction, V|, by deducting, when appropriate, the submerged weight of

the bagkfill, Wy, and adding the soil buoyancy of the spudcan below bearing area, B, calculatefl as
Bs=y'}p as described in A.9.3.2.1.5.

| = Qy + Bg (with no backfill)
1. = Qy — Wgp + Bg (with backfill) (A.9.3-1)
See A.9.3.2.1.4.

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,
particdlarly for competent soil conditions.

d) Plot thie available structural spudcan reaction, V| as a curve against penetration, accounting for|the
distan¢e of the spudcan tip beneath the depth of the bearing area by increasing the penetration
used ih the capacity calculation by this distance. The curve should extend to a suitable dgpth
beyond the expected penetration. This depth should normally be 1,5 times the expedted
penetrption or to the penetration associated with 1,5 times the preload reaction.

e) Enter the curve of)available structural spudcan reaction versus spudcan penetration with [the
maximum preload-reaction at the spudcans and read off the predicted spudcan penetration.

A.9.3.2.1.2 Modelling the spudcan

For conventichal foundation ana]ycnc’ the cpndran can often be modelled as a flat circular foundation.

The equivalent diameter is determined from the area of the actual spudcan cross-section in contact with
the sea floor, or where the spudcan is fully embedded, from the largest cross-sectional area in plan (see
Figure A.9.3-2). Foundation analyses are then performed for this circular foundation at the greatest
embedment depth, Demped, 0f 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 configurations, e.g. rectangular spudcans or legs with
significant skin friction, can require alternative treatment.
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When a penetration analysis uses bearing capacity factors that account for the conical underside of the
spudcan, at each depth the equivalent cone angle (5, 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 should
be taken such that

— the diameter, B, of the cone at its top gives an area equal to the largest plan cross-sectional area in
contact with the soil,

— the cone angle should be determined so as to enclose the same volume as that of the spudcan below
the sea floor, and

— |once the largest plan area is mobilized, the volume and equivalent cone angle remain constant.
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Fy
_ Qw
a) Actpial spudcan — Partially embedded b) Actual spudcan= Fully embedded
Fy _ Fy
o RO DRI
3| LK LKILLLARK
2 DI NI
QOJ
NN N N 2\
c) Equiyalent model <~ Partially embedded d) Equivalent model — Fully embedded
Key
A effectjve bearingarea based on cross-section taken at uppermost part of bearing area in contact with soil
B effectjve spudcan diameter
Dembed greatgstembedment depth of maximum cross-sectional spudcan bearing area below the sea floor

Fy gross vertical force acting on the soil beneath the spudcan due to the assessment load case
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Figure A.9.3-2 — Spudcan foundation model
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c) Fully seated at sea floor

Key
B..| maximum effective spudcan diameter
B effective spudcan diameter
Dembpd greatest embedment depth of maximum cross-sec¢tional spudcan bearing area below the sea floor
B effective cone angle
NOTE1 Effective cone indicated by dashed lines.
NOTE 2 Based on Martin (1994)(132],

Figure A.9.3-3 — Calculating an equivalent conical spudcan for various embedm
A.9{3.2.1.3 Modelling the soil
The soil beneath the'spudcan fails as the foundation is loaded during preloading until eqy
achjeved at the end\of the preloading operation. Figure A.9.3-4 shows different failure mech
varjous soil conditions, which range from conventional bearing capacity failure in uni
potential puneh-through for layered soils, squeezing, and combinations of all of these mecha
soillmodekshould be sufficiently accurate to represent the behaviour of spudcan and soil cha
duringpreloading.

d) Fully seated beneath sea floor

bnts

ilibrium is
anisms for
form soils,
nisms. The
racteristics

An appropriate soil model should be used for layered soils to account for the effects of punch-through
or squeezing, e.g. local failure of a weak layer between two stronger layers. It is mentioned that an
artificial punch-through condition can be created as a result of soil consolidation occurring during
pauses in leg penetration whilst the spudcan is loaded to less than full preload. Such pauses can occur
during installation operations or geotechnical investigation from a jack-up prior to full preloading.

The analysis methods in A.9.3.2.1.4 to A.9.3.2.6.6 address the failure mechanisms shown in Figure A.9.3-

4,
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a) Conventional bearing capacity failure: b) Deep bearing capacity: uniform soil
uniform soil

R S Sl

c) Squeezing d)"Punch-through

\ . : /
XA 1

a4 T

e) Pungh-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 refergnce tosFigure 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.g.
where there is a sand veneer over clay. Cavity wall collapse can occur during or after preloading;
sediment transport is only of significance after preloading. Cavity wall collapse can occur slowly or
suddenly. If it occurs suddenly during preloading, it can cause a rapid increase in penetration.

Key

1 |backflow

2 |infill-- wall failure

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 (Wgp,) during preloading loads the top of the spudcan and results in
addjitional penetration.

Backfill that occurs after preload has been applied and held (Wgg ) provides additional wejght on the

spudcan. This backfill yeduces the vertical reaction that the foundation can support to| resist the
overturning moment. Conversely, any subsequent backfill increases the available uplift capacity of the
windward leg(s).

Thg minimum ualue of the backfill weight due to backflow during preloading, Wy i, depgnds on the
limiting depth’ of cavity, H

. that remains open above the spudcan during penetration as given in
Formula{(A:9.3-2):

W *,"[A(Dembea H) (Vspua Yo —fwith-backows e Wersmmmalways-pesitive)

WgE omin = 0 (with no backfill) (A.9.3-2)
where

Vipua i 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 the

soil, refer to Figure A.9.3-6; V}, is zero for a flat-based spudcan.
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Care should be taken when calculating Vg, 4 when the spudcan is not fully covered with backflow

material; refer to Figure A.9.3-6.

A B C
" P J
™
W — 5
T T
A B C
) =z |
o
L — 1 <
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 penetration
1  the total volume of the spudcan below the backfil], Vepud
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 greatesfembedment 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 ratg, p,
Formula (A.9.3-3) from Hossain and Randolph (2009a)[°4 can be used to estimate H_,,. This expresgion
and the supporting data are graphically presented in Figure A.9.3-7. Formula (A.9.3-4) from Hossain and
Randolph (R009a)[®4l can be used to estimate H_,, for multi-layer clays with moderate changes of strength,
iterating tolestablish consistent values for Heay/B and s;.
0,55
H B =S8"%0,2
cav /| B = ST 570,255 (A.9.3-3)
A ' 110,55 ,
H_, |B=Is,y ! (¥'B)] =0,25[s 4 / (¥'B)] (A.9.3-4)
where
S 7
_ | Zum
S - !
v'B
(A.9.3-5)

S,y Is the undrained shear strength at a depth of H_,, below sea floor;

Sum
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is 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 soil assumes its angle of repose).

S = (sum/y'B) A7)
0,001 0,01 0,1 1 10 1 i
0,01 4
] L N ="
= = e
0,1 S & T——
=9 0,55_ T g <> 5
-~ o~ —  — » 2
1 g, | |E=
00,14 <0,
2025 00,29 La] /_'\\ —
003 <043
405 X075 B
10 ‘
a) Experimental data and curve-fit b) Idealized scenarjio
Key
1 spudcan
2 leg truss
3 cavity
4 sea floor
5 soil backflow
B effective spudcan diatneter (typically 11 m to 20 m)
Dembvpd greatest depth,ef.embedment of maximum cross-section in contact with the soil
H,,| limiting depth‘ef cavity that remains open above the spudcan during penetration
Sy undrained shear strength at base of cavity
Sym | undrained shear strength at sea floor
500 unidrained shear strength at depth of maximum spudcan bearing area
s, undrained shear strength
A depth below sea floor
y' submerged unit weight of soil

Psu rate of increase in undrained shear strength with depth

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 =Vio * Wgr, ~ Bs (A.9.3-6)
where
Wgro is the submerged weight of the overburden on top of the spudcan from backfill dufing

preloading, which is not less than Wy 10

Bs=y|V, is the soil buoyancy of spudcan below bearing area, i.e. the submerged weight of |soil

displaced by the spudcan below Dembed, the greatest depth of embedment of |the
maximum cross-sectional spudcan bearing area below the sea floor;

vy is the volume of the spudcan below the lowest level of maximum 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 establisheddy preload operations and related
to V. HoWever, in some cases, subsequent actions can cause furthér penetration and a corresponding
increase in|Qy, as is consistent with the load-penetration formulaegiven in A.9.3.2.2 through A.9.3.2.6.

A.9.3.2.2| Penetration in clays

The gross|ultimate vertical bearing capacity of a\foundation in clay of uniform shear strength
(undrained failure in clay, ¢= 0°) at a specific depthican be expressed as given in Formula (A.9.3-7):

Qv = (sulNcscd. +p'o)mB? /4 (A.9.3-7)
where

p', is the effective overburdep pressure at the greatest embedment depth, Dembed, of the maximum
bearing area;

d. 1is fhe bearing capacity depth factor,d.=1+ 0,2 (Dembeda /B) < 1,5.

C

For circulaf 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 T:ethod, the laboratory test type and the field experience regarding the prediction pnd
observations-ef spudcan penetrations.

Traditionally, the value of N. has been determined from solutions for strip footing on homogeneous
clay, with shape and depth factors based on Skempton (1951)[16°l. However, these factors are

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)[99], 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 § between 60° and a flat plate of 180°;
— embedment depths, Dembed, between 0 and 2,5B;

— values of shear strength gradient pwB/s,,, between 0 and 5, where ps, is the rate of increase in
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 shear strength at
the fop of the layer.

The tables in Annex E provide a theoretical lower bound to the total bearing factor N -sd. [to apply to
the| shear strength at the spudcan base level, s, for the full range of,the above parameters.
Altdrnatively, Houlsby and Martin (2003)[9 indicates that using the shear strength, s, at|a depth of

0,09B below the spudcan base level together with the bearing factots)given in Table A.p.3-2 for a
foundation on uniform strength clay provides answers that are within-+ 12 % of the theordtical lower
bound solutions.

Altgrnatively, field experience in the Gulf of Mexico (Young,1984)[212] indicates that for typlical Gulf of
Megico shear strength gradients and spudcan dimensigns, spudcan penetrations in clgy are well
preflicted by selecting s, as the average over a depth’of B/2 below the widest crossfsection in

conjbination with the bearing capacity and simplified‘depth factor formula from Skempton|(1951)[169]
proyided in Formula (A.9.3-7). A comparison was made Menzies and Roper (2008)[13$] between
measured load-penetration records from thirteen Gulf of Mexico clay sites with linearly|increasing
shepr strength profiles and spudcan penetration predictions from four bearing capacity foymulations,
nanmely Skempton (1951)[16%, Hansen (1970)I88], Houlsby and Martin (2003)° and Hogsain et al.
(20p6)1931. The comparisons indicate that'the Houlsby and Martin method provides a good lower bound
load-penetration prediction indicating deeper penetrations, the Hossain et al. method provides an
upper bound load-penetration prediction, usually predicting shallower penetrations than|measured,
and| the Skempton and Hansen“bearing capacity factors provide reasonable predictions |of average
penetrations. The Hossainetal. (2006)[3] bearing capacity method was modified (Hogsain et al.
2009)19l to provide a loadspenetration prediction method that accounts for soil strain rate dependency
and| strain softening duping spudcan penetration. Hossain et al. (2014)97] compared load-penetration
resylts from the modified bearing capacity model with data from Menzies & Roper (2008)[138] and found
good agreement

Sonpe jack-up.rigs with more than 3 legs are able to apply the pre-drive in minutes; conventfonal water
ballpst preload operations take hours or days to complete. The bearing capacity when pre-driving
shopld. utilize bearing capacity methods that allow for changes in the shear strength due to|strain rate
effeets—Researeh-performed-byHeossainandRandolph{2009e} 4 -developed-abearing-eapdcity model
that includes the effect of strain rate dependency to predict load-penetration. A discussion of strain rate
effects on the prediction of load-penetration is also presented in Versteele et al. (2017)[1951.

For clay layers with distinct strength differences, methods for layered soils should be used; see
A9.3.2.6.
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Table A.9.3-2 — Bearing capacity factors for rough circular plate
on homogeneous clay (Houlsby and Martin, 2003[991)

Embedment ratio, Bearing factor,
Dembed/B N sod,

0 6,0

0,1 6,3

0,25 6,6

0.5 7.0

1,0 7,7

>2,5 9,0

p factor is nonlinear with respect to the embedment ratio. It is necessary ¢o, use caution wj

Penetration in soils with partial drainage

hs clay) be performed to estimate the range of penetratiofs.

Randolph (1994b)[72] and Erbrich (2005)[79; thelatter reference also describes the us
ading in silts.

an appropriate bearing factor for embedment ratios other than those given in Table A.9.3}

hen

ons

nage conditions and penetration in soils can be assessed using the approaches described by

e of

A.9.3.2.4 | Penetration in silica sands
Spudcan penetration in silica sand is usually analysed as a drained process, in which no excess pgore
water pregdsure is generated. In drained conditions, the gross ultimate vertical bearing capacity pf a
circular foundation in homogeneous frictional material can be expressed as given in Formula (A.9.3-8):
¥'d,N,nB® p,d,N,mB?
(A.9.3-8)
where
dv isthe depth factor on self weight for drained soils, dy: 1,0;
dq is the depth factor on surcharge for drained soils,
dq_ = Ztcuuf)' (1-aiu¢')7 ar Ltau(Dembed/B) where—at \,tdu(Dembed/B) ts—mrradians—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;
these cover a range of cone apex angles and interface roughness coefficients.

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 Ng
Degrees

20 24 9,6

21 2,9 10,9
22 3,5 124
23 4.2 14,1
24 51 161
25 6,1 18,4
26 7,3 21,1
27 838 24,2
28 10,6 27,9
29 12,8 32,2
30 155 37,2
31 18,8 43,2
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 1237 192,7

A.9.3.2.5 Penetration in carbonate sands
A.9.3.2.5.1 General

Penetrations in carbonate sands are highly unpredictable and can be minimal in strongly cemented
materials, or large, in uncemented materials. Cementation, crushable particles, high in situ void ratios
and compressibility are some of the characteristics of calcareous sediment that have led to the
conclusion that the routine bearing capacity methods linked to the frictional soil strength are
inappropriate [Poulos and Chua (1985)[148], Le Tirant and Nauroy (1994)121] and Finnie and Randolph
(1994a)l721]. 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)(¢¢1]. 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.

The leg penetration is governed by both the strength and deformation characteristics of the soils. The
compressibility of carbonate sands is relatively higher than that of silica sands. Hence, greater
penetrations should be expected for carbonate sands relative to silica sands despite the similar or even

higher lab
(1985) 11481
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response of circular foundations can also be described as bi-linear, with a yield-point that is similar to

the yield s
Sharp and
increases V

local or pupnching shear failure. Randolph and Erbrich (1999) [153] exXplain this bi-linear shape as b

attributabl
A.9.3.2.5.4

The predic
silica sandj

Spudcan p
convention
appropriat
but require
the range @

Special attg
layers with

Randolph ¢
uncementg
model foo
estimation
than the se

ress in 1-dimensional compression [Poulos and Chua (1985)148[\Houlsby et al. (1988)
van Seters (1988)(166], and Randolph and Erbrich (1999)1531]{The bearing resistance t
vith continuing displacements, with no clear failure point./This behaviour is consistent ¥

e to the very small settlement expected before the yield\pressure is exceeded.
Predictive methods

Fions of spudcan penetrations in carbonate sands are likely to be less accurate than those

enetration occurs due to a combination of soil compression and soil failure. The use of
al general shear failure model for-sand for predicting the penetration is, therefore,
e. This model is, however, generally adopted for penetration predictions in carbonate sa
s a careful assessment of the'friction angle. The reduction of the friction angles is typicall
f 3° to 7° for cemented and uhcemented carbonate sands.

ention is required fof sites with a stronger cemented soil layer overlying weak, uncemer
careful consideration given to the type of punch-through mechanism.

et al. (1993)5%and Finnie and Randolph (1994a)[71] outline a bearing modulus method
d calcareous-'sands. This is based on the results of a series of centrifuge experiment
fings that/indicate that the vertical bearing capacity increased linearly with depth.
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|f-weight as given in Formula (A.9.3-9):

= 'N
T =770 (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.

154 © IS0 2023 - All right reserved


https://standardsiso.com/api/?name=d6619815f1e9d3d0504621ff74975167

Fi

ISO 19905-1:2023(E)

ure A.9.3-8 — Representation of a conical spudcan by equivalent circular footing “slices” for
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the calculation of vertical bearing capacity in carbonate sands

er predictive methods for circular spudcans on both cemented and uncemented -calcar
e been published, including Islam (1999)107], Islam et al. (2001)[1%9, Houlspy et al.
dolph et al. (1993)(154], Finnie and Randolph (1994a)[71], and Yamamoto et@l:-(2008) [207],
oncluding that the bearing response of shallow foundations on calcareeus sands is bette]
1 a compressional deformation mechanism and the punching sh€ar pattern, Yamar
P8(2071, 2009 [208]) provide simple formulae for the response of shallow footings on co
s.

3.2.6 Penetration in layered soils
3.2.6.1 General

ee different foundation failure mechanisms shouldbe considered when making spudcan
iyered soils:

pous sands
(1988)(100],
(2009)(2081,
r modelled
noto et al.
mpressible

bredictions

a) |general shear;

b) |squeezing;

c) |punch-through.

The first failure mechanismr-ogeeurs if soil strengths of subsequent layers do not vary significantly. Thus,
an pverage soil strength (€ither s, or ¢’ ) can be determined below the spudcan. The spudcan
penjetration versus foundation capacity relationship is then generated using criteria from A.9.3.2.2 to
A9.2.5.

Criteria for théother two failure mechanisms (squeezing and punch-through) are given in A{9.3.2.6.2 to
A.9f3.2.6.6. “Punch-through is of particular significance since it concerns a potentially |dangerous

sit

tion\where a strong layer overlies a weak layer and, hence, a small additional spudcan

enetration

can| be, associated with a significant reduction in vertical bearing capacity that results i1|1 rapid leg

£ 43
penetratton:

Backflow and infill should be considered.

A9

.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)I1%I in
combination with the bearing capacity and depth factors given by Skempton (1951)[1691 as given in
Formula (A.9.3-10).

bsB 1'ZDembed ’
——F ) Su t+ Do

Q, = A {(as'l' T + B = A{Nc Sc de sy + p(,)}

(A.9.3-10)

where the following squeezing factor constants are recommended:

and s, is the undrained shear strength of the soft clay layer.

vy

Key

1 spuflcan with effective-bearing area, A

2 softer clay layer with-shear strength, s,

3 strdnger soil

4 no hackflowsand no infill (i.e. no backfill)

B effeftivé.spudcan diameter

Dembed embpedment depth of spudcan effective bearing area, A, below sea floor

v, available spudcan reaction; see Formula (A.9.3-1)

P, effective overburden pressure at depth, Dembed

T thickness of weaker clay layer beneath 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 capacity of a spudcan on the surface of a strong clay layer overlying
a weak clay layer can be computed according to Brown and Meyerhof (1969)35] as given in
Formula (A.9.3-11); (see Figure A.9.3-10):

H D+ H ; ;
Q, =4 BESu,t +N_ s (1+ O’ZT)Su,b +p,] < A(Ncscdcsu,t +p;) (A9.3-11)

Formula (A.9.3-11) applies to clay layers of uniform undrained shear strengths.

vy
1
2 =
3
2 2

B
Key
1 spudcan with effective bearing area, A
2 stronger clay layer with shear strength, s, ,
3 weaker claglayer with shear strength, s,
4 no backflow and no infill (i.e. no backfill)
B effective spudcan diameter
Demijed Embedment depth of spudcan effective bearing area, 4, below sea floor
143 available spudcan reaction; see Formula (A.9.3-1)
p ’0 CffC\,tiVC over Lul C‘lCll pressure at Clll]UCdlllCllt dcyth, Dembeu
H thickness of stronger clay layer beneath the spudcan effective bearing area

Figure A.9.3-10 — Spudcan bearing capacity analysis — Two clay layers

A.9.3.2.6.4 Punch-through — Sand overlying clay

The gross ultimate vertical bearing capacity of a spudcan on a sand layer overlying a weak clay layer
can be computed using a load spread model (see Figure A.9.3-11). In this model, the bearing capacity of
the spudcan, 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):
B'=B+2H/n, (A9.3-12)

For 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)°2], and Craig and Chua (1990a)[5%] suggests a range of n,

from 3 to 5. Conversely, actual spudcan penetration data are available that suggest smaller ng values

(Baglioni, 1982)I211. It is, therefore, recommended that load spread factors in the range of 3 to 5 be used,
consistent vithrcurrentimdustry practice.

The calculation of the bearing capacity of the fictitious footing should include consideration "of|the
weight of the sand, W, above the fictitious footing at the surface of the lower (clay) layer, baséd on| the
assumption|of an open cavity being present above the footing, as given in Formula (A.9.3-13):

W = 0[251[B"* (Demped + H) — B?Dempea]V’ (A.9.3{13)

The total capacity is, therefore, as given in Formula (A.9.3-14):
Qu=0Q4p—W (A.9.3{14)

where @, |is the ultimate vertical foundation bearing capacity for-the fictitious footing at the interface
between the sand and clay layers with no backfill, which can he,calculated using Formula (A.9.3-7).
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vy
1
2 T
3
//// 2

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.e. ne*backfill)
5 fictitious spudcan with effective diameter, B’, at the interface between the upper and lower layers

Demjed embedment depth of actual spudcan below thesea 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 overlyingiclay (typically 3 to 5)
128 effective overburden pressuretat depth Dembed

Figure A.9.3¢11 — Spudcan bearing capacity analysis — Sand over clay

Altgrnatively, the gross ultimate initial bearing capacity may be calculated using Formuld (A.9.3-15)
der]ved from Hanhaland Meyerhof (1980)i8¢l:

tan(y)
B

Qv = Qup — AHY' + 2AH(HY' + 2p;) K
(A.9.3-15)

where @, is determined according to A.9.3.2.2, assuming that the spudcan bears on the surface of the
lower clay layer with no backfill.

The punching shear coefficient, K, depends on the strength of both the sand layer and the clay layer,

which can be derived from the graphs in the reference paper, Hanna and Meyerhof (1980)I8¢]; see
Figure A.9.3-12.

The bearing capacity for Quay / 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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chay bearjng capacity of clay for a surface strip footing-of width equal to the spudcan diameter, B
Qsang  bearjing capacity of sand for a surface strip.footing of width equal to the spudcan diameter, B

@' effedtive 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 lgad-
penetratioh curve typical’ of the punch-through condition is represented by a simplified profile
consisting |of three bearing capacities, namely bearing capacity at sea floor, Q, (at d=0), maximum
bearing capacity,«@ycax (at d=d,), and bearing capacity in the underlying clay (for d>H). A Yrief
descriptiorn ofthe approach is provided in E.3.

A.9.3.2.6.5 Punch-through — Cemented crust over weak soil

The occurrence of a cemented crust overlying a weak layer of clay or loose sand/silt should be carefully
considered. The analysis relies on accurate information on the thickness and strength of the crust and
the strength of the underlying layer. The analysis can be performed using simplified load spread models
or 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

1 hl; 1

2 2

3 3

a) Analysis 1 — Layer 2 over layer 3 b) Analysis 2 — I{ayer 1 over layers (2 and 3)
Key
layer 1
layer 2
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

Durjing preloading, the soil beneath the spudcan fails plastically and the spudcan penetratgs until the
beafing capacity is in equilibrium with the preload reaction. When the preload is removéd, the soil
unlpads on the small strainuanload-reload stiffness curve. The spudcan geometry and the soil| properties
at the penetrated position\are then used to determine the maximum moment and horizonta| capacities
that, with the verticalCeapacity, 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 interatction surface; see Figure A.9.3-14. Inside the yield surface the foundation behaviour is
conkidered\to be elastic for small strains, but it becomes increasingly inelastic as the yield surface is

approached. On the yield surface, the foundation undergoes inelastic deformation with increased
reiﬂmﬂmﬁMMmM&ﬂp@MmmﬁMm@ﬂaﬂor a site's

environmental conditions, the majority of the foundation load-deflection behaviour during a storm
should be essentially elastic and only a few, if any, extreme events cause stiffness reduction.

When the foundation is considered as pinned, the yield surface degenerates to a vertical-horizontal load
space.

A9.33.2 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 et al.
(1995)15¢], Cassidy et al. (2006)147], Wong and Murff (1994)1204], Baerheim (1993)[22] and van Langen and
Hospers (1993)[1931. The plasticity relationship can account for moment softening at high loading levels,
unloading behaviour and work-hardening effects. The shape of the yield surface for shallow foundations
is paraboloidal.

In clay, a deeply embedded spudcan can achieve a greater moment capacity than a spudcan with a
shallow penetration [see Templeton et al. (2003)[189, (2005)[1901 and Templeton (2006)[1851]. In
addition, the shape of the yield surface changes from paraboloidal to becoming progressively more

ellipsoidal
(2000)1134
confirmed
account by
[obtained

with increasing penetration. This was first shown experimentally by Martin and Heul

further substantiated via numerical analysis by Martin and Houlsby (2001)1351
via finite element analysis by Templeton et al. (2005)[18°]. This effect can be ‘taken
[ interpolating between the paraboloidal shape of the shallow embedment yield sur
by setting a=0 in Formula (A.9.3-16)] and the ellipsoidal shape for deep-embedmsg

sby
and
nto
face
ents

(Dembea > 2f5B) using the depth interpolation parameter, a. Accomplishmentof the necesgary
interpolatipn via a single parameter linear variation of the coefficients was shown to be sufficiently
accurate by Templeton (2006)185],
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ce calibrated to shallow penetrations is likely to~bé conservative for the deep penetra

and related to v;, as specified by Formula (A.9.3-6). However, in some cases, subsequ
ntal actions can cause further pémnetration and a corresponding increase in Qy, a

with the load-penetration formulae given in A.9.3.2.2 through A.9.3.2.6. In assessn
at incorporate work hardening, such possible increases in @y can be included automatic

pes of analyses, the effects of such increases in Qy can be included via calculations using

ration formulae, together with values of any additional penetration. In either case,
taken to include @Hcontributions from P-A effects associated with leaning due to
benetration.

Fy and Fyrand the moment F); acting on the spudcan are the forces transferred to

by thejjack-up in operational, extreme storm or earthquake conditions due to
[ load>case F, in 8.8. They include quasi-static contributions due to factored actions,

nSfrom dynamic response, as appropriate, in accordance with the procedures of Clause 1

does not include sliding; where sliding is important, this should be incorporated separately
using the method described in A.9.3.5.
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| formula, the gross ultimate vertical bearing capacity, Qy, is initially established by preload
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— 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
Fy4 (see 8.8).

— Fy;is the moment applied to the spudcan due to the assessment load case Fy (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,Fy,) 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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QH ________ [ QM ________ |

Qv

a) H-Vslice when M =0,0 b) M-V slicewhen H=10,p

<y

¢) H-Mslice when V=V,

horizontal capacity
moment capacity

<Sx=TF
<

vertical capacity

Figure A.9.3-14 — Three slices through the three-dimensional yield surface
(at M=0,0; H=0,0; and V=V, constant)

A.p.3.3.2 Ultimate vertical/horizontal /rotational capacity interaction function for spudcans in
sand and clay

The general formula, Formula (A.9.3-16), from Templeton (2006)I185] can be used for fully pr partially
penletrated spudcans:

2 2 2 2
F—H + F—M —16(1—a)F—V 1—F—V —4aF—V 1—F—V =0
O Ou & O % & (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, @y, is equal to the sum of the net vertical bearing
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capacity achieved during preloading, Q,,., multiplied by the cyclic degradation factor, fcyv, and
the overburden component, per Formula (A.9.3-18).

Qy 1is 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

AQ D D 7

Cy-«l;\, luadius dao dCD\,l ;bcd ;ll e VAT I LN

Fy is the gross vertical force acting on the soil beneath the spudcan due to the assessthent load

cape, 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 assessmentdoad case, F, (see 8.8), which
in¢ludes quasi-static contributions due to factored actions and contributions from dynamic
refponse, as appropriate, in accordance with the procedures of Clause 10, and also includeq leg
weight and water buoyancy but excludes the submerged\weight of backfill (Wgy , + Wgg ») pnd
spudcan soil buoyancy (Bs);

where, for the horizontal direction and moment,

Fy is fhe horizontal force applied to the spudcan-due to the assessment load case, F, (see 8.8);

Fy; is fhe bending moment applied to the spudcan due to the assessment load case, F, (see 8.8).

a) The clgy formulation is given in Formulae (A.9.3-18) to (A.9.3-20) [variables for sand can be fopnd
in b)].[The vertical, horizontal and-moment capacities Qy, @y and Q) are calculated in accordgnce
with Formula (A.9.3-18), (A.9.3-19) and (A.9.3-20), respectively.

QY =(foyv Qunet) + (P51 B?/4) (see A.9.3.8.7)
(A.9.3{18)

Qb =Sey i Cr- Qe (see NOTE 1 and A.9.3.8.7)
(A.9.3119)

Qi Efeym Cv Qunec B (see NOTE 1 and A.9.3.8.7)
[A9.3-20)

where
feyw feyn and f,, y are defined in A.9.3.3.7.
Qvnet = (5y°Nsd) mB%/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 negligib

at the mudline) the formulations are given in Formulae (A.9.3-22) to (A.9.3-23).

le strength

The proposed bearing capacity formulae should be used in normally consolidated to lightly

overconsolidated clays in which the undrained shear strength increases linearly with
a normalised heterogeneity ratio psuB/sum that is equal or greater than 1,5.

fOI' Dembed < Hcav
fOI' Dembed 2 Hcav + O;SB

Cu= CH,shallow =0,127

:fH,deep'CH,deep

depth with

(A.9.3-22)

Cu= CM,Shallow = 0,083 for Dembed < Heay
= CM,deep for Dembed = Heav + 0,5B
Values of Cuy and Cum for spudcan penetration depths between Hc.w and Hew'+ 0,58
linearly interpolated.

NOTE 1 Cugshaow and Cwmshalow are applicable to cases where the cavity above the spudcan rg
(Martin and Houlsby (2001)[135]). Cudeep and Cmdeep are based on centrifuge experiments an
analyses of deeply penetrated spudcans in normally consolidated clay (Zhang et al.
(2014c)!221]). These are given in Table A.9.3-4 in relation to soil $ensitivity, St, and spudcan
depth, Dembved/B. Two-way linear interpolation is suggested to“calculate Chdeep and Cwmdee
Dembed/B.

The yield surface is paraboloidal, with no evidence of a change of shape to ellips
increasing penetration depth (Zhang et al. (2014a)219], (2014b)(220]). Hence, a = 0.

The effect of laterally projected area ratio As/A on Cugeep iS expressed as factc
Figure A.9.3-15. Ag is the spudcan laterally projected embedded area (the projection

in contact with the soil) and A is the spudcan effective bearing area based on cross-se
at uppermost part of bearing area in contact with soil (see Figure A.9.3-2). Cumdecp W
be unaffected by the spudcan aspeéct ratio. See Zhang et al. (2012b)[2201,

(A.9.3-23)
should be

mains open
d numerical
(2013)1218],
penetration
for St and

oidal with

r fH,deep in
of the area

ction taken
hs found to
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Table A.9.3-4 — Yield surface parameters Cy,deep, Cm,deep (@fter Zhang et al. (2014c)[221]) for

Dembed 2 Heay + 0:53
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 1,5 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
1 0,193 0,088
4 1,5 0,216 0,093
2 0,236 0,096
3 0,257, 0,099
\
N .
1
0,8
A
=
= 0,6
S~
04
W
0,2
0 >
0 01 0,2 0,3 0,4 0,5 0,6
As/A

Figure A.9.3-15 — Effect of spudcan aspect ratio As/A on Cy,deep
[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):
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C = CH,shallow + (CH,deep - CH,shallow) DembEd/B for Dembea < B
(see NOTE 3) (A.9.3-24)

= CHdeep fOI' Dembed 2 B
Cum =[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 + (Sya/Suo)] [0,11 + 0,39(4,/A)] (with backfill) (A.9.3-27)
NOTE 2 The formulation given in Formula (A.9.3-27) for the case of'deep embedments in

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);

A, is the spudcan laterally projected embedded area (the horizontal projection|of the area
in contact with the soil),
a = Dembed/(Z,SB) for Dembed < 2,53
(see NOTE 6) | (A.9.3-28)
=1,0 for Demped = 2,5B
b =(Dysya)/(Dembed Sy) (see NOTE 4) | (A.9.3-29)

Dy, is the depth of backflow:{(see A.9.3.2.1.4), equal to (Dembeda — H,,,); infill shquld not be
considered (see NOTE*2);

s, isthe undisturbed undrained shear strength;

S,, Is the undrained shear strength of backfill material above the spudcan, accpunting for
disturbance and soil sensitivity;

S, <is-the undisturbed undrained shear strength at deepest embedment depth of maximum
bearing area (Dembed below sea floor);
sy) s the undisturbed undrained shear strength at the spudcan tip.

Formula (A.9.3-27) is only valid for cases including backfill. In cases without backfill Cigeep
should be taken as Cyshaiow 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 at or 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 = Cunc + (Sunmt / Suned)( Cmu - Cune) < Cumu (A.9.3-29)
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where:
Cum is the moment capacity coefficient;

Cumne is the moment capacity coefficient for the normally consolidated case per
A9.3.3.2a)1i);

Cmy 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 diameter
below) the embedment depth;

Su-nml is the minimum (undrained shear) strength within % spudcan diameter below
the mudline.

For|the horizontal factor a similar linear interpolation should be used:
Cu = Cunc + (Sunmi / Suned) ( Cuu — Cune) < Cuu (A.9.3130)
where:

Cu  is the horizontal capacity coefficient;

Cuc is the horizontal capacity coefficient for.the normally consolidated case |per
A9.3.3.2a)i);

Cuyu is the horizontal capacity coefficient for:the uniform strength case per A.9.3.3.2 a) {i);

Suned 1S the minimum undrained shear-strength near (within % spudcan diameter belpw)
the embedment depth;

Sunml iS the minimum undrained shear strength within % spudcan diameter below|the
mudline.

NOTEB 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, cautipus,
linear interpolation of Ferfiula (A.9.3-30).

b) The sand formulatignis given in Formulae (A.9.3-31) to (A.9.3-32),

pl T[BZ
Qi = 0.12<Qv - )
(see NOTE 5) (A.9.3{31)
= 0;12 QVnet
' mB?
Qu = 0,075B (QV -2 )
(see NOTE 5) (A.9.3-32)
= 0,075 B QVnet
a =00 (see NOTE 6)

where

~

p’  is the effective overburden pressure at embedment depth, Dembed, 0f maximum spudcan
bearing area;
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Qune = (V'd,N,7B3/8) + (p ,d N nB2/4) — (p’, nB2/4);

dy is the depth factor on self weight for drained soils; dy =1,0;
dq is the depth 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;
v 1S the submerged unit weight of the soil;
N, and Nq are dimensionless bearing capacity factors calculated for the axisymmmetric case

(no further shape factor should be applied).

sand, the values of 0,12Qy,, and 0,075BQy,.. are based on experimental evidence th
(1990)178], Gottardi and Butterfield (1993)(79], (1995)80], Gottardi et al. (1999)i81],
Isby (2001)3%, Bienen et al. (2006)(24], and Cassidy (2007)[4ll,-There are no existin
dcans deeply embedded in sand. The application of these parameters, which are ca
low penetrations, is likely to be conservative for the deep penetration case.

ero vertical loading a shallow sand foundation has no horizontal or moment capacity b
psionless and conforms to the yield interaction formulain bearing. Conversely, for spudc
en there is adhesion and/or suction, there can be horizontal and moment capacity in ex

.9.3.3.3 may be used. For deep penetration cases where suction capacity exists, Qy can b

.

E4  Both Dembed (the depth of embedment) and D, (the depth of backflow) are measured upws3
st elevation of the largest spudcan-width. D, is taken as zero unless the top of the spudcan i
red.

E5  The horizontal capacity in sand or clay is calculated as a function of the net vertical bear
moment capacities are galculated as a function of the product of the net vertical bearing capa
‘tive spudcan diameter. For clay, the net vertical bearing capacity is used because the weight of s
spudcan does not.affect the horizontal and moment capacities. For sand, the use of net capacity is ¢
use it neglects_the increase in capacity due to the weight of any soil on top of the spudcan

ervative.value for C, can be established by considering minimal embedment of a flat-bottomed

strong-clay where the horizontal capacity per unit base area is given by the shear strength, and
city per unit base area is approximately six times the shear strength, so that: Q,; = 0,16 Q.. This

bt includes
Byrne and

g data for
librated to

bcause it is
ans in clay,
cess of the

e less than
uld not be

rd from the
5 effectively

ng capacity.
city and the
pil on top of
onservative
which has a

eficial effect>on the horizontal and moment capacities. For the case of shallow embedmenft in clay, a

spudcan on

the vertical
value can be

use

NOTE 6

1 3 43 1. 4 ol 34 3 £ Laoll Lbead £ 1
A5 dIT artCTIIatrv e, CUTISTT vV atT v O TTUTTZUTTCAT CApP atTty CAPT TS STUTT TUT - STIAaTTU vy CTITOCUTITCITCTIT CTIa y -

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. Technically,
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 such
shallow penetrations are considered, the value a = 0 can be used.

In many cases, simpler forms of the yield interaction formula can be used. Results from finite element
analysis [see Templeton et al. (2005)[191 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.
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In the case of a=0, the yield interaction formula reduces to the paraboloidal form given in
Formula (A.9.3-3):

Fy

0y

|

J

Fy

oy

fv

EoR

(A.9.3-

33)

In the case of a=1, the yield interaction formula reduces to the fully ellipsoidal form given in
Formula (A.9.3-34):

Fy

o

|

]

Fy

o

Fy

o

Fy

(& 425

(A.9.3{34)
Formula (A.9.3-16) for the yield surface can be conveniently rewritten to give theaximum available
moment oh the spudcan Fy; as a function of the applied horizontal and vertical forces as givep in
Formula (A4.9.3-35):
F, ? F, 2 F, ? F, F, "
Qy Qy Qy v Qv
(A.9.3{35)
This formulla only applies when
0<Fy|<Qy
and the condition given in Formula (A.9.3-36).is’satisfied:
F, ? F, ? F, ? F, F,
0<16(1-a) {_V] [ __VJ _[_HJ +4C{_V][ __V]
Qy Qy Cn Qy Qy (A.9.3{36)
A.9.3.3.3 | Spudcans in clay with F;, < 0,5 Qy
The yield qurface in the-region 0 < F,/Qy < 0,5 (typically applicable to windward legs) can be replgced
by an adhdsion envelope that provides additional horizontal and moment capacity due to spudcan{soil
adhesion, The.adhesion envelope is applicable for vertical load levels less than (Fy/Qy), which defines
the tangent intercept between the adhesion envelope and the standard form of the yield surface and is
dependent upon the adhesion factor, as , and the “a” parameter that defines the form of the yield
surface, The adhesion envelope can be expressed as given in Formula (A.9.3-37):
F. ? F, ?
/10y J2Qm (A.9.3-37)
where
fi is the factor applied to horizontal capacity used in yield surface formula for embedded
spudcansonclay, fi = ag + m, (Z—V) (A.9.3-38)
|4
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f> is the factor applied to moment capacity used in yield surface formula for embedded spudcans
on clay, f, = f; where suction (i.e. uplift resistance) is available, or (A.9.3-39)
2 2
FV FV FV FV
f=416(1—a) | — ———| +4a| — || 1 -——| where suction cannot be relied upon;
QV QV QV \'
as = 1,0 for soft clays (s, = 20 to 40 kPa), or (A.9.3-40)
as = 0,5 for stiff clays (s, =75 kPa to 150 kPa), or
as is determined by linear interpolation when 40 <s, < 75;

m, is the gradient of the adhesion envelope,

Figiire A.9.3-16 provides a graphical representation of the adhesion envelope and the definitions of the

parpmeters myand (Fy/Qy),

Fy| |

Qv

Fy
1-Qv

Fy
+4aq Qv

Fy
L- Qv]

16(1 - a) lg—‘;]

i em ]
AAAN 0]

Iy

S _—

LY
Qu|  |Qu
Figure A.9.3-16 — Illustration of the adhesion envelope modification

to the standard yield surface for .. _ [ Fy J
Ov t

or

as is the adhesion factor and accounts for the degree of adhesion. The assessor should consider as
values within the range of 0,5 to 1,0 depending on site-specific soil data, spudcan/soil interface
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roughness, etc. When hard clay is present at the surface with an a; value below 0,5, the standard form of
the yield surface should be used, see Formula (A.9.3-16).

The values for m, and (F,/Qy), have been determined for a=0,0 (paraboloidal) as given in
Formulae (A.9.3-41) and (A.9.3-42) and for a=1,0 (ellipsoidal) as given in Formulae (A.9.3-43) and

Values of nf

Selected v3

Selected va

lues of (Fy/Qy), are provided in Table A.9.3-4:

«and (Fy/Qy), for intermediate values of a can be solved for iteratively.

Table A.9.3-4 — Values of (F,,/Qy), for\various values of a and o

(A.9.3-44):
— Fora=0:
me = 4(1 — Jay) (A.9.3-41)
Ev) L [as ]
(Qv)t T+ (A:973{42)
— Foraz1:
2
my = .La‘:s (A.9.3{43)
Fy\ | a2 |
(Q_V)t T a2+1 (A.9.3{44)

a
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 0474 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

lues of myare provided in Table A.9.3-5:

Table A.9.3-5 — Values of m, for various values of a and o

172

a

as 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
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Formula (A.9.3-35) can be re-written to give the maximum moment on the spudcan as a function of the
horizontal force as given in Formula (A.9.3-45):

0,5

Fyg = fy0y | 1-| =2 2
M 2¥M £,04

(A.9.3-45)

Formula (A.9-45) applies only when the conditions given in Formulae (A.9.3-46) and (A.9.3-47) are
satisfied:

0 < _V < _V
v Ve (A.9.3-46)
and
Fu < 110y (A.9.3-47)

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 Q.

A.913.3.4 Modification of the yield surface for partial penetration in sand

On seabeds of silica sands, conical spudcans that'are not fully seated can develop increas¢d moment
cappcity due to the rotation of the spudcan.causing an eccentric seabed reaction which |provides a
benleficial resisting moment.

The effect may be taken into accountfor spudcans with F/Qy > 0,5. The increased ultimafe moment
cappcity Qy, due to eccentric seabed Teaction is estimated as the minimum of Qy,; and Qy,,| calculated
frompn Formulae (A.9.3-48) and-(A:9.3-49) respectively; see Svang (1996)[175I:
/ B)3

= 0,075BQ /o (B

QMps max

(A.9.3-48)

= 0,15BF,
Ompv v (A.9.3-49)

Notp that thehorizontal capacity is unaffected.

Theg combined capacity should be checked against the modified yield interaction surfade given in

F 1 LA O AN
ornruta (73 7-.0-JU7J:

F ’ F, ’ F ’ F ?
o] o] b
H Mp v v (A.9.3-50)
A.9.3.3.5 Expansion of the yield surface for additional penetration in sand
Additional penetration of a spudcan in sands can be accounted for by using plasticity principles.
Recommendations on updating stiffness and the flow of plastic displacements within a work-hardening

framework are provided in Houlsby and Cassidy (2002)%8], Cassidy et al. (2002a)[43] and Bienen et al.
(2006)1241,
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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
Hospers (1993)[1931 provide work-hardening modifications to the yield surface formulae. Updated

stiffnesses

A.9.3.3.7

and capacities are determined through plasticity principles.

Effect of cyclic loading on the yield surface

A.9.3.3.7.1|

According
reduce the
loading du

of laboratoyry tests of soil samples under cyclic loading indicate that the cyclic undrained shear strer

of clays un
correspong
soil’s plast
Figure A.9.

When ther
to compris
loading du
than the st
simplified

combined

soil strengt

The definit

General

fo Andersen (2015)[201 and NGI (2018)I141], the degradation of clays under cyclic\loading
capacity of offshore foundations. As the foundations of jack-up units are subjected to cy
[ing storm events, this soil behaviour should be considered in a site assessiment. The res

der pure two-way cyclic loading (i.e., where the average load is zefo) can be less than
ling static undrained shear strength. The magnitude of this reduction is dependent on
city index, I, and has some dependency on the overconsolidation ratio, Roc, as indicate
B-18, adapted from Andersen (2015)(201,

e is a combination of cyclic and non-zero average loading, the soil strength can be considsg
e of average and cyclic strength components. Depending on the ratio of the cyclic to avef
ring the wave event being assessed, this soil strefgth can be less than, equal to or gre
htic soil strength. The guidance below, taken from'NGI (2018)[141], provides a generalized
approach to estimate the effect of cyclic lJead on the foundation capacity in clay un
hverage and cyclic load components on a leg'in the absence of appropriate site-specific cy
h data, see Figure A.9.3-17.

can
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jon of the average (a) and the cyglie(b) load components is presented in Figure A.9.3-17.
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average loading component
cyclic loading component
footing loading (on one leg)

time

Figure A.9.3-17 — Average and cyclic loading components as per NGI (2018)[141]

The 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 capa

cities by a

cor
per
sim
suc

Gui
fou

The

the
con
dur]
ave

ford

as §

Thd
whg
ford

Thd
momment) as given in Formula (A.9.3-51) and should not exceed 1,0:

whyd

©IS

‘esponding cyclic degradation factor, fov, foou and foum respectively. This procedure
formed for each spudcan separately as F,; and/or Q; can vary between spudcans: |

plified nature of the formulation, the ultimate bearing capacity obtained in this‘manne
h that it does not exceed the static ultimate bearing capacity.

lance on implementing cyclic degradation effects in clay for assessments based on
ndation capacities is given in E.4.

F,, is defined as the

peak and trough of the total foundation loading for the assegsment load case (i.e. includi
fributions due to co-linear actions from wind, wave, cufrent, inertia, weight and bug
ng one wave cycle) where the subscript, i, refers to each of the vertical, horizontal ay
Fage force components on each foundation. It is, in mest cases, conservative to calculate
es by considering only the unfactored co-linear wind and current actions for each stor
pecified in the assessment load case.

unfactored average individual force component on the foundation,

D

average vertical force acting on each spudcan depends upon the storm heading diy
bther each spudcan is the windward or deeward leg; it should be expressed in terms of |
e, i.e. the gross vertical force, Fy, less:the overburden weight, (p,nB?)/4

cyclic degradation factor, fi,i.can be determined for each load component i (vertical,

fcy,i :fcy,O + Fa,i /Ql S 1'0
bre

feyo 1s an inlterent soil property that represents the ratio of the undrained shear stre

under' pure two-way cyclic loading (i.e. zero average load) to the static undra
strength (su). These recommendations, and the data plotted in Figure A.9.3-18, a1

rlh

should be
Due to the

- is limited

calculated

average of

ng all force
yancy, etc.
d moment
e average
direction,

ection, e.g.
het vertical

horizontal,

(A.9.3-51)

ngth (Tcy,f)

ined shear

e valid for

non-calcareous and non-cemented clays only. The majority of the data prese
normally consolidated soils. The few data points for Roc > 1 soils do not seem tJ

ted is for
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.y is the average component of the unfactored net
vertical footing force given by Fy — (p,nB?)/4, where Fy is defined in Formula (A.9.3-17).

Q; 1is the corresponding unfactored static vertical (Qvnet), horizontal or moment bearing capacity

(i.e. without cyclic degradation), see A.9.3.3.7.2.
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A detailed evaluation of the average and cyclic load components at each spudcan for each assessment
load case can be substituted by a simplified conservative calculation of fy,.. Guidance on this simplified
approach is provided in A.9.3.3.7.3

/
1,2
1
° 1
1 @
1,0 1] 11
3511 1
® e o o®
o
> 0.8 10g4
© 8
<
0,6
1 /
0,4 - - - -
0 20 40 60
0)
1,(%)
Key
Data Labels Overconsolidation ratio, Roc. Points labelled p0’ refer‘to tests on normally consolidated clays

that have been consolidated to the in situ effective-§tress, p0’.
~ means approximately.

Line of best fit 0,41 I,0.224

L, plasticity index in percent

1, 20 ratio of the cyclic to static shear strength of the soil.

Figure A.p.3-18 — Ratio between cyclic and static undrained shear strengths of non-calcaredus

and noh-cemented clays for ten equivalent cycles as a function of plasticity index (valid for

symmeetrical direct simple shear cyclic loading) [Adapted from Figure 12.31 in Andersen
(2015)1201]

A.9.3.3.7.2 Assumptions

The methofology desc¢ribed in A.9.3.3.7.1 is based on the following assumptions:

— Static foundation capacities (@) are calculated using undrained shear strengths, that are applicable
for the wertical, horizontal and moment failure modes within the soil, and are obtained using a
standa i ' ;

— That calculations indicating that normalised cyclic shear strengths can be used to estimate
normalized cyclic capacities (NGI, 1992)[140];

— That a unidirectional cyclic loading history that can be represented 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)(140l. 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.
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— The cyclic degradation parameters being applied to the net foundation bearing capacities and fy;
being evaluated using the ratio of the average net vertical, horizontal or moment force component

A.9.

on the foundation to the net static vertical, horizontal or moment foundation capacity.

3.3.7.3  Simplified conservative calculation of F, ;

The following simplified conservative assessment approach can be used to evaluate the cyclic

deg

Altd
hor

A9
A9

Ver
bas

radation parameters, fcy,i.

legs under still water conditions;
else

fcy,V :fcy,O + Fa,V /QVnet = 1'0

= + F Q4 < 1,0 where F,,; can, in this simplified approach,-be taken a
cy,H cy,0 a,H H a,H

actions divided by the number of legs;

feym = foy,0 based on the conservative assumption that F, = 0,0

rnatively, in the absence of information on the average foree components, fi, i = foym =]
zontal and moment capacities and f, y can be taken asi1,0 if Fa,v/Qvnet > 0,3.

NOTE 1 Fav will typically exceed 30% of the net vertieal static bearing capacity, resulting in a v
degradation factor, fcy'v, of 1,0 in most cases. The horizontal and moment force components d
symmetrical, i.e. have relatively small average force components; consequently, the assumptio
average load components are zero will result in‘cyclic degradation factors ny'H = ny'M = fcy,o-

NOTE 2 Although the ratio Fav/Qvnet can-be less than 0,3 for windward legs for the assessment |
such vertical load levels the horizental foundation capacity, Qu, is mostly governed by the s
parameters, rather than the verticalfoundation capacity. Consequently, implementation of cyclic
of the windward legs’ vertical\capacity for such load cases is not necessary as it would not
horizontal and moment capadcities, see A.9.3.3.3.

3.4 Foundation stiffness

3.4.1 Vertical;horizontal and rotational stiffness

Fical and horizontal stiffnesses of the foundation are based on the elastic solutions for a

em

assymihg'full contact of the spudcan with the seabed. If the vertical reaction is insufficient
full |contact as the moment increases, then reduced stiffnesses should be used. The stiffnes

edment*For the effects of leg embedment, see A.9.3.4.6. The elastic stiffness factors arg

If Fav/Quner > 0.3 then £, = 1.0 where Fay can be taken as the lowest value of Fyy — po1B? /4 for all

5 the total

unfactored average horizontal load on the jack-up due to horizontalrcoe‘linear wind and current

f‘

C

y0 for the

ertical cyclic
an be more

n that these

bad case, for
oil strength
degradation
reduce the

rough flat-

bd circulan 'rigid disk on an elastic half-space with modification factors to account f¢r spudcan

calculated

]

s|factors are

0 maintain

derived for a homogeneous, linear, isotropic soil as given in Formulae (A.9.3-52) to (A.9.3-54):

2GmaxB

K, " ey (vertical stiffness)
K, = K, 166‘("7+:$_V) (horizontal stiffness)
3
K; = K, % (rotational stiffness for relatively low levels of loading;

see Winterkorn and Fang (1975)(202])

(A.9.3-52)

(A.9.3-53)

(A.9.3-54)

Torsional spudcan foundation stiffness (i.e. for spudcan rotation about its vertical axis) should not be
used.
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The selection of the small-strain shear modulus of the foundation soil, Gmay, is discussed in A.9.3.4.3 to
A.9.3.4.5. A high or a low representative value should be selected as appropriate for the analysis being
undertaken, e.g. the upper value is appropriate for fatigue related analysis. The shear modulus is
influenced by the stress level and strain amplitude. In general, the shear modulus decreases with
increasing strain amplitude. In this document, the consequences are addressed by reducing the
stiffnesses (see A.9.3.4.2.2).

NOTE Although the cross-coupling stiffness, K,, which links horizontal footing displacements and footing

rotations to moment and horizontal loads, respectively, is not explicitly calculated, it is incorporated to some
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

Table A.9.3-6 provides values for the stiffness depth factors K;;, K4, and K3, to account for embednjent

effects on the stiffness of flat plate and conical type footings on an elastic half space, after Bell (1991)[231.
Values for|the case of partial backfill can be interpolated from the values for“ull and no backfill
provided in the tables. Zhang et al. (2012a)[216] also present stiffness depth factovs for typical spud¢an-
shaped fodtings 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,|e.g.
where the pverconsolidation ratio is not constant with depth.

For embedment depths 2D/B greater than 4,0, the stiffness depthfactors for 2D/B = 4,0 should be ysed
(data extra[(;nolation is not recommended).
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Stiffness factors for v=10,0
2D/B Kyq Ky, Ky3
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
T0 1,28 4T T37 7T T3 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 Ky Kgp 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 1558 1,98 1,51 2,25
Stiffness factors for v=0,4
2D/B Ky Ka2 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
4,0 1,41 1,72 1,57 1,92 1,47 2,13
Stiffness factors for v=10,5
2D/B Ky L 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 1,07 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.

If the force combination (Fy, Fy;, F) lies outside the yield surface, the linearized rotational stiffness at

the spudcan should be reduced using iterative analysis until the force combination lies on the yield
surface.

Although tl

rotational §tiffness should also be reduced by following the iterative procedure in A.10.4.4.1.2 and u
the foundafion rotational stiffness reduction factor, f,, which has an increasing effect as the,yield sur

is approached. The factor is obtained from Formula (A.9.3-55); see Templeton (2007)}186):

ne force combination (Fy, Fy, Fy;) lies inside the yield surface, the initial estimate of linearjzed

bing
face

fe=@n) re/In[(1 = nrg/(1-r] (A.9.3{55)

The paramieter, n, accommodates spudcan rotation resistance curves with various degrees of curvature

change. In
analytical)
2007)[186]

representation. In the absence of directly applicable data, the value of n can be set to 0. In this case,

rotational §

fe=-14

As n app
Formula (A

fi=11

The variab

practice, the value of this parameter should be set to suit the data (either empirica
applicable to the jack-up and site. Finite element analysis for'the Gulf of Mexico (Temple
flay types indicate the range of n=-0,25 to —1,0, witha =-0,5 providing the best ove

tiffness reduction factor expression takes the simpler form given in Formula (A.9.3-56):
/In(1 —r¢) (A.9.3;

roaches 1,0 the stiffness reductioncyexpression tends towards the form given
.9.3-57), which gives the most conseryative treatment of stiffness reduction:

re (A.9.3]

e, Iy in the stiffness reduction expression is the failure ratio defined by Formula (A.9.3-59):

| or
ton,
rall
the

56)

in

57)

v

16( <
( a)[Q

\

(A9.3-58)
where “a” is as defined in A.9.3.3.2.

NOTE

conditions, the reduced stiffness factor is not applicable, and the rotational stiffness is reduced until the force
combination lies on the yield surface.

re>1,0 implies that the force combination (F,, Fy, F,) lies outside the yield surface. Under such

, the failure ratio can
t

For fully embedded foundations in clays at vertical force ratio FV / QV <
\Y%

be expressed as given in Formula (A.9.3-59):

180 © IS0 2023 - All right reserved


https://standardsiso.com/api/?name=d6619815f1e9d3d0504621ff74975167

ISO 19905-1:2023(E)

F, ? F, 2
re=||——| +|—2 <1,0
leH fZQM
(A.9.3-59)

FV
where | /| , f; and f, are as defined in A.9.3.3.3.

Qv ),
A.9{3.4.2.3 Non-linear vertical, horizontal and rotational stiffness
A flill yield interaction surface model that includes non-linear vertical, horizontal-and| rotational
stiffnesses implicitly incorporates the necessary stiffness reduction as a conSequencd of work-
harflening plastic displacement and rotation [van Langen et al. (1997)[194], Wong et al. (1993)[205], and
Caskidy et al. (2004b)[4¢1]. The stiffness reduction factor should not be applied,
A.9{3.4.2.4 Non-linear continuum foundation model
A dontinuum foundation model that includes non-linear soil behaviour (e.g. elastic-plastic work

har
sho

Hening) implicitly incorporates the necessary stiffness reduction. The stiffness redud
uld not be applied.

A non-linear continuum foundation model should not.be used unless one of the simpl

met

A9

Thd
und

of t
of t
streg
clay
(20

whg

©IS

hods has been used to provide a benchmark for thexesults.

3.4.3 Selection of shear modulus, G for clay

max ’,

should be based on the v3
rained shear strength, s, measured atthe depth z = Dembea + 0,158, where B is the effectiy
he spudcan in contact with the séiljand Dempeqd is the predicted embedment depth below t
he lowest point on the spudcan with diameter B. Where the clay is significantly layered,

ngth within the range z=Dgnbed t0 Z = Dembed + 0,3B should be used. Except in areas with

s or clayey silts the shear;modulus should be calculated from Formula (A.9.3-60), see C3
D2b)44] and Noble Deniton (2006)1421;

value of the small-strain shear modulus for clay, G,

600

o = 5 (o0

subject to the limitations given below.

tion factor

b1 analysis

lue of the
e diameter

e sea floor
he average
carbonate
ssidy et al.

(A.9.3-60)

strain;

NOTE

In forming estimates of foundation stiffness from linear elastic solutions to represent non-

linear soil behaviour, one general method uses the linear elastic stiffness solution with a shear 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 G (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)[1421 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 %.

Gax/ S, = 600 is supported by field data for jack-up responses in low R clays in the Gulf of
Mexico; see Templeton (2006)[185],

omecases er ratios of 6——/S-have been reported and-it should be rec zedthat
(nax/S, generally decreases with increasing plasticity index and increases with inereaging
ofverconsolidation ratio, as shown in Figure A.9.3-19, reproduced from Figures-11.§ of
Andersen (2015)201. The normalization with respect to undrained shear strength-shown in
Figure A.9.3-19a is with reference to the undrained shear strength from direet)simple shear
te¢sts. Where the shear modulus is not supported by site-specific data, theyassessor shquld
afpcount for this trend when determining Gmax.

The reconmmendations given above (Cassidy et al, 2002b)*4 are intended)for use in site-spe¢ific

assessments for both extreme loading and applications involving small strain beneath the spudcan.

In the calcplation of fixity for extreme loading, the rotational stiffnéss based on the small-strain & ..
values is degraded, either explicitly in the linearized foundationnmodel using the stiffness reduction
formulae gdiven in A.9.3.4.2.2, or implicitly using non-linear féuridation models. In the case of small-
strain appljcations such as in structural fatigue analysis, the stiffness reductions do not apply, and it{can

be appropifiate to adopt a high representative value of Gma.

182
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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
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):

Gmax _ j<1/;w)
Pa Apq

0,5

(A.9.3-61)

where
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the dimensionless stiffness factor, j = 230{0, 94+ _R
5

D .
00 |’

the atmospheric pressure, typically taken as 101,3 kPa;

the relative density (expressed in percent);

V. is the gross vertical spudcan reaction inclusive of backfill under still water conditions (the
reaction that would be obtained if the jack-up were supported on an infinitely rigid foundation,
pl{is the reaction due to the submerged weight of any backfill on the spudcan, Iess
supmerged weight of soil displaced by the spudcan below Dembheq, the greatest embedn;

de

The recom
from the w
assessmen
the calcul

values is
formulae g
strain appl
be appropr

A.9.3.4.5

Roesset (1
rigid disc ¢
soil moduli

A9.3.4.6

For deep p|

]

pth of maximum cross-sectional spudcan bearing area below the sea floor).

imendations given above (Noble Denton Europe and Oxford University, 200614421 develg
ork of Cassidy et al., 2002b[#4] and Wroth et al., 1979120¢]) are intended forUse in site-spe
's for both extreme loading and applications involving small strain beneath the spudcar

egraded, either explicitly in the linearized foundation model using the stiffness reduc
iven in A.9.3.4.2.2, or implicitly using non-linear foundation models. In the case of sm
cations such as in structural fatigue analysis, the stiffness reductions do not apply, and it
iate to adopt a high representative value of Gmax.

Selection of shear modulus for layered soils
D80)(157] provides formulae for the vertical, horizental, rotational and torsion stiffnesses
n a layer of finite thickness, including the.effect of embedment into that layer. Guidancg
of multilayered systems is available in Ueshita and Meyerhof (1967)(191l.

Soil-leg interaction

enetrations, typically experienced in soft clay conditions, the calculation of foundation fi

can be augmented with the inclusion«ef‘the lateral soil resistance on the leg members (Brekke et

1989)341,

The latera
Matlock (1
pile for pur

The diame
dimension

to form e(:r

soil resistance of/the’ backfill material can be modelled based on concepts proposed
D70)[136] for lateral’soil resistance of piles. The jack-up leg can be modelled as an equiva
poses of determining p-y, or load-deflection curves.

fers of the)individual members (i.e. leg chords and braces) give appropriate character
5 for détermining the p-y curves. The p-y curves for each member are directionally combi
ivalent p-y curves along the leg, accounting for soil layering and changes in leg geomg

tion of fixity for extreme loading, the rotational stiffness based on)the small-strain ¢

the
lent

ped
rific
.In

"max

fion
1all-
can

of a
b On

Xity

al,,

by
ent

stic

ned

try.

Any externfalface 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 the

calculation

A9.35 V

A9.3.5.1

the

S.
ertical-horizontal foundation capacity envelopes

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
AR
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):

F E F,
0 P 2 A

o) Loyl o

(A.9.3-63)

wh¢re Qy is taken to be equal to the gross ultimate vertical foundation capacity of the(soil heneath the
spuflcan (achieved during preloading), evaluated as described in A.9.3.2.2 to A.9.3.2.6; and Qy as defined
in A9.3.3.2.
A.9{3.5.2 Ultimate vertical-horizontal foundation capacity envelopes for-spudcans in[sand

The yield surface used for checking the vertical-horizontal foundation capacity of spudcang in sand is
prefented in A.9.3.5.1.

The sliding failure envelope used for checking the sliding capacity of a spudcan in sand is ps given in
Formula (A.9.3-64):

Qs = Fytan(6) + 0,57/(kp —k,) (hy + hy) A (A.9.3-64)
whére

Fy is the gross vertical force acting on the soil beneath the spudcan due to the assesment load

case Fy (see 8.8):
Fy=V,—Bg (with no backfill)

h; isthe embedment/depth to the uppermost part of the spudcan, (if not fully embedded h; = 0);
h, is the spudcan tip embedment depth;
k, isthedctive earth pressure coefficient (for s, = 0), k, = tan?(45 — ¢/2);

k.4 1s the passive earth pressure coefficient, k, = 1/k,;

o isthe steel/soil friction angle in degrees:

6=¢"—5° (for a flat-bottom spudcan, = 180°),
6=¢"-0,5(-170°) (for 170° < < 180°), (A.9.3-66)
6=¢’ (for a conically shaped spudcan, < 170°)

where

B isthe 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 Qy in A.9.3.3.3.

The sliding capacity, @y, in clay can be assumed to be @y 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 foundgtion capacity of layered soils can be determined using the principles of limiting equilibrjum
analysis or|the finite element method. Alternatively, the formulae given in A.9.3.5.2 and A.9.3.5:3 lcaf be
used to ke a conservative estimate of the ultimate vertical-horizontal capacity relationship| for
layered soils by considering failure through the weakest zones in such a soil profile.

A.9.3.6 Akceptance checks
A.9.3.6.1 | General

Figure A.9.B-20 shows the overall approach to the foundation acceptance checks.
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Step 1a
erform preload
check, see A9.3.6.2,

and Step 1b OK

windward leg check
See

7
|

Perform foundation OK

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

capaat}i(gnltjjs%l;dmg

- — — ———— — —————

Perform structural analysis
assuming full non-linear foundation
fixity. See A.9.3.4.2.4.

Step.2c
see A.9.3.6.5.
Perform foundatlon

capac1t¥(an sliding
S Uses

g1 ——aNY———— -
I
I
I Step 3a
| Perform displacemen
| check on all legs.
| See A.9.3.6.6. 0K Step 3b ]
| Perform structural analysis with dati bl
| non-linear continuum foundation |OK | Foundation acceptable
I NotOK F———————— model. See A.9.3.4.2.5. =
| ! Not OK
[ \ .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 F; should
conform with the limit given in the applicable Formula (A.9.3-67) or Formula (A.9.3-68):

where

Yrpre |is the preload resistance factor, yg prg = 1,10;

Wgr,o |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 load
case Fy4 (see 8.8) as given in Formula (A.9.3-69):

Fy=V,, - Bq (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 inclydes
leg weight and water buoyancy but excludes the submerged weight of backfill
(WgE,, + Wpp 4) and the soil huoyancy of the spudcan below the bearing area Bg;

Whea |is the submerged weight-of any backflow and infill that is predicted to occur after|the
maximum preload hasybeen applied and held.

Tablle A.9.3-7 — Limiting horizontal capacity, F};,, for Step 1a bearing capacity check

Soil type Embédment Limiting horizontal capacity, F};, for Step 1a to apply
Partial [0,1-0,07 (B/B )] Ovnet
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 ); ppp=1,10. The limiting
horizontal capacity, Fy;,;, 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, Fy;,, corresponding to maximum vertical capacity,
Qy max €an be computed from Formula (A.9.3-70):
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(A.9.3-70)

For J; prg = 1,10, Formula (A.9.3-70) can be approximated by Fy;; ~ 0,33 v, Q;/Qy and is equivalent to Fyy; ~ 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).

NOT

E?2

For shallow spudcan penetrations and vertical reaction of 0,9 @y, the available unfactored horizontal capacity is

approximately 0,04 Qvner If the horizontal reaction exceeds 0,04 Qvner additional penetration can occur. The use of 0,03 Qvnet

in tH
sign
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€ check, therefore, includes a level of conservatism. 1T the spudcan is fully embedded, the additional penet
ficant. Additional penetration can increase the soil resistance but, to increase the horizontal capaeity_t
Fional penetration is about 10 % of the spudcan diameter and outside tolerable limits. Conversely, where t!
ally embedded (i.e. when the maximum spudcan bearing area is not mobilized), any additional,penétratio|
ficant increase of bearing capacity due to the rapid increase in the bearing area. An increase'in embe

apptjoximately 10 % increases the vertical bearing capacity such that, simultaneously, the herizental founda

incr

asesto 0,1 v .

ration can be
p 0,1v;,, the
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h results in a
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NOTEE 3 For partial spudcan penetration in sand, @y, can be taken as being equal(to,v, ; for the purposes ¢f the Step 1la
chedk.
A.p.3.6.3 Level 1, Step 1b — Check of the windward leg — Pinned spudcan
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windward leg check should be applied only when_the horizontal force on the wiy
dcan, Fy, is no greater than Fy;; (see Table A.9.3-7). In this case, the sliding stability of the

s checked by ensuring that the vertical reaction complies with Formula (A.9.3-71):

Fy>(1-1/vgpre) Qv
bre Yr prg IS the preload resistance factoryyg prg = 1,10.

he case of a sand foundation, this:check is valid for sand friction angle ¢ > 25°. For fric
25°, the sliding check in Step 2 should be performed.

3.6.4 Level 2, Step 2a —Foundation capacity and sliding check — Pinned spudcan
3.6.4.1 Step 2a — Foundation capacity check

combined vertical’ and horizontal forces on all spudcans should be checked
responding faCtered foundation bearing capacity envelope and the factored slidi
elope, see Figure A.9.3-21. Each leg’s spudcan reaction forces should lie within the cor
ored vertical-horizontal foundation capacity envelope. In addition, the reaction forces
nin thescorresponding factored sliding capacity envelope. The following describes the c
he factored vertical-horizontal foundation capacity envelope and the foundation capacit]

]

dward leg
windward

(A.9.3-71)

tion angles

gainst the
g capacity
fesponding
should lie
nstruction
y check for

Step ‘2a which is also applicable to Step 2b. The construction of the sliding failure surface and the
foundation sliding 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, F;, 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,

Yryp from the point of zero net reaction, i.e. (Fy =0, Fy= Wy, — Bg). 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)ore should be taken on the

vertical capacity axis (at zero shear) at 0,5 Qy/)% vy (see Figure A.9.3-21). Accordingly, each spudcan
foundation should satisfy the capacity check given in Formula (A.9.3-72):

| (Fy, T =TFi FyJorg 1 =1 @vis— i, FvJorG | (A9.3172)
where

(Fy Fy is the environmental response point (determined from factored actionsJ;

(Fy, Fy)ore is the origin used for establishing the utilization; this should be’taken as H=|0,0;
V=0,5Qy/ Rvw

Qy is the gross ultimate vertical foundation capacity;

Qs is the point where the vector originating from (Fy;<Fy)orc and passing through (Fy|Fy)
intersects the applicable factored vertical-horizental capacity surface as defined in
A9.3.6.4.1 or the factored sliding capacity_as defined in A.9.3.6.4.2. The factdqred
vertical-horizontal capacity surface is derived by dividing the coordinates of |the
applicable surface from A.9.3.5 by the resistance factor j; yy with respect to the poirjt of
zero net reaction (0,Wgg , — Bs);

YRvH is the partial resistance factor-for vertical-horizontal foundation bearing capagity,

190

Yrvu = 1,10;

represents the vector-magnitude.

A

U=[{Fn.Fv) - (FuFv)oral/| Qs - (FrFvoral
Qv

(Fu.Fv)ore =
0:5 QV/VR,VH
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a) Sand

Qv

(QV+BS)/7R_VH'BS

(Fu.Fv)org =
0,5 QV/?’R_VH

3

TV

- |
-Bs QulVame . Qi
b) Clay with spudcan bi¥oyancy 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
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Key

1 vertical-horizontal foundation capacity

2 factored vertical-horizontal foundation capacity (cgordinates multiplied by 1/ ) relative to the sc
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/ y¢.)

5 vectors indicating origin for construction 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)

Quy s point where the vecter Originating from (Fy, Fy)pc and passing through (Fy, Fy) intersects the fact
vertical-horizontal capacity surface as defined in A.9.3.6.4.1 or the factored sliding capacity surfag
defined in A.9.3:6.4.2

U utilization fok environmental response point (Fy, Fy) as given in A.9.3.6.4

%4 vertical reagtion or vertical capacity

YRVH partidlresistance factor for foundation (bearing) capacity

YR Hfc partial resistance factor for horizontal (sliding) capacity

A.9.3.6.4.2 Step 2a — Foundation sliding check

In Step 2a, the spudcan foundations should also be assessed using the following sliding check, since the
factored sliding failure surface can lie within the factored vertical-horizontal bearing capacity envelope
asin 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 F,.

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.

192

© ISO 2023 - All right reserved


https://standardsiso.com/api/?name=d6619815f1e9d3d0504621ff74975167

ISO 19905-1:2023(E)

The foundation should satisfy the capacity check given in Formula (A.9.3-73):

| (Fy, Fy) = (Fy, Fo)ore | <1 Qune— (Fy, Fy)org | (A9.3-73)

where

Quu¢ is the point where the vector originating from (Fy, Fy)ogrg and passing through (Fy, Fy)
intersects the applicable factored sliding capacity surface derived by dividing the horizontal
coordinates of the applicable surface @y, from A.9.3.5.2 (sand) or A.9.3.5.3 (clay) by the
I CDibtall\,C fcl\,tUl ) /R’ch,

Qys  is the foundation sliding capacity; see A.9.3.5.2 (sand) or A.9.3.5.3 (clay);

Yrute 1S the partial resistance factor for horizontal foundation capacity whereyg i = 1,5 for both
sand (based on drained conditions and effective stress) and clay (based on|undrained
conditions and total stress);

[ represents the vector magnitude.

A.9{3.6.5 Level 2, Steps 2b and 2c — Foundation capacity and sliding check — Spudcan with

Step 2b and 2c foundation analyses inherently ensure cenformity with the unfactored found

sur
red

The
in v

acc
hor

stiff

A Step 2c analysis implicitly.ihcludes a check on conformity with the unfactored found

sur
occ
ana
sho
che

A9

moment fixity and vertical and horizontal stiffniess

ace, except that in a Step 2b analysis conformity.is'no longer assured when the momen
iced to zero, i.e. the spudcan has become pinned.

capacity checks to undertake in a Step 2b.assessment are identical to those undertaken
vhich vertical-horizontal capacity and.sliding capacity for sands and clays can be gg
prdance with A.9.3.5 and the spudcan-reactions are evaluated for each spudcan. If the
zontal reactions from the response-analysis (which has accounted for spudcan moment
ness reduction) lie within the factored foundation capacity envelopes, the foundation is s

ace. When the frictionalsliding surface intersects the foundation capacity envelope,
ir before the response’reaches the yield surface. When this sliding effect is included in th
lysis, no further Level 2 checks are required. When this sliding effect is not included, a sl
uld be undertaken in accordance with A.9.3.6.4.2. In all cases, the Level 3, Step 3a di
Lk should be performed.

3.6.6_< Level 3, Steps 3a and 3b — Displacement check — Settlements resulting fro
exceedance of the foundation capacity

ation yield
t fixity has

for Step 2a
nerated in
ertical and
fixity with
htisfactory.

htion yield
sliding can
e response
ding check
splacement

m

Vertical 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
achieved during installation. Such settlements often result in a gain in capacity through expansion of the
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, a high
representative value and a low representative value of soil strength profile and separate global
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response analyses as appropriate; see A.9.3.2.1.1 b)]. If any of these three additional penetrations is
significant, the effects on the spudcan foundation and the structure should be evaluated and the
procedure iterated to establish whether the consequences of the displacement on the other utilization
checks are acceptable.

A Step 3a check can also be performed when the Level 2a or 2b sliding or capacity check of a windward
leg is not satisfied, or is no longer satisfied due to the additional penetration of a leeward leg as
described above. In the case of a windward leg, sliding can occur when the factored load exceeds the
factored capacity resulting in redistribution of the horizontal reaction to the leeward leg foundations.
This effect can be assessed by limiting the factored horizontal reaction to the factored sliding limit
(dependent on Fy) and iteratively determining the redistribution of loads and the associated nonrinear
displacemgnt of the structure. The effects on all spudcan foundations and the structure should be
evaluated and the procedure iterated to establish whether the consequences of the displacement on all
the other utilization checks are acceptable, including the foundation capacity of the otherlegs.

A Step 3b pnalysis inherently includes a check on the direct consequences of spudcan displacemient.
Therefore,[no foundation checks are required, although it should be shown that‘the results are|not
sensitive tp the load-penetration assumptions, i.e. that small changes in theforces on the spudcan or
assumed inl strength do not lead to large increases in penetration.

When assessing the acceptability of displacements, due considerationshould be given to operati¢nal
limitations| e.g. jacking operations to level the unit and re-establish@’safe hull elevation or to depart{the
site. The litnits 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;

— consoljdation settlement;

— settlements due to cyclic loading;

— settlements due to seabed instability.
The elastic[settlements and’consolidation settlements can be calculated using conventional analyticgl or
numerical [geotechnicalomodels (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.sThe consolidation settlements of cohesive soils can be calculated using conventignal
models acqounting for time effects.

Cyclic environmental actions or operational vibrations can induce further settlements. Special attention
should 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.

Within the skirt, the typical geometry of the underside of a skirted spudcan is either relatively flat or
conical. In some cases, the leg chords may protrude below the skirt tip and achieve first contact with the
sea floor, thus protecting the skirt whilst going on and off site. In the case of skirted spudcans with a flat
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At sites with relatively strong soils and where the underside of the skirted spudcan is flat, or any
remaining 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 (19981271, 1999132]), Bransby and Yun
(2009)331, Cassidy et al. (2004a)!45], Eide et al. (1996)[¢9], Gourvenec (2003)182], (2008)83], Gourvenec
and Randolph (2002)84], Kellezi et al. (2005alt1él, 200711181, 2008[1191), Leland et al. (1994)[126] and Svang
and Tjelta (1996)[17¢l. 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.
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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)1231,

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
to minimize the development of suction within the soil below the spudcan.

Soil can remain within the skirts after extraction of a skirted spudcan from a site with cohesive soils,
which can Influence the penetration response during subsequent installations.

A.9.4.2 Hard sloping strata

A hard, sldping stratum can be created by a sand wave, sand bank, scour around a platform, buried
geomorphil features such as channels, footprints produced by previous jack-up emplacements, human-
related seziltc)ed activity, or a combination of the above. Such slopes can cause eccentri€ity in the spudcan
reaction, which can lead to emplacement and removal difficulties, particularly, for leg designs with
slender brgces, as in the following examples.

— The edcentric reaction can result in a significant leg bending mement 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 fiqation system (rack chocks) is employed at the 1é€g-to-hull interface, the bending monent
present at the time when the fixation system is engagéd-is locked into the leg. If the eccentricitly of
the sptidcan reaction is subsequently exacerbated {e.g. by scouring around the spudcan), then|the
effectiye leg bending moment in the region of the hull can increase. When the fixation system is
later disengaged, the redistribution of the moment in the leg for the revised support condition
provided by the pinions and guides can cause-overstress.

Anticipated installation-induced stresses should be considered in the site-specific assessment (see
5.4.8). Thelfoundation reactions should.be assessed against bearing and sliding capacities of the sloping
hard stratym.

Consideratjon can be given to-the potential benefit of seabed preparation prior to emplacement of|the
jack-up.

A.9.4.3 Fpotprint considerations

Surface or|buried-foeotprints from prior jack-up operations in the proposed field can cause eccerltric
reactions dr lateral movement of the spudcan. One preventive approach is avoidance (i.e. positiofing
spudcans dtsome minimum distance away from the footprints) while mitigations include working|the
legs, leg stomping, seabed remediation, etc.

Information on spudcan-footprint interaction can be found in Stewart and Finnie (2001)[173], Cassidy et
al. (2009)8], Dean and Serra (2004)55], Jardine et al. (2001)[111], Teh et al. (2006)181], Gaudin et al.
(2007)178], Gan et al. (2008)771 and Foo et al. (2003)1731.

A.9.4.4 Leaning instability
A lower bound estimate of the leaning stability can be obtained using the theory of Hambly (1985)871.

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

Leg extraction difficulties can be caused by conditions including the following:

— deeply penetrated spudcan in soft clay or loose silt;

skirted or caisson-type spudcan where uplift resistance can be greater than the-[nstallation

reaction;
sites where the soil exhibits increased strength with time.

A jz
buo
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yant uplift force and inducing tensile forces in the legs. The force tequired to extrac
cted by several factors, including the nature of the soils, the depthZof penetration, the g
spudcan and whether soil backfill has occurred. The force available for leg extraction is
than the force applied during installation. Where significantleg penetrations are attain
pmmon for pulling of the legs to take several days, or in seme cases much longer.

bre leg extraction problems are predicted, a watning should be included in the §
pssment report.

ential mitigations include jetting and/or excavation of the surface soils. However, thes¢
alter soil strength and the seabed topography, which can affect the future emplacement
le same site.

ther details can be found in Byrne and Cassidy (2002)38], Craig (1998)[49, Craig

the leg is
cometry of
frequently
bd, it is not

ite-specific

P measures
of jack-ups

and Chua

(19p0b)i51, Craig et al. (2002)(52], Erbrich (2005)[70] and Purwana et al. (2005)1491,

A.914.6 Cyclic mobility, lignefaction and liquefaction-induced lateral flow

A.9|4.6.1 General

Ligliefaction and/er eyclic mobility can occur as a result of low frequency excitation (waves)jand higher

frequency excitation (such as earthquakes and ice-flow-induced vibrations).

te methods
juake, time

Way
for
dep

be-induced liquefaction of the seabed soils can occur. Dean (1991)[54] presents approxima
bstimating settlements of submerged foundations subjected to low frequency, non-earthgd
endent loading (these are not discussed further here).

General guidance on the assessment of the potential for liquefaction and/or cyclic mobility from
earthquakes is given by Kramer (1996)121]; Idriss and Boulanger (2004)[104]; Kayen et al. (2013)[115];
Robertson (2015)[156]; and Boulanger and Idriss (2016)[301. 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)68]
and Stewart and Kwok (2008)1171],
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b) Liquefaction initiation in the zone of influence of the spudcan foundation,

c)
d) Ac

Sp

udcan displacements and/or loss of support induced by liquefaction, and

tions on the leg from liquefied zones.

The risk of earthquake induced liquefaction at the specific site can be assessed by simplified (A.9.4.6.5)

or detailed

(A.9.4.6.6) procedures.

The liquefaction assessment discussed in A.9.4.6.3 - A.9.4.6.6 is applicable only to siliceous sands and

non-plastid

A.9.4.10.

It is emphasized that the simplified methods in A.9.4.6.5 are based on the 1 000 year earthquake
free-field cpnditions, i.e. not considering the effects of the presence of the jack-up. Thisvis a signifi
limitation pf these methods and potentially unconservative. Unless these methodsJindicate that
likelihood ¢f liquefaction is low, a detailed assessment should be performed based lon-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 occurs whety cyclic loading creates (excess) 1
pressure.

A.9.4.6.2.72 Liquefaction

Liquefactidn is a phenomenon in which the strength and/or stiffness of a soil is reduced due tqg

increase in

A.9.4.6.2.3

Susceptibiliity of the soil to the onset ©f\liquefaction under a reference earthquake motion.

A.9.4.6.2.4
Seabed not

A.9.4.6.2.5

Susceptiblg

silts and should not be applied to other soil types, such as carbonate soils, see 9.4.10

pore-water pressure caused by earthquake shaking or other cyclic loading.

Liquefaction potential

Free-field
subject to the effect of geotechnical works or structures.
Liquefiable

to liguefaction or cyclic mobility for a contemplated means of initiation.

and

and
rant
the
and

ore

an

A.9.4.6.2.

13 ndicoadlatoral flaxax

Liquefactio

A.9.4.6.3

Liquefaction-indueeddateral flow
n leading to mass flow.

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 ca

a) lossor

n include:

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
surrounding or above the spudcans.

To assess the potential consequences of liquefaction to the jack-up on a site, the following three clauses
proyide 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 simplijfied procedufes 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
Cyc

hssessment of the potential for triggering of liquefaction can be performed by evaluating the ratio of

ic Stress Ratio and Cyclic Resistance Ratio. This can be donedy

Using simple formulae with available geotechnical data,such as CPT and shear wave ve
(simplified calculations A.9.4.6.5.2), or preferably by,

locity data

Using a non-linear Site Response Analysis (see for example Stewart and Kwok (2008)[171
pore pressure development (more detailed tifiie history analyses A.9.4.6.5.3).

) including

A d
like

etailed assessment should be performied as part of an ALE assessment (A.10.7.4) junless the

lihood of triggering of liquefaction is\assessed as low.
Mofe information can be found in IS©19901-2, ISO 23469 and EN 1998-5:2004.

A.914.6.4 Assessment of site susceptibility to liquefaction

The
can
(19

An

first consideration ifi a hazard evaluation is the assessment of site's susceptibility to liqu
be determined, by historical, geological, compositional and stress state criteria, s
D6)[121],

bvaluation.of the site susceptibility to liquefaction should be made when the foundation s

efaction as
be Kramer

bils include

dicate that
and Idriss

laygrs or thick lenses of loose to medium dense sands and non-plastic silts. Case histories ir
liguefaetion usually occurs within a depth of 20 m or less (Kramer (1996)[121], Boulanger
(22)116)[30]).

For many years liquefaction was thought to be limited to sands. However, liquefaction of non-plastic
silts 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/s? (0,15g) and at least one of the following
conditions is fulfilled:
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a)
b)

the soil has a clay content greater than 20% with plasticity index greater than 10;

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 loose and of uniform grain size are most susceptible. Therefore, fluvial soils of Holocene age are
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-level

earthquaks
(1989)I531,

A.9.4.6.5

A.9.4.6.5.1

Free-field

Resistance
liquefactio
subclauses

The simpli
stress ratid

fe

A factor fii
(Pyke and
liquefactio

in pore walter pressure. The effects of these‘ihcreases in pore water pressure should be accounted

during eva

Simplified

affected by
of soils to (
use of peal

factors, andl the failure to@ccount for excess pore pressure redistribution and dissipation will add to

uncertaint)
overlying
shortcomir

s over time can reduce the risk of liquefaction, Sassa and Sekiguchi (1999)(1é1], Clukey, e

Simplified free-field assessment of liquefaction
General

iquefaction can occur when the earthquake induced Cyclic Stress Ratio exceeds the Cy
Ratio of a soil layer. An initial screening assessment of the margin against triggerin
h can be performed based on simplified methods. Two approaches are given in the follow

fied methods provide a ratio of normalized cyclic resistance ratio Acrr over normalized cy
Acsr giving a margin against triggering of liquefactionj.ire.

¢ = Acrr/Acsr

North, 201911521) and should be used(only as a screening tool (Pyke, 2015)[150]. Eve
W is not triggered, the soil can exhibitlreduction in strength and/or stiffness due to incred

uations of stability and settlement.

methods for evaluating(liquefaction-induced liquefaction and settlement are adver
the fact that cone penetration resistance provides only an indirect indication of the respg
yclic loading, especially if the soils contain clayey fines. Transition and thin layer effects,
x ground accelerations at the sea floor, standard depth reduction and magnitude weigh

 in the results. External factors, such as discontinuous sand layers, the thickness of
crust”, angd partial saturation, are not considered in simplified methods. These var
gs are'discussed in more detail by Pyke and North (2019)(152],

Effects fro

t al.

clic
b of
ying

clic

L larger than 1,0 typically implies no liquefaction. However, these methods are approxinate

n if
1ses
for

sely
nse
the
ting
the
any
ous

m~the spudcan footing, such as stresses from the structure and its dynamic respo

nse,

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)(101], Youd et al. (2001)I210], Zhang et al.
(2002)214], Idriss and Boulanger (2006)[1051 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., 2006[139]; Boulanger and Idriss, 2016[3%1) or in situ shear wave velocity (Kayen et
al,, 20130115]; Robertson, 2015[156l).

Possible free-field liquefaction assessment methods to calculate the ratio of Acrr Over Acsg are provided
in Annex E.5.

A.9.4.6.5.3 Site response analysis

A non-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 North
(20[19)11511, Ideally, this will also be a bi-directional analysis which uses both horizontal cenponents of
motion as input (Pyke, 2019)[151], Hashash et al. (2010)[8%, Olson et al. (2020)[1431,

A.9/4.6.6 Detailed analysis
In ALE Stage 3 time-history analyses the effects of the presence and dynamictesponse of the jack-up
are|considered with the jack-up footings supported by a soil model, such~as’in Galanes-Alyarez et al.
(20p0)17¢l. See also 10.10 and A.10.7.4.
Vertfical settlement of the soils under the applied spudcan load should be considered for each leg of the
jack-up. The differential displacements between the legs can be ¢ritical to structural stability pnd should

be ¢valuated.

Dethiled analyses are also recommended to evaluate “latepal spreading” if the site is located|on or near
sloping ground. Lateral deformations could potentiallytcause stability issues for the jack-up.

Consideration of lateral deformations can be impertant when surface layers are decoupled fijom deeper
laydrs as a result of liquefaction of intermediate layers see Zhang et al. (2004)[215]. This decqupling can
occhir whether the sea floor is sloped or level

A.914.6.7 Liquefaction-induced lateral flows

The potential for liquefaction-induced lateral flow in the vicinity of the jack-up should be ¢onsidered,
seelA.6.5.1.

A.9{4.7 Scour
The key conditions-6r scour are
— |hydrodynaniic conditions,

— |flow'disturbance due to presence of an obstruction, and

— potemntiat forerosiomof the sea ffoor matertat:

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.

© IS0 2023 - All right reserved 201


https://standardsiso.com/api/?name=d6619815f1e9d3d0504621ff74975167

ISO

19905-1:2023(E)

Scour is more important for spudcans with limited sea floor penetration, as removal of the soil can
result in the following:

There is ng
operation
protection

currents th

a) gravel

b)

202

a redistribution 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;

an increase in an existing potential for punch-through in layered soils.

this activity does not adversely affect future jack-up emplacements;

use of frond mats, gravel bags, gravel dumping or grout/mattresses after installation,

definitive procedure for the evaluation of scour potential, but useful reference maténial
be found in Sweeney et al. (1988)[177]; Whitehouse (1998)[201] and Rudolph et al. (2005) [158]) Previ

:E experience can help in the management of scour, either in the development of sg
measures or of an awareness of the critical combination of tidal and non-tidal/(storm driy
at can induce scour. Scour protection measures include the following:

Humping prior to installation, provided the selected gravel gradation does not cause damnj
to the fjack-up spudcans: Particularly for the larger materials, care should‘be taken to ensure

effectiyeness of which can be evaluated from scour surveillan¢e monitoring;

monitgring and adjusting for reduction in hull elevation,

can
ous
our
ren)
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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

Ei AD4-2 Seil-varticlesi Lseabed-mobili
[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 refer¢nce to the
liteyature, e.g. Siciliano et al. (1990)(168], Stewart (2005)[171], Leung et al. (2006)[127], and Kkllezi et al.
(20p5b)17],

A.9|4.9 Geohazards

Cerfain areas of the world, including the US, require shallow geohazard surveys and publish documents
tha§ can give some useful guidance, e.g. US Department of the Interior Minerals Management Service
(20p8)1921 and IOGP (2009)1107], It is important that the ‘work is planned, performed and pssured by
quallified geohazard specialists to ensure that it is fit-for-purpose and meets the actual |regulatory
reqpirements of the host country. See also ISO 19901x10.

A.9/4.10 Carbonate material

No guidance is offered.

A.10 Guidance on structural response
A.10.1 Applicability

No guidance is offered.
A.10.2 General considerations

The ULS responses typically include overturning moments of the jack-up, reactions and displacements
at the spudeans, horizontal deflections of the hull, the internal forces in the leg members and forces in
the|holding system. The responses should be obtained using appropriate combinations of| functional
actlns metocean or earthquake actlons and dynamlc second order and leg mclmatlon effec ts with the

T ractors rofs 5 a2 is required
that the analySIS be carrled out for a range of headlngs with respect to the ]ack up such that the most
onerous 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.

Table A.10.3-1 — Cross references for extreme storm responses

Topic

Reference

1 3
TOCatron

Comments and additional references

Metocean aftion| TableA.7.3-1 |A.7 discusses actions, but Table A.7.3-1 gives an overview of the calculation procedyre
calculation and gives references to the required input data, methods of calculating actigns,-and
procedure action factors.
Structural mpdel A8 Table A.8.2-1 discusses the levels of detail in different structural modéls, and the
information that can be obtained from them.
A.8.3 to A.8.5 discuss modelling of the legs (including some simplified methods for
calculating equivalent leg stiffness properties), the hull, andthe leg to hull connectidn,
respectively.
A.8.7 discusses mass modelling.
Action factoyls 8.8 Action factors are given for both the two-stage, and one-stage stochastic storm analysis.
Application ¢f A.8.8 Wind and wave/current actions are determined‘through use of A.7.3.
actions A.8.8 discusses application of actions, including functional actions, hull sagging,
metocean actions, and inertial actions. Additional load cases that should be considered
when (Tn/Tp) > 0,9, are given in A,1045.2.2.3.
Large A.8.8.6 Different modelling techniquestare discussed, including large displacement methods,
displacemen geometric stiffness methods @nd negative springs.
effects
Conductor A.8.8.7 —
actions
Damping A.10.4.3 Table A.10.4-1'gives recommended explicit damping levels.
A.7.3.3.2.deéscribes 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
deterministif combined with the maximum quasi-static wave action. The DAF can be from an SDOF
storm analydis 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 foundatior
fixity, which is normally included in the analysis.
A.10.4.4.1.2 gives foundation modelling for a two-stage analysis.
SDOF analys|s 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 tw
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 (Tn/Tp) >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-akinematicsreduction factor.

o-stage

1SO 19901-1:2015, 8.4.4 and A.8.4.3, give information on the intrinsic and’g
wave periods, and the methodology for modifying the wave spectrum-from|
apparent.

A.10.5.3.3 gives additional details on all random wave dynamic analyses, rd
whether it is for a one-stage or two-stage assessment.

A.10.5.3.4 gives information on determining the MPMEresponse, which is the result of

the random analysis.

Table A.10.5-1 gives recommendations for calculdting the MPME and on th
duration to use in the simulations.

pparent
intrinsic to

gardless of

P storm

Sto
ana

hastic storm
ysis

A10.5.3

In this method, the MPMEs of the responses of interest (e.g. member utiliza
determined directly in a one-stage analysis, although multiple one-stage dyj
analyses can be required (10.5.3). DAEs/are not specifically developed.
A.10.5.3.2 describes the determination and application of partial factors to
metocean parameters, as required'in 10.5.3.

Figure A.10.5-4 shows the afalysis procedure for a one-stage stochastic stg
including foundation fixity.

A.10.5.3.4 describes the‘determination of MPME responses.

tions) are
namic

the

rm analysis

Leg

inclination

A10.5.4

The effect of leg intlination is included in the structural code checks, but ng
global response analysis.

tin the

A1

A1l

The
iney

Clayise 8 and A.8identify the factors that affect the structural stiffness of the jack-up and
ctural stiffniess modelling at various levels of complexity. The actions are discussed in C

stru
A7

Thd

D.4.1 General

0.4 Common parameters

ULS response can-be' calculated either by using a quasi-static analysis procedure in
tial loadset or by-uising a more detailed (random) dynamic analysis procedure.

magnitude of the dynamic response is affected by the following:

cluding an

Hiscuss the
ause 7 and

a)

the 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
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A.10.4.2 Natural periods and affecting factors

A.104.2.1

General

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
usually close together; which of the two is the higher depends on which direction is less stiff. Where the
natural or wave period varies with heading, care should be taken that the periods used are applicable to
the direction being considered in the analysis. The third vibrational mode is normally a torsional mode,

the three-dimensional effects of which can be important, in particular for headings where the Tegs 4
hence, wavle actions are not symmetric about the direction of wave propagation.

The natur
overall (gld

The undanj

is

M is

K is
ISO/TR 19
recommen
natural per
A.104.2.2
The jack-uj

structural
the variou

discussed in A.8 and shotild consider stiffness contributions from the following:

a) bendin

period is dictated by the characteristics of the structural system, which are governed by
bal) structural stiffness, the mass and mass distribution, and the damping.

ped natural period is determined from Formula (A.10.4-1):

P (M1 K)
(A.10.1

the first natural period of surge or sway motion of the\jack-up;

the effective system mass;
the effective system stiffness.
D05-2 contains a manual method for calculating the natural period. The method is
Hed for use in analyses but is useful for demonstrating some of the factors that affect
iod of a jack-up.

Stiffness
b on its foundation represents a multi degree-of-freedom system. If available, a finite elen]

model, containing theé mass and stiffness properties of the jack-up should be used to ob
natural perigds-and mode shapes. Structural modelling at various levels of complexit

g deformadtion of the legs;

b) shear déformation of the legs;

hind,

the

1-1)

not
the

ent
tain
y is

c) axial deformation of the legs;

d) hull bending deformation;

e) horizontal vertical and rotational leg-to-hull connection stiffness;

f) horizontal, vertical and rotational foundation stiffness;

g) second order P-A due to lateral displacement of the hull;

The model can contain a number of non-linear elements, notably the leg-to-hull connections and the
spudcan-foundation interfaces.
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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.1D.4.2.5 Cancellation and reinforcement
A.1D.4.2.5.1 General

If the legs of the jack-up were lumped together at one position, waves passing through wjould cause
each leg to have the same applied force history and the base shear transfer function (base shear versus
wave period) would be a relatively smooth function. Assuming thlenleg 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 legis different for each wave pe¢riod. Since
each leg is at a different phase for each wave period, the amplitude of the base shear transfer{function at
evely period is bounded by the value with all legs together. Essentially, there is some force cancellation
for plmost all periods (smaller amplitudes than all legs.together). Since the spacing betwepn the legs
chapges by approach direction, different wave headings also result in different base shepr transfer
fungtions, even if the kinematic properties are still axisymmetric.

Figiire A.10.4-1 shows cancellation and reinfotr¢ement 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 chanacterized by the total horizontal wave loading |or by the
ovefturning moment; cancellation and\reinforcement of points for these can occur at slightl]y different
wave periods.

The assessor should aim to maximize the overall jack-up responses and not just, for example,|the DAF.
The DAF calculated throtigh the SDOF is independent of cancellation and reinforcement.
A.10.4.2.5.2 Quasi-static deterministic waves

Carg should be’taken to avoid cancellation in the quasi-static deterministic wave actions. [This is not
normally an.ssue; rarely 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 1 A2 B8 2 Cinchactic dunamic wava racnanca
. T o070 otothaotaat-ay narrCvyvayv CTCoponsSt

The natural period(s) used in the dynamic analysis should be selected such that a realistic but
conservative value of the dynamic response is obtained for the particular application envisaged. Care
should be taken to ensure that the response is maximized, not just the dynamic amplification, since it is
possible to have 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, the range of possible
natural period(s) should be bracketed and compared with the relevant cancellation points in the global
wave loading and the second harmonic of the wave period. When the natural period occurs at a

cancellatio

to move thle natural period away from the cancellation point. This generally ensures that the-dyna

response is

The definit
loading (b3
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se shear) and overturning moment transfer functions for the case under eonsideration.

sis is for pinned spudcans with maximum hull mass, then the adjustment should be mad

made by varying the degree of rotational fixity at the seabed.

ly, when the metocean data is omni-directional, theJeffects of wave spreading can be use

-up with equilateral leg positions and a single bow leg, suitable analysis headings can be v
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he final quasi-static analysis forallheadings.

hge stochastic analysis, similar care should be taken to avoid cancellation effects at both
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Sample of wave period in relation to wave force cancellation and reinforcement atfall 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
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c) Diagrammatic arrangement of legs on 3-legged jack-up in beam seas that can result in
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ve force reinforcement over all wave-phase angles; water depth > 30 m.
vave force cancellation over all.wave phase angles; water depth > 30 m.

vave force reinforcement over all wave phase angles; water depth > 30 m.

er results in slightly-lenger wave periods producing first cancellation.

n a 4-leggeddgack-up, it is possible to get complete cancellation of the horizontal actions at ce
s (e.g. in a wave of specific length that results in two legs at the wave crest and two at the wave tro
line 'a" in\Eigure A.10.4-1 a). It is not possible to get complete cancellation of the horizontal action
hck-up,oriented with two legs parallel to the wave crest. There is partial cancellation in waves
 leghat a trough when two legs are at a crest, as shown by line 6 of Figure A.10.4-1 b), but there is

sufficient cajncellation in any wave length to result in line 5. It can be possible to get complete cancellation on

igure A.10.4-1 a) has’been drawn for effectively deep water cases only. The reduced wave length in

tain
ugh,
s on
that
not
a3-

legged jack-up oriented with any two legs parallel to the direction of wave propagation, as shown in Figure A.10.4-
1 c), 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
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A.10.4.3 Damping

A.10.4.3.1 General

The main components of system damping are foundation, hydrodynamic and structural damping. Each
of these can be modelled either linearly or non-linearly and can be calculated as part of the analysis or

input as a percentage of critical damping (see Table A.10.4-1).

Structural damping is normally modelled linearly and input as a percentage of critical damping,
however there are non-linear components (e.g. gaps in guides, pinion backlash).

Hydrodynamic damping is mainly due to fluid-structure relative velocity effects (Se€|A.7.3.3.2);
altegrnatively, a percentage of critical damping can be applied.

Foundation damping comprises three components: small strain material, hystéretic and radiation
damping. The small-strain soil material damping is typically small. At larger strains, pmplitude-
deplendent hysteretic damping can also occur. Where a non-linear foundation model is adopted for
dynfamic response analysis, the hysteretic foundation damping and soil stiffness reduction are
accounted for directly. Where linearized soil stiffness is used in a.tifne domain analysis, hysteretic
damping should not be included.

A.1D0.4.3.2 Linear system damping

Where the model relies on damping defined as a percentage of critical, the total linear systepn damping
shopld 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 qf damping
conmponents when explicit and implicit represéntations are used simultaneously in th¢ analyses.
Tablle A.10.4-1 summarizes typical upper bounds when using percentages of critical damping

Table A.10.4-1 — Recommended explicit damping from various sources

Damping source Global linear damping not to exceegl
(% of critical damping)
Structure, holding system, etc. 2
Small strain foundation 23
Hydrodynamic 3oroP

The small-strain séilnmaterial damping is typically small; in the absence of specific data, 2 % is considered to be a
reagonable estimate.
In cases where(the relative velocity formulation is used [@=1 in Formula (A.7.3-15)], the hydrodynami¢ damping is
accgunted for directly and should not be included as a percentage of critical damping.

A.1p4.3.3 Hysteretic damping

Foundation 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)[139], 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 isareduction factor applied to avoid unconservatism, which should normally be taken as 0,5;

B s 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 value of|the shear
modulus, that occurs at small strain (see A.9.3.4.3); for sand, G, = Gmax, the initial small-stfain
shear modulus (see A.9.3.4.4)];

ps is the total, saturated, (mass) density of the foundation soil.

In non-lindar dynamic analyses, or in linear time domain dynamic analyses using direct integratjion,
Formula (A.10.4-2) can be used directly to establish the damping coefficients for the foundation
dashpots.

In linear modal dynamic analyses, the additional contribution of vertical radiation damping to the linear
damping ratio for the vertical mode only can be calculated as given in Formula (A.10.4-3):

(.4=R[0,213 N,Bw, ¥ (ps/G,) (A.10.4-3)

where

{.q is fhe radiation modal damping ratio:to-account for spudcan vertical motion;

Ns is fhe number of spudcans;

w, is fhe angular natural frequency of the vertical mode, expressed in radians per second.

NOTE1 The suggested value of0,5 for R is a reduction on the amount of radiation damping and is comparpble
with values|used in other industries. The reduction is intended to account for the frequency dependence |and
spatial varignce (e.g. stratifiedtion) in soil conditions below the spudcan.

NOTE2  Hormula[A+10.4-2) is obtained by combining the definition of the damping coefficient, C, with| the
damping rafio of \Fermula (A.10.4-3) and the corresponding formula for stiffness given by Lysmer and Richart
(1966)11301,

NOTE3 Radiation damping increases with increasing excitation frequency. Radiation damping levels from

ocean wave excitation are expected to be less than 1 %, whereas for earthquake actions, radiation damping ratios

can be large

A104.4 Fo

A104.4.1

A.104.4.1.

(>10 %). Radiation damping values this large can have significant effects on dynamic response.
undations
Foundations for extreme storm assessment

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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option 1: deterministic two-stage approach;

option 2: stochastic one-stage approach.

A.10.4.4.1.2 Option 1 — Deterministic two-stage approach

Figure A.10.4-2 illustrates the procedure schematically.

In this approach, the dynamic response of the structure is evaluated based on either a simple linear

analysis or a more complex elasto-plastic analysis in order to determine an inertial lo

adset. The

dynga arraly 3 i 3 d-spriftgs—Typieatty 3 arized-rotational-stiffness for

the|dynamic analysis can be taken as 80 % of the value determined from A.9.3.4.1. Thig simplified

approach does not capture the temporary reductions in stiffness that occur during plasticity events

(generally with detrimental effects), but also does not capture the increased damping assogiated with

these events (with beneficial effects).

The foundation and structural assessment is next performed using a quasi=static, iteratiye analysis

technique, for which the dynamic actions have already been determined. ThiS quasi-static apalysis can

be 3ccomplished by means of either an elasto-plastic foundation model er’by a simplified application of
the [full plasticity analysis as described below. This simple approachis‘used to apply momeénts on the

spudcan by inclusion of a simple linear rotational spring. The maments thus applied are limited to a

caphcity based on the yield interaction relationship between the'gross vertical force (Fy), the horizontal

forde (Fy) and the moment (Fy;) acting on the spudcan.

This simple procedure is described in the following steps(see the right hand side of Figure A10.4-2).

a) |Include vertical, horizontal and (initial) rotational stiffnesses (using linear springs, see 4.9.3.4.1) 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 gnalysis, to
determine the resulting forces Fy, Fy and the moment F); on each spudcan.

b) |Calculate the value of the yield interaction function (see A.9.3.3) using the resulting for¢es 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.

c) |If a force combination”initially falls within the yield surface, the rotational stiffness|should be
further checked tosatisfy the reduced stiffness conditions in A.9.3.4.2.

d) |If the force{combination initially falls outside the yield surface, the rotational stiffnesd should be
arbitrarily' réduced and the analysis should be repeated until the force combination at eafh spudcan
lies essentially on the yield surface. If at that point the moment is reduced to zero anf the force
combination is still outside the yield surface, then a bearing failure (either vertical or horizontal) is
indicated.

e) Additional penetration due to a bearing failure can result in increased foundation capacity, which,
in turn, 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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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) Use a time domain random dynamic analysis to determine structural response and foundation

forces at each time step.

b)

If, d
cha
(sed

A1l

For
valy

For

modlel should be used with degradation effects.

A1l

Cur]
con
the
of j3
per

appllications fall‘within this range, the primary source of dynamic excitation is from waves.

Sea
pre
the

Determine the foundation behaviour using a non-linear elasto-plastic model, such thHata
step the plastic and elastic portions of the behaviour are captured. If desired, this model
hysteresis. This is likely to require an iterative procedure.

As the dynamic response is influenced by the time history of the actigns,”a number
dynamic analyses should be performed for differing input wave thistories, and t
determined from a procedure described in A.10.5.3.4.

ue to wave force cancellation effects, small changes in foundation stiffness result in
hges in the response, the foundation stiffness should be sele¢ted with care to maximize th
A.10.4.2).

D.4.4.2 Foundations for earthquake assessment

the simple screening assessment, the foundation should be modelled with a high rep
le of G, from Clause 9, without degradation butwith appropriate rate adjustments.

more detailed assessments, a fully non-linear coupled yield interaction model or a

D.4.5 Storm excitation

rents change slowly compared with the natural periods at which jack-ups oscillate g
Kidered to be a steady phéenomenon. Variations in wind velocity cover a wide range of p
main wind energy is\associated with periods that are considerably longer than the natul
ick-up oscillationsiTFherefore, the wind can generally also be represented as a steady flow
ods of waves typically lie between 3s and 20s. Since natural periods of jack-up

waves:aré not regular but random in nature, with a more predominant periodicity whe
sent. This has important implications that should be considered for both the dynamic exd
résulting dynamic response.
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0.5 Storm analysis

A.10.5.1 General

No guidance is offered.

A.10.5.2 Two-stage deterministic storm analysis

A.10.5.2.1 General

In the first stage, an inertial loadset is determined from a dynamic amplification factor using either a
single degree-of-freedom analogy (K papspor), See A.10.5.2.2, or a random wave time domain random
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dynamic analysis (Kpspranpom): 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 usi

represented by equivalent inertial actions as described in A.8.8.5. The inertial loadset can.be deri
from the classical SDOF analogy described in A.10.5.2.2.2, or from the more complex rahdom dyn

analysis m
amplificati
the hydrod

NOTE §
mass means
(e.g- membe

a deterministic analysis for calculating the jack-up's responses, the dynamic réspong

thod discussed in A.10.5.2.2.3; see Figure A.10.5-1. It should be recognized that dynj

ynamic actions is not a correct physical representation.

'he difference between the height of the applied wave actions and the height of the system centy
that the global response (e.g. base shear, overturning moment,wull deflection) and local resp

216

e is
ved
mic
mic

bn is the result of inertial actions that are dominated by the hull mass. Therefore, amplifying

e of
nse

r forces, holding system reactions, spudcan reactions) are not equally amplified by the inertial actipns.
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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 pxr 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 SDOF method is fundamentally empirical because:

— the wave/current action does not occur at the hull;

— the exg¢itation is non-periodic (random) and non-linear.

The methogl described below generally leads to an approximation of the jack-up's real behavieur that|has
been calibifated against more rigorous methods. The following cautions are noted when using the SPOF
method.

a) If the rptio of the jack-up natural period to the wave excitation period, {2, is in‘the range 0,4 to| 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 discussedin A.10.4.2.4, and this can make
the mdthod unconservative, particularly when 2 > 0,5. When 20,5, there can be significant engrgy
in an ifregular sea at the jack-up natural period, and this is not accounted for in the SDOF method
becauge the DAF is not affected by any periodicity other than the excitation at 0,9T},. This lack of

excitation is particularly important when the jackféup natural period is close to a wave
reinfoffjcement point. In this case, the resonant respense, combined with reinforcement, can result
in a significantly higher action than that calculated4rom 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
ampliffcations.

c) The SDOF method can be unconservative 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
detailgd analysis is recommended:

d) The SOOF method can beZunconservative and should not normally be used in an extreme stprm
assessment when ( is(greater than 1,0, i.e. when T, > 0,9Tp. However, the SDOF analogy may be

used when the calculated  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 stprm
assessmenf, regardless of the DAF calculated using the SDOF method.

NOTE he“DAFE calculated in the SDOFE nn:\]ngy (,(UAr,bUUr) cannot be mnanlngﬁl"y r‘nmp:n"nrl to the DAF

determined with a stochastic wave assessment (Kp .z ganpom)- This is because the methods for determining the

relevant inertial loadsets are different, thus the same value of K, gpor and Kpppranpom 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) as given in Formula (A.10.5-1):

K 1

DAF,SDOF — \/ 21,20

2\2 2
(1-07)7+(2¢0) (A10.5-1)
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where

T
Q isthejack-up's natural period (T,)) divided by the wave excitation period (T,,); 2 = T—“ <1,0;
w

¢ isthe damping ratio or fraction of critical damping, £< 0,07 (see A.10.4.3);
T, = O,9Tp;
Tp ;D thC CllJlJCll Cllt lJCa}\ vwvdavuo lJCl ;Ud (uluda} Ul lllUDt l.ll Ubab}c lJCl lUd Uf thC vwdav Spectrum’

corrected to account for current velocity; see A.7.3.3.5 and ISO 19901-1:2015, A.8,43);

T, isthe natural period as derived in A.10.4.2.1.

n

Theg damping parameter, ¢ in this model represents the total of all damping contributions [structural,
hydrodynamic and foundation damping). For the evaluation of extreme jack-up response$ using the
SDQF method, a value not exceeding 0,07 is recommended.

The calculated Kpp spor from the SDOF analogy is used to estimate an'‘itiertial loadset, which|represents

the|contribution of dynamics over and above the quasi-static respense 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
centre of gravity in the direction of wave propagation:

Fin = (Kpagspor — 1) Fgs amplitude (A.10.5-2)
whére
F, is the magnitude of the inertial loadset;

Fgs amplitude 1S the single amplitude of quasi-static base shear over one wave cycle,

Fis ampiitude = [Fgs,(gsymax — Fs,(qsyminl /25

Fgsqs)max  1s the maximum quasi-static wave/current base shear;

Fgsqsymin  1s théminimum quasi-static wave/current base shear.

Formula (A.10.5-2).is part of a calibrated procedure and should not be altered. A more gendral inertial
loadset procedure, using the results from random dynamic analysis, is described in A.10.5.2.2.3.

A.1p.5.22.3" Inertial loadset based on random dynamic analysis (K g ganpom)

In thetime domain random dynamic analysis procedure, two DAFs are calculated, one for fthe BS and
one for the overturning moment (OTM). The inertial loadset, F,, is calculated from these DAFs. The BS
and OTM DAFs are the ratios of the MPME of the dynamic BS/OTM to the MPME of the static BS/0TM
(RmpmE dynamic/ RmpME,static)» s€€ Figure A.10.5-1b), determined from corresponding dynamic and quasi-
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;,, normally should be such that it increases both the BS and OTM from the
deterministic quasi-static analysis by the same ratios as those determined between the random quasi-
static (zero mass) analysis and the random dynamic analysis. In such cases, the structural model (used
for dynamic analysis) may be simplified and it is not necessary that it contain all the structural details,
but should nevertheless be a multi degree-of-freedom model. See A.8.8.5 for guidance on applying an

inertial loa
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T,/ Tp, throy

greater thar
random dyn
defined in a

The total
Formulae
overturnin
Formula (A

dset to the model that matches both dynamic BS and OTM.

puld be exercised when the wave period approaches resonance and additional load-c:
onsidered when (7,/T}) is greater than 0,9. These extra load cases account for the chanj
peen the forcing action and the inertial action as (T,,/T,) approaches and exceeds 1,0

.5-3 and NOTE 1). The basic load case is the inertial loadset applied in phase with, an
e response to, the metocean actions, Formula (A.10.5-4). This load case i$ yequired fol
[/ Tp)- Three additional load cases, Formulae (A.10.5-5) to (A.10.5-7), shiold be considsg
[,) is greater than 0,9. Four sample load cases are shown diagrammatically in Figure A.1

Case, the inertial loadset should be applied to the structure as desevibed with A.8.8.5, u
rectional pair of Ky, ranpom Values calculated for base shear and.overturning moment.

igure A.10.5-3 shows the phase between the forcing action and-the inertial action for an SDOF sy5
yalues of T,/T, and represents the underlying reason the extralload cases are assessed in a two s
c analysis when T, /T, is greater than 0,9. As the value of T, /T, increases beyond 0,9 the p
exciting action and the inertial action changes from being approximately in phase for low valug
gh being 90° out of phase when Tn/Tp =1,0 to being\approximately 180° out of phase when T,/
1,2. While Figure A.10.5-3 is drawn for an SDOF;system, a similar phasing analogy can be made

amic analysis, albeit without the same degree-of fine definition. It is because the phasing is not so
random sea state that the extra cases are spécified above when T, /T, is greater than 0,9.

base shear and overturning~moment is the same in the first three load «ca
A.10.5-4 to A.10.5-6) provide a nratch to the base shear but it is still necessary to correct
g moment. Both the base shear and overturning moment can be different in the fourth c
.10.5-7); see NOTES 5 and.6.

The base shear inertial loadsets:are calculated as given in Formula (A.10.5-3):

FinpHas
and are ap]

[E.+ |

(A.10.

(a) = Kpar,ranpot FstaTic — FSTATIC,PHASE(2)
blied in lpad cases as given in Formulae (A.10.5-4) to (A.10.5-7):

tp Del@) = Fwinp * Fstatic + Yep FinpHask(0) (A.10.

ises
ping
see
1 to
- all
red

0.5-
bing

tem
tage
hase
s of
T‘p is
ina
well

ses.
the
hse:

5-3)

5-4)

[Ee + Vep Del(90) = FWIND T Y£D Fin PHASE(90) (A10:5-5)

[Ee + yep De] (180) = Fwinp + Fstatic.up + Vb FinpHAsE(180) (A.10.5-6)

[Ee + ¥ep De] -180) = Fwinp + Fstatic — Yp Fin,PHASE(-180) (A.10.5-7)

where

[Ee + Ve Del(a) 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);

Foratic is the deterministic quasi-static wave/current loadset in the direction of the
MPME values;

Fwinp is the wind loadset;

is the deterministic guasi-static ‘Amvpl/r‘nrwﬂnf loadset for the relevan

F load case:

S ITATIG,FTIASE(d])

it is equal to Fgrarc for the normal PHASE ;, case when used {
F.

1
inertia down-wind and crest wave loading [see Figturé A.10.5-2

when T,

/T,>0,9:
itis equal to 0,0 for the PHASE o) case when used to calculate

Figure A.10.5-2 b)];

it is equal to Fgpapicyp for the PHASE 4y case when used
F.

inpHASE(180) in Formula (A:10.5-6), which represents the case ¥

down-wind and troughiwave loading [see Figure A.10.5-2 c)];

it is equal to Fsppgicyp for the PHASE ;g case when used

Finprase(-189)cin Formula (A.10.5-7), which represents the

Fsraticup is the deterministic quasi-static wave/current loadset in the up-win
(i.e. maximum upwind loadset, which is normally in the opposite d
the wind action).

Formulae (A.10.5-4) to-{A.10.5-7) represent the metocean and dynamic components, E,

Formula (8.8-1). The~gravity components G and G, should also be included when devg

conjplete assessment load case F in Formula (8.8-1). The response analysis should include P

inertia up~wind and crest wave loading [see Figure A.10.5-2 d)|;

o calculate

npHAsE(0) i Formula (A.10.5-4), which represents the normal case with

a)l;

i}

in,PHASE(90)

in Formula (A.10.5-5), which represents the inertia only load case [see

0 calculate
vith inertia

o calculate
case with

)

d direction
irection to

and D, in
loping the
-A and hull

sagging effects\and the effects of leg inclination should be taken into account (see 7.8).

NOT1
situ
shot
wave

E2 1,0 but such
htions do exist, e.g. in relatively benign conditions in deep water and with low spudcan fixity. Exy

v

It is relatively unusual to undertake a jack-up assessment where T,/ T, is greater than

erience has
o below the

period and this action results in an increased DAF.
NOTE3  Formula (A.10.5-3) is a scalar formula. It is used to determine the magnitude of the inertial loadset, but
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.

NOTE4  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 ) 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 _;g, is the reverse; the inertial actions are up-wind and the maximum wave/current actions are

down-wind.

NOTE 5

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
results of such an analysis, a procedure is used to capture both the maximum base shear and the maximum
overturning moment. It is possible that the relationship between these two values is not known (i.e. the maximum
base shear can occur at a different time than the maximum overturning moment). It is, however, known that the

values of bqg

are calculat]
known of W
three differé
correcting

Formula (A.
to the watel
having the
significantlyj
consistent b
be necessar

NOTE6 1
are unlikely]
the location
stresses.

NOTE7 |
Formulae (4

base shear ¢
opposite dij

actions in the up-wind direction. In most cases, the-magnitude of the vector (E, + y;, De)(—ISO) is smaller than

f the equivalent vector in Formulae-(A.10.5-4) to (A.10.5-6). It is, however, possible that the inte
can be higher due to changes ininternal leg shear and bending moments.

magnitude
leg stresses

bd for base shear and overturning moment. These DAFs are well defined, but it is not necess
hat components they are comprised. The intent of Formulae (A.10.5-4) to (A.10.5-6) is~to)pre,
nt sets of actions that can result in the different maxima base shear and overturning moments. L
moments are likely to be necessary in Formula (A.10.5-5), the inertia-only.-load case
10.5-5), the point of application of the actions has effectively moved from being predominantly d
line (due to wave/current) with a relatively small inertial component at the hullieentre of gravit
predominant action applied at the hull centre of gravity. Given that the hull centre of gravif
higher than the point of application of the wave/current action and the/requirement to ha
ase shear and overturning moment, the introduction of large correcting‘couples at the hull is like
Y.

'he base shear and overturning moments are the same in Formula (A.10.5-4) to (A.10.5-6), so t
to be significant differences in global jack-up response. The.importance of the different load cas
of the actions and the components that comprise them. This)can result in different member loads

ormula (A.10.5-7) can have a different combined base shear and overturning moment
.10.5-4) to (A.10.5-6). In Formula (A.10.5-7), the’magnitude of y;,, Fi, pHase(-180) 1 identical, for |

nd overturning moment, to the value of yep K, pyasg(1g9) in Formula (A.10.5-6), but it is applied in
ection. This case represents the wave/gurrent actions in the down-wind direction and the ine|
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a) Representation of
Formula (A.10.5-4)

Key

direction of storm

wind action Fynp

b) Representation of
Formula (A.10.5-5)

wave action FST ATIC

up-wind wave action at wave trough Ferpoe oo

c) Representation of
Formula (A.10.5-6)
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d) Representation of
Formula (A.10.5-7)

O N O Ul W DN R

10
11
12
13
14

inertial loadset Fm‘PH ASE(0)

inertial loadset Fin,PHASE(%)

inertial loadset Fm'PHASEUsO)

inertial loadset F, PHASE(-180) with magnitude of base shear and overturning moment.equal to F; | ASE(180) but
applied in the opposite direction

simplified representation of wave/current action on jack-up

simplified representation of inertial action on jack-up

line indicating relative phase of wave/current action and inertial action for (a) = (0)
line indicating relative phase of wave/current action and inertial action for (a) = (90)
line indicating relative phase of wave/current action and inertiakdction for (a) = (180)

line indicating relative phase of wave/current action and in€ttial 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 agtion
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w  ratio of the natural period, T, to the period of the forcing action, T;

¢  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 (T,/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 used to develop DAFs. For a one-stage stochastic storm analysis, the intent is to determine 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 stochasfic stprm
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 one-stage dynamic

stochastic storm analysis that directly results in a time history of structural and foundatien utilizatipns,
the metocgan parameters (i.e. wind velocity, wave height and current velocity)yare factored; |see
A.10.5.3.2.

The waves|can be modelled using a random superposition model, which is fully’described in A.7.3.3]3.2,
that identifies important constraints associated with this method of randomwave dynamic analysis.

Determine basic Develop factored metocean
metocean parameters - input parameters
(6.4) (A.10.5.3.2)

'

Run non-linear elaste-plastic random
dynamic time domain analysis for a
number 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
accordance with A.7.3.4.1 should be factored by

actions in

— /1,15 if 50 year return period independent metocean extreme storm actions are used, or

— +1,25if 100 year return period joint probability metocean data are used.

Partial factors on wave height and current velocity: The partial factors for wave height g
velocity for use in the stochastic analysis are determined through an iterative process:]
involves factoring the wave height and current velocity until the metocean paramet
quasi-static stochastic wave/current action matches the action-factored quasi:static de
wave/current action computed using higher-order wave theory (see NOTE below). Th
wave spreading (see A.6.4.2.8) should be consistently included or consistently exclyl
stochastic and deterministic calculations used in the calibration. As a first approximatio}
partial factors can be used as given above for wind velocity. Some-adjustment can be n
achieve a good or conservative match between the following twe pairs of action values:

— the stochastic MPME and the deterministic maximum;

— the stochastic mean and deterministic mean, the latter determined from integration
wave cycle (i.e. not from the average of the maximum and minimum values).

The match of MPME/maximum and mean actions is necessary to capture the cyclic behd
adjystment generally results in different partial factors for the wave height and current veloc

q

The
sted

wave period used in the stochasticiahalysis should be modified to maintain the
pness as that of the unfactored sea state.

the two-stage approach, the reference level for the wave and current actions is the
detérministic action. This reference level action is then modified through a DAF and the acti
arrive at the final factored action. The important point is that the final action is founded on
statliic wave/current deterministic action. Conversely, in a fully integrated single stage analy
no simple equivalent reference. It is, therefore, necessary to determine a stochastic equivg
factored deterministi¢‘quasi-static wave-current action. This is achieved by calculating thd
actipns over three hours until partial metocean factors are found that match the MPME
actipns with these from the action-factored quasi-static deterministic analysis. These partia
factors can,then, be used in the fully integrated stochastic dynamic analysis.

For

A.10.5.3.3 Random wave dynamic analysis method

}

nd current
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1, the same
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ame wave
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n factor to
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Time domain simulations require that a suitable random sea state is generated, that the val

idity of the

generated sea state is checked, and that the time step for the solution of the formulae of motion is

sufficiently small. It is also necessary to ensure that the duration of the simulation(s) is suffic

ient for the

method being used to determine the MPME. Specific recommendations are given in Tables A.7.3-3 and

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 response are included in Table A.10.5-1. Considerable care
should be taken when T,/T} is greater than 0,8 and the use of any method to determine the MPME

response should be ally assessed. When T./T. > 0.8 other T. atios should be considered. The

intent is fo maximize the relevant responses (see A.10.4.2), but while not being unneceSsgrily
conservatiye. 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 tw¢-stage random dynamic analysis procedure the ratio of MPMEs of;the’dynamic to the quasi-
static BS apd OTM are used to determine the DAFs that are used to calculate the inertial loadset (see

A10.5.2.2.3).

Table A.10.5-1 — Recommendations for detérmining MPME

Method Recommendations

General The MPME is defined as the extreme with a 63,.% chance of exceedance (typically this is the mode or
highest point on the PDF). This is approximately equivalent to the 1/1000 highest peak level n a
three-hour storm and the extreme with approximately a 63 % chance of exceedance.

Determinatign of the [ Fit a Weibull distribution to the distribution of response maxima and determine the maximum value

MPME from fime for the probability level of one exceedance in 3 hours. Take results as the average of MPMEs from at
domain simylations least 5 simulations. Each input'wave simulation should be of sufficient length (usually more than
60 min, see Table A.7.3-3). See\C.2.1.
or

Use multiple three-hour simulations and fit a Gumbel distribution to the absolute maximum ffom
each simulation. Sufficient simulations (usually 10 or more) should be used to obtain stable MPME
response values. See C2.2.

or

Use Winterstein's Hermite polynomial model; when the kurtosis is >5 use the improvements
propdsed by Jensen. Simulations of sufficient duration to provide stable skewness and kurtosis of
responses (normally in excess of several hours). See C.2.3.

or

Use the drag-inertia method with appropriate scaling based on period ratio, to determine the DAFs
for use in a two-stage deterministic storm analysis. Simulations of sufficient 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):

where

O; is the total horizontal offset of the leg base with respect to the hull;
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0, isthe offset due to leg-to-hull clearances;

0, is the offset due to maximum hull inclination permitted by the operating manual.

If detailed information is not available, O should be taken as 0,5 % of the leg length below the lower
guide.

It is necessary to account for the effects of leg inclination only in structural strength checks. This can be
accomplished by increasing the effective moment in the leg at the lower guide by an amount equal to

the
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tial and P-A actions.
P).5.5 Limit state checks

ULS responses for assessment should be determined using appropriate combinations of
xed and variable load, wave/current actions and wind actions as required’by the accepta
lause 13. The application of actions is described in 8.8; 5.4.3 requires/that the analysis be
n range of headings with respect to the jack-up such that the mostionerous force(s) foi
bd in Table A.10.5-2 is(are) determined. The relevant ULS respdnse parameters (action
cated in Table A.10.5-2.
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each item
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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)? Gg Gvb E, D,
min | max
Strength of members 12,133 Member force vectors® Y yd Y Y Y
Spudcan strength 13.4 Forces on the spudcan Y Y Y Y
Holding system 13.5 Holding system force vectors Y yd Y Y Y
Overturning moment Y Y
Overturning|stability 13.8
Stabilizing moment ye | yde
Foundation ¢apacity: 13.9,9.3.6
— preload A9.3.6.2 Vertical leg reaction Y Y- Y Y
— sliding
— pihned ﬁgggi gr Vertical and horizontal leg reactions Y Y Y
— wilth moment|A.9.3.6.5 Vertical, horizontal v v v
firity (A.9.6.3.4.2) (and moment) leg reactions
— bearing
— pihned A93.6.4.1 Vertical and horizontal leg reactions Y Y Y Y
— w 'Fh moment A9.3.65 Vertical, horizontal ' v v v ”
figity (and moment) leg reactions
— displacgment A9.3.6.6 Spudf:an displacements and v vt v \
reactions
Key
Y =yes
Gp = actions flue 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 grayvity
location applicable to the configurations under consideration
E, = metocegn action due to the extreme/storm event
D, = equivalgnt set of inertial actions representing dynamic extreme storm effects
2 In all ingtances the responSes are assessed including the effects of deformation under functional actions (hull sag) fand
large displadement (P-A).effects.
b Pplaced af most onexdus centre of gravity position.
€ The effefts ofleg inclination to be included, which may be added after global response analysis (see A.10.5.4).
d  Considet mifimum variable load if this is more onerous

€ Fixed and variable load are included in response calculation so that P-A effects are captured.

f As appropriate for the case under consideration: maximum for bearing and minimum for sliding.
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0.6 Fatigue analysis
jack-up operations of relatively long duration, see Clause 11.

0.7 Earthquake analysis

A.10.7.1 General

The provisions in A.10.7 complement ISO 19901-2 by presenting special aspects of an earthquake
assessment procedure for jack-ups. The general procedures in Clauses 6 to 10 with the associated

guidtarnce T ATIeX A Tenain valid wihere appropriate; MoTe SPeciiic Teference to eartiquaka

isp

The
ver
of tl

Ins
and|
con

A1l

ISO
for
dep

rovided in 6.6, 7.7, 8.6.3, 8.8, 9.4 and 10.3.

greatest structural threat to a jack-up subjected to an earthquake is likely to\be"asso
ical excitations that result in uneven settlement of the spudcans, which can cauise latera
ne jack-up.

ituations where the jack-up is working over a platform, the relativesmotions between tH
jack-up should be evaluated. The relative motions can affect-the conductor and
sidered.

D.7.2 Earthquake assessment procedure

19901-2 gives alternative procedures for determining earthquake actions and alternativ
the evaluation of earthquake activity. The selection of the procedure and the method of]

which the jack-up is to be located and is given.in ISO 19901-2. The effects of near-source

sho

The

uld be considered (see A.10.7.5).

simplified ELE screening methodology is given below and steps a) and b) are sum

Tablle A.10.7-1.

a)

b)

Determine earthquake actions-using either the simplified earthquake action proced
detailed earthquake action"procedure specified in ISO 19901-2 to develop spectra
accelerations for a bedfock base. Use of the simplified procedure (maps) for the initial s
jack-ups is encouraged.

Evaluate earthquake activity and the associated response acceleration spectra for the ass
a jack-up against excitation of its base by ground motions using either ISO maps, regional
site-specifi¢-earthquake hazard analysis, as specified in ISO 19901-2. Since ISO map ac
are for*avl 000 year return period on rock, adjust the spectral shape for the 1 000 ye
described in ISO 19901-2 at the spudcan depth as a function of site soil characteristics.

situations

Fiated with
instability

e platform
should be

re methods
evaluation

end on the seismic risk category (SRC). The SRGdepends on the exposure level and seisinic zone in

excitation

marized in

ure or the
I response
creening of

essment of
[ maps or a
celerations
r event as

D £, 4o 1 H : pa | =] A1 7.7
ICTIHIUTIIT TCSPUIIST SPTULIUIIT dIIdly SIS TIT dALLUTUIILT WILIT A. 1U. 7. 9.

Evaluate the performance of the jack-up using the ULS assessment procedures p
Clause 13.

If the jack-up does not pass the simplified procedure, proceed to a more detailed ass

rovided in

essment 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 I1SO 19901-2

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 pargmeters C, and C, 7.1b and Tables 6 and 7
Develop hor{zontal spectrum 7.1c and Figure 2
Develop vertical spectrum 7.1d and Figure 3
Select damping 7.1e - use 5 % unless an alternate value justified
Seismic actiqn procedure 7.2,Nyp=landC._,

A10.7.3 E

A.10.7.3.1

The foundd
actions defi

LE assessment

Partial action factors

tion, leg members and leg-to-hull connection should*be assessed for the factored assessnjent

ned in 8.8.1 for earthquake situations. The inertial.@ction induced by the ELE ground mot

ons

should be fetermined using dynamic analysis procedures such as response spectrum analysis or fime

history anallysis.

NOTE Reference can be made to Annex B, whichscontains all of the applicable partial action and resistance

factors for a|site-specific analysis.

Spudcan sliding should be considered for/the minimum vertical reaction (uplift case) when |[the

earthquake actions oppose the weight.

A.10.7.3.2] Structural and foundation modelling

The mass ysed in the dynamic.analysis should consist of the mass of the structure associated with

— the fix¢d load Gy,

— the best estimate of the variable actions; in lieu of specific data, 75 % of the maximum variable load
G, canpesed,

— the mass of entrapped water in the leg components and spudcans, and

— the added mass.

The added mass can be estimated as the mass of the displaced water for motion transverse to the
longitudinal axis of individual structural members and appurtenances (see A.7.3.2). Table A.7.3-2 gives
the hydrodynamic inertia coefficients that should be used in an earthquake assessment. For motions
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.

Asymmetry in the distribution of the stiffness and mass of the jack-up can lead to significant torsion and
should be considered in the assessment. The jack-up model should represent the operational
configuration but the effects of the drill string can be ignored. Where the jack-up is supporting more
than one conductor, their mass, added mass and stiffness should be considered in the model.

For|earthquake assessments, the hull sag moment should be based on the operating condition (see

A818.3).

b of critical
fical mode,
se spectra
eretic and
rodynamic

In domputing the dynamic characteristics of the jack-up, a modal damping'ratio of up to 5 9
may be used in constructing spectra for the ELE event. In addition, for the primary ver
radlation damping in accordance with A.10.4.3.4 can be included~in’/the vertical respor]
definition. Additional damping, including hydrodynamic or soil~induced damping (hyst
radjation), should be substantiated by special studies. Guidancé<on structural damping, hyd
damping, foundation damping and vertical radiation dampingjave given in A.10.4.3.

Soil he natural

per

springs derived from small strain initial stiffnesses should be used to determine {
ods.

For

use
cap
earf

The
2 di
req

Fo

fou
froq
eva

Ver
fou

actl;Ens. Except forcthé” simplified screening analysis, the non-linear stiffness and capa

earthquake screening analyses, the simplest adequate spudcan-soil models should n
. These models should incorporate the maximum interpreted small strain stiffnesses and
hcities (see Clause 9 and A.10.4.4.2). Soil stiffness degradation should not normally be inc
hquake screening analysis. More detailed spudcan-soil interaction representations may b

minimum soils information .should be obtained in accordance with A.6.5, but to
ameters below the deepest.spudcan penetration. Depth to bedrock or a competent s

lired and can be estimated from geophysical investigation data or regional considerations.

dation performance-should be determined on the basis of studies that consider the §
ndation should be addressed in a manner compatible with Clause 9. If uplift or sliding i
n the screening analysis, non-linear dynamic time history or pushover analyses can

uate cumulative displacements and the resulting structural condition.

fical.actions on the foundations should not normally exceed the preload. If the vertical act

prmally be
maximum
uded in an
e used.

h depth of
bil layer is

issessment
city of the
s indicated
be used to

ions on the
reveals the

pdations exceed the preload and the ULS Step 3 displacement check (see A.9.3.6.6) 1

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 adjacent fixed platform.

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<0,3s).

A.10.8 Ice

A.10.8.1 General
A.10.8.1.1| Operating area types

For the putposes 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 gite-
specific asqessment should be undertaken. The three area types are:

Areatype 1 Areas that have a well-defined ice-free season during which jice 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 melted in.the Inlet, and the intrusion of ice
from Gulf of Alaska is not possible.

Areatype 4 Areas that have a well-defined season during whijch 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 East
Coast of Canada during the summer months;

Areatype 3 Areas that can have ice free periods, but can be subject to ice, in certain years, at any time
of the year (e.g. parts of the Chukehi Sea) and areas that are not normally free from icq for
any extended period at any time of the year.

When decifling the classification of the proposed area of operations guidance should be sought from|the
operator and the relevant coastal stafe)

The unit sHould be operated in.¢onformity with its Marine Operations Manual.
A.10.8.2 ULS
No guidande offered.

A.10.8.3 ALS

No guidan(n 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.
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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

(EL

IE) to be considered.

A.10.8.4.2 Area type 2

Jack-ups operating in type 2 areas should be assessed to this document, supplemented by an ice

management system. The ice management system should be developed to ensure that

pro
givg

Stu
pro
ens

It should be demonstrated that the probability of sea ice is below the*AIIE without recourse

1ce

Ice
met
(sed

A1

Jack
con

The
sou

10.8.3. The resistance factors should be in conformity with this document. The type, dime

pro
sea

Ad

risk
incl

©IS

bability of interaction between ice and the jack-up is below the 104 (the ALIE annual
nin ISO 19906:2019, 7.2.2.4).

lies should be carried out to demonstrate that the ice management syStem can

bability of iceberg interaction to below 10-4. Iceberg detection procedures-should be est
ire there is sufficient time for iceberg management, see ISO 35104.

management.

management plans can include moving the jack-up off-site. If moving the jack-up is
A.10.8.6).

).8.4.3 Area type 3

-ups operating in type 3 areas should be.assessed using the provisions relating to ice ¢
Fained in [SO 19906, ice management in {SO 35104, and supplemented by this document.

applicable combinations of wind)wave, current and ice actions are set out in ISO 1
ces of the annual probabilities.associated with the actions and action factors are given inl

perties of the ice used for'the ice actions should be in accordance with ISO 19906, accoun
son of operation and ice'management procedures per ISO 19906.

ptailed risk assessment should be conducted to determine, document and mitigate the
s to the safety of the unit and its operation. Factors to be considered in such a risk :
ude, but are not limited to:

the capability of the unit to locally and globally withstand the ice actions given in ISO
inereased wave actions on braces with increased ice build-up and the effects of the accui

the annual
probability

reduce the
hblished to

to physical

bart of the

hodology for reducing the ALIE probability, then duetaccount should be taken of potential delays

nd actions

9906. The
10.8.2 and
nsions and
ting for the

ice related
hssessment

19906 (e.g.
mulation of

icerubble within the leg);

the reliability and effectiveness of ice forecasting and ice monitoring services, see 1SO
ISO 35106;

the reliability and effectiveness of ice management services, see ISO 35104;

the ability to remove the unit from approaching iceberg tracks in a timely manner;

35104 and

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
ISO 35106;
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— reliability of emergency evacuation and rescue systems, see 1SO 19906:2019, Clause 18 and
[SO 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 specifig
document
relevant cl
A.10.8.5.4.

A.10.8.5.2

Geotechnid
additional
due consid
conditions
ISO 19906
during ang
punch-thra
methodolo
foundation
methodolo

d in A.10.8.1, jack-ups operating in arctic and cold regions should be a§sgssed to
ind ISO 19906, as appropriate. Notwithstanding the general requirement for,eonformity
huses in these documents, some areas of specific consideration are discussed in A.10.8.5.

Geotechnical and geophysical considerations

al assessment should be carried out using information, penetrations, resistance factors,
penetration assessment calculated in accordance with Clause 9 of this document. Howe|
eration should be given to arctic and cold region.specific geophysical and geotechn
with particular consideration given to the potential for permafrost at the site
2019, Clause 6; ISO 35106). The possible interaction between the spudcan and permaf
after preloading should be carefully considered taking full account of the potential
ugh during preloading and sudden additional penetration during operations.
by for assessing permafrost given incISO 19906 is not directly applicable to spud
S, because they are small, but can_be used to help establish a more spudcan-spe

A

this
vith
P to

and
ver,
ical
see
rost
for
The
can
rific

The potential for strudel scour neartthe mouth of a river should be assessed (see ISO 19906,

ISO 35106).

A.10.8.5.3

Dynamic s
unknown
ice-induce
likely jack-
ups as for
(1970)125],

§

Dynamic ice actions

ba ice actions (se®@ ISO 19906) can affect jack-ups. The magnitude of the effect is curre
r jack-ups specifically and should be investigated, since structures that have experien
vibrations’have had natural frequencies in excess of most jack-ups (0,4 to 10 Hz vers
up frequency of 0,1 to 0,3 Hz). The same ice failure mechanisms are likely to apply to j
acketsstructures and other slender/flexible structures, see Yue and Bi (2000)[213], Blenk
Mdadttanen (1975)[131 and Johnston et al. (1999)11131,

ntly
ced
1S a
hck-
arn

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;

The
be

pric
fact
risk
A1l
No

A1
Al
No

A1l

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-vater conditions;

reliability of the tugs and other necessary equipment inrarctic and cold regions;
availability of a safe location to which to tow the jack-up.

above list is not intended to be complete. It is;intended to give some guidance on factors
onsidered. A risk assessment of the operation of moving the jack-up off site should be
r to commencing site-specific operations on the site. The risk analysis should consi
ors that could adversely affect the, ability and timing of a move. Any high risks identified
assessment should be suitably mitigated.

0.9 Accidental situations

buidance is offered.

0.10Alternative analysis methods

0.10.1 Ultimate strength analysis

buidaneesis offered.

pA.0.2 Methodology

that should
rarried out
der all the
during the

When using the provisions of ISO 19902:2020, 7.11 (reserve strength), care should be taken in
modelling non-linear behaviour of chords and holding system of a jack-up structure.

A1l

A1l

1 Guidance on long-term applications

1.1 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.

For a long-term application, such modifications can typically include:

— increased weight and wind area from such items as production modules, risers, flare towers,

accom

increa

A11.22 M

The data 1
scatter dia

Joint proba
for the long

A11.23 G

Effects of
subsidencs
the site-sy
phenomen

modation blocks, and conductors;

ed wave and current actions due to risers, conductors or other structures exposedto-way

etocean data

equired for a fatigue analysis should include long-term wave data in the form of a W
bram or a table of representative sea states, refer to A.6.4.2.10.

bility and/or directional metocean data can be used to optimize‘the ULS and FLS assessn
y-term application.

eotechnical data

seabed scour, differential settlement, consolidation settlement, expected reser
, sand waves, etc. can be of greater significanceor long-term applications. For this rea
ecific geotechnical data should include thé information necessary to evaluate th
.

A.11.2.4 Other data

Further daf

a associated with the long-term application can be required. Examples include the possible e

on geotechhical properties due to top-hole, construction activities, marine growth, effects from adja

structures,
A113 S
A11.31F
A11.3.1.1

The assess
planned si

ptc.

pecial requirements

Atigue assessment
Historical damage

ment should take into account the fatigue history of critical details prior to installation on|
e and focus on details of member connections that are essential to the overall struct

[es.

ave

lent

voir

501,
ese

fect

cent

the
ural

integrity of

the jack-up. In order to assess existing fatigue damage, specific information relevant to pjrior

installations is required. The availability of the information depends on the information collected and
retained by the jack-up owner over the life of the jack-up. The quality of the database affects the historical
results. The historical data can have a large variability, requiring the assessor to make assumptions in the
historical fatigue assessment. The assessment can include detailed fatigue analysis of the historical data
and/or evaluation of inspection records. Parameters identified as important in addressing the historical
aspects of jack-up fatigue are as follows:

geographic region (e.g. Gulf of Mexico, North Sea, Eastern Canada) and, where available, the co-

ordinates of the previous sites so that metocean parameters can be developed for use in historical
analysis;

236

hull elevation and orientation;
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water depth;
penetration;

soil type and characteristics.

A.11.3.1.2 Fatigue sensitive areas

Areas that are susceptible to fatigue damage include

Nor

sindge the long-term cyclic loading is similar to that experienced in multiple short-term
Generally the hull is not fatigue sensitive.

A.1]1.3.1.3 Special considerations for fatigue assessment

Spe

]ng members and jninfc in the \n'm'nify of the upper and lower gnidpc for the npm"nh'n

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.

mally, it is not necessary that the fatigue assessment include-consideration of the hul

cial considerations in the fatigue assessment ar'e listed below.

Inclusion of detailed models to arrive atlocal stress levels:

analysis and the stress ranges(determined using appropriate stress concentration fac

LRFD (1993)14], HSE(2001)°1 and HSE (1999)0].
Effect of foundation stiffness (seabed fixity):
The stiffnésses of the foundations are a function of the soil properties, the strain amp

and fewer bound stiffnesses (see A.9.3.4.3 for clay and A.9.3.4.4 for sand). Typically,
assessment of the spudcan and lower part of the leg requires the use of upper boun

stiffness. Although the foundation stiffness varies as a

leg/guide

| structure
bperations.

Areas in the structure with high stress levels can be identified using models developed for global

ors (SCFs)

from literature. Alternatively, .more detailed fine-mesh finite element models can Bhe used to
determine the hotspot stress ranges [suitable methodologies are given in DNV-0S-(104 (DNV
2022a)(631, DNV-RP-C203<(DNV 2021c)[59, ABS 115 (2003a)(tl], ABS 115 (2003b)(12], API RP 2A-

itudes and

loading.history (see A.9.3.4). As a consequence, the foundation modelling should condider upper

the fatigue
d stiffness,
er bound

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 robust analysis method should be used to determine the fatigue damage. The method should
determine the response of the jack-up structure to various sea states representing the operational
environment. The jack-up should be considered in the operational configuration, which includes the
levels of variable load, hull elevation and cantilever position.

Wave spreading and directionality effects can be included.

Foundation stiffnesses are generally assumed to be linear in smaller sea states. A check-6fnon-linedrity
should be performed to validate this assumption for higher sea states.

For guidanice on suitable fatigue analysis methodology, S-N curves and SCFs the assessor is referrefl to
one of the|integral methods outlined in Table A.11.3-1. These should be used taking account of|the

specific strjctural characteristics of the jack-up as described above.

For fatigud analysis the partial action factor should be reduced to_uhity when using S-N curves at|the
mean minys two standard deviations of log(N).

Table A.11.3-1 — Sources of guidance on fatigue analysis methodology

Organization Document Referenge
DNV Methods are given in DNV-0S-C104 DNV-0S-C1f04
Technical guidance on fatigue calculations;-€.g. calculation methods, SN-curves, SCFs are (2022a)tep)
given in DNV-RP-C203 Fatigue design ofleffshore steel structures DNV-RP-C203
(2021¢)9
ABS Methods are given in the Guide for the Fatigue Assessment of Offshore Structures (April ABS 117
2003) (2003a)qu
Commentary on the - Guide for the Fatigue Assessment of Offshore Structures ABS 111
(April 2003) (2003b) 321
API Methods are givenin APl RP2A-LRFD-2019 API RP 24-
LRFD
(2019)11p1
UK HSE Guidaneesis given in 0TO 2001/015 and OTH92 390 HSE (2001)(91
HSE (1999)[%0l
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):

fep,eDee * frpsPes < 1,0 (A11.3-1)

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

frp, s the fatigue damage design factor applicable to D ; generally, fip . = frp s but fgp . should not

be taken larger than 2 if the detail has been inspected thoroughly before the long-term
application;

frps 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,

Full fori i A fori i Nojaccéss forfinspection,
Fatigue damage design factor, f;, . ull access for inspection | Access for inspection, no 110 repair during
g and repair repair during operation .
operation
Fulll redundancy/minor consequence 2 3 5
No redundancy/major consequence 3 5 10

The
stry

Table A.11.3-3 — Fatigue damage designfactor f;, ;. — Redundant structure

values in Table A.11.3-3 give more detailed guidance for strlctures that are fully redundant, i.e. the
cture does not have single members or member connettions that, when damaged, chn cause a
failfire with major consequence. This is typical of RCS appreved jack-ups with braced legs.

D T Fatigyie damage
) escription ) design factor,
(assumes there is structural redundancy for every member and member connection) I;
FD,s
Primary hull structure 1
Car inspect and | Hull structure Leg-to-hull interface structure with access for 2
reppir inspection and repair
Leg structure in air Leg chords, brace to chord joints, brace joints 2
Leg structure jn splash Leg chords, brace to chord joints, brace joints 3
zone
Carl inspect but ., -
P! 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 - ..
or epair Spe Leg structure under sea Leg chords, brace to chord joints, brace joints, leg to 5
P floor spudcan connection
Sp uL‘lLdll SLI uctiurc VViLllUuL dLLTSS lrUl illprLLiUll dllL‘l I Cl_}dil 5

If necessary, fatigue life enhancement methods such as weld profiling, weld toe grinding and peening
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.

A.11.3.4 Marine growth

Marine growth should be taken into account in the site-specific assessment. The assessment can be for

either the
actual groj
assessmen

A113.5F

Settlement]
being out-¢

prowtirspetified-for threappticatiomr period-or for a pre=determimed-tHimittreither case;
vth should be monitored and, when necessary, removed to ensure conformity with
[ assumptions.

bundations

5 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
f-level. The consequences of resolving these should be considered inthe assessment, e.g.

effect of gulide position on the fatigue or strength analyses, changes in conductos support, etc.

Consolidat
resultin ch
changes th

on of the soil through dissipation of pore pressures during ‘the long-term operation
anges in foundation strength and stiffness. This affects theqedistribution of leg moments
e dynamic response. The effects on fatigue life and strength should be considered, especi

at the leg to spudcan connection.

In conditio

hs where scour can occur, scour protection can be required.

A.11.4 Survey requirements

A114.1P

The RCS sp
of a typic
shipyard fi
taking into
extreme st

re-deployment inspection plan

ecial survey requirements prior(to'a long-term application can be more extensive than th
| special survey. Therefore, it is advisable to plan the surveys prior to mobilisation

r modifications. The inspection plan should specify the locations and types of inspect
account the areas that the assessor has identified as being critically stressed during

or are diffi
inspection

A114.2P

The proje
updating t
reflect the

NOTE

brm or being fatigue sensitive during the long-term application. Areas that are not access
ult to access for .if-service inspection, should be subject to more detailed pre-deployn
nd should be specially evaluated (see A.11.3.1).

oject specific in-service inspection programme

specific in-service inspection programme (PSIIP) should be developed by modifying
e existing in-service inspection programme normally required by the RCS. The PSIIP shgd

the
the

hull
the

can
and
ally

ose
0 a
ion,
the
ble,
ent

and
uld

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
prediction of the fatigue performance and the inspection techniques applied. Key uncertainties should
be accounted for in the probabilistic analysis.

A.12 Guidance on structural strength
A.12.1 Applicability
A.12.1.1 General

Clagyse A.12 applies to steel structures only. Where necessary, the formulae.ificluded 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
conjprised of structural members. Typically, each structural member can be represented py a single
beam-column element in an appropriate analytical model-of)the structure. Examples of| structural
meinbers are braces and chords in truss type legs and box.er tubular legs, all of which form a| part of the
strycture for which the properties can readily be calculated.

The cross-section of a non-circular prismatic structural member is usually comprised |of several
stryctural components. Table A.12.2-1 shows classification limits for circular and non-circulafr prismatic
members 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
platle component is reinforced by anbther piece of plating of a different yield strength (see
Figlire A.12.2-1) the reinforcing plate~should be treated as a separate component. Npn-circular
prigmatic members should be assessed using the provisions of A.12.6.
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\_/ | — |
1 |
2 4
a) Oppdsed rack split tubular chord member b) Triangular type chord mémber section
section
Key
1 rack|plate
2 splitjtubular
3 side plate
4 baclf plate
5 rack|tooth

Figure A.12.1-1 —Typical components of typical jack-up chord cross-sections

Tubulars should be assessed as structural membexS_uising 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 prismlatic
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 independlent
interpretatipn of the theoretical values derived from the data used in the calibration of API RP 2A LRFD] 1st
edition, to API RP 2A- 15th editien,_and the data used in the development of the ISO 19902 tubular mempers
strength fofmulations. The values for non-tubular prismatic members were taken from AISC; see Amerjican
Institute forf Steel Construction-(AISC) (2005)[13], which changed its equivalent resistance factor from 1,18 tq 1,1
between the¢ 1986 and 2005 editions because of a reassessment of the applicable data, which resulted ip an
effective reduction in thecoefficient of variation.

A.12.1.2 Tfuss type legs

No guidanr e 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 guidance is offered.

A.12-2.2 Materialyield strength

TH It

The value of the yield strength taken from a tensile test should correspond to the 0,2°% offset value.
Where this value is greater than 90 % of the ultimate tensile strength (UTS), the yield strength, F,, used

in A.12 should be taken as 90 % of UTS. The following variables are used in A.12:

F,  istheyield strength in stress units (minimum of the yield strength'and 90 % of the|UTS);

F, is the yield strength of the ith component of the cross-section of a prismatic hember, in

yi
stress units (minimum of the yield strength and 90 % of the UTS of the ith component of the
cross-section);

ymin 1S the minimum yield strength of the F; of all components in the cross-section of 4 prismatic

member, in stress units;

Fyer s the effective yield strength of the cress:section of a prismatic member, in sfress units,

determined from the plastic tensile axial strength divided by the minimum crogs-sectional
area.

A.1R.2.3 Classification definitions

A.12.2.3.1 Tubular member classification

A crjoss-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)
wheére

D istheoutside diameter;

t _isthe wall thickness;

P | rald -ak i i ik
IS T yITIU SUTIGUT TIT ST TS5 UIIILS,

E is Young's modulus of steel (E =205 000 N/mm?).

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 clas$ifying 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 cohtponents as follows:

a) interngl components are components that are supported by other components along hoth
longitydinal edges, i.e. the edges parallel to the direction of compression stress, and include

— flange internal components: internal compenénts parallel to the axis of bending;
— wg¢b internal components: internal cothponents perpendicular to the axis of bending;

b) outstarld components are components that are supported by other components along |one
longitydinal edge and at both ends‘of the member under consideration, with the other longitudiinal
edge fijee.

When a crpss-section is composed of components of different classes, it is classified according to|the
highest (least favourable)-class of its compression components. Components within a cross-section|can
be ignored| provided thiatvonly the remaining cross-section is used for all aspects of the assessmient.
However, if a component that has been ignored is required to carry local loading, e.g. horizontal pigion
thrust, the(effects of\the global actions should be considered when that component is assessed for|the
local loadihg. The effects of the global actions can normally be included by considering the gl¢bal
deformatigns.of the member in addition to the local loading.

In calculating the ratios given in Tables A.12.2-2 to A.12.2-4, the dimensions that should be used are
those given in the relevant table. The components are generally of constant thickness; for components
that taper in thickness, the average thickness over the width of the component should be adopted.

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):

Lp 0,361, E Ag]
= A12.2-3
ZyF,,. \| (1—12)(11—]/2.,6) ( )

=

th

where

I 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, isthe effective length of a beam-column between supports, i.e. the Iength between [points that

are either braced against lateral displacement of the compréssion flange, or braged against
twist of the cross-section, in addition to lateral support;

Ay isthe gross cross-sectional area;

442
J is the torsion constant, /| = ————
> (b ! t)
w
where
A, isthe area enclosed by the median line of the perimeter material of the sedtion,

b is the width of each;component (wall of the section) forming the closed perimeter,

w

t is the thickness of each component (wall of the section) forming [the closed
perimeter;

Ny s the radius of gyration about the minor axis as defined in Formula (A.12.3-6);

Fy 1 is the yjeld’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 maxjmum yield
strength of all 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);

F

ymin 1S 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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4y

Key
1 base plate
2 reinforcing plate
b, width of base plate
b, width of reinforcing plate
t thichness of base plate
t, thickness of reinforcing plate
Figure A.12.2-1 — Definitions for reinforced plate
To be cons|dered a reinforcing plate, the plate should nominally be in contact'with the base plate actoss

its full widt

When a re
classificati

a) the reinforcing plate (using t,) over the width b,, using buckling coefficient increased by a factqg

h and continuously welded to the base plate on all edges with adequate welds.

nforcing component is used, there should be four indepéndent checks of the cross-sec
bn in accordance with Tables A.12.2-2 to A.12.2-4:

tion

r of

1,573 (see below in A.12.2.3.3);

b) the combined plate using t .. over width b;; see.kormula (A.12.2-4);

c) the bade plate (using t;) over the width b,A1sing buckling coefficient increased by a factor of 1,673
(see bglow in A.12.2.3.3);

d) the bage plate (using t;) over thetdimension of the unreinforced widths (conservatively taken as
b, —b,).

If any com
componen{
from Tabldg

determined from Table'A.12.3-1.

Because th
independe

bonent in the cross=section is found to be slender (class 4), then the effective width of th
s, used in determining the thickness of the effective combined plate, should be determi
A.12.3-1. If the"combined plate is found to be slender (class 4), its effective width shoul

e reinforcing plate is welded to the base plate around all edges, their ability to bu
ntly, over the width b, is restricted. Therefore, the coefficients in Tables A.12.2-2, A.12.

ose
ed
be

rkle
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 lim

buckling capability.

NOTE

derived from 1,13 =0,72 x 1,573.

ted

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

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 t, . for use
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with width b; in the formulae in Table A.12.2-2 and A.12.2-4 should be determined from
Formula (A.12.2-4):

tcheck = (tgeff t1)1/4

where

ter=(121/b1)1/3

The
the

[=1b (¢t +¢t V3 _(b. —bVe31/3 At 2+t v )2
| Badl AN | 7 ASad | 7L A7 CHUTT L v 17
y1=[b1ty? + byty (2t + 15)1/(24)

value of yield stress for use in Tables A.12.2-2 to A.12.2-4 is the largerof'the yield stress
reinforcing plate or the base plate.
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Table A.12.2-2 — Cross-section classification — Flange internal components

Limiting width-to-thickness ratios for compressed internal components

b
-~ :
<
+—— A\ ——; ——A
ey
-
A-A is the axis of bending
Class Type Section in bending Section-ih compression

Plastic stresq distribution in component | ! l b
and across s¢ction \ ‘ ‘ \ : | ‘ ‘ |
K

(compressioh positive) \ ‘ ‘ \ ‘ \ \ ‘

[ L e ‘E

-‘ + -+
Plastic — Class 1 Rolled or welded b/t <IO3V(E/F,) b/t;< 1,03V(E/F,)
Compact — (Class 2 Rolled or welded bt < LATV(E/F,) b/t < L17V(E/F,)

- | -
Elastic stresg distribution in component ! ! E ! ! E‘
| !

and across s¢ction \ ‘ ‘ \ ‘ | ‘ ‘ \ \ \
(compressioh positive) \ ‘ | \ / \ ‘ ‘ \ | \
—— ﬂ‘ el -
-+ _‘ +
Semi-Compact — Class 3 Rolled or welded b/t < 1,44N(E/Fy) b/ < 1.44\/(E/Fy)
Slender — (lass 4 Rolled or welded b/te> 1,44V(E/F,) b/te> 1,44V(E/F,)

Table A.¥2.2-3 — Cross-section classification — Outstand components

Limiting wiflth-to-thickness ratios for outstand components

o
i Y
'Q‘ b Iy b
Y Y
A — A\ — ] = — A
b A i
7
Y
I
A
LNy
A-A is the axis of bending
Outstand subject to Outstand subject to compression and bending
Class Type i — : - -
compression Tip in compression Tip in tension
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component
(compression positive)

Plastic stress distribution in

]

b
n

I b

ab

Yy
/|

| b

Plastic — Rolled b/t;<0 33\/(E/F ) b/t;<(0,33 /oc)\/(E/F ) b/t:<[0,33 /(a\/a)]\/(E/Fy)
Class 1 Welded b/t;< 0,30N(E/F,) b/1;< (0,30/a)V(E/F,) b/1;< 0,30/ (o) N(E/F,)
Cothpact — Rolled b/1:<0, 37\/(E/F ) b/t< (0, 37/0()\/(E/F ) b/t:<[0,37 /(o ]\/(E/Fy)
Clags 2 Welded b/1;<033\(E/F,) b/1:< (0,33 /V(E/F,) b1 < [0,33 AN IN(E/F,)
Elagtic stress distribution Maximum compression Maximum compression
in cpmponent at tip atconnected|edge
(compression positive)
Ny g +
_. _ v ) .
R e e :
I & I
i I b I
! |
Rolled b/t;< 0,55V(E/F,) b/t;<0 84\/[kaE/F ) b/t < 0,84 (k E/F,)
Welded b/t;<0 50\/(E/F ) b/t;<0 76\/(kgE/F ) b/t;< 0,76 (k E/F,)
Semi- Y= 0'2/'51 Y= 02/0
Compact — k,=0,57 - 0,219 + 0,071/)2 k,=0,578/(¥ + 0,34
Clags 3 for1>yp>-1 for 1> >0
ky=1,7 -5 + 17,192
for0>yp>1
Slepder — Rolled or R
Claks 4 Welded b/t;> than for Class-3 b/t;> than for Class 3 b/t;> than for {lass 3

In the figures relating to stress distributions;the dimension, b, is illustrated only in the case of rolled sections
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 distrib
clagses, it is conservative to use thefelevant compression case.

For welded

ition. For all

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

Class Web subject to bending Web subject to Web subject to bending and
compression compression
Plastic stress + Fy + Fy + Fy
distribution in — I i — ]
component E
(compression positive) = = — L Bas]
L | — -
F y_ F y F y
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Plastic — Class 1 a=0,5 a=1,0 when a > 0,5

d/t, < 2,56 V(E/F,) d/t, < 1,03V(E/F,) 5,18V (E/ F,)
ity < (6,043 ¢ — 1)
when a<0,5

d/t, < 1,28\/(E/Fy) /a

Compact — Class 2 d/t,,<3,09\(E/F,) d/t,, < L,17\(E/F)) when a > 0,5

4,824/ (E/F,)
d/ t S—y

5 IZa—1)
when a < 0,5

1,55V (EJ F.)
dlit, <— Y7

w 2}
Elastic stress +fb +fc +fb
distribution |n 7y I
component 4
(compressioh positive) — Y~ ~ ~
L ' ufb v
'y + -
Semi-Compjict — d/t, < 4,14\/(E/Fy) d/t, < 1,44\/(E/Fy) when 1 >-1,0
Class 3
1,44y (E/ F,)
dlt w S -
(6,674 + 0,327y)
when ¥ <-1,0
d/t,, < 2,07(1 - pIV(Y)V(E/F,)
Slender — (lass 4 d/tW > than for Class 3 djt, > than for Class 3 d/t,, > 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. Fof all
classes it is donservative to use the relevant compression case.

A.12.3 Section properties of non-¢ircular prismatic members

A.12.3.1 General

Cross-sectional properties appropriate for the strength assessment of non-circular prismatic members
of all classgs should be determined as described in A.12.3.2 to A.12.3.4; the nomenclature and definition
of variablgs is summatizeéd in A.12.3.5. The properties appropriate for the stiffness assessment of
prismatic hembers,shotld be based on elastic considerations.

Where elagticesection properties are determined for class 1 and class 2 sections in place of plgstic
section properties (e.g. for Euler amplification calculations or structural analysis input of stiffrlless
parametersJ, 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 non-
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 stiffness.
This additional material should not be included when calculating the section properties for strength
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).
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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 sections, 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 simplicity, 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 inja strength
ass¢ssment, 4, is as given in Formula (A.12.3-1):

A, = (2F;A) /Fymin (A.12.3-1)
wheére
Fy; is the yield strength of the ith component of the cross-section of a prismatic member, 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 4 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 componentg 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.

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):

Z,= (X Fy,d; A)/ Fyrgn (A.12.3-2)
whe¢re 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 crpss-sections
composed\of different yield strengths.

Whenmusing-thisdefinition upr, thevatlueof ytetdstressthatshould-beused-tirthecatcutation of plastic
moment strengths should be F,;, as defined in A.12.2.2.

A.12.3.3 Semi-compact sections

For class 3 semi-compact sections, the section properties should be based on elastic properties
assuming that the full cross-section is effective. The relevant variables are the cross-sectional area, A, as

given in Formula (A.12.3-3), the second moment of area, I;, and the elastic section modulus, S;.

A=3 A (A.12.3-3)

The properties I; and S; should be determined assuming that the full cross-section is effective for bending
about both major and minor axes. When considering a cross-section comprised of components having
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different yield strengths, the section moduli used in the 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
member forces, the yield strength of the component and its position within the cross-section of the member.

A.12.3.4 Slender sections
A.12.3.4.1 General
Class 4 cla ion—ts—determined—from—Fables o— 4 6 ecHonalpropertes, for

class 4 slerlder sections should be determined using elastic principles. In tension, fully effective sectlons
should be gassumed, i.e. A; and S;. In compression, the sectional properties should be based ont.éffective

sections as|described here.

When anallysing structures that contain class 4 sections, care should be taken whenydetermining|the
force distrfbutions. It is recommended that the structural analysis be performed using full eldstic
section properties and that the reduced section properties are used only for'the member strength
checks. Sinfe this overestimates the forces in class 4 members, care should be‘taken when the use of{the
reduced sdctions causes a significantly different force distribution. In thi$, case, an iterative anallysis
process can be required.

Effective s¢ctions should be based on actual plating thicknesses combined with plating effective widths.
The effectiye widths of compression flange internal or outstand components should be determined in
accordancg with the formulae presented in Table A.12.3-1 a) or b), respectively. The effective widths of
web interrfal 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 pnd
tension as hegative):

Y is the ratio of compressive stress to bending stress;

(of is the compressive stress if o3-1s tensile or the larger compressive stress if o, is flso
compressive;

0, is the tensile stress if 05 tensile or the smaller compressive stress if o, is compressive;

k is the buckling coefficient (used in the assessment of the effective width of each components

in a cross section);

p is the reduction coefficient;

Ap is thelplate slenderness parameter;
Aplim  is the limiting plate slenderness ratio;
Apo  Is the plate slenderness ratio coefficient.

When determining effective widths for web internal components, the stress ratio, ¥, used in
Table A.12.3-1 should be based on compression flange internal and outstand component effective
widths, but the gross web section properties may be used.

The area reduction of curved components should be determined through the use of A.12.5.2.4. The
following steps should be followed.
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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 prismatic
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 curved
component in the non-circular prismatic member.

The
fou
effe

use of plating effective widths generally leads to a shift in the neutral axis compareg
nd using gross sectional properties. This shift should be taken into account“when d
ctive widths. When the structural analysis is performed using gross séction prop

addjitional moment caused by the shift in the neutral axis should be found as’the product

ford
ad
om

A1

The
its ¢
acy

by
0,11

whg
the

e acting on the member and the shift in the neutral axis. This moment should be
itional to other moments acting on the effective section unless more(onerous conditions
ted.

P.3.4.2 Effective areas for compressive loading

ffective width (which should never be taken as greater than the actual width). The effec
rved component subject to uniform compressionshould be determined from its actual ar
the ratio of its strength when treated as a class 3 or class 4 tubular [Formula (A.12.
(0 <AF,/P, ] versus its strength when treated as class 1 or class 2 tubular [Formula
n AF, /P, <0,170

e S ], as set out in steps a)to d) in A.12.3.4.1. The total effective area, 4., is
component effective areas, as given in Formula (A.12.3-4):

Aec =X Aeff,i
P.3.4.3 Effective modulifor flexural loading

web or flange interfial components subject to combinations of flexural and compressi
ctive widths should“be determined from Table A.12.3-1 c). For web or flange outstand ¢

rati

t) <

| with that
etermining
erties, the
bf the axial
treated as
qrise if it is

effective area A, of a compressed component i should be found as the product of its thickness and

live area of
ea reduced
b-8), when
(A.12.5-8),

the sum of

(A.12.3-4)

bn loading,
bmponents

ect to combinations of flexural and compression loading, effective widths (which should never be

1e effective

103 4 < (F,
(Fy, D)/(E

. should be

found by calculating the properties of the section based on fully effective areas for components subject
to tension, on effective areas as defined in A.12.3.4.2 for components subject to compression, and on
effective areas as defined in the first paragraph for components subject to combinations of compression
and flexure.

Application of this procedure to determine effective second moments of area when applied to cross-
sections with slender components, especially when the section is not symmetric with respect to a
particular axis, leads to two values of I, about such an axis, depending upon the sign of the bending

moment. Conservatively, the smaller value of /, can be used throughout the strength analysis.
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When considering a cross-section comprised of components having different yield strengths, the
reduced elastic section modulus S, used in the calculations should encompass all critical points on the

cross-section:
S.=1./y, (A.12.3-5)
where y; is the distance from the neutral axis associated with / to the critical point i.

NOTE Critical stress locations are typically those at the edges of components and are a function of the
member forges, 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,)

B &5
t th
A A e —— ——A
UM@
K

'

4
a) Compression internal components
0.75¢ (ko /F,) 0.50¢(E/F,) 0.75¢ (ko E/F,)
0.50¢V(E/Fy) Y
e '
A— 1+ .
b) Outstand components under compression and/or bending
[—tw
<
A | —
p=0,/0, A, =1,04(d/t,) \/[Fy/(Ek)]
!
“I 123 >0 p=1 if 1, < 0,75
der=p d _ 2 ;
< p—[/110—0,047(3+z/))]/)tp <10 1f)\p>075
ey = 2d gt/ (5~ ) and (3+y) =0
"SI dop = degr— dey k=8,2/(1,05 + ) if1>930
)
< k=17,81-6,29 ¢ +9,78 1)? if0>y p-1
1
B k=598 (1-1)> if—1>1f>-3
K p<0 (1-9) if 12 yf>
= ﬁ) deff:pdc:pd/(l_w)
.UQL del =04 deff
'UH deZ = U0 deff
)
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.

A.12.3.5 Cross-sectional properties for the assessment

A.12.3.5.1 Tension
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In tension,

Ay

the cross-sectional area for use in the assessment should be 4; where

=4, 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).

Where the

minimum (
least repla

A.12.3.5.2

In compres

A.12.3.5.3

In flexure,
the assessn]

I, 1,

cross-section contains cut-outs, pin-holes, etc., A, should be determined at the location of

ross-section, unless the section is equipped with doubler plates surrounding the hole the
e all the lost area.

Compression

sion, the cross-sectional area for use in the assessment should be A_ where
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, for class 4 slender sections as defined in Formula (A.12.3-4).

Flexure

the second moment of area with respectto the y and z axes of bending that should be use
hent should be determined from the following:

| for class 1 plastic and class 2 cénipact sections as defined in A.12.3.2.2;
[ for class 3 semi-compact sections as defined in A.12.3.3;

[, for class 4 slender'sections as described in A.12.3.4.3 accounting for both the chosen
and the direction of bending.

The sectio) moduli forthe two bending axes should be determined from the following:

= Zyfor class 1 plastic or class 2 compact sections, see Formula (A.12.3-2);

the
tat

d in

OXiS

— ('r forclass 3 cnmi_r‘nmpnr‘f sections as definedin A.12 3 3 for each critical stress locati

bn;

= S, for class 4 slender sections as defined in A.12.3.4.3 for each critical stress location,

accounting for both the chosen axis and the direction of bending.

The radius of gyration about the minor axis that should be used for lateral-torsional buckling
considerations, ry,, should be determined as given in Formula (A.12.3-6):

Ny

256

= (I;/A)°" for sections in classes 1 to 3;

= (I, /A..)%° for sections in class 4.

© IS0 2023 - All right rese

(A.12.3-6)

rved


https://standardsiso.com/api/?name=d6619815f1e9d3d0504621ff74975167

A1l

ISO 19905-1:2023(E)

2.4 Effects of axial force on bending moment

A.12.4.1 General

Euler moment amplification (p-0) applies to all members in axial compression.

For classes 1, 2, and 3 cross-sections, the eccentricity between the elastic and plastic centroids induces
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 between

the
the

A1l

The

moment on the fully plastic section. For chords with material asymmetry (e.g-when the secti

con
Bef
tim
squ
non

The
For

why

full cross-section area normally used in the structural analysis and the effective neutral g
member strength check. This can affect members in both tension and compression.

P.4.2 Member moment correction due to eccentricity of axial force

plastic centroid or “centre of squash” is defined as the location at which the:axial force p

ponents of differing yield strengths) the centre of squash can be offset from the elast
bre a section is checked, the moments should be corrected by the-imoment due to the

bs the eccentricity between the elastic centroid (used in the structural analysis) and ths
hsh” in accordance with Formula (A.12.4-1). There is no egcentricity for tubular mem
-circular prismatic members with material symmetry.

corrected effective moment, M, should be calculated for each axis of bending, 3
mula (A.12.4-1):

Mye =M, + ePy
Pre

M, is the moment in a member.due to factored actions determined in an analysis th

global P-A effects;

P, is the axial force in the)member due to factored actions determined in an analysis th
global P-A effects;
e is the eccentsicity between the axis used for structural analysis and that used for

strength-checks, taking due account of the sign in combination with the sign convent

xis used in

roduces no
bn includes
¢ centroid.
axial force
“centre of
bers or for

S given in

(A.12.4-1)

ht includes

at includes

structural
on for P

e for class 1 and 2 members, is the distance between the elastic and plastic neutral axes
orthogonal to the axis of bending under consideration. Annex F presents datp including
this offset distance (together with other geometric data) for many membe¢rs 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

2):

Mua = Buar Mue

where

. Should be calculated for each axis of bending as given in Formula (A.1

M, is as defined in A.12.4.2;

Bmaf is
th

2.4-

(A.12.4-2)

the member moment amplification factor for the axis under consideration, equal te\on
e following:

member forces are determined from a second order analysis, i.e, (the equilibr
conditions are formulated on the elastically deformed structure so thatloeal p-o effects
already included in M;

c . .
Baf =ﬁfor members in compression where the¢local member forces
—tu/tE

determined from a first-order linear elastic analysis, i.ethe”equilibrium conditions
formulated on the undeformed structure and therefofe)M, does not include the I

member p-9d effects:

where

Pp = (n?EI)/(K Lw)? and should be calculated for the plane of bending;

(including percentageé-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;

normally taken as one of the following:

— face to face length for braces;

— braced point to braced point length for chords;

I is the second moment.gbarea for the plane of bending as defined in A.12.3

Lub is-the unbraced length of member for the plane of flexural buck

— longer segment length of X-braces (one pair is in tension, if not bra

e of

Bmar= 1,0 for (i) members in tension, or (ii) members in compression where the individual

jum
are

are

are
bcal

5.3

ling

ced

4 £ A | Y
UUut=uI-pidaiicj.

When the analysis of a jack-up with single-column tubular or box section legs has been undertaken
accounting for the member moment amplification effects of global P-A/hull-sway, Bnar may be taken as
1,0 as local p-6 and global P-A are the same. For these jack-ups, local strength due to guide reactions
should be assessed in conjunction with the member forces.
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Table A.12.4-1 — Effective length and moment reduction factors

Structural member K €2
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 BorC
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 BorC
a The value of € can be determined from rational analysis. In lieu of such analysis, the following valugsmay be used:
A For members whose ends are restrained against sidesway Copr =085
For members whose ends are unrestrained against sidesway C =10
B For members with no significant transverse loading, ignoring self-weight; buoyangy; and direct wave/current and Wind actions:
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 plane of
bending under consideration. M, /M, is positive for the segment subject'to reverse curvature and negative when sybject to single
curvature.
M =M at end 1; similarly for M,
C For members with significant transverse loading, other, than distributed actions including self-weight; buoyanky; and direct
wave/current and wind actions:
C,,=10-02P /P <085 (AISC (2005)(131 Table C-C2.1, point actions)
Pp= PEy or P as appropriate for the axis of bending under consideration.
b Alternatively use effective length alignment chart in Figure A.12.4-1.
€ |For either in-plane or out-of-plane effective lengths, at least one pair of members framing into a K- or X-jointis in tension
if the joint is not braced out-of-plane:
d

For X-braces, when all members-are in compression and the joint is not braced out-of-plane.
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G A K G R To estimate the effective length of an unbraced column, such
0 . 0 as tubular or box complete legs, the use of the alignment
1000 ] =+=20,0 71 chart in Figure A.12.4-1 provides a simplified method for
50’0 : T 10,0 : 28'8 determining adequate K values. The alignment chart can be
DO T e ’ modified to allow for conditions different from those
30,0 - 5,0 30,0 assumed in developing the chart.
20,0 — 40 — 20,0
. + * The subscripts A and R refer to the joints at the two ends of
the column section being considered. G is defined as
10,0 — 30 — 10,0
9,0 ] - L 9;0 I¢c
80 — 810 Lir
7,0 7,0 G = To
6,0 T T 6,0 Lg
5)0 — T L 51 .
4 o — 4 In which Z indicates a summation of all members rigidly
,0 _ T 2,0 L 0 connected to that joint and lying in thie.plane in which
30 — T — 30 buckling of the column is being considered:/, is the moment
’ B T | ’ of inertia and L. the unsupportedilength of the column
20 T 20 section, and I, is the moment of inertia and L| the
D T R ’ unsupported length of a girder-0r other restraining menpber.
| - 1,5 L 1. and I, are taken about @xes perpendicular to the plape of
T buckling being considered:
1,0 — 1 1,0
— ~ For column ends supported by a pinned restraint, |G is
] T I~ theoretically infinite but, unless truly friction free, caph be
m s I taken as 10%for practical cases. If the column end is rigidly
N [ restrained,’ G may be taken as 1,0. Smaller values maly be
0 — — 1,0 - 0 used, ifjustified by analysis.

NOTE Taken from ISO 19902:2020, Figure A.13.5-4.

Figure 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

The strength of unstiffened-tubular members that satisfy Formula (A.12.5-1) should be assessed in
accordancg with A.12.5¢

D/t<q2 E/F, (A12.5-1)

Tubulars that do not satisfy Formula (A.12.5-1) should be assessed using alternative methods that
result 1n 1\, alc of voaliohilieyy o oo hlota thoca doaanli ot 200 e d o s A £ ch oc DNV DD 20D (T NV

VCTS OT A\,AAuuAAA\,_y COTITPaTraoTC O tITO ST PITCTC I tHHS TTOCTOTIIICTITS, SHeEA a5\ V—Icr——=9= 1§24

2021b)I58 and API Bulletin 2U (2004)(t6l,

The strength formulae in A.12.5.1 to A.12.5.3 for D/t < 0,2 E/F, are unconservative for tubulars with
reductions in their cross-section. Where a tubular includes cross-sections with cut-outs, pin-holes, etc.,
it should be treated as for a non-circular prismatic member, unless it is adequately reinforced.
Reinforcement can comprise either doubler plates that surround the hole or stiffeners that extend at
least half the width of the hole above and below the hole. If the reinforcement replaces all the lost area
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 = dw,lim (A.12.5—2)
where
d, is the equivalent head of water in metres applicable to the tubular in quéstign; it is the

depth below the water surface (including penetration into the seabed Where applicable)
plus the additional soil pressure py'/(p,,9);

dym  is the limiting head of water in metres applicable to the tubularinr-question,

211 \ 2,985
dw,lim = (_) ’

(/6

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;

g is the acceleration due to gravity.

For|convenience, some typical maximum values of D/t, are given for a range of effective heagls of water
in Tlable 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
dy lim (D/t)
m
43 60,0
50 56,9
75 49,7
100 45,1
125 41,9
150 39,4
200 35.8

If the member D/t exceeds the maximum value of (D/t), the assessor should refer to ISO 19902, which is
based on stress rather than strength.

A.12.5.2 Tension, compression and bending strength of tubular members
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, F,r, which includes the effects of member torsion to be used in A.12.5 should be
calculated using Formula (A.12.5-3):

02T,

F,tr =FE when T, <
T y u YR, Tv

02T,

YR Ty

(A.12.5-3)

T,
Fyr = (1 - )) F, when T, >

F, isthe yield strength in stress units as defined in A.12.2.2;

. is fhe torsional moment due to factored actions;

T, isfhe representative torsional strength, calculated as given in Formula (A.12.5-4):

[, =2I,F,/(D3) (A.12.5-4)

pt 1S fhe polar moment of inertia of a tube, calculated as given inFormula (A.12.5-5):

pt=(1/32) [D* - (D - 26)%] (A.12.5-5)
Yr1v | Isthe partial resistance factor for torsional and*beam shear strengths, yg 1, = 1,05.

A.12.5.2.2]| Axial tensile strength check

Tubular njembers subjected to axial tensileforces, P,, due to factored actions should satisfy
Formula (4.12.5-6):

Py <AlF, 1 /YRt (A.12.5-6)
where
A ils the gross cross=sectional area;

Yrre IS the partial ¥esistance factor for axial tensile strength, y . = 1,05.

A.12.5.2.3| Axial'compressive strength check

Tubular members subjected to axial compressive forces, P, due to factored actions should satisfy
Formula (A.12.5-7):

Puc < Pa /YR,TC (A.12.5-7)
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, y .= 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):
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Py =AF,; (for A F,1/Py. < 0,170)

xe —

Py = (1,047 - 0,274 A Fy1/P,) A F, (for 0,170 <A F, 1/P,, < 0,333)

Xe —

(A.12.5-8)

where, in addition to the variables in A.12.5.2.1, P, is the representative elastic local buckling strength,
calculated as given in Formula (A.12.5-9):

P .=2C,EA(t/D) (A.12.5-9)
ra ictha critical Alacti o sl g canffician

where-Listhe-eritiealelastie buekline eoefficient:

The theoretical value of C, for an ideal tubular is 0,6. However, a reduced vatue of|C,=0,3 is

recommended for use in the determination of P, to account for the effect of ‘Initial

imp
For

A1l

The
For

whg

erfections. A reduced value of (;=0,3 is also implicit in the limits (for AF /P,
mula (A.12.5-8).

P.5.2.5 Column buckling strength

mulae (A.12.5-10) and (A.12.5-11):
P,=(1,0- 0,2787L2)PyC (forA<1,34)
P,=09 P, /A? (for A > 1,34)
bre

A= (P,/Pg)s

Py is the representative local buckling strength (see A.12.5.2.4);

A isthe column slendefngss parameter;

Pg is the smaller pof'the Euler buckling strengths about the y- or z-direction, Py =n? E I/
E is Young's modulus as defined in A.12.1.1;

K is theeffective length factor in y- or z-direction; see A.12.4.3;

Luw< IS the unbraced length in y- or z-direction; see A.12.4.3;

geometric

. given in

representative axial compressive strength of tubular members, P,, should be determined from

A.12.5-10)

A12.5-11)

KLub)z;

I  isthe second moment of area of the tubular.

A.12.5.2.6 Bending strength check

Tubular members subjected to bending moments, M, should satisfy Formula (A.12.5-12):

M, <My, [Yro (A.12.5-12)

where

© ISO 2023 - All right reserved

263


https://standardsiso.com/api/?name=d6619815f1e9d3d0504621ff74975167

ISO 19905-1:2023(E)

05 . . . .
is equal to (ley + Mfz) ; 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):

M, =M for (F,. D)/(E ) <0,051 7

p

M, =[1,13-2,58 (F,D)/(EQ] M,  for 0,051 7 < (F,;D)/(Et)<0,103 4 (A.12.5-13)

M,=10,94-0,76 (F,tD)/(Et)] M, for0,103 4 <(F,;D)/(Et)<0,2
M, is the plastic moment strength as given in Formula (A.12.5-14):

My,=Fyr

[D3 - (D-2t)3]/6 (A.12.5{14)
Yrtp IS the partial resistance factor for bending strength, yg 1, = 1,05.
A.12.5.2.7| Torsional shear strength check

Tubular members subjected to torsional shear forces due..to" factored actions should satisfy
Formula (A.12.5-15):

Ty <TY /Yr1v (A.12.5{15)
where
T isthe torsional moment due to factored.actions;

u
T, is given in Formula (A.12.5-4).
A.12.5.2.8| Beam shear strength check

Tubular members subjected.\t6 beam shear forces due to factored actions should satisfy
Formula (4.12.5-16):

V<P AR (A.12.5{16)

V is€¢he beam shear due to factored actions;

P, istherepresentative shear strength, as given in Formula (A.12.5-17):
P,=AF,1/(2\3) (A.12.5-17)
NOTE P, is calculated from Fy 1 according to Formula (A.12.5-3) and therefore accounts for the

effects of torsion.
A is the gross cross-sectional area;

Yr1v IS the partial resistance factor for torsional and beam shear strengths, yg 1, = 1,05.
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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 given
in Formulae (A.12.5-18) at all cross-sections along their length:

2 2 \03
1 — cos (% YZ’;;?) + yR'Tb(M‘;\Z:MUZ) <10 and YrrePue < AF 7 (A.12.5-18)

wh re, In addition to the previously delined 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;

M., M, are the bending moments due to factored actionsCabout member y- gnd z-axes,

respectively, determined in an analysis that includes-global P-A;

M, is the representative bending moment strength{as'defined in Formula (A.12.5t13);
YRTt is the partial resistance factor for axial tensile strength, y . = 1,05;
YRTb is the partial resistance factor for bending strength, yg 1, = 1,05.
NOTE If ygrePuc > AF,r Formula (A.12.5-18) is mot an appropriate measure of member utilizatior. A measure

2 2105
YR,TtPut + yR,Tb(Muy+Muz

AFy'T My,

of the member utilization, U, can be obtained bycalculating U =

A.1PR.5.3.2 Axial compression and bending strength check

TuRular members subjected toscombined axial compression and bending should satisfy the|conditions
given in Formulae (A.12.5-19).and (A.12.5-20) at all cross-sections along their length:

beam-column check:
(yR,Tc Puc/Pa) ® (VR,Tb/Mb) U\/Iuay2 + IVIuazZ)O'5 < 1,0 A-12-5'19)

and|local stréngth checks:

1= cos (EYR’T‘f‘*C) + YR’Tb(M?\Z/yI:M&Z i <10 and YrRrcPuc < Bye A.12.5-20)
where

P,.  istheaxial compressive force due to factored actions;

Py, istherepresentative 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,,, is the amplified bending moment about the member z-axis due to factored actions as

determined in A.12.4.3;
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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, yp 1, = 1,05;
Yrre IS the partial resistance factor for axial compressive strength, yg .= 1,15.
NOTE If yr1cPic > By Equation A.12.5-20 is not an appropriate measure of member utilization. A measure of the member

0,5
YR, TcPuc + ‘yR,Tb(MLzly"'MEz)
Pyc My,

local strength utilization, U, can be obtained by calculating U =

A.12.5.3.3| Combined axial tension or compression, bending, shear and torsion strength check

The effect of shear on the strength of tubular members subjected to axial tension or compression or
bending cah be ignored if Formula (A.12.5-21), using the definitions of A.12.5.2.8, is satisfied:s

v <2 (A12.5{21)

YRTv

If Formulal (A.12.5-21) is not satisfied, reduced representative strengths should be calculated. [The
unreduced|and reduced tensile strengths, AFy 1, are given by Formula (A.12:5*22)

%4

AFy,T,V == AFy,T lfT S 0,7
YR, Tv
1% %4 . V.
AFyry =107+ 12— (1— By ) AF,r  if—55>07 (A.12.5{22)
YR Tv YR,Tv m

the unredficed and reduced representative local, buckling strengths, Py, are given by Formula
(A.12.5-23):

Pyc,v = Pyc ifp—v <07
YRTv
Py 5 [0,7 + 1,2,,%(1 D ,,V—v>] P, if —>0,7 (A12.5{23)
YR Tw YR Tv YRTv

and the unreduced and feduced representative bending moment strengths, My,,, are given by Fornpula
(A.12.5-24):

My, + My if 5—< 0,7
YR Tv
14 14 . 14
Myy = (07 + 1,27(1 ——>] M, if 7—>07 (A-12.5-24)
YRTv YRTv YRTv

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 :R;yfit) + y“'Tb(MAXtM“Z) < 1,0 and  yprPu < AFy1, (A12.5-25)

266 © IS0 2023 - All right reserved


https://standardsiso.com/api/?name=d6619815f1e9d3d0504621ff74975167

ISO 19905-1:2023(E)

NOTE2  If yppPy > AFr, Equation (A.12.5-25) is not an appropriate measure of member utilization. A

0,5

N . . YRTtPur | YRTH(MEy+ME

measure of the member utilization, U, can be obtained by calculating U = AR LLLLNE ( l:ly i)
b,v

Fytv

Combinations of axial compression, bending and shear should satisfy Formulae (A.12.5-26) and
(A.12.5-27):

0,5
YR,Tb (Mlzxay"'Mlzlaz)
My,y

)+

Formula (A.12.5-26), the axial compression strength, P, should be calculated froy
2.5-10) using Py instead of Py..

YR TcPuc
Py

+ <10 (A.12.5-26)

YR, Tb (Mfly‘*'Méz) '
Mb,v

7 YR,TcPuc
2

and

1- cos( <1,0 YrrcPac < Py A.12.5-27)

Pycy

In n Formula

(A

NOTE3  If yrrcPic > Py then Formula (A.12.5-27) is not an appropriate measure of member utilization. A

V. 2 0,5
YR, TcPuc + VR,Tb(M +My;
Iy .

megsure 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.1P.6.1 General

The
bas
casq
colu

structural strength provisions for rolled and welded\ion-circular prismatic members ar]
ed on the AISC (2005)131. The AISC (2005)(131 specification for LRFD was interpreted ar
s, modified for use in the assessment of mabile jack-up structures. The strength fo
Imn buckling for lower strength steels in;A.12.6.2.4 were modified for consistency

apprroach used for higher strength steels, which was taken from Galambos (1998)[751. Inter

the
of b
sing

a)

specifications was necessary to enable*presentation of a straightforward method for the 3
eam-columns with components of yarying yield strength and/or with cross-sections ha
le axis of symmetry. Development,of the specifications was necessary to provide the follo

a method to deal with member cross-sections comprising components constructed of

e generally
d, in some
rmulae for
y with the
retation of
issessment
ving only a
wing:

steels with

different yield strengths;

b) Ja method for the assessment of beam-columns under biaxial bending to overcome a copservatism

that has been identified in the standard AISC interaction formulae.

Theyield strengthused in A.12.6 should be as specified in A.12.2.2.

The critical
when high

Thd
con
spu

effects;of'hydrostatic loading on non-circular prismatic members should be considered.
dition{for hydrostatic loading on non-circular prismatic chord members is likely to occur]
dean 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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b
t
| ]
d =298 20028 . 58422 _ 66032+ 3025 for <20
W 7 7> 7> 7> 7> 7
Key
b width of base plate
t thickness of base plate

dyim| limiting equivalent head of water in metres for which additional analysis is not required; itisjthe depth below
the water surface (including penetration into the seabed where applicable) plus the additional soil pressurg

pY'/(P,9) ’

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

Table A.12.6-1 — Maximum plate slenderness parameter ffor given equivalent head of wat

W
-

Equivalent head of water Maximum plate slenderness
d - parameter
w,lim
m B
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 Ast2.6.3, y and z are used to define the axes of a non-circular prismatic member.

A 12 6 2 Nlarccirerlarnricmaticm-aenmbercacihicctad -a-& 3 haondinearcheaa
. 0.4 NOTFOITCurar prosniatiCInCIrotT S 3 Ut tCUTtoOTtCTISTOTL, COTIPpT C S STUTT, Ot g OT - 31ICa

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/Ygpt (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) (A.12.6-2)
Fy; is the yield strength of the ith component of the cross-section of a prismatic member, in
stress units, as defined in A.12.2.2;
A; 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.1P.6.2.3 Axial compressive local strength check
Nor)-circular prismatic members subjected to axial compressive forces; P ., due to factoyed actions
shopld satisfy Formula (A.12.6-3):
Py < Pyi/Yrpa (A.12.6-3)
wheére, in addition to the definitions given in A.12.6.2.2

Yrpa IS the partial resistance factor for local axial compressive strength, yp pq=1,1;
Py is the representative local axial compressive strength of a non-circular prismatic member
as given in Formulae (A.12.6-4) to'(A.12.6-6);
P, =EF,A; for class 1 and class 2 members | (A.12.6-4)
Ay = /1p
Py =3F,A; — (XF,A; — FyinZ4)) 12 for class 3 members (A.12.6-5)
r p h
Py =EFoninAc for class 4 members (A.12.6-6)
Fymin  isithe minimum yield stress of the Fy; of all components in the cross-section of 4 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 membgr;
A, is the cross-sectional area for use in the assessment of a non-circular prismatic member 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 =1,17 |E/ F._.
P VT Ty (A.12.6-7)

— for rectangular rolled flange or web components supported along one edge:

A =0,37.|E/ F_.
P N Ty (A.12.6-8)

— for rectangular welded flange or web components supported along one edge:

/”Lp =0,337F 7 o (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 (Ay12.2-4 as given| in
Formulae (A.12.6-11) to A.12.6-14):

— for rectangular rolled or welded web or flange components supported along hoth
edges:

A.=1,44 [E/ F_.
r VT Ty (A.12.6]11)

— for rectangular rolled flange or web components supported along one edge:

A.=0,55[E/ F..
r VT Ty (A.12.6]12)

— for rectangular welded flahge or web components supported along one edge:

A.=0,50,/E/Fy;
r VoA (A.12.6]13)

— for componénts derived from tubulars (with reference to AISC (2005)(3] and
Table A.12:251):

%= 0,102E/ F.
r yi (A.12.6{14)

The eccentricity between the elastic and plastic neutral axes, e,, for class 3 members (see A.12.4) can be
calculated asgiven in Formula (A.12.6-15):

A -2
h
/1r - ip
h (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 = (O, 658}Lc ijl for A.< 1,5 [derived from AISC (2005)[13], Formula E3-2] (A.12.6-16)

P = (0, 877//12 \ P, forA.>1,5[derived from AISC (2005)13], Formula E3-3]  (A.12.6--17)
T TP

b) [alternatively, for high-strength steels (F|, > 450 MPa), the following may be used (seeF.1)
4322

Py=1076257¢ 1Py fora <12 A12.6-18)

P = (0, 860 8//%1,854)1%1 for A, > 1,2 A12.6-19)

where, in addition to the definitions in A.12.6.2.3,

0,5
p
1
A = Pi (derived from AISC (2008)1131, Ch. E3; see also F.1) A12.6-20)
E
Py is the minimum Euler buckling load for any plane of bending,|as defined

in A.12.4.3 (including percentage of rack teeth of chords; see AJ12.3.1).

When section contains un-reinforcéd)cut-outs, the slenderness parameter, A, should be bgsed on the
minimum section unless otherwise determined by analysis.

A.1R.6.2.5 Bending moment strength
A.1P.6.2.5.1 General

The classificatiomof member cross-sections in A.12.2 is used to identify the potential for local buckling.
The slender seetion properties determined in A.12.3.4 account for the local buckling of clgss 4 cross-
sections.

The bending moment strength of typical closed section jack-up chord members used in trusg legs is not

Sl lisaas d losz 1ol PP P C 2 eldlianagJlaosaarzax 1P hootld 1 chaclead o ddc ] ]
nor TIaTTy uuut\.u oy Aat\,lcu tuxoluucu DOCKITTS TTOVWUCVET; tluo STIOUTO OC—CIICCRCO—a s u\.bcrlbed mn

A12.2.3.2.

A.12.6.2.5.2 C(lass 1 plastic and class 2 compact section bending moment strength

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, = Zprmin (A.12.6-21)
where

M, is the representative bending moment strength;
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Z

F

ymin

is the fully plastic effective section modulus, determined from Formula (A.12.3-2);

is the minimum yield strength of all components in the cross-section of a prismatic member,

in stress units, as defined in A.12.2.2.

NOTE Hybrid sections built up from components of different yield strengths are addressed by the
methodology described in A.12.3.2.

A.12.6.2.5.

3 Class 3 semi-compact section bending moment strength

The repres
moment ar

where, in addition to the definitions in A.12.6.2.5.2

Mp is
MpzZ
Mg =

((

is the elastic section modulus of a semi-compsdct section of a non-circular prismatic men
for the plane of bending under consideration; see A.12.3.3;

is the yield strength of the material atthe critical point in the cross-section, determined wj

is the subscript referring to the'component which produces the smallest value of M;;

entative bending strenath A4 _is ghtained hyv internolating bhetween the nlastic hen
S SR b’ ) 1 s} 1
d the limiting buckling moment as given in Formula (A.12.6-22):
A -1
h
M, — (M, - Mg )| ——"
o\ TR 2
r
P /h (A.12.61

the plastic moment strength;

F.

ymin

as calculated by Formula (A.12.6-21);

alculating the section modulus (seg'A.12.3.3);

LF, <M, (A.12.6}

ing

22)

23)

ber

hen

A,  Fb/tor 2R/t as applieable for component h;
/Ip is as determined for component h from TablesA.12.2-2 to A.12.2-4, as given| in
Formulae (Ad2:6-24) to (A.12.6-29):
+ for<rectangular rolled or welded flange components supported along both edges when
the bending results in uniform compression:
7 :1,17\/(E/ F..)
P Y (A.12.6-24)
— for rectangular rolled flange or web components supported along one edge and subject to
combinations of compression and bending:
A, =037 /(EIF,,
P ( yi) (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 ( vi) (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)J/ (5,120 -1)  (fora>0,5) (A12.6-27)

2, = [1,55 (E 7 Fyi)]/ a (for @< 0,5) (A.12.6-28)

where o is a factor that varies depending on the applied loading, given in

Table A.TZ.Z-4, and equals U,5 In bending, 1,U In compression, and variable between
these values for combined bending and compression.

— for components derived from circular tubes and subject to pure bending (see
Table A.12.2-1):

A =0,103E/ F,
p yi A.12.6-29)

When the location of the tubular component results in combined bepding and
compression the value of Ap can conservatively be taken from Formula (A.12.6-10).

Alternatively, the value of ﬂp may be interpoldted between the values for pulre bending
and pure compression.

A is determined for component h from& 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 unifortw’compression:

A.=1,44 (E/ F_;
: VETEy) A.12.6-30)

— for rectangularrolled flange or web components supported along one edge and subject to
combinations.of compression and bending:

2= 0,55 [(E/ F_.
L VEL Fyi) A12.6-31)

—-for rectangular welded flange or web components supported along one edge gnd subject
to combinations of compression and bending:

45= 0,50 [(E | F;) A12.6-32)

— for rectangular rolled or welded web components supported along both edges and
subject to combinations of compression and bending:

A = [1,44 (E/ Fy,.)}/ (0,674 +0,327y)  (for y>-1,0) (A.12.6-33)

A = [2,07(1_V,)¢(_V,)] (E/ pyi) (for v <~1,0) (A.12.6-34)

where 1 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 =0,22E] F .
r yi (A.12.6-35)

When the location of the tubular component results in combined bending and
compression, the value of A, can conservatively be taken from Formula (A.12.6-14).

Alternatively, the value of 4. may be interpolated between the values for pure bending

and pure compression

A.12.6.2.5

The repres
bending m

M

where

q

A.12.6.2.6

The reduc

member for the plane of bending under consideration, see A:12.3.4.3 and F is the y

the section modulus (see A.12.3.3).

4 Class 4 slender-section bending moment strength

entative bending moment strength, M,, of class 4 sections is given by the limiting flex

bment in Formula (A.12.6-36):
b="SFy (A.12.6-

S, is the reduced elastic section modulus of a slender section,ofa non-circular prism

trength of the material at the critical point in the cross-section, determined when calcula

Bending moment strength affected by lateral torsional buckling

pd representative bending moment strengtht™, due to LTB should be calculated for

hiral

36)
atic

ield
ting

all

members that do not meet the screening checks of either Formula (A.12.2-2) or Formula (A.12.2-3) for
open and flosed sections, respectively, regardless) of the class of section. When the representafive
bending mpment strength is reduced due to LTB-compared to the strength calculated in A.12.6.2.5,|the
reduced bgnding moment strength should be‘used in the strength checks.
Further guhiidance on the bending moment strength accounting for LTB can be found in [the
AISC Specification (2005)[*3] and BS.5400-3.
A.12.6.2.7| Bending strength-check
Non-circulagr  prismatic{ ymembers subjected to bending moments, M, should safisfy
Formula (4.12.6-37):

M, <Mp/Yrpp (A.12.6937)
where

M,  is M, or M, the bending moment due to factored actions about member y- and z-axes,

respectively;
M, is the representative bending moment strength, determined from A.12.6.2.5 and A.12.6.2.6;

YR Pb

274

is the partial resistance factor for bending, yg p,, = 1,1.
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2.6.3 Non-circular prismatic member combined strength checks

2.6.3.1 General

There are two different assessment approaches for the strength of non-circular prismatic members

sub

jected to combined axial forces and bending moments:

a) the interaction formula approach (see A.12.6.3.2), which is applicable to all member classifications;

b) the plastic interaction surface approach (see A.12.6.3.3), which is applicable to members in class 1

A1l

Eac
For

fact]

red

Loc

and class Z.

.6.3.2 Interaction formula approach

mulae (A.12.6-38) to (A.12.6-40) at all cross-sections along its length.(When the sh
iced parabolically to zero when the shear equals the shear strength (£yin A.12.6.3.4).

hl strength check (for all members) is as given in Formula (A.12,6-38):

1

n nin
Yrpa P 7R pr YrpnM

RPa’ u n , uey n R,Pb"" uez <1,0

P M M
pls

by bz

Beam-column check (for members subject to~axial compression) is as given in Formula (A.

For

mula (A.12.6-40):

if Yg paPu/Pp > 0,2, then (after AISG(2005)013], Formula H1-1a)

1
n

n n
yR,PaPu " E {yR,PbMuay J 4 {7R,PbMuaz ] <10
9 = 4

P, M., M,,

if )/R’paPu/Pp £0,2, then (after AISC (2005)13], Formula H1-1b)

1
7R’papu . {( 7R,PbMuay Y? . (7R,PbMuaz Yf‘” n

<1

h non-circular prismatic structural member should satisfy the following conditions in

bar due to

ored actions is greater than 60 % of the shear strength, the bending moment strength should be

A.12.6-38)

12.6-39) or

A.12.6-39)

2P, “ My, )L M,, )J -

where

(A.12.6-40)

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,s = P, for members in tension, as defined A.12.6.2.2,
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uey

uez

uay

uaz

y

YA

YR,Pb

YR Pa

Ppls = Pp] 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;

is the corrected bending moment due to factored actions about the member y-axis from

A12.4;

igthreTorTected bemding TonTent due to factored actions about tre Member Z=axis_t

A12.4;

—n

g the amplified bending moment due to factored actions about the memberhy-axis f
A12.4;

—

g the amplified bending moment due to factored actions about the member z-axis f
A12.4;

—

4 the representative bending moment strength about the member y-axis, as definec
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 benc
moment strength should be reduced parabolically to‘zero when the shear equals the s}
sfrength (P, in A.12.6.3.4). For a more detailed description of the method see EN 1993-

Eurocode 3;

—

4 the representative bending moment strength about the member z-axis, as definec
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 benc
moment strength should be_reduced parabolically to zero when the shear equals the s}
sfrength (P in A.12.6.3.4). For a more detailed description of the method see EN 1993-
Eurocode 3;

—n

g the partial resistanee factor for bending strength, Yrpp=L1;

—

4 the partial fesistance factor for axial strength where

Ykpa =¥rp: for axial tensile strength, ypp,=1,05 in Formulae (A.12.6-38), (A.12.6-39)
(A.12.6-40);

om

fom

fom

| in

ling
ear
1-1,

| in

ling
ear
1-1,

and

YR pa = Yrpq fOr axial compressive strength, yp p, = 1,1 in Formula (A.12.6-38);

YR pa = Vrpc fOr axial compressive strength, yg p, = 1,1 in Formulae (A.12.6-39) and (A.12.6-40).

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 77=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)

b)

A1l
Int
and|

squ
plas

IMBRORTANT — The assessor should be aware that the sign of thesmoment is crucially

for

observed with care.

NOT
ana

Am
fun
poil
abs

Ann
of d

intr
(A1

4

M ey M7, should be set to the applicable of M
above.

M., M

M uez OT uay’

uey’ uaz’

M

ny» Mp, should be set to My, My, respectively.

respectively, as described

P.6.3.3 Interaction surface approach

can be used for the strength checks. The approach is based on axial force.applied at thg
hsh”, which is defined as the location at which the axial force producésyno moment g
tic section.

sections without material or geometric symmetry. The sigh’convention should, the

E A common case where errors in sign can be introduced is when taking the results of

easure of the interaction ratio can, then, be obtained as the ratio between the vector leng
ctional origin to the member forces, and thevector length from the functional origin to {
it on the surface. The functional origin is the force point associated with the functional ac
ence of environmental actions.

ex F provides, by way of example, conservative interaction formulae and curves for gene

hord cross-sections based on plastic strengths Py, M,,,, and M,,. The resistance factors

oduced by the assessor. This is achieved by the definitions as given in Formulae (A.]
2.6-43):
Py =Pys/Vrpa strength check (for all members)

or Py =P /Viha beam-column check (for members subject to axial compression)

ysis and applying them to a series of parametric formulae’that can have a different axis convention.

he interaction surface approach, the assessor develops a plastic strength interactioensurfalce in terms
of the axial strength and biaxial moment strengths. The interaction surface can be based on Dye

I (1992)167]
“centre of
n the fully

important
refore, be

a computer

th from the
he nearest
fions in the

ric families
should be

2.6-41) to

A12.6-41)

A12.6-42)

A.12.6-43)

M, =Miyi7 YR pp
M pz= M,/ YRPb
where

M, 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

A12.6.3.2;
P, is the representative local axial strength of a non-circular prismatic member,

in A.12.6.3.2;
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YR,Pb

YR Pa

is the partial resistance factor for bending strength, Yrpp=L1;
is the partial resistance factor for axial strength where

Yrpa = Yrp fOr axial tensile strength, y p, = 1,05;

YR pa = Yrpc fOr axial compressive strength, yg p. = 1,1;

YRpa = Yrpa fOr local strength, ypp=1,1.

For the str
defined in |

For the beg
defined in |

A.12.6.3.4

Non-circul
Formulae

YR pv

/YR Py (A.12.6
L,/ VR py (A.12.6/
is the beam shear due to factored actions in the local y- and z-direction, respectively;
| is the representative shear stréngth in the local y- and z-directions, respectively, as give|
Formula (A.12.6-46):
Py Py, = A, Fypin /A3 (A.12.6:
is the effective shear area in the direction being considered; see Table A.12.6-2;
is the partial resistance factor for torsional and beam shear strengths, yp p, = 1,1.

ength check, the applied member forces (P, My, M, in Annex F) should be P, M, M
\.12.6.3.2.

m-column check, the applied member forces (P, My, M, in Annex F) should be-R, M,,,, M
1.12.6.3.2.

Beam shear

ir prismatic members subjected to beam shear forces due to factored actions should sat
A.12.6-44) and (A.12.6-45):

as

as

isfy

44)

45)

46)

278
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Table A.12.6-2 — Effective shear area for various chord component cross-sections

Section Effective shear area, A,

Rolled I, H and channel sections, load parallel to web t Dy
Welded I sections, load parallel to web td
Rectangular hollow sections, load parallel to webs ADy/(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(D -1
Cirdular hollow sections with diameter/wall thickness is less than or equal to 60 0,64
Cirdqular hollow sections with diameter/wall thickness greater than 60 Usé\rational analypis
Solid bars and plates 094
Cloged sections with inclined plates 0,9 Z[cos(6;) A;
T | is the 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 befween inside

faces of flanges.
B, | is the overall breadth of cross-section.
A | is the area of cross-section.
A,; | is the area of rectilinear component i.
0; | is the angle between the shear force direction being considered and the larger dimension of the crops-section of

component 1.
The effective shear area of closed-section triangular chords [see Figure A.12.1-1 b)] in the lodal y- and z-
dirgctions, respectively, can be-calculated using elastic theory as given in Formula (A.12.6-46):

Avy, A,=(,t)/Q A.12.6-46)
wheére

L,y 1,, jsthe 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;
ty by, is the collective width of components through the cross section at the locgtion to be

assessed, perpendicular to the y- and z- axes, respectively;

Q,0Q, is the first moment of the area between the cross sectional location to be assessed and the

outer fibre, about the neutral axis

It 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

W, v

V2 7%
. A

a) Split tubjlar with solid rack, full penetration weld of b) Split tubular with solid ra¢k)full penetration weld of
tubular to rack tubular to rack, but tubular tapered to reduce wall
thickness whére connected to the rack

%
AN ANNIIIT..-.".
%]

c) Split tubll.llar with rack split into-two parts connected d) Split tubular with rack split into two parts connected

by bacKing plate (6) with fiill penetration welds to by two lapped plates (8) with fillet welds to sides pf
back side of each rack component each rack component

Key

1 Struqtural split tubular part of chord with diameter Dt and wall thickness Tt. The area of cross section, 4, is
definedbetow

2 Chord rack of width Wr and thickness T+

3 Two artificial areas that have maximum dimensions of the thickness of the rack, Tr and the width of the welded
contact area between the chord tube and the chord rack, T, with a maximum value of the chord tube wall
thickness (T < 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), Ty, 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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Two lap plates connecting the two sections of chord rack
Axis parallel to the chord rack
Axis perpendicular to the chord rack

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), At is the total area of cross section of both halves of the split tubular components
having diameter D: and wall thickness Tt In diagram (b) At is the effective area of cross section of both halves
of the split tubular components with diameter D: but with a wall thickness Tir

Shear area in the X direction. The value of Avx can be determined from rational analysis. In lieu of such analysis,

tha followinag ualuac oo bo ead.
trHe-+e oYW g Yart Hay-se-useea:

A1l

Clos

actipns should satisfy Formula (A.12.6-47):

wh

Diagram (a) Avx=09D: Tr + 0,6 At
Diagram (b) Avx=0,9 Dt Tr + 0,6 At
Diagram (c) Avx=10,6 At
Diagram (d) Avx=10,6 At

Shear area in the Y direction. The value of Avy can be determined from rational afalysis. In lieu of such anglysis,
the following values may be used:

Diagram (a, b) Aw=0,6A4t+0,9 T Wr
Diagram (c, d) Aw=0,6Ac+2(0,9 Tly) In diagrams (c), & (d) Tu =Tt
gure A.12.6-2 — Examples of shear areas of leg choerds containing split tubular components

P.6.3.5 Torsional shear

ed-section non-circular prismatic membeérs subjected to torsional shear forces due to factored

Ty < Typ/Vrpy A12.6-47)
bIre

T, isthe torsional mement due to factored actions;

T is the representative torsional strength of the non-circular prismatic member as given in

" Formwua(A.12.6-48):
Top=Iop Fymin/ (r, \3) A.12.6-48)
Igp ™ 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, yp 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
accordance with 8.8, rather than using ISO 19902 and ISO 19901-3.

NOTE The intent of the joint check is to ensure that the joint is strong enough to resist the internal forces due
to factored pctions. The joint strength is not required to meet or exceed the full member strength. Guidancg on
non-tubularjoint strength can be found in other provisions of ISO 19902 and ISO 19901-3.

A.13 Guifdance on acceptance checks

No guidande is offered.
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Summary of partial action and partial resistance factors

Table B-1 — Summary of partial action factors

Symbet Peseription Faetor Subqlause(s)
partial action factor applied to the inertial actions D, due to dynamic

%D . A . 1,0 8:8:1.1t0 8.8.1.4

, response, in combination with %E

%G partial action factor applied to the fixed actions Gy, 1,0 8.1

%v partial action factor applied to the actions due to variable load G, 1,0 B8.1
partial action factor applied to the metocean or earthquake actions 8.8.1.1t08.8.1.4
when applied to deterministic ULS storm action E,, (used with 50 year 115 d.12
independent extreme values) ’ -
when applied to the deterministic ULS storm action E, (used with<100 year 125 da.12
joint probability metocean data) ’ -

%E when applied to the stochastic ULS storm actions E, using\factored 1o ds13
metocean parameters determined in accordance witli’A.10.5.3.22 ' o
when applied to the inertial action induced by the ELE ground motions in

. 09 8.8.1.4.1
earthquake analysis
when applied to the inertial action induced by the ALE ground motions in
. 1,0 8.8.1.4.2
earthquake analysis
NOTE The reference subclauses provide the methods of application and the factors are specifically tied to the calculation methodologies

giveh in each reference subclause.

2 | The metocean partial factors used'in the quasi-static stochastic analysis are determined through an iterativ
Thel procedure involves factoring/the. metocean parameters (wave height, current velocity and wind) until
factpred quasi-static stochastic forcé matches the action-factored quasi-static deterministic force. The start |

iterption can be taken as ()%

e procedure.
the partial-
oint for the
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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)
artial Tesistance ractor for norizontal foundation sliding capacity for total
s P . & capadty 1,25 A9.3.62
SHic stress (clay/undrained)
partial resistance factor for horizontal foundation sliding capacity when 10 E48
considering material factored representative soil strength ! o
partial resistance factor for vertical-horizontal foundation bearing capacity 1,1 A93.6.4
TRVH partial resistance factor for vertical-horizontal foundation bearing capacity 10 E4.7
when considering material factored representative soil strength ! o
RTh partial resistance factor for bending strength of a tubular member? 1,05 A125
artial resistance factor for axial compressive strength of a tubular
et P " P & 1,15 A125
e member
TRTt partial resistance factor for axial tensile strength of a tubular member? 1,05 A125
partial resistance factor for torsional and beam shear strengths-of a
TRTv a 1,05 A12.5
g tubular member
partial resistance factor for bending strength prismatic'ef a non-circular
TR,Pb i ; a 1,1 A12.6
, prismatic member
partial resistance factor for axial compressive Strength of a non-circular
TR,pc ; ; a 1,1 A12.6
) prismatic member
partial resistance factor for local axial dompressive strength of a non-
YRpd . . . a 1,1 A12.6
) circular prismatic member
artial resistance factor for axial ténsile strength of a non-circular
Tt partia’ I : 8 1,05 A12:6
) prismatic member
partial resistance factor for torsional and beam shear strengths of a
TR Pv . . ( 1,1 Al12.6
) non-circular prismatic member
RS partial resistance-factor for spudcan strength 1,15 13.4
TRH partial resiStance factor for holding system 1,15 135
YROTM partial Tesistance factor for stabilizing moment 1,05 13.8
NOTE THe requirements for partial factors are given in the normative clauses e.g. 9.3.6, 12.5, 12.6, etc. however examples of the spdcific
application of|these\factors are given in Annexes A and E in the subclauses shown above. The reference subclauses provide the methodls of
application anyd the/factors are specifically tied to the calculation methodologies given in each reference subclause.

a4 The structural resistance factors for tubular members given here and referenced 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 based on AISC (2005)[13]1 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)
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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 G:111, 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 Unopposed Pinions
Fiked Floating Fixed Floating Fixed Floating Fixed Floating
Jacking Jacking Jacking Jacking Jacking Jacking Jacking Jacking
Syqtem System System System System System System System
Examples ofjack-ups in each category
FandG GustoMSC NONE NONE Baker Marine CFEM Baker Marine NONE
- L780[lI -CJ36 - Pacific 375 -2005 - Freedom class
-Ju 20po -CJ46 -2600 -350
- Alphq 350 - CJ50 (old) LeTourneau -300
- Supeg M2 -CJ54 - Workhorse Levingston -250
- Univdrsal M class -CJ62 - Tarzan -111C -200
-CJ70 -150
GustoNISC Modec
-] 46 -300C GustoMSC
- CJ 50{(new) -400 - Gusto designs
Hitach LeTourneau
- Giant{class -53
-84
Keppel] FELS -82-SD-C
- KFEL Mod)V -116C
- KFELS™od VI —Super 116
- A Class - Super 116E
- B Class - Super 300
- N Class - Gorilla
LeTourneau
- Super GORILLA
- Super GORILLA XL
- Jaguar 250-C
Figure C.1-1 — Sample leg-to-hull connection component combinations
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C.2 Guidance on A.10.5.3.4 — Methods for determining the MPME

C.2.1 Guidance on the first method of Table A.10.5-1 — Fitting Weibull distributions to
the results of a number of time domain simulations to determine responses at the
required probability level and average the results

This procedure, outlined in Steps 1 to 7 below, requires several suitable length time domain simulations
for each response of interest. The input sea state simulation should be checked for Gaussianity.
Guidance is given in Table A.7.3-3. For each simulation record, the procedure for computing the MPME
comprises the following steps. The final MPME value is taken as the average over all of the simulations
conducted,

— Step1

The response time history, R(t), is first analysed to calculate the mean, g4, as giver] in
Formula (C.2.1-1):

n (C.2.1-1)
where

R(f;) is the time history of the response of interest;

# is the time point j;
n is the number of useable time pointsin simulation (discounting the run-in).
— Step 2

The individual response maximatinh the simulations are next extracted in accordance with |the
follow]ng criteria:

A maxjmum occurs at ¢; if Eermula (C.2.1-2) apply:
R(t;_1) <R(t) and R(t;,,) <R(t) (C.2.1-2)
Suppose N,,,, thaxima are found in the extraction.

— Step 3

From the N, response maxima, the mean of the signal, 14, is subtracted and the resulting maxima

max
M,, where k varies from 1 to N, are ranked into 20 blocks having mid-points in ascending order.

max’
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 qg=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
Fo=[11+2 0, || 2n, (Nmax +1)
j=0 j=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 distribytion of the
blocks of observed maxima as defined under Step 3 [this is done in accordance with, Steps 4 b) to
4d)]. The 3-parameter Weibull cumulative distribution function is defihed as| given in
Formula (C.2.1-4):

e o]
F(M*;a, p,y)=1-exp| -
¢ (C.2.1-4)
where

F(M™a 5, 7) is the probability of non-exceedance of the value M* where

a is the scale parameter,

p is the slope parameteér;

14 is the threshold:parameter.

a, f,(M* —y)>0,0

— |Step 4 b):

Only data blocks.with a probability of non-exceedance greater than a threshold valud of 0,2 are
used to fit the Weibull distribution, i.e. only the blocks for which Formula (C.2.1-5) applids:

[72)

F,> 02 (C.2.1-F)

Notice that M, are in ascending order.

— Step 4c):
For each of these blocks, g, the deviations, &, of the observed probability from the corresponding

probability of the Weibull cumulative distribution function, F, (transformed to Weibull scales) are
calculated as given in Formula (C.2.1-6):

8= In{-In[1-F(p ;08NN - BlIn( M7, ) —In(a)] (C.2.1-6)

— Step 4d):

The parameters ¢ f 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:

FIM*;a,8,7) = 1 —

max T )
sim (C.2.1-8)

where

T4, is 3 hours;

T

4m  is the simulation duration.

— Step 6
The cofresponding MPME value, Ryjpyi is then found as given in Formula (C.2.1-9):

Ryipme = 4 + Mypy (C2.1-9)

where

HR is the mean value 0f;R{t) established in Step 1;

Mypy is the MPMEwalue (excluding the mean) established in Step 5.

— Step 7
The prpcedure-isrepeated for each required response parameter.

C.2.2 Gpidance on the second method of Table A.10.5-1: Fitting Gumbel distribution to
histogranTof absolute maxinmmurm responses {TonT a number of tine domnmain 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):

Fy (%) = expli—exp[— X :’”J:l
(C.2.2-1)

where

F5,(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 response
simulations.

— |Step 2:

Fit a Gumbel distribution through these 10 or more maxima/minima. This can\be dong using the
maximum likelihood method, yielding i and x. Alternatively, Lu et al. (2001)1129] have $hown that
the method of moments closed form solution produces results consistent with the| maximum
likelihood method for values of y; although they showed significant variation in the vyalues of «
However, when calculating the MPME, with a 63 % probability-of exceedance, the gffects of x
approach zero, as shown in Step 3 below, and the only remaining influence is on the| calculated
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 yand & as given in Formulae (C.2.2-2) and (C.2.2-3):

k= (oV6)/m (C.2.2-2)
w=pu—0,577K (C.2.2-3)
where

4 is the mean of the maxima/minima;
o isthe 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):

Rypme =% & In{=In[ Fyy, (Rypyi ) ]} (C.2.2-4)
where
F3, (Rypmg) = 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

Ryvpme = ¥
— 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
processes 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.

This proce
input sea s
calculation
for a three
— Step 1

Calculd
the pat

a
where
a3
ay

When
Winter

— Step 2
Constr]
the nu

N=1(

— Step 3

dure requires a suitable length time domain simulation for each quantity of interest:
tate simulation should be checked for Gaussianity. Guidance is given in Table A7.3-3.

procedure to determine the maximum of a time series, R(t), with a simulation duration
hour exposure, T3, is as follows.

te the mean, 4, the standard deviation, o; and the following quantities of the time series
ameter under consideration as given in Formulae (C.2.3-1) and(C.2.3-2):

= (1/n)Z[(R - %]/ (c.2.
= (1/n)Z[(R - 1)/ * (c.2.

is the skewness;
is the kurtosis.

the kurtosis is less than 3,0;the approach given here is not valid and the alternative give
stein (1988)1203] should be used.

00 may.bejassumed for a three-hour simulation.

The
The
Tsim

for

1)

3-2)

uct a standardized response process, z = (R — )/ 0. Using this standardized process, calculate
nber of zero<upcrossings, N. In lieu of an actual cycle count from the simulated time ser

ies,

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 = ag/{4+2\/[1+1,5(a4 —3)}}

(C.2.3-3)
hy = {\/[“L 5(ay —3)] ‘1}/18 (C.2.3-4)
-1
K:(1+2h32+6h42) /" (€23-5)
C.2.3-
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It is necessary to seek a more accurate result by determining a solution for C;, C; and C3 from

Formulae (C.2.3-6) to (C.2.3-8):
03a3=C,(6C%+8C,%2+72C,C5+270C5?)

ota, = 60C,* +3C,* + 10 395C,* + 60C,2C,2 + 4 500C,2C;% + 630C,2C;2 + ...
. +936C,C,2C5+ 3 780C,C43 + 60C,3C;

(C.2.3-6)

(C.2.3-7)

(C.2.3-8)

using as initial guesses the values given in Formulae (C.2.3-9) to (C.2.3-11):

C,=oK(1-3h,)

C,=oKh,
C;=0oKh,
where
o is obtained from Step 1;

K, hyand h, are obtained from Formulae (C.2:3>3) to (C.2.3-4).

Following the solution for C;, C, and Cj, the values for K, h; and h, are recomputed
Formulae (C.2.3-12) to (C.2.3-14):

K=(C,+3Cy)/o
hy = C,/(cK)
hy=C3/(cK)

— |Step 4:

The most probable value, U, of the transformed process is computed as given in Formula

(C.2.3-9)
(C.2.3-10)

(C.2.3-11)

hS given in

(C.2.3-12)
(C.2.3-13)

(C.2.3-14)

(C.2.3-15):

(C.2.3-15)

U is a Gaussian process of zero mean, unit variance;

T3, is three hours;

T, isthe simulation duration, expressed in hours.

© ISO 2023 - All right reserved

291


https://standardsiso.com/api/?name=d6619815f1e9d3d0504621ff74975167

ISO 1990

— Step 5

5-1:2023(E)

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 % - 1) + hy(U3 - 3U)]

Step 6

(C.2.3-

16)

Finally, the MPME in the required three hour exposure period for the response under

consid
R

C24 G
method t
simulatio

The methd
determine

(see 10.5.2

and inertiall parts. The inertial part is computed as the difference between the total dynamic and st

responses
a determin
(random s
simulated.
current oy
respectivel

The four cz
only wave

the inertial
and standg
computed

The drag-i
T,/ T,. This
approache
Figure C.2.

This methg

eration, can be computed from Formula (C.2.3-17):

PME = 4+ O Zypy (€.2.3;

nidance on the fourth method of Table A.10.5-1: Application of drag-inertia
D determine the base shear and overturning moment DAF from-time domain
n

Kpar,ranpom Used to compute the inertial loadset for a two-stage deterministic storm anal
). The method combines two components of the total dynamic response, namely the st

hnd should not be confused with the response to inertial wave loading. The method requ
ation of the response of the jack-up for four conditions: In all four cases, the storm simula
ped) should be identical, but with different components of the loading and/or respd
The responses considered are usually total wave and current base shear and total wave
rerturning moment, for computing the.(base shear and overturning moment D/

Y.

ses being simulated are full dynamic,response, full static response, static response to ing
oading (setting C, = 0) and static response to drag only loading (setting C,, = 0). From th

response is obtained as the full'dynamic response minus the full static response. The mq
rd deviations of the response are extracted from the time domain responses and the D
s illustrated in Figure G.2)4-1.

hertia method given/here includes a final step to scale the DAF based on the period r
step is included-to ensure that the DAF values are not underestimated for cases wher

b T,; see Perry and Mobbs (2011)1147). The formula for the scaling factor is showni
-1 and js illustrated graphically in Figure C.2.4-2.

d should not be used to compute MPME values for use in a one-stage stochastic analysi

should be yséd only in a two-stage analysis when the foundation is modelled as either pinned or b4

on linearized stiffness in the DAF calculation.

17)

d, based on Shell International Petroleum, SIPM EPD/51/52 (1991)[167], may be used to
ySis
atic
atic
ires
fion
nse
and
\Fs,

rtia

ese

ans
AFs

atio
e T,
¥

s. It
sed

Further details on the background to, and limitations of, this method can be found in ISO/TR 19905-2.
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1,0

response
MPME py=11 g+ M

MRd
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N N
0,625 + 0,625—for 0,6 <—<1,0
tp tp

DAFR=FDAF X DAi'

Figure C.2.4-1 — The drag-inertia method including DAF scaling factor
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