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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-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

In exceptional circumstances, when a technical committee has collected data of a different kind from that
which is normally published as an International Standard (“state of the art”, for example), it may decide by a
simple majority vote of its participating members to publish a Technical Report. A Technical Report is entirely
informative in nature and does not have to be reviewed until the data it provides are considered to be no
longer valid or useful.

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

ISO/TR 19905-2 was prepared by Technical Committee ISO/TC 67, Materials, equipment and offshore
structures for petroleum, petrochemical and natural gas industries, Subcommittee SC 7, Offshore structures.

ISO 19905 consists of the following parts, under the general title Petroleum and natural gas industries — Site-
specific assessment of mobile offshore units:

— Part 1: Jack-ups

— Part 2: Jack-ups commentary and detailed sample calculation [Technical Report]
The following part is under preparation:

— Part 3: Floating units

ISO/TR 19905-2:2012 was prepared in 2012 and is referenced as ISO/TR 19905-2:2012. Users are advised,
however, that it was published, and only became available, in 2013.

ISO 19905 is one of a series of International Standards for offshore structures. The full series consists of the
following International Standards:

— 1SS0 19900, Petroleum and natural gas industries — General requirements for offshore structures

— IS0 19901-1, Petroleum and natural gas industries — Specific requirements for offshore structures —
Part 1: Metocean design and operating considerations

— IS0 19901-2, Petroleum and natural gas industries — Specific requirements for offshore structures —
Part 2: Seismic design procedures and criteria

— IS0 19901-3, Petroleum and natural gas industries — Specific requirements for offshore structures —
Part 3: Topsides structure
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— IS0 19901-4, Petroleum and natural gas industries — Specific requirements for offshore structures —
Part 4: Geotechnical and foundation design considerations

— IS0 19901-5, Petroleum and natural gas industries — Specific requirements for offshore structures —
Part 5: Weight control during engineering and construction

— IS0 19901-6, Petroleum and natural gas industries — Specific requirements for offshore structures —
Part 6: Marine operations

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

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

— IS0 19902, Petroleum and natural gas industries — Fixed steel offshore structures
— IS0 19903, Petroleum and natural gas industries — Fixed concrete offshore structures

— 1SS0 19904-1, Petroleum and natural gas industries — Floating offshore structures — Part 1: Monohulls,
semi-submersibles and spars

— IS0 19905-1, Petroleum and natural gas industries — Site-specific assessment of mobile offshore
units — Part 1: Jack-ups

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

— ISO/TR 19905-3"), Petroleum and natural gas industries — Site-specific assessment of mobile offshore
units — Part 3: Floating units

— IS0 19906, Petroleum and natural gas industries — Arctic offshore structures

1) Under preparation.
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Introduction

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

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

The series of International Standards applicable to the various types of offshore structure is intended to
provide a wide latitude in the choice of structural configurations, materials and techniques without hindering
innovation. Sound engineering judgement is therefore necessary in the use of these International Standards.

ISO 19905-1 was developed from SNAME T&R Bulletin 5-5A%], but has been considerably altered from that
original document. Some of the alterations have involved a restructuring and modification of terminology, but
there have been additional changes of greater technical consequence. New material has been added based
on studies undertaken since the original development of SNAME T&R 5-5A; new calculation techniques have
been addressed because of improved computational capabilities allowing more complex assessments; gaps
that existed in the original SNAME T&R 5-5A have been filled, thereby ensuring a more thorough assessment;
and changes have been made to align ISO 19905-1 with other standards within the 19900 series. A
description of the more important changes, along with the reasoning for the changes, can be found in a series
of papers published in 2012 by Offshore Technology Conference. These papers can be of considerable value
in helping the analyst, particularly those who are familiar with SNAME T&R 5-5A, in understanding
ISO 19905-1. The papers, part of the Technical Session ISO 19905-1: A Site-Specific Assessment of Mobile
Jack-Up Units are listed in the Bibliography:

— Reference [6], Background to the ISO 19905-Series and an Overview of the New ISO 19905-1 for the
Site-Specific Assessment of Mobile Jack-Up Units

— Reference [7], Environmental Actions in the New ISO for the Site-Specific Assessment of Mobile Jack-Up Units

— Reference [8], Structural Modeling and Response Analysis in the New ISO Standard for the Site-Specific
Assessment of Mobile Jack-Up Units

— Reference [9], Foundation Modeling and Assessment in the New ISO Standard 19905-1

— Reference [10], Long-Term Applications in the ISO Standard for Site Specific Assessment of Mobile
Jack-Up Units and the Use of Skirted Spudcans

— Reference [11], Structural Acceptance Criteria in the New ISO for the Site-Specific Assessment of Mobile
Jack-Up Units

— Reference [12], The Benchmarking of the New ISO for the Site-Specific Assessment of Mobile Jack-Up Units

‘This part of ISO 19905, which has been developed from SNAME T&R Bulletin 5-5A, provides a commentary
‘to some clauses of ISO 19905-1 including background information, supporting documentation, and additional
‘or alternative calculation methods as applicable and also provides a detailed sample “go-by” calculation in
Annex A. The reader is advised that the information presented herein is intended for use in conjunction with
1S0 19905-1 and that the cautions and limitations discussed in ISO 19905-1 apply.
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TECHNICAL REPORT ISO/TR 19905-2:2012(E)

Petroleum and natural gas industries — Site-specific
assessment of mobile offshore units —

Part 2:
Jack-ups commentary and detailed sample calculation

1 Scope
This part of ISO 19905 provides a commentary to some clauses of ISO 19905-1 including background
information, supporting documentation, and additional or alternative calculation methods as applicable and

also provides a detailed sample 'go-by' calculation. ISO 19905-1 specifies requirements and guidance for the
site-specific assessment of independent leg jack-up units for use in the petroleum and natural gas industries.

2 References

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

ISO 19905-1:2012, Petroleum and natural gas industries — Site-specific assessment of mobile offshore
units — Part 1: Jack-ups

3 Terms and definitions

For the purposes of this document the terms and definitions given in ISO 19905-1 apply.

4 Symbols

4.1 Symbols for Clause 6
Cb drag coefficient
CpbeDe  equivalent drag coefficient times effective diameter
d water depth
D> depth attenuation
D(6) directional spreading function from 1SO 19901-1
F(a) directional spreading function from SNAME
f frequency (Hz)

g acceleration due to gravity

A NIOMN N"NAN AL
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H wave height
Hye reduced wave height which may be used in deterministic/regular wave force calculations
Hiax maximum wave height for a given return period; used for airgap calculations

Hmpm wave height associated with Hg,,, equivalent to the height between the extreme crest and the
following trough

Hpo estimate of H; significant wave height (metres)

H scaled significant wave height to be used in irregular seas simulation (metres)
Hgrp significant wave height for assessment return period

k wave number

m power constant in the [cos(a)]zm spreading function

San(f) power density of wave surface elevation as a function of wave frequency

T wave period (seconds)

T wind averaging time (seconds)

Ty standard reference time averaging interval for wind speed of 1 h =3 600 s
Ty peak period in wave spectrum (seconds)

7, zero-upcrossing period of wave spectrum (seconds)

U wind speed

Uw,7(10) is the sustained wind speed at 10 m height above mean sea level

Uwo is the 1 h sustained wind speed at the reference elevation 10 m above mean sea level
u the computed velocity for long crested waves
Ured the reduced horizontal velocity
14 current velocity
o equilibrium range parameter
o skewness
o kurtosis
V4 peak enhancement factor
W scaling of drag forces
K kinematics reduction factor
n crest elevation by Airy theory
Copyright In‘l)ernatié)inal Organization for Standardization © 1SO 2012 — All rights reserved
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s crest elevation by Stokes
1) directional spreading factor defined in ISO 19901-1
o spectral peakwidth parameter

4.2 Symbols for Clause 7

A cross-sectional area of member

Ae equivalent area of leg per unit height

A; equivalent area of element

As sum of projected areas for all members in the considered plane
Ay total projected envelope area of the considered plane
Ca added mass coefficient

Cb drag coefficient

Cpoo drag coefficient for chord at direction 8= 0°

Cp1 drag coefficient for flow normal to the rack, 8= 90°
Cbe equivalent drag coefficient

Cpei equivalent drag coefficient of member i

Cp; drag coefficient of an individual member, related to D,

Cop(@) drag coefficient to the projected diameter
Corough ~ drag coefficient for a rough member

Cbsmooth  drag coefficient for a smooth member

Cu inertia coefficient

ChMe equivalent inertia coefficient

Chei equivalent inertia coefficient of member i
Cwi inertia coefficient of a member, related to D;
d mean, undisturbed water depth (positive)

member diameter

Dg equivalent diameter of leg bay
De face width of leg, outside dimensions
D; reference dimension of individual leg members

Dy(6)  projected diameter of the chord

fi fundamental vibration frequencies of the member
Hg significant wave height
Copyright International Orgf:i\\nizlgt‘i(;:f;rs\l;%ardiz’\a:ilor?:ghts reserved S 3
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k roughness height

k/D relative roughness

KC Keulegan-Carpenter number

l; length of member “i” node to node

My added mass contribution (per unit length) for the member

N constant in wind velocity power law

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

i acceleration of the considered member, normal to the member axis and in the direction of the
combined particle velocity

Re Reynolds number

s length of one bay, or part of bay considered

S Strouhal number

S average wave steepness

S outer diameter of an array of tubulars

T wave period

T, first natural period of sway motion

T, zero-upcrossing period

u particle velocity

Un particle velocity normal to the member

u, particle acceleration normal to the member

U, U, horizontal water particle velocity and acceleration

U flow velocity at the depth of the considered element

Uc current particle velocity

Un maximum orbital particle velocity

Ured reduced particle velocity for regular waves

Uw representative wave particle velocity

Vi total flow velocity normal to the member

Ve reduced current velocity for use in the hydrodynamic model; V¢ should not be taken as less than
0,7V

Ven current velocity normal to member used in the hydrodynamic model

Vi far field (undisturbed) current

Conyright Inamational Organizationfo Standarcizaton ©1S0 2012 - All rights reserved
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B

AFdrag
AFinertia
AFinertiaH

A

o

ISO/TR 19905-2:2012(E)

dimension from backplate to pitch point of triangular chord or dimension from root of one rack to
tip of other rack of split tubular chord

width of the structure

coordinate measured vertically upward from the mean water surface
modified coordinate to be used in particle velocity formulation
indicator for relative velocity, 0 or 1

angle defining flow direction relative to member

ratio of Re/KC, a parameter to describe the test environment
angle defining the member inclination

drag force per unit length

inertia force per unit length

horizontal inertia force per unit length

wave length

kinematic viscosity

angle in degrees for waves relative to the chord orientation
angle where half the backplate is hidden behind the rackplate
mass density of water or air

instantaneous water surface elevation (same axis system as z)

wave crest elevation (same axis system as z)

4.3 Symbols for Clause 8

K, lateral stiffness without axial load
K lateral stiffness with axial load
Ke sum of individual leg stiffnesses
L distance from the spudcan point of rotation to the hull centre of gravity
P axial load in one leg
Pg total gravity load only
Py effective hull gravity load; includes hull weight and weight of the legs above the hull
Yo deflection without axial load P
32 additional lateral deflection due to axial load P
Ymax total lateral deflection
Copyright International Orgamization for Siamdarcizaton NS reserved 5
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4.4 Symbols for Clause 9
a depth interpolation parameter
Bs soil buoyancy of spudcan below bearing area, i.e. the submerged weight of soil displaced by

the spudcan below D, the greatest depth of maximum cross-sectional spudcan bearing area
below the sea floor

Fy horizontal force applied to the spudcan due to the assessment load case

Fy gross vertical force acting on the soil beneath the spudcan due to the assessment load case
Oy gross ultimate vertical foundation capacity

Vo maximum vertical reaction under the spudcan considered required to support the in-water

weight of the jack-up during the entire preloading operation (this is not the soil capacity)

Wy submerged weight of the backfill
)R PRE preload resistance factor

4.5 Symbols for Clause 10

A axial area of one leg (equals sum of effective chord areas, including a contribution from rack
' teeth; see 1ISO 19905-1:2012, A.8.3.3, Note)

As effective shear area of one leg
d distance between upper and lower guides
Dhyst hysteretic damping
E Young's modulus
F shear transmitted from the hull
Fyq geometric factor; = 1,125 (three-leg jack-up), 1,0 (four-leg jack-up)
Fh factor to account for horizontal soil stiffness, Kjs, and horizontal leg-hull connection stiffness, K,
F modification factor to be applied to the leg lateral deformation stiffness
F, factor to account for the number of chords; = 0,5 (three-chord leg), 1,0 (four-chord leg)
F. modification factor to be applied to the leg-hull connection stiffness
F, factor to account for vertical soil stiffness, K5, and vertical leg-hull connection stiffness, Ky,
g acceleration due to gravity
h distance between chord centres (opposed pinion chords) or pinion pitch points (single rack chords)
1 second moment of area of leg
Iy representative second moment of area of the hull girder joining two legs about a horizontal axis

normal to the line of environmental action

Ka effective horizontal stiffness due to axial deformation

[ .
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Kg effective bending stiffness

Ke effective stiffness associated with one leg

ke combined vertical stiffness of all fixation system components on one chord

Kin horizontal leg-hull connection stiffness

Khun hull rotational stiffness

kj combined vertical stiffness of all jacking system components on one chord

K leg-hull connection rotational stiffness

K leg-soil connection rotational stiffness

ky total lateral stiffness of upper guides with respect to lower guides

Kin effective stiffness due to the series combination of all vertical pinion or fixation system
stiffnesses, allowing for combined action with shock-pads, where fitted

L length of leg considered

M, effective mass associated with one leg

M, moment on leg-hull spring

M full mass of hull including maximum variable load

M, mass of leg above lower guide (in the absence of a clamping mechanism) or above the centre
of the clamping mechanism

My, mass of leg below the point described for M,,, including added mass for the submerged part of
the leg ignoring spudcan

M moment on leg-soil spring

N number of legs

P axial load in leg

P mean force due to vertical fixed load and variable load acting on one leg

Pe Euler buckling strength of one leg

T, highest (or first mode) natural period

Xh hull deflection

Y distance between centre of one leg and line joining centres of the other two legs (three-leg
jack-up), or distance between windward and leeward leg rows for direction under consideration
(four-leg jack-up)

v Poisson's ratio

Oaxial axial deflection

Aorz horizontal hull deflection

Ghail hull rotation

Copyright Intemational Organization for Sandardization 9Nt reserved 7

Provided by IHS under license with ISO

ISO/TR 19905-2:2012(E)

Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

No reproduction or networking permitted without license from IHS Not for Resale, 12/02/2013 04:26:14 MST



ISO/TR 19905-2:2012(E)

4.6 Symbols for Clause 12

Fy yield strength, in stress units, taken as the minimum of the yield strength and 90 % of the
ultimate tensile strength (UTS; see ISO 19905-1:2012, A.12.2.2)

M, nominal bending strength

Z plastic section modulus

5 Commentary on ISO 19905-1:2012, Clauses 5 and A.5

No commentary is offered.

6 Commentary on ISO 19905-1:2012, Clauses 6 and A.6

TR.6.4.1 Metocean data — General

ISO 19905-1 permits the use of either 50-year return period individual extremes or 100-year joint probability
environmental data with associated and different load factors; see ISO 19905-1:2012, 6.4. For these alternative
environmental formulations, adjustments for season and directionality are permitted as given below:

— Seasonally adjusted data may be used if appropriate (ISO 19905-1:2012, 6.4).

NOTE When seasonal data are specified, the data should not be divided into periods of less than one month
and the values so calculated should generally be factored such that the extreme for the most severe period equals
the all-year value for the required assessment return period.

— Where directional data are available, these may be considered (ISO 19905-1:2012, 6.4).

NOTE When directional data are specified, the data should normally not be divided into sectors of less than 30°
and the directional values so calculated should generally be factored such that the extreme for the most severe
sector equals the omni-directional value for the required assessment return period and season where applicable. In
certain areas 30° sectors may be inappropriate; caution should be exercised if an assessment heading falls
marginally outside a sector with higher data or if data is highly directional.

— The downwind (vector) component of the maximum surface flow of the mean spring tidal current is
specified rather than the maximum spring tidal current (ISO 19905-1:2012, A.6.4.3).

— Site-specific information may be used to determine an appropriate combination of wind-driven and surge
currents (ISO 19905-1:2012, A.6.4.3).

TR.6.4.2 Waves

TR.6.4.2.2 Extreme wave height

The wave heights utilized by ISO 19905-1 for wave load calculations are related to the return period significant
wave height for a three-hour storm, Hg,. 1ISO 19905-1 however recognizes that this data may not always be
available to the assessor and therefore provides relationships between Hg,, and Hna, the individual extreme
wave height for the assessment return period with an annual probability of exceedance of 1/(return period). If
the assessment return period is taken as 50 years, Hmaxso) iS the wave height with a 2 % annual probability of
exceedance.

Hyp and the associated period are normally determined through a direct extrapolation of measured or hindcast
site-specific significant wave heights. H,,,x may be determined either from an extrapolation of the distribution of
individual wave heights over the assessment return period or by the application of a multiplication factor to He,.
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It is noted that the “extreme wave height” of a regular wave, Hyom, determined from a three-hour storm segment
is the most probable maximum (MPM) wave height, defined as the distance from the extreme crest to the
following trough. Using this definition, the MPM wave height from the three-hour storm segment is given by:

Hepprn = 1,68 Ha (TR.6.4-1)

This relationship is confirmed by the data of Reference [6-1] for individual storms. However, Hyom must not be
confused with Hnax and must not be used to determine the value of Hg, on which an assessment is based.
This is because H,,,y includes site-specific considerations of potentially longer durations of storms (including
build up and decay) and the additional probability contributions of other return period storms (i.e. 20-, 30-, 40-,
100-year, etc. return period storms). Consequently, the ratio Hnma.x/Hsr, is larger than the ratio Huypm/Herp.

A consequence of the site-specific nature of the derivation of H,., is that there is no unique relationship
between Hn.x and Hyy, applicable to all areas of the world. Thus, if a specified return period maximum wave
height is given at a particular location there is no consistent way to derive Hg,, without knowledge of how the
maximum H,,,, wave height was derived originally.

Average factors between Hg,, and Hna« have been derived for a North Sea and a Gulf of Mexico location for a
50-year return period. Without further information, the North Sea factors can be generalized to any non-
tropical revolving storm area and the Gulf of Mexico factors can be generalized to tropical revolving storm
areas. These factors are:

Environmental conditions Hmax/Hsrp
Tropical revolving storms 1,75
Non-tropical storms 1,86

TR.6.4.2.3 Deterministic waves

The selection of wave height to be applied in a particular analysis approach (regular or irregular waves) is
recommended based on matching the loads resulting from the combination of the wave height and kinematics
models, as recommended in ISO 19905-1:2012, A.7.3.3.3.1. The scaling of wave heights is introduced as an
alternative to the scaling of drag coefficients.

For regular wave analyses using an appropriate wave theory, the wave asymmetry is properly accounted for,
but the irregularity of the sea surface and the wave spreading may not be modelled properly.

Considering that the computations with regular waves are made with a kinematics model that has been
documented in Reference [6-4] to be somewhat conservative, a reduction factor is appropriate to arrive at
realistic force estimates.

As indicated in Tables TR.6.4.2.2-1 and TR.6.4.2.2-2, a reduction factor is required to give similar forces as
“predicted by an irregular seas simulation if Hy.x = 1,86Hs. There are a few ways that the reduction factor could
" be realized in the assessment. In Reference [6-2] a reduction of the drag coefficient by a factor of 0,7 is chosen
“and in Reference [6-3] a reduction of wave kinematics is chosen. Some classification societies may specify lower
'Cp values than specified in ISO 19905-1:2012, A.7.3.4, and these apply to regular wave analyses.

- Accepting that a scaling factor on kinematics is applicable, the kinematics reduction factor xis introduced in
2180 19905-1:2012, A.6.4.2.3 for application to the kinematics obtained from Hmax (preferred) or, alternatively,
' to scale the wave height, but not both.

In the development of the SNAME T&R Bulletin 5-5A! it was chosen to follow a practical way of implementing
the reduction in the Practice by reducing the wave height to be used for force computations in regular wave
analyses. This was found to be more practical than using a factor on kinematics, as most software on the
market did not allow such a scaling factor to be used. Equivalent wave heights are suggested as:

Hget = 116()[{srp (TR64-2)
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The scaling factors on kinematics could be implemented assuming that the load effect is proportional to wave
height to the power 2,2, remembering that drag coefficients (Cp) should not be scaled. As a comparison with
previous practices, the relationship Hyet = 1,60H,, can also be compared with the reduction of Cp by a factor
of 0,7 as recommended in Reference [6-2] in combination with the wave height H.x = 1,86H,. By assuming
that load effects are proportional to the ratio of wave heights to the power 2,2, the scaling becomes
(1,60/1,86)* = (0,86)*% = 0,72, indicating that this is not lower than current practice. The computational
results of Table TR.6.4.2.2-2 indicate also that scaling of 0,66 would give similar static forces as the irregular
seas simulation at large water depths. See also Appendix TR.7.B for a comparison of the computational
results, related to other practices. In effect, in the SNAME T&R Bulletin 5-5A, the above resulted in a
kinematic reduction factor of 0,86 (= 1,60/1,86).

In the course of developing ISO 19905-1, new technology was introduced (see ISO 19905-1:2012, Reference
[A.6.4-1]), replacing the above definition of equivalent wave height Hy. The directional spreading factor
defined in ISO 19901-1 was taken as the basis. This factor ¢ may be applied directly as a kinematics
reduction factor x. Depending on the type of storm region (see TR.6.4.2.2 above) and the latitude, ¢ may vary
between 0,87 and 0,94.

In short-crested waves, the wave energy propagates in different directions around the main wave direction.
The peak particle velocities under waves become smaller as the waves become more spread. As a result, the
directional spreading of waves tends to result in peak loading that is somewhat smaller than that predicted for
uni-directional seas. Design codes and practices have accounted for spreading by introducing a factor on
horizontal kinematics (either directly or via the wave height) in conjunction with the regular wave approach.
The reduction factor reflects the reduced kinematics under the highest point of the wave crest and is thus
appropriate for the calculation of quasi-static loads on a single pile. However, it does not account for all the
effects of spreading. The loads on offshore structures are reduced further due to the spatial distribution of the
wave-loaded structural components.

Thorough inclusion of both 3D and nonlinear effects of waves can reduce the extreme loads computed for a
jack-up. In the study reported in ISO 19905-1:2012, Reference [A.6.4-1], a systematic study of a variety of
jack-ups (LeTourneau 82SDC, LeTourneau 116C, F&G Mod V, LeTourneau Super 300 and MSC CJ70) in
different water depths and environments was performed to generalize the applicability of results. A formula
was developed which can robustly represent the above effects in an assessment context, without having to
perform the more complex and time consuming direct evaluation. The formulation is given in
ISO 19905-1:2012, A.6.4.2.3 in Equations (A.6.4-4) through (A.6.4-7).

The development of the formula was based on fitting the total wave actions on the legs of a typical jack-up by
regular ‘wave analysis to the most probable maximum extreme (MPME) results from a stochastic wave
analysis. The fitting was done by a kinematics reduction factor. The stochastic wave analyses were performed
using the I1SO directional spreading factor as the basis and a second order directional wave theory for the
irregular extreme wave kinematics coupled with an analysis model which simulates jack-up quasi-static
loading.: The response quantities assessed were the base shear and the overturning moment. Using the
formulae given in 1SO 19905-1:2012, A.6.4.2.3, the accuracy of the fit compared to the stochastic loads is
within +5 %. For the majority of the cases analysed, the resulting x was between 0,70 and 0,85, but there
were cases that produced higher wave loads than the original SNAME which sets x= 0,86, so when x> 0,86
SNAME is unconservative.

Caution should be exercised if the above formulation is applied to cases other than three-legged drag-
dominated (truss legs) jack-ups in extreme storm conditions. The main reason for this is that only these typical
jack-up designs in ultimate limit state (ULS) conditions have been considered in the calculations that form the
basis of the formulation. For these jack-up types and conditions, the results are valid; for others, caution is
necessary.

TR.6.4.2.3.1 Comparison of wave loads obtained using different wave theories for regular and
irregular wave analyses

The Dean's stream function/Stokes’ fifth order theories predict higher peak than trough amplitudes, increasing
the maximum velocities and the wetted surface compared with the Airy theory. Figure TR.7.3.3.3-2 in
TR.7.3.3.3.2 illustrates the difference in the profiles. Using the same specified wave height, this difference can
be seen in terms of the overturning moment, base shear and/or deck displacement.

1N .
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A number of computations were performed to determine the differences due to wave kinematics on selected
jack-up designs. Some results are summarized in Tables TR.6.4.2.2-1 and TR.6.4.2.2-2. See also
Appendix TR.7.B.

Table TR.6.4.2.2-1 — Regular wave analysis normalized results, Cp.D. = 5,13 over the full water depth

Water Wave Crest Base Overturning. Dean's
Theory depth Hoox & T amp. shear moment overturning/

m m/s m MN MNm other
Airy Const. 30 15/14 7,5 3,577 91,607 1,74
Airy Wheeler 15/14 7.5 3,266 82,782 1,93
Stokes’ fifth 15/14 10,22 5,211 156,16 1,02
Dean's stream 15/14 10,42 5,243 159,45 1,0
. 15/14 7,5 2,916 160,83 1,12
Airy Const. 70 28/16 14,0 14,121 677,69 1,44
Airv Wheeler 15/15 7,5 2,563 138,80 1,30
ry 28/16 14,0 13,446 636,53 1,53
. 15/14 8,41 3,171 180,80 1,00
Stokes' fifth 2816 | 19,17 18,264 976,62 1,00
Dean's stream 15/14 8,41 3,161 180,30 1,0
28/16 19,33 18,136 972,54 1,0

In Table TR.6.4.2.2-2 the deterministic analysis is based on application of various H,,.x to Hs relationships.
The stochastic analysis refers to extreme values determined from time domain analyses by fitting a three-
parameter Weibull distribution to the response peaks and reading the extreme as the 0,999 fractile,
approximating a three-hour storm extreme.

The results show dependence on the choice of wave kinematics differing with wave height.

i i anization for Standardization 9Nts reserved 11
Copyright International Organization for Standardization g
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs
No reproduction or networking permitted without license from IHS Not for Resale, 12/02/2013 04:26:14 MST



ISO/TR 19905-2:2012(E)

Table TR.6.4.2.2-2 — Scaling factor j on loads to comply with Airy Wheeler in irregular seas®'%
Airy Airy Airy Stokes’
Wheeler No stretch Constant Fifth
BASE SHEAR
Stochastic
irregular seas 1,00 1,03 0,83 -
Deterministic a 0,79 0,84 0,69 0,66
regular waves b 0,66 0,69 0,56 0,66
c 0,71 0,75 0,61 0,66
d _ — — 0,92
OVERTURNING MOMENT
Stochastic
irregular seas 1,00 1,10 0,79 —
Deterministic a 0,81 0,93 0,69 0,66
regular waves b 0,67 0,76 0,56 0,66
c 0,72 0,83 0,61 0,66
d _ — — 0,93

Water depth 110 m, Hs = 13,0m, Tp = Tass = 17,0 s, uniform current = 0,4 m/s.

Wheeler stretching basis for normalized results, i.e. Airy Wheeler stochastic load = y (other load).

8 Hmax = 1,86Hs.

b Crest as Stokes.

€ Hmax = 1,86H; x 1,07 except Stokes.

d  Hom = 1,60H, (see Reference [5]).

TR.6.4.2.4 Wave crest elevation

Wave crest elevations are specified in ISO 19905-1 with the intention of determining minimum hull elevation
and airgap to avoid storm waves impinging on the jack-up hull; see ISO 19905-1:2012, A.6.4.2.4 and 13.6.

TR.6.4.2.5 Wave spectrum

In Reference [5] the wave spectrum is represented by the power density of wave surface elevation S,,(f) as a
function of wave frequency by:

Sun() = [161o( ] H T Tof) *expl=1,25/(Tof) '] 7 (TR.6.4-3)
where

g = exp[(T,f - 1)°/20°] with:

o = 0,07 for T/ <=1,0;

o = 0,09 for Tf> 1,0; (Carter 1982, ISO 19905-1:2012, Reference [A.6.4-4])

H; is the significant wave height (metres), including depth correction, according to TR.6.4.2.6;
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T, is the peak period (seconds);
[ is the frequency (hertz);
y  is the peak enhancement factor;

Io(7) is discussed below.

The above definition yields a single-parameter Pierson-Moskowitz spectrum when y =1 and 7, =5,/(Hy),
with Hs in metres. In this case an appropriate 7,/T, ratio is 1,406 (see below).

When considering a JONSWAP spectrum, the peak enhancement factor yvaries between 1 and 7 with a most
probable average value of 3,3. There is no firm relationship between y Hs and T,. Relationships between
variables for different values of yaccording to Carter (1982), ISO 19905-1:2012, Reference [A.6.4-4], are as
follows (see also ISO 19905-1:2012, A.6.4.2.7):

4 Io(y) TolTy

1 0,200 1,406

2 0,249 1,339 Alternatively:

3 0,293 1,295 02

33 0305 1286 | = 1028700 (1)

4 0,334 1,260

5 0,372 1,241

6 0,410 1,221

7 0,446 1,205
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A comparison of wave spectra calculated according to ISO 19901-1:2005, A.8.6, and those calculated
according to the SNAME T&R Bulletin 5-5A formulation is shown in Figure TR.6.4.2.5-1. The comparison
shows equivalence between the calculated spectra.

H;=15m,7T,=16s,y=1

60.0
——SNAME T&RB 5-5A
50.0 ——I1S80 19901-1
40.0 /
30.0
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0.0 ‘ aiaie
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Figure TR.6.4.2.5-1 — Comparison of ISO 19901-1 and SNAME T&R 5-5A wave spectrum formulations

The following alternative, and rather restrictive, representation of the wave spectrum by the power density of
wave surface elevation S,,(f) as a function of wave frequency may be used:
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S0 = ag”(2m) (1 exp[-1,25/(T,/) 1/ (TR.6.4-4)

where

o is the equilibrium range parameter = 0,036 — 0,005 67,/ Hrﬁo

g is the acceleration due to gravity
q =expl-(Tf — 112067
o is the spectral peakwidth parameter = 0,07 for 7,/ < 1
= 0,09 for T,/> 1
H, is the estimate of H; significant wave height (m)
T, is the spectral peak period (s)
f s the frequency (Hz)
y is the peak enhancement factor
= exp[1/0,287(1-0,197 50T, Hmo’)]

The above definition yields a Pierson-Moskowitz spectrum when y= 1,0 and 7, = 5V(Hs), with T, in seconds
and Hs in metres.

TR.6.4.2.6 Airy wave height correction for stochastic analysis

Airy theory may be applicable together with a stochastic irregular seas analysis, and in 1ISO 19905-1:2012,
A.7.3.3.3.2, the Wheeler stretching is recommended for describing the kinematics to the instantaneous
surface.

It is accepted that the increasing asymmetry described by higher order theories such as Stokes is appropriate.
The asymmetry can also be seen in recorded data as skewness of the waves, as shown in
Figure TR.6.4.2.6-1. Since Airy theory has certain limitations, a practical way to compensate for the
asymmetry is to increase the significant wave height used as input to the force computations. In order to show
that a scaling of significant wave height is appropriate, and to determine the absolute values of the scaling
factors, one needs to decide which theory is correct at a given wave condition. Based on the good fit to test
results in wave tank measurements®®, Wheeler stretching is found to be the best fit. However, due to the
asymmetry of wind-generated ocean waves in shallow water, this agreement is judged to be valid only for
jack-ups in deep water. In Reference [6-6] it is also indicated that a higher peak than trough is appropriate.

Here it is assumed that the significant wave height should have a scaling factor close to 1,0 for Wheeler
stretching at water depths equal to or greater than 110 m using irregular wave analysis. At shallower water
depths a scaling factor in excess of 1,0 should be due to the wave asymmetry.

In Reference [6-7], a scaling of wave crests is suggested based on the Stokes wave profiles. Comparisons are
made both with data for North Sea conditions (¢ = 70 m) (see also Figure TR.6.4.2.6-1) and shallow waters
(d = 5,0 m) in the Baltic Sea, implying that this may be a general model. A correction proportional to wave
steepness is deduced which shows fair agreement with the data.
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Figure TR.6.4.2.6-1 — Comparison of wave crest elevation predicted skewness and observed data
at 70 m in the North Sea®”

The crest height correction formula may be simplified, neglecting the higher order terms®”, to be:

ns/n=1,0+0,60;+0,5(as — 3) (TR.6.4-5)
where

1s is the crest elevation by Stokes

n is the crest elevation by Airy

oz =25D, H | sz, ou—-3=(1 ,6a3)2 : Skewness & kurtosis relations

D, =coth (kd) [1 + 3/(2sinh2(kd)] : Depth attenuation

k =@m/Tylg :Wave number
The data and the model indicate that the skewness, a3, is about 0,08 to 0,2 for large seastates at 70 m water
depths giving a correction of 1,05 to 1,12 on the crest height compared with a linear model. The forces on a
jack-up structure increase proportionally as the square (or more) of the elevation. Applying a correction for the
square of the bias in wave crest, the correction for 70m should be in the range 1,10 to 1,25, depending on

wave steepness.

By combining the above suggested formulae, a correction for the Wheeler stretching in a stochastic analysis
may be deduced as:

Hs=1,0+1,5D; Hyp | Ty (TR.6.4-6)

The D2 factor includes a dependence on the wave number for individual waves. This is not suitable for the
purpese of inclusion in ISO 19905-1, since there is no unique wave number for a seastate.

The elevation is not the only parameter to be considered; others are as follows:

— ti‘he depth attenuation over water depth;
— the profiles are not similar in horizontal directions;

— forces at some distance lose correlation.

Q :
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This gives a different scaling to that deduced from the wave crest height only.

Based on the above a significant wave height for stochastic/irregular wave analysis using Airy waves and
Wheeler stretching is recommended as:

Hy = [1 + (10H/T,*)e""*|Hy, (TR.6.4-7)

This removes the direct link to the Stokes profile as suggested in Reference [6-7], but contains the linear
dependence on steepness and a depth dependence with an exponential decay.

A similar scaling on wave height for Airy/Wheeler stretching is currently being applied indirectly in design
specificationsle'8 where it is stated that the wave heights according to Airy should be two times the peak
amplitude predicted by the Stokes wave profile.

The above scaling is an approximation. It would be more correct to account for the wave asymmetry directly in
the generation of the sea surface elevation by, for example, the methods indicated in Reference [6-7]. The
significant wave height Hy,, could then be applied directly.

Scaling for other stretching techniques combined with Airy waves may be deduced for stochastic, irregular
waves and based on computational comparisons for different wave heights and water depths. However, this
will not give exactly the same force profile over the leg and discrepancies in force prediction will occur. Such
scaling is therefore not included in ISO 19905-1.

For computational comparisons using this wave height scaling, see also Appendix TR.7.B.
TR.6.4.2.8 Short-crested stochastic waves

TR.6.4.2.8.1 Directional spreading functions according to SNAME

According to SNAME T&R Bulletin 5-5A, subclause 3.5.4, the directional spreading may, in the absence of
more reliable data, be taken as

2
F(a)=C-: [cos(a)] " for -L<a<? (TR.6.4-9)
2 2
where
m is the power constant
/2
C s a constant chosen such that J-F(a)-da: 1,0
-n/2

The power constant should normally not be taken as less than
m = 2,0 for fatigue analysis
m = 4,0 for extreme analysis

The above provides a formulation which may be used to incorporate the effects of wave spreading in the
analysis. The power constants recommended 59 imply that the extreme seastate is close to long-crested, and
that there is therefore little angular distribution of wave energy about the mean direction.

It should be noted that where significant spreading exists, it may be non-conservative to assume a long-
crested sea.
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In Reference [6-3] a reduction formula is suggested which reduces the velocity by a factor “primarily
accounting for wave spreading”:

ureglt = N[(2m + 1)/(2m + 2)] (TR.6.4-10)
where

ureq 1S the reduced horizontal velocity;

u is the computed velocity for long-crested waves;

m is the exponent in the cosz’"aspreading function at 7.
For a range of the spreading exponent, 2 < m < 3, the range of the scaling is:

0,91 < upq/ u<0,94
This corresponds to a reduction of the forces by a factor ranging from 0,833 to 0,875. To use such a
spreading factor in reducing overall forces on a structure is debatable, and especially so for jack-up structures.
There may be cases where the inclusion of the spreading in irregular seas results in higher forces for some
headings. If the leg spacing corresponds to a wave period, inducing opposing wave forces for different legs
coinciding with the first resonance period, the forces will in fact be amplified when spreading is included. For
jack-ups where the resonance period may often be as high as 4 s to 7 s, the effect of wave spreading is
believed to reduce forces. However, the size of the reduction is dependent on the structure. See

ISO 19905-1:2012, Reference [A.6.4-1], for a thorough discussion on inclusion of wave spreading and
resulting effects on wave loads and dynamics of jack-ups.

TR.6.4.2.8.2 Directional spreading functions according to ISO 19901-1

In ISO 19901-1:2005, A.8.7.1, the directional spreading function D(&) is described with alternative symmetric
functions around the mean direction 6 . In the absence of information to the contrary, the mean wave
direction can be assumed to coincide with the mean wind direction. The three expressions for D(&) are:

D1(9):C1(n)~[cos(9—§)}n for _%ns(e—é)s+%n (TR.6.4-11)
—\12s
D2(9)=C2(s)-{cos(9;0ﬂ for —m<(9-8)<+n (TR.6.4-12)
(0-8)° 1 o
D3(6) = Ca(0) —="exp| - P~ for —Ens(e—e)s+§n (TR.6.4-13)
D4(6)=Dy(6)=D3(6)=0 for all other (60— &) (TR.6.4-14)
where
_ I'(n/2+1)
Cilo)= Jar(n/2+1/2)

_ T+
Cals)= 2Vn(s+112)

C3(O')=1
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The functions all have a peak at 8 =@, the sharpness of which depends on the exponent n in D;(6)or s in
D, (8), or the standard deviation of the normal distribution D (&) . The coefficients C are normalizing factors

dependent on n, s or o, which are determined such that the integral of D(&) over all @ is equal to 1,0.
In engineering applications,

D4(8) is often used with n = 2 to n = 4 for wind seas, and n = 6 or higher for swells,
Dy (9) may be used with typical values s = 6 to 15 for wind seas, and s = 15 to 75 for swells.

TR.6.4.2.8.3 Comparison of directional spreading functions in SNAME T&R Bulletin 5-5A and ISO 19901-1

The curves in Figure TR.6.4.2.8.3-1 show parameter values in the directional spreading functions in
ISO 19901-1 giving a directional spreading function that is equivalent to the SNAME formulation, with values
of the parameter m along the horizontal axis.

Directional spreading functions for F(&)with m =4, D;(6) with n =8, D, (8) with s =15, and D3 (8) with
o =0,34 are shown in Figure TR.6.4.2.8.3-2.

Comparison of directional parameters for alternative
directional spreading functions

70 -
+I’l |nDl
60& —— |nD2
\ —a— 100*¢ in D4
50
40 N

) /./'/
10

Value of n, s, 1000 to give same spreading as m

o

Figure TR.6.4.2.8.3-1 — Comparison of parameters for ISO 19901-1 and SNAME T&R Bulletin 5-5A
directional spreading functions
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Wave directional spreading functions
1.9

e ——SNAME, m =8
+|SOD1, n =8
1 —a—I1SOD,, s=15

'& —%—1SOD;, & =0,34

-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180
Direction angle # degrees

Figure TR.6.4.2.8.3-2 — Comparison of directional spreading functions

TR.6.4.3 Current

According to ISO 19901-1:2005, A.9.3, a power law current profile can be used where appropriate, e.g. in
areas dominated by tidal current in shallow waters such as the southern North Sea. The power law exponent
is typically 1/7, and stretching of the current profile to the wave crests and troughs when combining with
waves is advised.

The profile in 1ISO 19905-1:2012, A.6.4.3, with constant tidal and surge current speed profile, with addition of
linear varying wind-driven current can be applied as a simple and slightly conservative estimate of the current
profile. This profile is used as part of the SNAME recipe for jack-up site assessment.

The base shear and overturning moment calculated using the ISO 19901-1 power law profile for tidal current,
combined with linear varying wind-driven current have been compared with formulations in ISO 19905-1:2012,
A.6.4.3 for a tidal current speed of 1 m/s at sea level and a wind-driven current of 0,3 m/s. The water depth is
taken as 100 m. The comparison shows that the base shear is 27 % higher and the overturning moment 13 %
higher for the ISO 19905-1:2012, A.6.4.3 formulation than for the ISO 19901-1 power law profile.

Calculations with the above current combined with a wave with a height of 24,3 m and period of 14,7 s, and
with stretching of the current and wave profiles to the instantaneous water level, gives a maximum base shear
which is 5 % higher and a maximum overturning moment which is 2,3 % higher for the 1SO 19905-1:2012,
A.6.4.3 formulation than for the ISO 19901-1 power law profile.

Typically, the combined effect of current and waves for the ISO 19905-1:2012, A.6.4.3 recipe may be up to
8 % to 10 % on the conservative side compared to the ISO 19901-1 power law profile.

TR.6.4.4 Water depths

ISO 19905-1 references water depths to the lowest astronomical tide (LAT). In some instances the water
depth may be referenced to Chart Datum. It is modern practice for these reference levels in hydrographic
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surveys to be the same, however caution should be exercised when using older data or navigation charts and
the relation of Chart Datum to LAT should be checked and any necessary corrections applied.

See also ISO 19905-1:2012, A.6.4.2.4 regarding wave heights for airgap determination.
TR.6.4.5 Wind

TR.6.4.5.1 General

ISO 19901-1:2005, A.7.3, specifies a logarithmic function for the vertical variation of the mean wind speed. It
is also noted in ISO 19901-1:2005, A.7.3 that the logarithmic equations may be approximated by a power law.

In the ISO 19901-1 equations, the wind speed as function of averaging time and height above mean sea level
is defined based on a reference wind speed for an averaging period of 1 h and at 10 m height above mean
sea level. From these equations, the following expression for conversion of reference wind speed between
different averaging periods at 10 m height above mean sea level can be developed:

Uw1(10) =[1-10,024 6 In(T/ 3 600)] Uyo — 0,001 058 In(7/ 3 600) Uwo2 (TR.6.4-15)
where

U, 1(10) is the sustained wind speed at 10 m height above mean sea level, averaged over a time interval
T<3600s;

Uyo is the 1 h sustained wind speed at the reference elevation 10 m above mean sea level and is the
standard reference speed for sustained winds;

T is the time averaging interval with 7 < T; = 3 600 s;
T, is the standard reference time averaging interval for wind speed of 1 h =3 600 s

In case the reference wind speed needed for a 1 min average and the average time for the given wind speed
is different from 1 h, e.g. 10 min, the above equation should first be solved to get the 1 h average wind speed.
Thereafter the 1 min reference wind speed can be calculated from the equation based on the 1 h average
speed.

A comparison of different reference wind speeds as function of the 1 h average speed is shown in
Figure TR.6.4.5-1.
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Reference wind speed at 7 =10 m for =#—=10 min mean
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Figure TR.6.4.5-1 — Reference wind speed at z = 10 m for different averaging periods

In ISO 19905-1 the vertical variation of the wind speed may be approximated by a power law based on the
1 min sustained wind for determining the wind loadings on the jack-up.

The effect of the power law approximation compared to the logarithmic formulations of ISO 19901-1 is
illustrated in Figure TR.6.4.5-2 and Figure TR.6.4.5-3. Comparisons are made for different values of the 1 min
average wind speed at 10 m above mean sea level. It is seen that the power law approximation is slightly on
the conservative side. For the most relevant heights, i.e. 20 m to 50 m above sea level, it is seen that the
average effect is in the range of 7 % for the 1 min average wind speed at 10 m above sea level, equal to
20 m/s, and 2 % for the 1 min average wind speed at 10 m above sea level, equal to 40 m/s.
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Figure TR.6.4.5-2 — Comparison of wind forces for different Uimin 10m) reference velocities
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Figure TR.6.4.5-3 — Wind force ratios of power law vs. logarithmic variation for
different Umin,10m) reference velocities
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7 Commentary to ISO 19905-1:2012, Clauses 7 and A.7

TR.7.1 Scope

The main objective of Clause 7 is to provide documentation of the numbers, methods and formulations of
ISO 19905-1:2012, A.7.

Clause 7 is limited to considering wind loading on legs and hulls and hydrodynamic forces acting on the legs
and appurtenances under the action of waves and current. Typical jack-up leg designs consist of legs with an
open lattice frame structure with typical member dimensions of 0,25 m to 1,0 m in diameter, although some
may be composed of larger diameter tubular legs. A special feature of most jack-ups is the racks fitted to the
chord elements for jacking purposes. The fact that jack-ups are mobile limits marine growth build-up generally,
except when jack-ups are deployed in long-term assignments (see ISO 19905-1:2012, Clause 11).

The models, methods and coefficients for computing the forces were considered together in the development
of 1SO 19905-1:2012, A.7, and represent a consistent method such that the whole clause should be
considered in its entirety. This means that no coefficients should be taken from this clause or
ISO 19905-1:2012, A.7 unless the corresponding method is applied.

Clause 7 is organized such that the main subclauses have the same numbers as the corresponding subclause
in ISO 19905-1. This means that subclause TR.7.2 in this report corresponds to ISO 19905 1:2012, A.7.2 and
SO on.

TR.7.3.2 Hydrodynamic model

TR.7.3.2.1 General

The hydrodynamic modelling of the leg of a jack-up can be carried out by utilizing either “detailed” or
“‘equivalent” techniques. In both cases the geometric orientation of the elements are accounted for. The
hydrodynamic properties are then found as described here.

TR.7.3.2.1.1 Length of members

Lengths of members are normally to be taken as the node-to-node distance of the members, in order to
account for small non-structural items.

TR.7.3.2.1.2 Spudcan

A criteria for considering the spudcan is suggested such that the effect of the wave and current forces on the
spudcan may normally be neglected at deep water or deep penetrations. However, there may be special
cases, e.g. with large spudcans in combination with high currents, that should also be considered when
beyond the suggested criteria.

TR.7.3.2.1.3 Shielding and solidification

Shielding is normally neglected for computations of the hydrodynamic model as presented herein. The
shielding is dependent on KC- and Re-numbers. Since it is difficult to quantify shielding, and shielding in waves
is less than in constant flow” "2 shielding is neglected. The same criteria are used for solidification as for
shielding such that both effects should be considered if advantage is taken due to shielding in wave and
current loads.

According to Reference [7-3], shielding should be neglected for S/D < 4 for an array of elements, where S is
the outer diameter of the array and D is the diameter of individual elements. This is also considered in
Reference [7-1].
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If information on shielding is obtained from experiments, care should be taken to distinguish between shielding
and the effect discussed in ISO 19905-1:2012, A.7.3.3.4. These effects are different but could possibly be
confused in tests on small models in large tanks.

Solidification is an increase of wave forces due to interference from objects “side by side” in the flow field. This
is normally not included in the hydrodynamic coefficient formulation for jack-ups since shielding is also
neglected. Jack-up rigs are usually space frame structures with few parallel elements in close proximity so
that this effect is usually not important.

In Reference [7-1] solidification effects are quantified for two elements and for a group of elements. The drag
coefficient may increase 100 % if two tubulars are placed side by side, or be reduced for a group of elements,
e.g. a conductor array, where shielding is also present.

The effect is less than 10 % in the worst direction and it is therefore suggested that it be omitted in
ISO 19905-1, when:

Asl4; < 0,5 (TR.7.3-1)
where

As is the sum of projected areas for all members in the considered plane;

Ay is the total projected envelope area of the considered plane.

Solidification should be considered if shielding is included.

TR.7.3.2.2 “Detailed” leg model

All relevant members are modelled with their own unique descriptions for the Morison term values and with
correct orientation to determine y_ , 4, and 7, and the corresponding drag coefficient times diameter

CpD = Cp;D; and inertia coefficient times sectional area Cy4d = Cm,-nD,-z/4, as defined in ISO 19905-1:2012,
A.7.3.2.4.

TR.7.3.2.3 “Equivalent” leg model

The hydrodynamic model of a bay is comprised of one “equivalent” vertical tubular to be located at the
geometric centre of the actual leg. The corresponding (horizontal) v, w,, and 7, are to be applied with

equivalent CpD = > CpeDe and Cyd = Y Cyede, given in 1ISO 19905-1:2012, A.7.3.2.3. The model should be
varied with elevation, as necessary, to account for changes in dimensions, marine growth thickness, etc.

TR.7.3.2.3.1 Equivalent drag coefficient

In order to comprise the information on drag forces for individual members of a lattice leg into an equivalent
vertical member over the bay length s, a fixed diameter and a directional dependent drag coefficient is
specified. This model accounts for the geometrical orientation of the individual members. In this model the
principle of no shielding and no blockage is assumed.

The equivalent diameter is recommended such that the inertia coefficient normally follows without any further
computations. The equivalent value of the drag coefficient, Cpe, times the equivalent diameter, D, is specified.
If another reference diameter D, is preferred, the product of Cp.D. should in any case be equal to that
specified in ISO 19905-1:2012, A.7.3.2.3. The expression for Cpe; may be simplified for horizontal and vertical
members as follows:

— vertical member (e.g. a chord) i Cpei = Cp; (DiD) (TR.7.3-2)
— horizontal member  Cpei= sin304 Cp; (Dili/Des) (TR.7.3-3)
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TR.7.3.2.3.2 Equivalent inertia coefficient

The equivalent value of the inertia coefficient, Cye, and the equivalent area, 4., to be used in
ISO 19905-1:2012, A.7.3.3.2, represent the Cya chosen as:

Cwve may normally be taken as equal to 2,0 when using A4,
= 1,0 for flat plates (brackets);

Ae is the equivalent area of leg per unit height = (X 4; [;)/s;

A; is the equivalent area of element = 1 D;/4;

D; is the reference diameter as defined in ISO 19905-1:2012, A.7.3.2.4.
The reference diameters D; and corresponding area of member A, are chosen such that the use of an inertia
coefficient Cye = 2,0 or Cye = 1,0 is consistent with the inertia forces for chords and brackets respectively. A
conservatism is present since the inertia coefficient for rough tubulars is set to 1,8 and there is no reduction of
forces for inclined members. For normal lattice leg designs the conservatism will not play any significant role
as the drag forces are dominant. The inertia force will also be dominated by chords due to their larger
diameter, such that the conservatism is judged to be insignificant for extreme wave forces.
If, however, a more accurate model is wanted, an alternative is given using the individual member inertia
coefficients, as specified in ISO 19905-1:2012, A.7.3.2.4, and including the effect of inclined members. The
equivalent inertia coefficient Cy is then determined by the summation shown in ISO 19905-1:2012, A.7.3.2.3.
This model is in closer agreement with the “detailed model”. It should be stressed that the coefficients must be
defined together with their reference dimensions D,.

As comments to this formulation the following may be observed:
— for horizontal members with flow along the length axis, the inertia coefficient is:
Cvei = 1,0
— for a vertical rough tubular, the inertia coefficient will be:
Cvei = 1,8
— for other vertical members, the inertia coefficient will be:
Cwvei = 2,0
— for other flat plates (brackets), the inertia coefficient will be:
Cvei = 1,0

TR.7.3.2.4 Drag and inertia coefficients

TR.7.3.2.4.1 General

The coefficients determined herein are based on tests where the particle velocities and accelerations are
measured simultaneously with the forces, usually in a controlled environment. This is the logical way to
determine the loading coefficients. However, the important result in engineering is the overall forces predicted
by the Morison's equation over the jack-up legs. Since some wave theory has to be applied, which does not
perfectly predict the wave particle motions in all cases, additional scaling is suggested in ISO 19905-1:2012,
A.6.4.2 (see also Appendix TR.7.B). This is important to consider when reading this chapter as the stated
coefficients can differ from those applied in other recommendations or classification rules.
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TR.7.3.2.4.2 Hydrodynamic coefficients for tubulars

TR.7.3.2.4.2.1 General

There exists a wealth of data on hydrodynamic coefficients (drag and inertia coefficients) for tubulars, mainly
from model tests. A number of model tests have been performed in wind tunnels, others in oscillating water
environments or in steady water flow, while (to our knowledge) only a few model tests have been performed in
a wave environment. In addition, a few full-scale tests have been reported.

In the following section an overview is given of the literature that has been applied for the purpose of
recommending values for the hydrodynamic coefficients of jack-up platforms.

Before choosing the appropriate hydrodynamic coefficients for tubular parts of jack-up platforms, the following
questions have to be answered:

— Are the coefficients to be used for a fatigue analysis or an ultimate strength analysis?
— Are the tubular parts smooth or rough and, if they are rough, what is the roughness to be applied?
The parameters to be considered in determining the hydrodynamic coefficients are as follows:

UnT

Keulegan-Carpenter number KC = D (TR.7.3-4)

Reynolds number Re = vb (TR.7.3-5)
v

Relative roughness = % (TR.7.3-6)

where
k is the roughness height;
D is the diameter;
U,, is the maximum orbital particle velocity;
T is the wave period;
U is the flow velocity at the depth of the considered element;
v is the kinematic viscosity of water (v= 1,4 x 10°m?s, t = 10°C).

Concerning the first question above, it is important to determine the range of Reynolds numbers and
Keulegan-Carpenter numbers of interest. Both the drag coefficient Cp and the inertia coefficient Cy are
dependent on the Reynolds number and the Keulegan-Carpenter number. In the ultimate strength case one is
interested in the Cp and Cy coefficients in relatively long and steep waves, i.e. wave steepness S = Hy/A in the
range 1/10-1/15. A typical ultimate strength case may be, for example, a tubular with diameter D = 0,3 m
standing in a seastate with average zero-upcrossing period 7, = 10 s (41 = 156 m) and significant wave height
H; = 13,0 m. The representative water particle velocity for this wave will be:

Hgm

Uw =
w TZ

=4,1mf/s.
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Assuming a current velocity Uc of about 1,0 m/s, the total water particle velocity will be U = Uy + Uz = 5,1 m/s.
This results in the following Reynolds number and Keulegan-Carpenter number (close to the water surface):

up ur,

v

Re = =1,1x10° KC = =170

This means that in the ultimate strength case we are dealing with high KC-numbers and post-critical
Re-numbers. Sarpkaya (see for example Reference [7-4]) uses a parameter § = Re/KC to describe the test
environment. In the ultimate strength environment described above, the value of Sis approximately 6 500.

A typical fatigue case may, for example, be the same tubular in a seastate with 7, = 6s. (1 = 56 m) and
Hg =5,6 m. In this case the representative water particle velocity will be Uy = H/T, = 2,9 m/s. In the fatigue
case, current is not part of the water particle velocity which is to be applied. This results in the following
Reynolds number and Keulegan-Carpenter number (close to the water surface):

Re=0,62x 10° KC =58

This means that post-critical Re-numbers and relatively high KC-numbers are also to be dealt with in the
fatigue case. Sarpkaya's f-parameter has a value = 10 860 for the described fatigue case.

It may be concluded that, in general, for jack-up tubulars, the following ranges of Re-numbers and
KC-numbers will be of interest:

—  Re-numbers: ultimate strength, roughly from Re = 1,0 x 10° to 4,5 x 10°

fatigue, roughly from Re = 0,5 x 10°to 1,0 x 10°
— KC-numbers: ultimate strength, KC>100

fatigue, KC=25t060
Since quite a large amount of the literature survey is dealing with papers written by Sarpkaya, the following
range of Sarpkaya's fparameter may be regarded to be of interest: f = 6 000 to 20 000 (depending on the
KC-number).
The answer to the second question concerning the roughness of the tubulars depends largely on the type of
paint used and the smoothness of the steel surface, whether the tubular is new or has been in the water for
quite some time (marine growth), or whether the tubular mainly stays in air, etc.
Smooth cylinders are defined as cylinders having a roughness of &/D < 0,000 1, while rough cylinders are

assumed to have a roughness of &/D > 0,004 (i.e. highly rusted steel k/D = 0,005 to 0,01). Marine roughness
due to marine growth implies a roughness in the range /D = 0,01 to 0,15.

TR.7.3.2.4.2.2 Literature survey and recommended values

Table TR.7.3.2.4-1 presents the result of a survey of relevant literature with respect to inertia coefficients (Cy)
and drag coefficients (Cp) for tubulars. Of course, there exists more relevant literature than that presented in
Table TR.7.3.2.4-1, but it should give a reasonably representative overview.
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Table TR.7.3.2.4-1 — Survey of relevant literature on Cy and C), values for tubulars

Source Geometric Re-number Kc- Co Cwm Comments
shape number
Keulegan Smooth Cylinder | 0,1-0,3 10° 25-50 1,3-1,5 1,3-1,8 Sub-Critical
Carpenter 0,1 10° >100 1,0-1,2 2,4-2 and Critical
195871 Flow. Low
Re-numbers.
Sarpkaya Smooth Cylinder | >0,5 10° 20-40 0,6-0,7 1,7-1,8 Post-Crit.
1976!" >0,7 10° 60-100 | 0,6-0,7 Oscillating
Flow.
1,7-1,9
Rough Cylinders
Sand kID = 0,005 >0,5 10° 20-40 1,5-1,7 1,2-1,4 Post-Crit.
kID = 0,01 1,6-1,8 1,2-1,4 Oscillating
Roughened kID = 0,02 1,7-1,9 1,1-1,3 Flow.
Rough Cylinders
Sand kID = 0,005 >0,5 10° 60-100 1,4-1,6 1,5-1,7 Post-Crit.
k/ID = 0,01 1,5-1,6 1,4-1,6 Oscillating
Roughened kID = 0,02 1,6-1,7 1,4-1,6 Flow.
Hogben Smooth Cylinder | >1,0 10° >25 =~0,6 =1,5 Post-Crit.
et al. Flow.
197777 Rough Cylinders
Survey kID = 0,000 2 >1,0 10° >25 0,6-0,7 Post-Crit.
Paper kID = 0,002 >0,5 10° >25 ~1.0 Flow.
State of kD = 0,01 >0,5 10° >25 ~1.0
the Art kD = 0,05 >0,1 10° >25 ~1.25
Sarpkaya Smooth Cylinder | >0,1 10° 25-40 0,6-0,8 1,5-1,7 Critical -
et al. Rough Cylinder | >0,1 10° 25-40 1,5-1,7 1,0-1,2 Super-Crit.
198214 kID = 0,01 Oscillating
Flow.
£=4000.
Sarpkaya Smooth Cylinder | =0,1 10° 25-40 0,7-0,8 1,5-1,7 Critical -
et al. Rough Cylinder | ~0,15 10° 60 0,6-0,65 | 1,5-1,6 Super-Crit.
19841 kID = 0,01 ~0.1 10° 25-40 14-15 |14-16 | Oscillating
~0,15 108 60 1,4-1,5 1,5-1,6 Flow.
£=2500.
Sarpkaya Rough Cylinder | 0,1-0,2 10° 25-40 1,4-1,5 1,0-1,3 Critical -
etal. kID = 0,01 ~0,21 10° 50 1,4-1,5 1,2-1,3 Super-Crit.
1985 Oscillating
Flow.
£=4200.

According to Sarpkaya, available data with current and oscillatory flow substantiate the fact that drag
coefficients obtained from tests at sea in general will be smaller than those obtained under laboratory

conditions.
Sarpkaya Smooth Cylinder | 0,2-0,3 10° 20-25 0,6-0,7 1,6-1,8 Super-Crit.
1985 Oscillating
Flow.
£ =11 240.
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Source Geometric Re-number Kc- Co Cwm Comments
shape number
Sarpkaya Smooth Cylinder | >0,5 10° 25-40 0,6-0,8 1,5-1,8 Post-Crit.
1985 >0,5 10° >50 0,6-0,7 | 1,6-1,8 | Oscillating
1986 Flow.
Survey Rough Cylinder | >0,5 10° 25-40 1,4-1,8 1,2-1,4
Articles kID = 0,02 >0,5 10° >50 1,4-1,6 1,3-1,5
Nath Smooth Cylinder | =0,5 10° o 0,4-0,5 Super-Crit.
19821""! Steady Flow.
Rough Cylinder
k/D = 0,02 ~0,5 10° oo 0,9-1,0 Post-Crit.
kID >0,1 ~0,5 10° oo 1,0-1,2 Steady Flow.
Smooth Cylinder | 0,15-0,2 10° | 15-25 0,3-0,6 0,8-1,4 Super-Crit.
Oscillating
Rough Cylinder Flow.
kID = 0,02 0,15-0,2 10° | 15-25 0,6-1,0 0,4-1,0
kID >0,1 0,15-0,2 10° | 15-25 1,0-2, 0,8-2,3
There is very large scatter in the data presented by Nath.
Bearman Smooth Cylinder | 0,15-0,5 10° | =20 0,6-0,7 1,4-1,5 Super/Post-
et al. Crit. Flow,
19854 Regular
Waves.

The authors present results for random waves as well, but it is difficult to draw any conclusion from these

results.
Kasahara Smooth Cylinder | 0,5-1,0 10° 20-40 0,5-0,6 1,6-1,8 Post-Crit.
et al. Oscillating
19871 Rough Cylinder Flow.
k/D =0,008 3 0,5-1,0 10° 20-40 1,1-1,4 1,3-1,7 Large Scatter
=50 1,1-1,2 1,6-2,3 in Cy-values.
kID = 0,004 2 0,5-1,0 10° 20-40 0,9-1,3 1,3-2,1
=50 0,9-1,1 1,6-2,1
Chaplin Smooth Cylinder | =0,2 10° =20 0,6-0,7 1,4-1,5 Super/Post-
1988!""°! Crit. Oscilla-
ting Flow.
Davies Smooth Cylinder | >0,5 10° =20 0,6-0,7 1,5-1,6 Post-Crit.
etal. Flow, Reg.
1990 Waves.
Smooth Cylinder
>0,5 10° =18 05-07 | 1517 | PostCrit.
Flow. Ran-
dom Waves.

The authors conclude that for smooth cylinders and KC > 4, drag and inertia coefficients in periodic
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Source Ge&r::;nc Re-number nulfnct;er Cp Cum Comments
Rodenbusch Smooth Cylinder | >1,0 10° oo ~0,6 Post-Crit. Steady
et al. Rough Cylinder Flow
198318l kID = 0,02 >1,0 10° oo 0,9-1,1 (Steady Tow).

Smooth Cylinder | >1,0 10° >30 0,6-0,7 1,6-1,7 Post-Crit. Oscilla-
Rough Cylinder s ting Flow (Forced
kID = 0,02 >1,0 10 >30 1,4-1,5 1,1-1,3 Motion).

Smooth Cylinder | >1,0 10° 20-40 0,6-0,8 1,4-2,0 Post-Crit.

Rough Cylinder Random Flow
kID = 0,02 >1,0 10° 20-40 1,0-1,8 1,0-1,9 (Forced Motion).
Smooth Cylinder | >1,0 10° 60-90 0,6-0,8 1,5-1,7 Post-Crit.

Rough Cylinder Random Flow
kD = 0,02 >1,0 10° 60-90 11-1,4 | 1,014 | (Forced Motion).

The random tests show a relatively

large spread, especially for the lower KC-numbers

(20-40).

Rodenbusch Smooth Cylinder | >1,0 10° >60 0,65-0,75 | 1,5-1,7 Post-Crit.
et al. Random Flow
1986 Rough Cylinder (ForcedMotion).
k/D >0,000 5 >0,5 10° >60 1,1-1,3 1,1-1,5
Theophanato | Rough Cylinder Post-Crit.
setal. kID = 0,005 >0,8 10° 0,95-1,05 Steady Flow
1989720 kID = 0,0095 1,0-1,1 (Steady Tow).
kID = 0,025 1,15-1,25 => Sand Rough.
kID = 0,049 1,15-1,25 _ .
KD = 0,098 13-14 => | Pyramids
kID = 0,067 1,2-1,3 => Mussels
Klopman “Rough” Cylinder O
etal KD=0,00012 | =05 10° 15 0609 |1316 |[postort
1990172 andom Waves.
. . 6 .
Hteuljeman Smooth Cylinder zgg 186 12630 8285 12419 Post-Crit.
‘13939[7_22] ’ 0Y, Random Waves.
Rough cylinder | >0,2 10° 1530|0918 | g5 Ocean Test
KD =0,03-0,05 | >0,210° >30 0,8-1,3 9-1,0 | Structure.

Large spread for lower KC-numbers (<30). Authors state that for large KC-numbers (>30), smooth
cylinder Cp approaches an asymptote Cp = 0,68, while rough cylinder Cp approaches an asymptote
Cp =1,0. Tests performed in an ocean environment.

Nath
198872

Rough Cylinder Barnacles:

k/D = 0,073
k/D = 0,104

0,95
0,98-1,2

Post-Crit.
Steady Flow.
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Source GZ‘:::;S'C Re-number nu1r<nct;er Cp Cu Comments
Wolfram &
Iggg Nanatos | A\ ificial Hard Fouling: Post-Crit.
kID =0,078 o 0,98-1,2 Steady Flow.
Rough Cylinder Mussels: Post-Crit.
kID = 0,075 oo 1,22 Steady Flow.
kID = 0,085 o 1,26
Mixed Hard Fouling:
kID = 0,076 - 1,11
Kelp:
kID =125 - 1,51
kID =25 - 1,69
Sea Anemones:
kID =0,16 - 1,35
Roshko Post-Crit.
1961172°) Smooth Cylinder | >3,5 10° oo 0,65-0,75 Steady Flow
Wind Tunnel.
Miller Smooth Cylinder | >3,0 10° oo 0,60-0,65 Post-Crit.
1976170 Steady Flow
Rough Cylinder Wind Tunnel.
k/D = 0,000 4 >3,0 10° oo ~0,80 Post-Crit.
Sand k/D = 0,000 9 o 0,8-0,9 Steady Flow
Roughened k/ID = 0,001 4 oo 0,8-0,9 Wind Tunnel
g k/D = 0,002 1 0,9-1,0
k/D = 0,003 1 1,0-1,1
: k/D = 0,005 0 1,0-1,1
Pearl KD = 0,015 >0,5 10° 1.1
Barley kID = 0,023 =~1,1
kID = 0,044 1,1-1,2
Dried kID = 0,042 >0,5 10° 1112
Peas kID = 0,063 1,2-1,4
Pearcey Smooth Cylinder | >3,5 10° oo ~0,6 Post-Crit.
etal. Steady Flow
19821727 Rough Cylinder Wind Tunnel
KD = 10,0004 |>2,010° oo ~0,8
kD = 0,0014 ~0,88
kID = 0,0028 ~0,92

In addition to the literature review presented in Table TR.7.3.2.4-1, an interesting and useful overview of
existing literature is presented in a survey report prepared by Advanced Mechanics Engineering Limited for
the Health and Safety Executive!”?®.

The literature review presented in Table TR.7.3.2.4-1 shows that the test results at different facilities agree
reasonably well with respect to the drag coefficients for smooth cylinders in post-critical flow. The majority of
tests show Cp values between 0,6 and 0,7, both for the lower KC range for fatigue (25 to 60) and the higher
KC range for ultimate strength. The suggested Cp value for smooth tubular elements (4/D < 0,000 1) in post-
critical flow is therefore chosen to be Cp = 0,65.
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For rough cylinders, the spread between the individual tests with respect to Cp values is considerably larger.
Sarpkaya”"6 especially operates with very high post-critical Cp values for rough cylinders. It should be noted
that none of the values obtained by the other authors referenced in Table TR.7.3.2.4-1 support the Sarpkaya
values in the post-critical region. The differences between individual tests may partly be due to the different
types of post-critical flow (different test conditions) and to the non-uniform definition of roughness used by the
different authors.

One should also bear in mind that the wave particle velocities decrease with increasing depth below the water
surface, which might mean a transition from the post-critical regime to the super-critical or even critical regime.
This will result in a reduction in Cp values for smooth cylinders (although in the lower Re-number part of the
critical regime it may result in an increase in Cp values, but here the water particle velocities are so low that
the resulting contribution to the overall drag force will be significantly smaller than the contributions higher up
on the cylinder). For rough cylinders the critical regime occurs at lower Re-numbers and there is no reduction
in the drag coefficient in the super-critical regime. For large roughnesses an increase in the drag coefficient
has in fact been reported in this regime! 7%

Based on the literature survey presented in Table TR.7.3.2.4-1 and the discussion above, the drag coefficient
for rough cylinders (roughness /D > 0,004) is chosen as equal to Cp = 1,0, both for the ultimate strength and
the fatigue cases.

TR.7.3.2.4.2.3 Marine growth dependence

Rust and hard marine growth has been found to behave in essentially the same manner as artificial hard
roughness, but a surface with hard marine growth behaves quite differently from a surface with soft marine
growth. Another point of consideration is that different types of marine growth on a submerged tubular may
dominate at different depths below the sea surface.

The use of anti-fouling coating will at least delay the development of marine growth but after a few years the
anti-fouling coating becomes less effective. Regular cleaning of the tubulars is another possible way to limit
the development of marine growth. In ISO 19905-1:2012, A.7.3.2, Table A.7.3-3, it is assumed that severe
marine growth is not allowed. This is in accordance with the operational profile of mobile jack-up rigs, with
cleaning of legs at intervals preventing severe marine growth.

The main contribution to forces is in the surface region, such that the extension of the marine growth below
the surface zone is not important for the overall forces. The paint will in addition be somewhat roughened
when exposed to the salt water for a longer period. Above the marine growth region, the use of values for a
smooth cylinder has been recommended. This is mainly based on the fact that the marine growth will be
limited to the region below MSL + 2 m, limiting the roughness above this region.

In addition, measurements also indicate that the wave forces in ocean waves are less than predicted by use of
a constant Cp %"l see also Figure TR.7.3.2.4-1

Based on this, it is recommended that the value Cp for a smooth surface (Cp = 0,65) generally be used for the
legs above MSL +2m and the value for a rough surface below MSL+2m (Cp=1,0), as stated in
ISO 19905-1:2012, Table A.7.3-2.
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Figure 1 — TR.7.3.2.4-1 Comparison between measured and computed forces on a pile up to free
surfacel 0731

TR.7.3.2.4.2.4 Definition of relevant parameters

The drag coefficient (Cp) for tubulars may be considered as a function of roughness (k/D), Keulegan-
Carpenter number (KC) and Reynolds number (Re) as an alternative to ISO 19905-1:2012, Table A.7.3-2. This
explicit dependence is intended to be used in cases where there is more detailed knowledge, first of all on the
roughness and in addition on the flow conditions around the members at a specific site. A definition of these
governing parameters are included in subclause TR.7.3.2.4.2.

TR.7.3.2.4.2.5 Dependence on roughness

The rbughness may be accounted for explicitly if the roughness is documented to be of an intermediate value
compared with the smooth and rough 4/D values assumed above. Recommended values for the roughness, £,
may be found from Table TR.7.3.2.4-2.

Table TR.7.3.2.4-2 — Recommended roughness values for tubulars” ™"

Surface k (m)
Steel, new uncoated 5,0E-5
Steel, painted 5,0E-6
Steel, highly rusted 3,0E-3
Marine growth 5,0E-3 to 5,0E-2

Several authors have presented, in graphical form, the Cp dependence on the relative roughness /D at post-
critical Re-numbers. Figure TR.7.3.2.4-2 presents a graph from Miller”?®!| showing the variation of Cp with
varying k/D based on several model experiments at post-critical Re-numbers. Figure TR.7.3.2.4-3 and
Figure TR.7.3.2.4-4 show similar graphs presented by, respectively, Wolfram et al** and Pearcey et all™2,
Based on the available data with respect to the dependence of Cp on i/D, the expressions presented in
Equation (TR.7.3-7) have been proposed to describe this dependence for the purposes of ISO 19905-1. The
drag coefficient Cp; may then be obtained from Equation (TR.7.3-7):
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Cpsmooth = 0,65 ; k/D<0,0001

Coiwp) = _ : (TR.7.3-7)
Cpsmooth = 0,65[2,36+0,34 logq (k / D) | ; 0,000 1< k / D < 0,004
Cbrough =1.0 ; 0.004<k/D

A graphic representation of Equation (TR.7.3-7) is shown in Figure TR.7.3.2.4-5.

With respect to the inertia coefficients for smooth cylinders, all the references from Table TR.7.3.2.4-1 report
post-critical Cy values lower than the asymptote Cy =2,0. The Cy values lie mainly in the range 1,6 to 1,7.
However, the question is whether (in general) some inertia contribution has been included in the drag forces
used for the Cp determination. This would mean that the Cp values are slightly overestimated and the Cy
values slightly underestimated. At the same time, since both fatigue and ultimate strength imply Keulegan-
Carpenter numbers > 25, it is the drag dominated region which is of most interest and the chosen Cy, values
are not really critical. Based on this argument, the inertia coefficient for smooth cylinders in the post-critical
regime is set equal to the asymptotic value Cy = 2,0.

The Cy values for rough cylinders, are in general reported to be slightly lower than the Cy values for smooth
cylinders. Based on the same argument as used for the smooth cylinders, the inertia coefficient for rough
cylinders in the post-critical regime is set equal to Cyy, = 1,8.

A summary of the recommended values for the hydrodynamic coefficients for tubulars is given in
Table TR.7.3.2.4-3.

Table TR.7.3.2.4-3 — Recommended hydrodynamic coefficients for tubulars

Tubular Coi Cwi
Smooth (k/D<0,000 1) 0,65 2,0
Rough (k/D>0,004) 1,00 1,8
Intermediate /D Equation TR.7.3-7 | 2,0
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Figure TR.7.3.2.4-2 — Drag coefficient for rough cylinders at high Reynolds number!?®
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Cp smooth = 0.65 ; 1/10000 >k/D
Cpi (WD) (ED smooth * (236 + 0.34 Log,o(kD) ) ;1/250 >KD>1/10000
CDrough=10 ] k/D>1/250
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Figure TR.7.3.2.4-5 — Recommended values for the drag coefficient as function of relative roughness

TR.7.3.2.4.2.6 Keulegan-Carpenter number dependence

In post-critical conditions, for KC-numbers lower than approximately 30 to 40, there seems to be some
dependence of the drag coefficient on the KC-number, at least for rough cylinders. For smooth cylinders this
KC-dependence is more uncertain. The Christchurch Bay Tower (CBT) results for a clean cylinder reported by
Bishop"**, for example, show this dependence for smooth cylinders, and so do the results reported from the
Ocean Test Structure (OTS?”"ZZ]. Wolfram and Theophanatos!’?*, and the SSPA results reported by
Rodenbusch and Gutierrez”"®, do not show this dependence for smooth cylinders.

For rough cylinders in post-critical conditions, the KC-dependence of the drag coefficient for KC-numbers
lower than approximately 30 to 40 seems to be a more generally observed trend, as in References [7-18],
[7-22] and [7-34] amongst others.

It must be emphasized that for decreasing KC-numbers (< 30) the (post-critical) conditions will gradually be
more inertia dominated and less drag dominated, implying an increasing uncertainty in the reported Cp values.

Figure TR.7.3.2.4-6 shows Cp as a function of the KC-number for cylinders in waves from Reference [7-35]. In
a similar way, Figures TR.7.3.2.4-7 and TR.7.3.2.4-8 show Cp as a function of KC-number for, respectively, a
clean cylinder and a rough, barnacle-covered cylinder of the Ocean Test Structure (OTS)"?? as presented in
Reference [7-28].

Based on the discussion above and the results reported in the literature, the explicit KC-dependence
presented in Equation (TR.7.3-8) may be included in the computations in addition to the roughness

dependence:
1,45 ; KC <10
Coikexim) = Coiwm) ™ 121k —5)02 10 < KC < 37 (TR.7.3-8)
1,0 ; 37 < KC :

A graphic representation of Equation (TR.7.3-8) is given in Figure TR.7.3.2.4-9.

Equation (TR.7.3-8) should also be used for smooth cylinders, in spite of the uncertainty with respect to the
KC-dependence. However, for low KC-values the choice of Cp-value is less critical due to the transition to
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inertia-dominated conditions. Furthermore, using Equation (TR.7.3-8) for the entire roughness range (from
smooth to rough) results in a more uniform and easier handling of the KC-dependence.

An inertia coefficient Cy = 2,0 for smooth cylinders and Cy = 1,8 for rough cylinders is suggested for use if
KC-dependence is used for the drag coefficients at low KC-numbers.
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Figure TR.7.3.2.4-6 — Drag coefficient dependence on KC-number
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TR.7.3.2.4.2.7 Reynolds number dependence

As previously d|scussed the drag coefficient is dependent on the Re-number and this has been reported by
(F|gures TR.7.3.2.4-11 and TR.7.3.2.4-12) and is reflected in some guidance on Ioad;
computations, e.g. References [7-36] and [7-37] (Figure TR.7.3.2.4-10). v

several authors!”™”

However, the use of test results reducing Cp in the critical region is not relevant for practical purposes as thé;
roughness /D < 1/100 000 implied in the curve for smooth cylinders is not applicable for jack-up structures.:
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The change in the Reynolds dependence with respect to roughness is quite large and it is therefore not
possible to recommend one single curve for this dependence. The recommended set of curves shown in
Figure TR.7.3.2.4-13 are mainly based on a functional fit to the test results presented in Reference [7-29] and
in addition the drag coefficient in the critical regime is set to a minimum of Cp =0,45. Test results have
indicated lower Cp values, but only in the ideal conditions of test facilities. A recommended set of curves is
given in Figure TR.7.3.2.4-13, complying with the roughness dependence of Figure TR.7.3.2.4-5 at large
Reynolds numbers. Using the curve for roughness /D = 0,01, there is no reduction below Cp=1,0 for
Reynolds numbers above 105, which supports the use of a constant Cp in ISO 19905-1.

15 —

Co

N

0 1 lllllll: 1 1|I|1:|_ L R AN
10* 10° 10° Re 10

Figure TR.7.3.2.4-10 — Suggested Reynolds dependence in existing guidance! "
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Figure TR.7.3.2.4-12 — Reynolds dependence of drag coefficient!’ "
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Figure TR.7.3.2.4-13 — Recommended values for Reynolds dependence for
different values of relative roughness, KC > 40

TR.7.3.2.4.3 Hydrodynamic coefficients for gussets

Gussets are treated as flat plates implying that a Cp; = 2,0 and Cy; = 1,0 is to be applied (considering the area
associated with Cy as that of the circumscribed circle). For convenience, ISO 19905-1 proposes that gussets
are included as equivalent horizontal members in the hydrodynamic model to assure proper directional
dependence of forces. Shielding may be considered according to ISO 19905-1:2012, Figure A.7.3-2.
TR.7.3.2.4.4 Hydrodynamic coefficients for chords

TR.7.3.2.4.4.1 Split tube chords

With respect to the test results for split tube chord data, the following aspects are considered:
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— The tests are almost always performed with a smooth cylinder section.
— Most of the tests are performed in stable current or wind conditions.

The first aspect is the most important, as also indicated by the test results evaluation of the tubulars presented
in TR.7.3.2.4.2. The drag coefficient for smooth tubulars is about Cpsmoeoth = 0,65, while for rough cylinder this
increases to Cprough = 1,0.

The second aspect on stable flow conditions should not affect the results very much as the KC values are very
high in extreme load evaluations. However, the test result in Reference [7-38] showed higher values in waves
than in stable current. This has not yet been fully explained, but comparisons made in Reference [7-28]
indicates that test results in waves from flume experiments overpredict the drag forces. A number of test
results’” have been considered, from wind tunnel tests and towing in water, when evaluating hydrodynamic
coefficients for split tube chords.

The drag coefficient is first estimated for the directions 0° and 90° as defined in Figure TR.7.3.2.4-14. The
drag coefficients for 0° are dominated by the tubular part and no particular effect of the rack on the drag
coefficient is seen from the tests. That is, for typical dimensions of the tubular diameter and rackplate
thickness ¢, D/t >> 1,0, tests show values of about Cp = 0,65. This indicates that the drag coefficients chosen
for the tubular are also valid for the split tube chord for the 0° direction. In order to be consistent with the
roughness dependence of the drag coefficient for tubulars, the drag coefficient in the marine growth region is
increased due to roughness to Cprough = 1,0 for = 0°.

NOTE For the 90° direction the drag coefficient should be similar to that of a flat plate for large WI/D; ratios,
Copiate = 2,0. However, test results seem to indicate that the Cp values for this direction referring to the mean rack width ,
are, on average, about 1,8, see Figure TR.7.3.2.4-15. The suggested drag coefficient in ISO 19905-1 is therefore set to
be 1,8 for small W/D; ratios, increasing to 2,0 for large WID; ratios. The interpolation between these two numbers is based
on engineering judgment.

The drag coefficient for the wave flow normal to the rack, related to the rack width W, is recommended as:

1,8 WID; <1,2
Cp1 = {1,4+WI3D; 1,2 <WID; <1,8 (TR.7.3-9)
2,0 1,8 <WID; <2,0

For the interpolation between the directions 0° and 90°, a number of formulations are available, but since
there were a number of test results available, a best fit of a new formulation was decided.

The following interpolation formula was found to fit the data best (see Appendix TR.7.C) and at the same time
be flexible with respect to the drag coefficient for rough and smooth surfaces at 0°:

Cpo 0 < 20°
Coi = (TR.7.3-10)

" | Cpo +(Cp W ID, - Cpy )sin2[(8 - 20°)9/7] 20°< 6 <90°

where

Cho is the drag coefficient for the chord at 8= 0° and is to be taken as that of a tubular with appropriate
roughness, see TR.7.3.2.4.2, i.e. Cp, = 0,65 above MWL + 2,0 m and Cp, = 1,0, below MWL + 2,0 m;
possible dependence on KC and Re numbers as for a tubular;

Cp+ is the drag coefficient for flow normal to the rack (8 = 90°), related to the projected diameter (the rack
width ). Explicit dependence on KC may be taken according to Figure TR.7.3.2.4-9, but is normally
not relevant for extreme loading conditions. Dependence on /D or Re may normally be neglected.

The above formulation was derived based on the assumption that the chord behaves like a tubular up to a
direction where the rack enters the flow field, and from there and up to 90° the chord acts as a flat plate.

A9 .
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In addition to the above formulation, two other formulations were tested as shown in Figure TR.7.3.2.4-16.
Equation (TR.7.3-10) gave an excellent fit with the observed drag coefficients for a smooth tubular and is
therefore recommended for use with split tube chords.

Interpolation formulae similar to those used in References [7-36] and [7-49] are compared in
Figure TR.7.3.2.4-17 with Equation (TR.7.3-10), for a regular wave analysis. There is some difference in the
direction close to 90°, but the number of test results behind the formulation in ISO 19905-1 is believed to
justify the change.

A
=
Y

Y

Figure TR.7.3.2.4-14 — Definition of directions and dimensions for a split tube chord
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Figure TR.7.3.2.4-16 — Alternative interpolation formulations fit to data
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Figure TR.7.3.2.4-17 — Comparison with some current practices for regular wave analysis! 2 739,

W/D = 1,24 and the scaling regular/irregular = 0,7, valid below MWL + 2,0 m
For the inertia coefficient, the theory”?® indicates Cy =2,0 for a smooth tubular related to the projected
diameter and Cy = 1,0 for an isolated flat plate. However, when the plate is considered in conjunction with the
split tube sections, Cy = 2,0 is appropriate for the combined section. For a rough tubular as indicated in
ISO 19905-1:2012, Table A.7.3-2, the inertia coefficient should be about 1,8 in the marine growth region.
However, since the inertia forces will not contribute much to the extreme forces on the legs, the inertia
coefficient was set to 2,0 related to the width of the chord measured over the tubular, i.e. at 0°. This is a
simple solution and will be conservative in the direction of the tubular for a rough surface and unconservative
in the direction of the rack and on average correct. This formulation will also be consistent with the simplified
modelling of the leg section where the reference diameter D, is the dimension D and using Cy. = 2,0.

For large rack to diameter ratios W/D, it may however be considered appropriate to modify (reduce) the inertia
coefficient such that it accounts more correctly for the combination of the contributions from the flat plate and
tubular components.
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TR.7.3.2.4.4.2 Triangular chords

For triangular chords (Figure TR.7.3.2.4-18), little test data are available. Some currently applied formulae for
drag coefficients of more basic sections were therefore used in addition to the test results to improve the
background for the actual chosen values. Drag coefficients related to two typical shapes are given in
Reference [7-1], as shown in Figure TR.7.3.2.4-19, for a triangular box section and two plates mounted
normally on each other. A triangular chord is a combination of these cross-sections. The numbers at different
directions are compared in Table TR.7.3.2.4-4. The drag coefficients were determined by vectorial summation
of drag forces in direction 1 and 2 according to Figure TR.7.3.2.4-19.

To relate the drag coefficient to a fixed dimension D; = D the back plate width is chosen. A fixed dimension
and directional dependent drag coefficient is convenient for modelling purposes. The drag coefficient related
to this fixed diameter may be computed as:

Co: = Copr(0) * Dpi(8) | D; (TR.7.3-11)

where

CDy(0) is the drag coefficient referenced to the projected diameter;

1,70 ; 0=0°
1,95 ; 0 =90°

= 1140 ; 0 =105°
1,65 ; 0=180°-0,
2,00 ; 0 =180°

Dy(0) s the projected diameter of the chord determined as:

Dcos (0) ; 0<6<4,
Du(8)= {Wsin (0)+ D/2|cos (0) ; 6, <60 <180 -6,
D|cos (0) ; 180 -6, < 6 <180
o, is the angle where half the backplate is hidden behind the rackplate, determined as

8, = tan™ (DI2W).
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Table TR.7.3.2.4-4 — Comparison of drag coefficients for simple sections
and chord Cp,, evaluated from tests

Copr: 0
45
90
135
180

(WID =1,1)

1 /45/ A 145/ ISO 19905-1

1,7
25
2,2
1,5
2,0

1,3
1,8

1,3
1,8

1,70
1,825
1,95
1,50
2,00

As a basis for the suggested drag coefficients the results available from TEES'“% and DHL™*" "2 were
considered together with the recommendations in Reference [7-39]. The drag coefficients recommended in

ISO 19905-1 are compared with the TEES test results in Figure TR.7.3.2.4-20.

The inertia coefficient Cy, = 2,0 may be applied for all directions, related to the equivalent volume of nD?14 per
unit length, where D; = D, the backplate dimension. This assumes that the outline cross-sectional area is
approximately nD?2/4. If the rack width is not of similar size to the backplate dimension, a more detailed
consideration of the inertia coefficient should be made if the loadings on the leg are not drag dominated, i.e. if

the results are sensitive to the choice of inertia coefficient.

Explicit dependence on KC may be taken according to Figure TR.7.3.2.4-9, but it is normally not relevant for

extreme loading conditions. Dependence on /D or Re may normally be neglected.

v
+-

Figure TR.7.3.2.4-18 — Definition of dimensions and angles for a triangular chord

TR.7.3.2.4.5 Other shapes

For other shapes, or groups of elements, see for example Reference [7-1].
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Figure TR.7.3.2.4-20 — Comparison between TEES test results”*" and the formulation in 1ISO 19905-1

TR.7.3.2.5 Marine growth

In addition to the effect on the roughness, the effective diameter should be increased to account for marine
growth. Here it is recommended to increase the radius by 12,5 mm (i.e. diameter increased by 25 mm) over
the full water depth for tubulars.

TR.7.3.3 Wave and current actions

TR.7.3.3.2 Hydrodynamic actions

Jack-up leg sections are complex structures, usually made of slender members. The best engineering tool
available for computation of hydrodynamic forces is Morison's equation. However, the limitations of Morison's
equation should be recognized. For single large-diameter members/legs, which may be an alternative to
lattice legs, more appropriate theories and formulations for the hydrodynamic forces can be applied.

Hydrodynamic coefficients for large diameter members may be calculated according to TR.7.3.2.4 and
TR.7.3.25, or based on references such as ISO 19902:2007", A.9.5.2.3, Reference[7-12] or
Reference [7-42]. However, care should be taken in using coefficients from other standards and references
within the context of the overall assessment process presented within this document. Factors may have been
implicitly incorporated into the coefficient which may or may not be consistent with those used in the
development of this assessment practice (e.g. spreading factor).

TR.7.3.3.2.1 Morison equation

A limitation on the application of Morison's equation to predict wave loads is implemented. The limitation is set
to:

A> 5D, (TR.7.3-12)

where
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A is the wave length and
D, is the reference dimension of individual leg members (within a lattice leg).

The above limitation implies that the members should be small compared with the waves.

3]

Morison's equation[?'4 is an empirical relation given by a drag term plus an inertia force term as:

AF = AFyraq + AFineria = 0,50 Cp D | uy | ux + p Cy (RD*/4) 11, (TR.7.3-13)
where

Cp is the drag coefficient;

Cu is the inertia coefficient;

uy, U,  are the horizontal water particle velocity and acceleration;

D is the tubular diameter;

P is the density of fluid surrounding the tubular.

The above equation was established to be used for vertical circular cylinders in waves, but has later been
modified and generalized to account for current, inclined members and relative velocity and acceleration.
These extensions are further defined for use in ISO 19905-1 and discussed in the following subclauses.

TR.7.3.3.2.2 Drag action

For the drag part of the equation, the extension from Morison's original formula is made as:

AF4rag= 0,5 pCo D | vy | vy (TR.7.3-14)
where v, is now introduced as the relative particle velocity normal to the local member axis including current,
taken as:

Vo =n + Vop— oL (TR.7.3-15)
where

un + Ven is the combined particle velocity from wave and current by vectorial summation normal to the
member considered;

Fn is the velocity of the considered member normal to its axis and in the direction of the combined
particle velocity;

o = 0, if an absolute velocity is to be applied, i.e. neglecting the structural velocity;

=1, if relative velocity is to be included; may only be used for stochastic/random wave force
analyses if:

Used = uTy/D; 2 20.

where
u is the particle velocity;
T, is the first natural period of surge or sway motion;
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D; is the reference diameter of a chord.

In the above definition of combined velocity, current is included. This should be acceptable as the member
does not distinguish between the velocity due to current or wave motions. The backflow of the wake is
different in combined wave and current fields (KC dependence), but this has a small influence on the
prediction of the largest force in an extreme wave for single members of diameters typical for jack-ups; see
TR.7.3.2.4.

For inclined members the above definition implies that the procedure to arrive at the force components is first
to determine the particle velocity component normal to the member axis, then to determine the force normal to
the member axis and thereafter to determine the force components in the global directions. This implies that
the force component along the member is neglected.

On the inclusion of the relative velocity there has been some reluctance to directly accept the extension to the
original Morison's equation. Intuitively the extension should be correct using the same argument as for current
forces as the member only experiences the flow field passing locally. However, the displacements of the
members are quite small and there have been few data to support such an extension as pointed out in
Reference [7-44]. In Reference [7-45] the test results show that for small amplitude motions the damping may
be overpredicted when the relative velocity is included. However, for a typical jack-up, with member diameters
less than 1 m and natural periods around 5,0 s, the sensitivity to member displacement is not large because
the parameter U, = uT,/D; = 20 or more in an extreme sea state; see Figure TR.7.3.3.2-1. In addition, the
Christchurch bay test results show that the relative velocity formulation gives good prediction of the in-line
loading""*, “correctly predicting the important hydrodynamic damping at the resonant frequency”. From this it
may be concluded that the relative velocity formulation is probably applicable for jack-up structures. A
limitation is introduced to avoid any significant overprediction of damping.

The reduced velocity U,.q may be computed for a wave height equal to the significant wave height and using
the first natural period normally corresponding to the fixed condition soil parameters. In practical cases it is
suggested to evaluate U, for a majority of members close to the sea surface, and to include relative velocity
for either all or no members.

The relative velocity formulation is in effect similar to the inclusion of damping reaction forces. All predictions
of damping are uncertain, and compared with other damping estimates the relative velocity formulation is
judged to be reasonably well estimated. This additional damping from the relative velocity formulation should
be considered when choosing the structural/proportional damping coefficient. A low structural damping should
be considered when the relative velocity is included.

A procedure to combine the forces on several individual members into one member with equivalent diameter
and drag coefficient to be used with the horizontal water particle velocities is discussed in ISO 19905-1:2012,
A.7.3.2.3.
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Figure TR.7.3.3.2-1 — Oscillating drag coefficient vs. motion amplitude to diameter ratio X,/D
for given reduced velocities! *°!

TR.7.3.3.2.3 Inertia actions

These actions are not dominant for extreme loads of typical jack-up lattice legs. A more comprehensive model

could be applied to include relative accelerations (noting that in this case the added mass should not be
included in the structural model).

In ISO 19905-1 the formulation is given as:
AFjnetia = p Cm Ay, —pCa A4 i/:n (TR.7.3-16)
where

AFreria IS the normal force per unit length of member (in this case the member is vertical and the force

horizontal);
P is the density of fluid surrounding the tubular;
Cwm is the inertia coefficient;
A is the cross-sectional area of member;
u, is the water particle acceleration normal to the member;
Ca is the added mass coefficient, Ca= Cy — 1 ;
;‘; is the acceleration of the considered member, normal to the member axis and in the direction of

the combined particle acceleration.

The last term in Equation (TR.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.
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ma 7, = p Cad I,
where
mg is the added mass contribution (per unit length) for the member.

This implicitly defines how to treat inclined members. However, for inclined members the horizontal force may
alternatively be determined by accounting for the inclination on the added mass part of the inertia force, but
not on the Froude-Krylov part of the force. The horizontal inertia force is hence computed as:

AFpertian = prD14 [(Cy_ 1)sin’B + 1] 1, (TR.7.3-17)

where £ is the angle between the particle acceleration and the element orientation as defined in
Figure A.7.3-1. It should be noted that the vertical particle acceleration will also provide a horizontal
component on inclined braces. For global force calculations this will generally be unimportant as the loadings
on different braces at different angles will tend to cancel out.

TR.7.3.3.3 Wave models

In general there are two different computational methods with corresponding suitable wave theories;
— deterministic regular wave analysis, and

— stochastic irregular or random wave analysis.

For the deterministic regular wave analysis all formulated wave theories may be chosen from a mathematical
point of view. For shallow waters however, the choice of wave theory is limited to those properly predicting
wave asymmetry and the corresponding change in wave kinematics.

For the stochastic irregular wave analysis, linear Airy wave theory or variations of Airy theory are suitable. Airy
wave theory does not fully describe the wave kinematics behaviour since this wave theory implies symmetric
waves, which are not always applicable for shallow water. This will limit the application of this type of analysis
to deeper and intermediate water depths and is considered further in ISO 19905-1:2012, A.6.4.2.6; see also
Appendix TR.7.B.

TR.7.3.3.3.1 Deterministic waves

Currently there are a number of wave theories that are applied in the analysis of jack-up platforms. In most
cases the deterministic computations are performed using Stokes fifth order’’*” or Dean Stream function!’*?]
theories. The Dean Stream function theory shows the best fit to test results”*® "* for shallow water waves.
The difference in overall forces from these two wave theories will, however, be small at large to intermediate
water depths and for low wave steepnesses.

Figure TR.7.3.3.3-1 is included in ISO 19905-1 in a linear scale to guide the selection of the appropriate wave
theory for deterministic analyses. Only the Dean stream and Stokes wave theory are recommended here in
order to limit the range of possible choices, reducing the scatter in wave force predictions.

TR.7.3.3.3.2 Stochastic waves

For stochastic wave analysis, Airy's wave theory is the traditional choice using the principle of sum of
independent wave components as implied in time domain simulation and frequency domain solutions for
standard irregular seas. For both the Dean Stream and Stokes wave theories there are implicit phase
dependencies between wave components at different frequencies.

To account for changes in wetted surface a modification of the Airy wave theory is required, introducing the
surface elevation as a parameter in the kinematics. A number of such stretching methods have been
proposed in literature. One simple method, the Wheeler stretching method"” %, compares well with test results

[ <] .
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in model tank measurements'". Even for the Wheeler stretching method there exist different variations. The
chosen definition is that originally suggested in Reference [7-50], to substitute the true elevation at which the
kinematics are required with one which is at the same proportion of the mean water depth. This can be
expressed by:

o 27¢
1+ {d

(TR.7.3-18)

where

z is the elevation at which the kinematics are required (coordinate measured vertically upward from the
mean water surface);

Z' is the modified coordinate to be used in particle velocity formulation;
¢ s the instantaneous water level (same axis system as z);
d is the still or undisturbed water depth (positive).

This method causes the kinematics at the surface to be evaluated from linear theory expressions as if they
were at the still water level.

If a frequency domain analysis is to be applied in extreme response predictions, it is recommended to use
linearization with respect to a finite wave height, H.,, defined in A.6.4.2.2; however, damping should be
linearized using a lower wave height. Stochastic linearization implies the use of a unit wave height and, when
combined with the assumption of Gaussian statistics, the extreme response may be underpredicted; see
Figure TR.7.3.3.3-3. For fatigue computations stochastic linearization is recommended!’*? as fatigue damage
is not dominated by the extreme wave heights; however, consideration should be given to local loads arising
from the finite wave height.
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1) None of these theories is theoretically correct at the breaking limit. Hmax/gTass2 = Dimensionless wave steepness
2) Wave theories intended for limiting height waves should be dIgTass® = Dimensionless relative depth
referenced for waves higher than 0,94, when stream function .
theory may underestimate the kinematics. Hiax = Wave height (crest to trough)
3) Stream function theory is satisfactory for wave loading calculations  H, = Breaking wave height

over the remaining range of regular waves. However, stream

. . . d = Mean water depth
function programs may not produce a solution when applied to
near breaking waves or deep water waves. Tass = Wave period
4) The order of stream function theory likely to be satisfactory is I = Wave length (distance between

circled. Any solution obtained should be checked by comparison

with the results of a higher order solution.

5) The error involved in using Airy theory outside its range of g = Acceleration due to gravity

applicability is discussed herein.

crests)

Figure TR.7.3.3.3-1 — Range of validity of different wave theories! >’
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Figure TR.7.3.3.3-2 — Surface elevation, and velocity profiles for deterministic regular waves
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TR.7.3.3.4 Current

TR.7.3.3.4.1 - General

The current specified for a specific site is intended to be included as specified in ISO 19905-1:2012, A.6.4.3.
Interpolation between the data points can be required and linear interpolation is recommended for simplicity.

TR.7.3.3.4.2 Combination with wave particle velocities

It should be emphasized that the wave and current velocities are intended to be treated together, as a sum of
separate force contributions will significantly underestimate the hydrodynamic actions.

TR.7.3.3.4.3 Reduction of current by the actuator disc formula

The current velocity will be reduced due to the presence of the structure in the current flow field. An estimate
of the reduction of the steady flow velocity can be found from!

VelVe=[1 + X(CoD)AW] " 2 0,7 (TR.7.3-19)
where

Ve is the reduced current velocity to be used in analysis;

V: is the observed far field current;

Cp; is the drag coefficient of an element i;

D; is the element diameter of element ;;

W is the width of the structure.

Several limitations of the above relation are discussed in References [7-55] and [7-3] and a lower limit to the
reduction of the current velocity is suggested to be 0,7.

The above equation contains a sum of Cp;, and diameters D;, but is not explicit with respect to inclined
members. The summation XCp,D; is similar to the computation of the equivalent drag coefficient and diameter,
CpeDe, in ISO 19905-1:2012, A.7.3.2, where member inclination is accounted for. Since the equation should

be considered for separate groups of elements!” %, it suggested to apply the formula for each leg and use the
following format:

Ve =Vi[1 + CpeDe/(4D¢)]” (TR.7.3-20)
where

Ve is the current velocity to be used in the hydrodynamic model; ¥ should not be taken as less than 0,777

V; is the far field (undisturbed) current;

Cpe is the equivalent drag coefficient, as defined in ISO 19905-1:2012, A.7.3.2.3;

D, is the equivalent diameter, as defined in ISO 19905-1:2012, A.7.3.2.3;

D is the face width of leg, outside dimensions.
For structures where the hydrodynamic geometry varies significantly with depth, the blockage factors can be

computed for different depths. In view of the reduced drag above MSL (due to lack of marine growth) it is
appropriate to calculate current blockage for the stretched part of the current above MSL separately.
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TR.7.3.3.4.4 Current stretching

It is suggested to let the profile follow the surface elevation by changing the coordinate system similarly to that
of the Wheeler stretching defined by Equation (TR.7.3-20). The current profile is recommended in
ISO 19905-1:2012, A.6.4.3.

TR.7.3.4 Wind actions

The wind force acting on each block of the jack-up is obtained by multiplying the pressure (which accounts for
the elevation and shape of the block; see 1SO 19905-1:2012, A.6.4.6.2 and ISO 19905-1:2012, A.7.3.4.2
respectively) by the projected area. The total wind force and overturning moment on the jack-up can then be
obtained by summing the wind forces over all the blocks accounting for their respective elevations. Where a
block has a vertical extent of more than 15 m, it is recommended that it be subdivided and the appropriate
height coefficients applied to each part of the block.

The wind speed varies with height since the boundary layer friction (which is increased by the roughness of
© the sea surface) retards the wind near the sea surface. The lower layers then retard those above them,
~ resulting in increasing velocity above the sea level, until the retarding forces reduce to zero.

- A wind profile is normally used to represent the variation of wind speed with respect to height. A power law of

~ 10 (N = 10) to represent the wind is generally appropriate unless site-specific data indicate otherwise as

. discussed in ISO 19905-1:2012, A.6.4.6.2. The wind speed measured at 10 m above the mean sea level is
normally used as the reference in defining the wind speed profile.

The shape coefficients for various typical components of a jack-up are given in the table in ISO 19905-1:2012,
A.7.3.4.2. Items with “solid” faces are treated as individual blocks. A different approach is used for open lattice
structures, such as derricks, crane booms, helideck support structures, flare booms and raw water towers, etc.
Here the table in ISO 19905-1:2012, A.7.3.4.2 recommends the use of 50 % of the total projected profile area of
the item (e.g. 50 % of the product of the derrick width overall and the vertical extent of block under consideration)
in association with the appropriate shape coefficient for the isolated shapes comprising the lattice.

For leg structures, the equivalent hydrodynamic coefficients on lattice legs may be taken from
ISO 19905-1:2012, A.7.3.2.3. These will generally be the same as those for clean legs in large velocities and
long waves and hence the smooth values are generally recommended.

TR.7.3.3 Wave and current actions
TR.7.3.4 Wind actions

For the most critical individual leg members the possibility of local vortex-induced vibrations should be evaluated.
This check will normally be covered at the design stage. However, if the site conditions of wind or current and/or
wave height exceed those used for design, such a check can be required. This is because vortex-induced
vibrations may lead to very high local stresses and a major contribution to fatigue loading.

Further guidance on when vortex induced resonance will occur can be found in References [7-1], [7-42], [7-56]
and [7-57].
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APPENDIX TR.7.A : Example of equivalent model computations

Pipe 4 25x2

Dimensions in millimetres

1178.8 (typ)

\/\/<
% /— Pipe @ 70x4 (typ)

Figure TR.7.A-1 — Model of a bay for test purposes

Table TR.7.A-1 — Computations of equivalent model for heading 0° to be used in site assessment for
: z<MWL + 2 m, chord W/D =1,13

i o B cos...” Co; D; l; Cp;"D;*l;*cos...
| 1 (30) | 90,0 1,0 1,0 0,65 5,0 3,25
Chords 2 (30) | 90,0 1,0 1,0 0,65 50 3,25
: 3 (90) | 90,0 1,0 2,124 0,65 5,0 6,90
4 -30 26,7 0,25 1,0 0,30 11,2 0,84
5 30 | -26,7 0,25 1,0 0,30 11,2 0,84
Inclined 6 30 26,7 0,25 1,0 0,30 11,2 0,84
braces 7 30 26,7 0,25 1,0 0,30 11,2 0,84
8 90 26,7 1,0 1,0 0,30 11,2 3,36
9 90 26,7 1,0 1,0 0,30 11,2 3,36
10 -30 0, 0,125 1,0 0,10 5,0 0,06
Span breakers 1 30 0, 0,125 1,0 0,10 5,0 0,06
12 90 0, 1,0 1,0 0,10 5,0 0.50
XCp;*D;*l*cos = 24,10

*  Geometric factor = [sin?4 + cos’ sin“c]>?

see ISO 19905-1:2012, A.7.3.2.3
s =50m
Cpe*De = Y, Cp;Dil;ls =482

Do = (> D;%;1s) =1,58
Cpe =4,82/1,58 = 3,05} Equivalent model
Cme =20
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Table TR.7.A-2 — Computations of equivalent model for heading 0° to be compared with model test
results, chord W/D = 1,13, model scale = 1:4,264

i o yi; cos...* Co; D; If Cp;*D;*l;*cos...
1 (30) 90 1,0 0,65 0,152 1,178 0,116 4
Chords 2 (30) 90 1,0 0,65 0,152 1,178 0,116 4
3 (90) 90 1,0 2,124 0,152 1,178 0,380 3
4 -30 26,7 0,25 0,65 0,07 2,628 0,028 99
5 -30 -26,7 0,25 0,65 0,07 2,628 0,028 99
. 6 30 26,7 0,25 0,65 0,07 2,628 0,028 99
Inclined
braces 7 30 26,7 0,25 0,65 0,07 2,628 0,028 99
8 90 26,7 1,0 0,65 0,07 2,628 0,119 57
9 90 -26,7 1,0 0,65 0,07 2,628 0,119 57
10 -30 0, 0,125 0,65 0,025 1,173 0,002 38
Span 11 30 0, 0,125 0,65 0,025 1,173 0,002 38
breakers
12 90 0, 1,0 0,65 0,025 1,173 0,019 06
ZCDi*Di*li*COS = 0,992
*  Geometric factor = [sin’4 + cos?A sin®a]*?
see ISO 19905-1:2012, A.7.3.2.3
K =1178
Cpe " De =0,842 Cpe "D, =359
"D, =y2.D?21,1s=0,370 D, — 1,58
Cpe =0,842/0,370 = 2,277 ; equiv. model Cpe = 2,277 ; equiv. model
 Cwe =20 (model scale) Cuus —20 (full scale)

A 10N N"NAN L)
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Table TR.7.A-3 — Computations of equivalent model for heading 30° to be compared with model test
results, chord /D =1,13, model scale = 1:4,264

i o yo; cos...* Cb; D; l; Cp;*D;*l;*cos...
1 (60) 90 1,0 1,663 0,152 1,178 0,297 8
Chords 2 (60) 90 1,0 1,663 0,152 1,178 0,297 8
3 (30) 90 1,0 0,65 0,152 1,178 0,116 4
4 0 26,7 0,091 0,65 0,07 2,628 0,010 88
5 0 -26,7 0,091 0,65 0,07 2,628 0,010 88
inclined 6 60 26,7 0,716 0,65 0,07 2,628 0,085 61
braces 7 60 | —267 0,716 0,65 0,07 2,628 0,085 61
8 30 26,7 0,254 0,65 0,07 2,628 0,030 37
9 30 -26,7 0,254 0,65 0,07 2,628 0,030 37
10 60 0, 0,650 0,65 0,025 1,173 0,012 39
span breakers 1 60 0, 0,650 0,65 0,025 1,173 0,012 39
12 30 0, 0,125 0,65 0,025 1,173 0,002 38
XCpi*D;*l*cos = 0,992 9

3/2

*

Geometric factor = [sin’4 + cos®4 sin’a)]
see ISO 19905-1:2012, A.7.3.2.3

s =1,178
CDe * De = 0,843 CDe *De — 3,59
D, = 2.0, 15 =0,370 De =158
Coe - 0,843/0,370 = 2,278 - equiv. model Cpe =228 equiv. model
G -20 (full scale)
Cte =20 (model scale) Me d
oht et a - ©1S0 2012 — All right d
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Dimensions in millimetres

Pipe @ 76"x4"
A]
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7 ] l 38 (typ)
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Figure TR.7.A-2 — Square bay with triangular chords

Table TR.7.A-4 — Square bay with triangular chords, equivalent model to be used in site assessment

z<MWL+2m
i o B cos...* Co; D; l; Co/*D;*'I*cos...
1 45 90 1,0 1,65 0,71 34 3,983
Chorde 2 45 90 1,0 1,65 0,71 3.4 3,983
3 135 90 1,0 1,79 0,71 3.4 4,321
4 135 90 1,0 1,79 0,71 34 4,321
5 0 40,2 0,268 9 1,0 0,32 10,6 0,912
Inclined 6 90 40,2 1,0 1,0 0,32 10,6 3,392
braces 7 90 40,2 1,0 1,0 0,32 10,6 3,392
8 0 40,2 0,268 9 1,0 0,32 10,6 0,912
9 0 0, 0,091 1,0 0,32 11,2 0,0
Side 10 90 0, 1,0 1,0 0,32 11,2 3,584
Horiz. 11 90 0, 1,0 1,0 0,32 11,2 3,584
12 0 0, 0,091 1,0 0,32 11,2 0,0
Span breakers 13 45 0, 0,354 1,0 0,23 11,4 2,622
14 45 0, 0,354 1,0 0,23 11,4 2,622
Brackets 15 90, 0, 1,0 2,0 0,98 0,98 1921
XCp;*D;*l*cos... = 39,550

* Geometric factor = [sin’/3 + cos’/ sin”a]

3/2

see ISO 19905-1:2012, A.7.3.2.3

s
CDe * De

De

CDe

CMe

A 10N AN4ANn

=34
=11,63

= D2, 15) =230

=11,63/2,30
=2,0

~ AL
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Table TR.7.A-5 — Square bay with triangular chords, Equivalent model to be used in comparison with
test results, model scale 1:4,256

i o yi! cos...* Cpi D; L Cp*Di*l*cos...
Chords 1 45 90 1,0 165 | 0,167 | 0,8008 0,220 7
2 45 90 1,0 165 | 0,167 | 0,8008 0,220 7
3 135 | 90 1,0 1,79 | 0,167 | 0,8008 0,298 9
4 135 | 90 1,0 1,79 | 0,167 | 0,8008 0,298 9
Inclined 5 0 402 | 02689 | 065 | 0,076 | 2,481 0,0330
braces 6 90 | 402 1,0 065 | 0076 | 2,481 0,122 6
7 90 | 402 1,0 065 | 0076 | 2,481 0,1226
8 0 402 | 02689 | 065 | 0,076 | 2,481 0,0330
Side 9 0 0, 0,091 0,65 | 0076 | 2,628 0,0
Horiz. 10 90 0, 1,0 0,65 | 0076 | 2,628 0,129 8
11 90 0, 1,0 0,65 | 0076 | 2,628 0,129 8
12 0 0, 0,091 0,65 | 0076 | 2,628 0,0
Span 13 45 0, 0,354 0,65 | 0054 | 2,680 0,033 3
breakers 14 45 0, 0,354 0,65 | 0,054 | 2,680 0,033 3
Brackets 15 | 90, 0, 1,0 20 | 0231 | 0,231 0,107 0
> Co*D/*lcos... = 17836

*  Geometric factor = [sin’4 + cos?A sin®a]*?

see ISO 19905-1:2012, A.7.3.2.3

s =0,8008
Cpe * D¢ =2,227 Cpe*De =9,48
D =2,307
D, =\2.D;21, /s =0,542 . _
) Cpe = 4,109 ; equiv. model
Cpe =2,227/0,542 = 4,109 ! equiv. model . o | (full scale)
Cw -20 (model scale) Me ’
e =4
o © IS0 2012 - All right
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APPENDIX TR.7.B: Comparison cases to assess implications of the ISO 19905-1 formulation
Computations are performed on a “simplified model” with no mass. The irregular and regular wave results are
computed according to ISO 19905-1:2012, A.6.4 and A.7. These computations are made to asses the
implications of changes made concerning drag coefficients and wave kinematics formulations compared with
previous practices.

The significant wave height is chosen as judged realistic for the two water depths investigated:

Water depth 30 m:
significant wave height Hsp =10m

Water depth 90 m:
significant wave height Hegp =14 m

The period range specification is taken from ISO 19905-1:2012, A.6.4.2:
(11,8H,)<T <./(19,5H)
3,5{(H,)<T,<3,6,(H,)

The current and current profile are often site dependent. Here the current is set to be constant over the water
depth, extrapolated to sea surface.

The example design for the computations is defined by:

Three legs, split tube chords

Diameter chord (tubular) D. = 0,7m
Rack width w = 08m
Diameter of braces Dy = 03m
Length of braces per m. height Iy = 13,44 m
Leg spacing Xeg = 90m
Leg diameter D = 10m
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The following table gives particulars for two existing practices and 1ISO 19905-1.

Practice I ISO 19905-1:
Irregular waves:

Cp D / cos Cp D / cos
Tubular 1,0 *0,3 *13,44 *0,6 =2,419 1,0 *0,3 *13,44 *0,6 =2,419
Chord 1 2114 *0,7 *1,0 *1,0 =1,479 2,057 *0,7 *1,0 *1,0 =1,440
Chord2,3 1,279 *0,7 *20 *1,0 =1,790 1,056 *0,7 *1,0 *2,0 =1,478
CpeDe 5,688 z<1,5m 5,338

z>15m 4,491
Kinematics according to: Kinematics according to:
Delta stretching Wheeler stretching
Regular waves: Stokes' fifth Regular waves: Stokes' fifth
Cp D / cos

Tubular 0,7 *0,3 *13,44 *0,6 =1,693
Chord 1 1486 *0,7 *1,0 *1,0 =1,040
Chord2,3 0,896 *0,7 *2,0 *1,0 =1,245

CbeDe 3,989
No shielding assumed No shielding for waves
Reduction of current by a factor:
1/[1 + CpeDe/(4D4)] = 0,88
Practice Il

Regular waves : Stokes' fifth
Tubular 0,64 *0,3 *13,44 *0,6 =1,548
Chord 1 1,307 *0,7 *1,0 *1,0 =0915
Chord2,3 0,973 *0,7 *2,0 *1,0 =1,362
CpeDe 3,825

Irregular waves: Airy with constant stretching

-— * -
CoeDe = 3,825%13 =4,973
e © ISO 2012 — All right d
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Table TR.7.B.1 — Comparison including wave height scaling

Water depth =30 m, Hy, =10 m

Case Environment Current Base shear Overturning
HIT moment
Hs/Tz
m and s m/s MN MNm
18,6/14,0
H = Hoax = 1,86 Harp 1,0 8,03 197
18,6/14,0
H = Hnax = 1,86 Harp 1,0 7,70 189
Irregular waves
. 0,0 3,18 108
Practice I 10,0111,0
Hy = Hap 1,0 6,89 145
Regular waves 1ISO 19905-1 0,0 4,90 115
16,5/14,0
H= Hdet = 0,86 Hmax 0,88 6,96 157
Irregular waves ISO 19905-1 0,0 5,95 122
Hy = [1+,5exp(-d/25)]* Herp 11,84/11,0
0,88 7,88 154
Table TR.7.B.2 — Comparison including wave height scaling
Water depth =90 m, Hgp = 14,0 m
Case Environment Current Base shear Overturning
HIT moment
Hs/Tz
mand s m/s MN MNm
Regular waves 18,6/16,5 0,0 9,82 668
Practice |
H = Hoax = 1,86 Harp 26,0/16,5 0,5 12,30 819
Regular waves 18,6/16,5 0,0 9,41 641
Practice I
H = Hoax = 1,86 Harp 26,0/16,5 0,5 11,79 785
Irregular waves 14,0/13,0 0,0 11,22 747
Practice I
He = Hepp 14,0/13,0 0,5 13,11 859
Regular waves ISO 19905-1 23,14/16,5 0,0 8,90 578
H = Hyet = 0,86 Hmax 23,14/16,5 0,44 11,20 709
Irregular waves 1ISO 19905-1 14,34/13,0 0,0 9,12 573
Hs = [1+,5exp(-d/25)]*Hsrp
14,34/13,0 0,44 10,80 671
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The results for both the 30 m and 90 m water depth cases in Tables TR.7.B-1 and TR.7.B-2 show improved
agreement between regular and irregular wave force calculations for ISO 19905-1 methodology as compared
to Practice II.

The main differences between Practice Il and ISO 19905-1 are as follows:

— IS0 19905-1 uses a reduced wave height for regular wave analysis in this comparative study instead of a
reduced drag coefficient;

— IS0 19905-1 includes a shallow water wave height correction to be applied to the significant wave height
used in irregular wave analysis.

The shallow water wave height correction term is described and justified in TR.6.4.2.6. The effect of wave
asymmetry in shallow water in Practice Il is included only by a conservative kinematics model above the mean
water level for an irregular wave analysis. Other practices give no consideration to shallow water effects in
irregular wave analysis.

The agreement between regular and irregular wave forces is better at the 90 m water depth case than for the
30 m water depth case. However, the correction term for shallow water cases is justified as compared to the
Practice Il results.
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APPENDIX TR.7.C: Comparison of test results for chords
Split tube chords compared in the following:

rack ratio W/D

F&G 1,08
NKK 1,10
MLMC 1,13
MSC 1,19
MLMC 1,24

2.0

DRAG COEFFICIENT Cr,
a
1

Lo -

o
a

s =

0 T T
n 30 60 90
ANGLE &

Figure TR.7.C-1 — Comparison of the ISO 19905-1 formulation with model tests,
ratio /D = 1,087
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Figure TR.7.C-2 — Comparison of the ISO 19905-1 formulation with model tests,
ratio W/D = 1,101
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Figure TR.7.C-3 — Comparison of the ISO 19905-1 formulation with model tests,
ratio W/D = 1,1317%%
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Figure TR.7.C-4 — Comparison of the ISO 19905-1 formulation with model tests,
rack WD = 1,192
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Figure TR.7.C-5 — Comparison of the ISO 19905-1 formulation with model tests,
rack wiD = 1,247
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8 Commentary to ISO 19905-1:2012, Clauses 8 and A.8
TR A.8.8.6 Derivation of the alternative simplified negative stiffness correction term for P-A effects

TR A.8.8.6.1 Summary

The method described below allows a simple procedure for incorporating P-A effects in a jack-up structural
analysis by means of a negative stiffness. The advantage of this simple procedure is the ability to include such
effects without the necessity to adopt the iterative procedures required by other methods. This method is
accurate in determining the global response parameters, including hull displacement and base overturning
moment. It is also accurate in determining the leg moment below the lower guide (usually the most critical part
of the leg). In its simplest form the procedure will conservatively predict the shear in the legs (by roughly
10 %). However, leg shear is rarely a controlling factor in structural assessments; therefore, this difference is
insignificant.

TR A.8.8.6.2 Description of the method

The incorporation of P-A effects in the structural analysis is accomplished by including a correction term in the
global stiffness matrix of the structure. When an analysis is performed with the correction term included, the
resulting deflections, etc. will include P-A effects. Note that since the global stiffness matrix is modified before
the analysis, no subsequent changes to the matrix are required (i.e. no iterations are required in the solution).

The correction term to the global stiffness matrix is determined by a simple hand calculation and is:
—Py/L

where
Py s the effective hull gravity load (includes hull weight and weight of the legs above the hull);
L is the distance from the spudcan point of rotation to the hull centre of gravity.

This single (negative) value is then incorporated into the global stiffness matrix of the jack-up structural model.
This can be accomplished in various ways depending on the software in use. Typically, an orthogonal pair of
horizontal translational earthed spring elements can be attached to a node representing the hull centre of
gravity, and the negative value is entered for each of the spring constants. Some software packages allow
direct matrix manipulation.

The effect of the negative stiffness is to produce an additional overturning load at the hull. The overturning
moment produced by this lateral load about the base is equal to the overturning moment caused by the
vertical load (of hull and legs above the hull) times the deflection of the hull. Thus, the effect of the translation
of the vertical load is incorporated as a lateral force couple.

TR A.8.8.6.3 Basis for the method

The P-A effect is a consideration of the displacement of the structure under the applied loads. In its most
general form, the solution considers the displacements of each element of the structure under loading. This is
typically called a 'large displacement' solution. In this general procedure, the deflections of the structure are
used to reform the stiffness matrix, which is then used to recalculate the displacements. While this is
analytically correct, there is a requirement to resolve the stiffness matrix several times for each loading
condition.

If the overall structural displacements are not very large, approximate solutions may be used. Typically,
approximate solutions are valid if tané = 6, where @ is the rotation of the structure about its base. These
approximate solutions are known as “geometric stiffness” solutions. The classical column moment
magnification or “Euler amplification” term is an example. The negative spring method is another example,
which allows a simple procedure to incorporate P-A effects in a jack-up structural analysis. The advantage of
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this simple procedure is the ability to include such effects without the necessity to adopt the iterative
procedures required by other methods.

The P-A effect for jack-up structures is manifested as a change in lateral stiffness of the individual legs, given
a change in the axial load in each leg. For jack-ups the change in axial load in each leg is caused by the
application of the gravity loading and environmental loading. The net effect on the P-A of the axial load
changes in each leg due to the environmental loading cancels out. Thus, for overall structural response, only
the gravity load need be considered in the calculation of P-A effects. The reduced stiffness then affects the
response to environmental loadings.

The derivation of this simple method and a comparison of this simple method with an “exact” solution are
presented below.

TR A.8.8.6.4 Derivation of the simplified correction term

P

ol 4 e

Centroid of area under
moment diagram

Assumed sine curve

a
r‘

y Jr___,.M

a) Beam deflection b) Moment diagram
(due to secondary bending only)

Ref.: Salmon and Johnson, Steel Structures, p 620.
vo is the deflection without axial load, P
y¢ is the additional lateral deflection due to axial load, P

To calculate y,, take moment of M/EI diagram between support and midspan

_ Pl +y1){2_LH2_L}
& EI T T

| l— Centroid of area under moment diagram
Area under moment diagram

Rearranging:

2
4PL
y1= 00+ 1) —
n“ El
using:
2
n“ El .
P = > (with k= 2)
(kL)
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P
= + _
y1=(vo * 1) Py

_ [ PIPg
1 =)Yo ——
1-P/ Pg

Total lateral deflection: ymax = yo + y1

PlP
Ymax = Yo * o 4
1—P/PE

_ 1
=0y T/
0{1—P/PE}

l I

Determine effect on stiffness:

“Euler amplification” term

Define K, = El Lateral stiffness without axial load, P
Yo
_ 3EI
L3
Define K4 = Lateral stiffness with axial load, P
Ymax

|
S =
—X
|
|~
SIS

. . . 12P

Conclusion: Effective lateral stiffness reduced by -
n°L
where
P is the axial load in one leg.
NOTE This is based on assuming a sine curve for deflection.
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Repeat calculations assuming a linear deflection (rather than a sine curve):

o= Pyo+y1) JL|J2L
EI 2)13
| | I Centroid of area under moment diagram
Area under moment diagram
Rearranging:
2
PL
= + _—
! (o y1)3EI
2
— PL” | 3EI
1-PL° | 3EI
Ymax = Yot )1

Ymax = y0{+}
1-PL° | 3EI

I_f—l

Amplification for linear assumption

Determine effect on stiffness:

Define Ky= El Lateral stiffness without axial load, P
Yo
_ 3EI
L3
Define K= Lateral stiffness with axial load, P
Ymax

_ "), PL?
yo 3E1

Conclusion: Based on linear deflection assumption, lateral stiffness is reduced by —P/L term. This is the usual
approximation of geometric stiffness.
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Effect on total jack-up stiffness:
Ke = Ko1 + Ko» + K3 sum of individual leg stiffnesses (neglects hull rotation)
For each leg:

pP= Pgravity + Penvironment

12 1 12 1
Keg =lkot — —5— (Pg1 + Pet)] + [ko2o — —— (Pg2 + Pe2)] + ...
e =lhor =5 (P + Podl * ez = 5 (Paz + Pool

12 1 12 1
= (ko1 + koo + ko3) — -7 (Pg1 + Py + Pg3) — -7 (Pe1 + Pep + Pe3)
nc L ne L

Assume net vertical environmental load (Peq + Py + Pe3) =0

12 P;

Ke = (ZKy) — = where Pg is total gravity load only
T

If linear deflection assumption is made:

P,
Ke = (ZKo)) - TG

TR A.8.8.6.5 Verification against an “exact” solution

Verification of this simple procedure was made against an “exact” solution. In this case, the “exact” solution
was performed using analysis software which accounts for large displacements. In this procedure, the
displaced configuration of the structure is used to update the stiffness matrix, and iteration is used to converge
on a given solution.

Verification was performed using a jack-up structural model as shown in Figure TR.A.8.8.6-1. The leg chord,
horizontal and diagonal members are modelled as individual elements. The hull (in this case) is assumed to
act as a rigid body. The hull to leg connection included leg clamping devices. These were modelled along with
the leg guides. For the purpose of this verification, the detailing of the hull and leg/hull connection is not
important. The spudcans were modelled as “pinned”.

Loading of the model was accomplished as shown on Figure TR.A.8.8.6-2. Loadings due to wave and wind
(and dynamic inertial) were considered separately to verify the behaviour under the two separate types of
loading. The loading direction was towards the bow in both cases. For each case, a vertical load was applied
at the hull centre of gravity. It is interesting to note that the vertical load is necessary for solution using “exact”
large displacement methods, but is not needed to obtain a solution using the simple method.

A summary of the comparison results is given in Tables TR.A.8.8.6-1 (wave load) and TR.A.8.8.6-2 (wind
load). Verification with these two load cases was done separately, since the loading occurs on different parts
of the structure. The level of loading is arbitrary. Values assumed here are greater than used in the site
assessment of this particular jack-up.

Discussion of the individual response parameters from Tables TR.A.8.8.6-1 and TR.A.8.8.6-2 is given below.
a) Global response parameters

The fundamental response quantities of deck displacement and overturning moment agree to within 1%.
The base shear for the simple method is not correct since it includes the additional (fictitious) lateral force
applied to the hull. The difference between the total applied force and the base shear is the additional lateral
force applied at the hull. In theory, the moment due to the vertical load (P-A moment) should be replaced by
a lateral force couple, i.e. lateral loads at the hull and base. Reduction of the base shear (in global axes) by
this additional lateral force at the hull will equate the global base shear with the applied load.
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b) Windward and leeward leg parameters

The values for individual leg axial load and moment at the lower guide agree to within 1%. These
quantities are the most critical parameters for structural assessments.

The distribution of global base shear among the individual legs is not as accurately matched by the
simple method. For each leg, the lateral stiffness is decreased by increasing axial load. Thus, the
distribution of global base shear will depend on the axial load present in each leg. The simple method,
since it lumps the effects of all legs into one correction term, cannot accurately predict the shear re-
distribution among the legs.

This lack of re-distribution of global base shear loading is not generally important to a structural
assessment. The amount will depend on the level and type of loading (wave or wind). For the two cases
given, 1% and 5% of the total base shear load (in global axes) is shifted from the leeward leg to the
windward legs.

When the leg base shears are not corrected, the simple method conservatively over-predicts the shear in
the legs. Since shear force is not as critical as the leg bending moment this conservatism is not very
restrictive.

If a correction is desired, the added lateral load at the hull can be subtracted in equal fractions from the
leg spudcan reactions (in global axes). Note that, in the case of the windward leg, this will slightly under-
predict the “correct” global shear reaction.

Table TR.A.8.8.6-1 — Verification of simple procedure for P-A effect with exact solution —
Wave loading case

No P-A Simple method Exact solution
Global response parameters
Hull displacement (inches) 21.6 24.5 247
Base OTM (Kip-ft x 10%) 227. 253. 251.
Base Shear (kips) 711. 780. 711.
(Added lateral load at hull, kips) (69.)
Windward leg parameters
Axial force (kips) 3 638. 3524, 3534,
Shear at spudcan (kips) 250. 272. 254,
(Corrected by 69/3 =23 kips) (249.)
Moment at lower guide(Kip-ft x 10%) 48. 56. 56.
Leeward leg parameters
Axial force (kips) 5477. 5706. 5 685.
Shear at spudcan (kips) 212. 235. 204.
(Corrected by 69/3 =23 kips) (212.)
Moment at lower guide(Kip-ft x 10%) 57. 65. 65.
Shear transferreq from leeward leg to windward 0 8
leg due to P-A (kips)
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Table TR.A.8.8.6-2 — Verification of simple procedure for P-A effect with exact solution —
Wind loading case

No P-A Simple method Exact solution
Global response parameters
Hull displacement (inches) 44.9 51.0 51.4
Base OTM (Kip-ft x 10°%) 490. 545. 541.
Base Shear (kips) 1 055. 1198. 1 055.
(Added lateral load at hull, kips) (143.)
Windward leg parameters
Axial force (kips) 2538 2 300. 2 318.
Shear at spudcan (kips) 352. 399. 375.
(Corrected by 143/3 = 48 kips) (351.)
Moment at lower guide(Kip-ft x 103) 124. 141. 141.
Leeward leg parameters
Axial force (kips) 7 803. 8 279. 8242.
Shear at spudcan (kips) 352. 400. 305.
(Corrected by 143/3 = 48 kips) (352.)
Moment at lower guide(Kip-ft x 10%) 124. 141. 140.
Shear transferreq from leeward leg to windward 0 47
leg due to P-A (kips)

z
2
z
p
]
o
5
3
3

4
b
s

(Bow Leg)

Figure TR.A.8.8.6-1 — Analysis model
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lp_ 12878 kips
————————— -
Wind = 1033 kips ’ [ N T
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Z|_
T
\ | v
(Bow Leg)

Figure TR.A.8.8.6-2 — Load application

9 Commentary to ISO 19905-1:2012, Clauses 9 and A.9

TR.9.3.6.2 Derivation of the limiting horizontal reaction given in ISO 19905-1:2012, Table A.9.3.7

When Fy = 0 the yield surface equation, ISO 19905-1:2012, Equation (A.9.3-30), can be rearranged to give:

2 2 2
{i} ~16(1-a) {F—V} {1—F—V} +4a{F—V}{1—F—V} (9-1)
OH Oy Oy Oy Oy

where
a is the depth interpolation parameter;
Fy is the horizontal force applied to the spudcan due to the assessment load case;
F\, is the gross vertical force acting on the soil beneath the spudcan due to the assessment load case;

Qv is the gross ultimate vertical foundation capacity.

If the preload resistance factor, Jgpre =1,1, the term F_V can be express as follows:

Ov
1
£ —Eo+ Wap — Bg
v _ 11
Qv Ov
VLO +1,1 WBF —1,1BS
_ 1,1
Qv
AION ANAN A gy d 77
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_Vio +Wer —Bs +0.1(Wgr — Bs)
1,10y

_ Oy +0,1(Wgr - Bs)
1,10y

_ Oy +0,1(0Qy ~7,)
B 1,10y

1,10y -0,1V
- 1,10y
where
Bs is the soil buoyancy of spudcan below the area, i.e. the submerged weight of soil displaced by the
spudcan below D, the greatest depth of maximum cross-sectional spudcan bearing area below the

sea floor;

Vo is maximum vertical reaction under the spudcan considered required to support the in-water weight
of the jack-up during the entire preloading operation (this is not the soil capacity);

Wy is the submerged weight of the backfill.

Hence:
F_V =1 _% (9-2)
Oy 1,10y
_fv = % (9-3)
Oy 1,10y

Substituting Equations (9-2) and (9-3) into Equation (9-1):

2 2 2
{ﬁ} 61— a) {1_0,1@,} {o,mo} +4a{1_0,1VLOMO,1VLO}

12V 2 13 3 14 4 1V, 12 2
=16(1-a) 0. 5 L°2 oY% 3VL03 L9 4VL°4 140 2o 0 2VL02 “Exact” solution (9-4)
1,1 QV 1,1 QV 1,1 QV 111QV 1,1 QV
Fora=0:
2 2 2
{ﬁ} :16{1_ 0,1 VLO} {0,1V|_0}
On 1,10y | [ 1,10y
1 1
i=4{1_°’ LOMO’ LO} (9-5)
On 1,10y JL 110y
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For )&pere = 1,1, Equation (9-5) yields a nearly linear curve which can be approximated by the following linear

relationship:
T _g33/to
OH Ov

Similarly, for a = 0 and J&kpre = 1,15:

Fy _ [, 0.15%, |[ 0150, ©6)
On 1,150y || 1,150y

Equation (A.9-6) yields a nearly linear curve which can be approximated by the following linear relationship:

i _ga5/te
On Oy

10 Commentary to ISO 19905-1:2012, Clauses 10 and A.10

TR.10.4.2.1 Natural period — General

It is anticipated that most site assessments of jack-ups will use computer-based structural models Efo

determine the unit’s natural period. The following discussion is given, however, to help the analyst better

understand the contribution of the different components of mass, compliance and stiffness on the natural

period. Due to the fact that the mass of the hull dominates the mass distribution of a jack-up, the global

dynamic behaviour can be determined from an idealized single degree-of-freedom system. Thus the

fundamental mode period can be estimated from a system described by: :

— an equivalent mass representing the mass of the jack-up and its distribution (see 1SO 19905-1:201"2,
10.4.2.3). The equivalent mass is equal to the mass of the hull plus a contribution from the mass of the
legs, including added mass, and is located at the centre of gravity of the hull.

— an equivalent spring representing the combined effect of the overall (global) structural stiffness. This
includes stiffness contributions from: leg bending, leg shear deformation, axial straining of the legs, the
leg to hull connections, the hull and the spudcan-foundation interface (if applicable).

The period is determined from the following equation applied to one leg:

Th=21 (Mg /Kg) (10-1)
where

T, is the highest (or first mode) natural period;

M, is the effective mass associated with one leg;
_ My oM, + My, (10-2)
N 2

My is the full mass of hull including maximum variable load;

N is the number of legs;
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is the mass of leg above lower guide (in the absence of a clamping mechanism) or above the centre
of the clamping mechanism;

is the mass of leg below the point described for M,,, including added mass for the submerged part of
the leg ignoring spudcan; the added mass may be determined as 4.0(Cye — 1) per unit length of one
leg (for definitions of 4, and Cye, see 1ISO 19905-1:2012, A.7.3.2.3); p = mass density of water.

is the effective stiffness associated with one leg (for derivation, refer to TR.10.4.2.2).

&
- 34 d: (10-3)
L 3L 12Fyl {E’JrL}— 3(EI)
1- 4 AFVY2 Ks 2 F}LKrsKrh+ 7.81
2
{EIH_Jr El } AsFnLL
Krs FrKh

When the soil rotational stiffness K5 at the spudcan-foundation interface is zero this may be re-written:

N

Ko= 2 (10-4)
L 14 12Fg1 L 8EI 7,81
AF,Y?  FLKy 4 R, 12

K;s is the rotational spring stiffness at spudcan-foundation interface;

Ky, is the rotational stiffness representing leg to hull connection stiffness (see below);

F, s the factor to account for hull bending stiffness
S (10-5)

14+ YEim
2EIy

Iy is the representative second moment of area of the hull girder joining two legs about a horizontal axis
normal to the line of environmental action;

E is Young's modulus for steel;

A is the axial area of one leg (equals sum of effective chord areas, including a contribution from rack
teeth; see 1ISO 19905-1:2012, A.8.3.3, Note);

As is the effective shear area of one leg (see ISO 19905-1:2012, Figure A.8.3-1);

I is the second moment of area of the leg (see ISO 19905-1:2012, Figure A.8.3-2), including a
contribution from rack teeth (see ISO 19905-1:2012, 8.3.5);

Y is the distance between the centre of one leg and the line joining the centres of the other two legs
(3 leg jack-up)
is the distance between windward and leeward leg rows for the direction under consideration (4 leg
jack-up);

Fy is the geometric factor;
= 1,125 (3 leg jack-up), 1,0 (4 leg jack-up);
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F, is a factor to account for vertical soil stiffness, K,s, and vertical leg-hull connection stiffness, K, (see
below)

_ 1 (10-6)

EA EA
1+ +
LK, LK,

Fy, is a factor to account for horizontal soil stiffness, K;s, and horizontal leg-hull connection stiffness, K,

(see below)
1
={1+ EA, . EA. } (10-7)
2,6LK,s 2,6LKp;,

L is the length of leg from the seabed reaction point (see A.8.6.2) to the point separating M|, and M,,
(see above);

P is the mean force due to vertical fixed load and variable load acting on one leg;

- Mhullg (10'8)
N

g is the acceleration due to gravity;
Pe is the Euler buckling strength of one leg
= a 2EI (10-9)

o is the minimum positive non-zero value of ol satisfying:

(Ks + Ky )EI

tan(al) = 2 (10-10)
(@El)” —(KsKyh)
Thus:
— when K = 0 and K, = =, o = ©/2 and hence:
2
n°El
Pe= 10-11a
=42 ( )
— when K =« and K, = o0, oL = T and hence
2
Pe= M (10-11b)
L

The hull to leg connection springs, K, K., and Ky, represent the interaction of the leg with the guides and
supporting system and account for local member flexibility and frame action. They should be computed with
respect to the point separating M, and M,,, as described above. The following approximations may be applied:

Ky =

Ky, is the effective stiffness due to the series combination of all vertical pinion or fixation system
stiffnesses, allowing for combined action with shock-pads, where fitted.
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Jack-up with fixation system:
Ky, is the combined rotational stiffness of fixation systems on one leg;
= Fo i ks (10-12a)

where

F, =0,5 (three chord leg); = 1,0 (four chord leg);

h is the distance between chord centres;

ki is the combined vertical stiffness of all fixation system components on one chord.
Jack-up without fixation system:

K., is the rotational stiffness allowing for pinion stiffness, leg shear deformation and guide flexibility;

kyd?

Sy Y o R L —
1+ (2,6k dIEAS)

(10-12b)

where

h is the distance between chord centres (opposed pinion chords) or pinion pitch points (single rack
chords);

k is the combined vertical stiffness of all jacking system components on one chord;
d is the distance between upper and lower guides;

k, is the total lateral stiffness of upper guides with respect to lower guides;

As is the effective shear area of leg.

The above equations for estimating the fundamental natural period are approximate and ignore the following
effects:

— more realistic representation of possible fixity at the spudcan-foundation interface in the form of (coupled)
horizontal, vertical and rotational spring stiffnesses;

— three dimensional influences of the system as compared with the two-dimensional single leg model.
TR.10.4.2.2 Derivation of K., effective stiffness used to calculate the jack-up natural period

To determine K., the effective stiffness associated with one leg, given in Equation (10-3) above, which can be
used in conjunction with a proportioned equivalent jack-up mass to calculate a natural period, the following
effects which cause hull lateral deflections are considered:

a) bending of the legs, leg-soil rotational stiffness and leg-hull rotational stiffness;

b) shear deformation of the legs;

c) axial deformation of the legs;

d) hull bending deformation;

e) horizontal stiffnesses of the soil and leg-hull connection;
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f)  vertical stiffnesses of the soil and leg-hull connection;
g) second order P-A or Euler amplification.

Effects d), e) and f) can readily be considered by means of modifications to terms in the stiffness equation that
can be derived for effects a), b) and c¢). Taking each effect in turn:

a) Bending of the legs, leg-soil rotational stiffness and leg-hull rotational stiffness

Consider one leg as shown in the following figure:

F is the shear transmitted from the hull;
E is Young's modulus;
v is Poisson's ratio;
I is the second moment of area of leg;
As is the effective leg shear area;
L is the length considered;
Ky, is the leg-hull connection rotational stiffness;
K.s is the leg-soil connection rotational stiffness;
M, is the moment on leg-hull spring;
M, is the moment on leg-soil spring.
The bending equation may be written for any section z-z as:
M, = Fz—M,

Substituting the general equation of flexure:

2
B0 - M =M, - F:
& 2 zz S *
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Hence:
2

B M —Fo 4
& 2

2 3
EIx:MS%—F%+A.z+B

2
Apply the boundary conditions: z =0, x = 0, E

EIMS
Hence: B=0and 4 =

rs

The deflection at any point is then given by:

2 3
Elx = Mz"  Fz +MSZE]
2 6

rs

ok
To determine Ms, apply the boundary conditions: z = L, My, = FL — M, E =—

Also from Equation (10-13):

S

& _Myz Fz* M
& EI  2EI K

rs

Thus whenz = L:

& ML F.L* m

M, F.L-M,

— +
& EI 2E K., K,

Rearranging:
FL | FI
_ K, 2EI

(11 L
Krs Krh E[

(10-13)
— MS
Krs
Mh
Krh .
Krh
(10-14)

The deflection x5 at z = L due to bending is [from Equation (10-13)]:

M I? ML FI’
2EI K, 6FEI

rs

B =
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Rearranging and substituting from Equation (10-14), the effective bending stiffness, Kg = F/xLB, at z = L is

obtained thus:

o,
Krh 2E[ 2El  Kis 3

XLB =F -

{Krs K E] }
-1
{ }{ L }
2EI || 2EI 3
Kg = Kin rs L

L
K.
1L  6EI

After rearrangement and manipulation:

6LI

3EI/L°
3L  3(EI)?
4 LK K,
EI EI

—+L+—
K Krh

rs

Ky =

1-

b) Shear deformation of the legs

(10-15)

Considering that the shear force at any section zz is constant, the deflection x,,s due to shear is:

Xz25 = FzI(4sG)
but:

G = E{2(1 + v)} and, for steel, v=10,3
hence:

Xozs = 2,6F2/(ASE)

and the shear stiffness, Ks, whenz =L, is:

A IO NANAN Ly
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c) Axial deformation of the legs

1) Consider a 3-leg jack-up, and assume that the legs are placed at the vertices of an equilateral triangle. The

shear applied to the hull is 3F, i.e. F acting on each leg.

——»3F ———»3F
Y Y
A Alla L
Mg Krs | MgKrg | MgKps | MgKrs
Ms,Km{\ Mg K s }'Q ¥ ¥ ¥D

vr  roftre

+—Y—»

Case 1

3FL-3Ms—RY=0

thus:
R 3(FL-My)
Y
applying Hook's law:
S 3(FL-Mg)L
axial —AEY

The resulting hull rotation is:

Hhull 3. é‘axiall(z- Y)

9(FL-Mg)L
2A4EY?

and the horizontal hull deflection is:

Ahorz = HhuII-L

O(FL-Mg)I?
24EY?
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Case 2

3FL-3Ms—RX=0

thus:
R = SFL-My)
X

s . SFL-MJL
axial —AEX

G = 2.0xalX
_ B(FL-M;)L

AEX?

Ahorz = anuII-L

AEX?

If X = Y/cos30 = %
s 9(FL-Mg)I?

2A4EY?
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i.e. assuming an equilateral hull, the two loading directions yield the same horizontal displacement at the hull:

O(FL— M. )I?
Anorz = % (10-18)
2AEY

2) Consider an N-leg jack-up where N = 4, and assume that the legs are placed in two parallel rows. The
shear applied to the hull is NF, i.e. F acting on each leg.

Applying similar methods as above:

A(FL—M)I?
Anorz = % (10-19)
AEY

where Y is the distance between the windward and leeward leg rows.

Comparing Equations (10-18) and (10-19), it can be seen that Equation (10-18) is a factor, Fj, of:
Fq=1(9/2)/4 =1,125

larger than Equation (10-19).

The effective horizontal stiffness due to axial deformation, K,, rearranging Equation (10-19), including Fy and
substituting for M; from Equation (10-14), is:

_ F

Ahorng

Ka

AEY? /4FgL2

L I?
+ [
Ky 2EI

(1 1 1L
et

Krs Krh EI

AEY2/4FgL3

El L
7_{_7
£ 3}

(10-20)
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d) Hull bending deformation

Assume that the hull can be represented by an equivalent beam joining the legs, of typical bending stiffness

Iy:
Iy
[ |
1 21
) Y
-« >

If it is assumed that the hull deflects in double-curvature under the influence of the moments transmitted by the leg-hull
connection springs, and that the rotational deflections at the two sides are equal (the side with higher stiffness has two
legs acting on it) we can write, for one half of the beam:

_ M(¥Y/2)
Ely

o

Hence the hull rotational stiffness, Ky, = M/6 = 2EI,/Y.

If this stiffness is considered as acting in series with the leg-hull connection spring K;,, the modified stiffness
is:

Krh'=1/(i+ L ]
K Khun

Rearranging, and substituting for Ky, gives:

YK
Ki' = Knl(1+ 10
rh rh ( 2E-[H )
Hence the modification factor F;, to be applied to the leg-hull connection stiffness, K, to account for hull
flexibility is:
1
K= (10-21)
B 1+ YKl’h
2EI
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e) Horizontal stiffnesses of the soil and leg-hull connection

The horizontal stiffnesses of the soil and leg-hull connection, K,s and K, can be considered to act in series
with the lateral stiffness due to leg shear deformation (4sG/L). The combined stiffness is then:

Kg'= 1/( L + L + L ]
AsG  Kns  Kpp
Rearranging gives:

AsG  AsG
AsG | AsG

Ks' = (4sGIL)I(1 +
s' = (AsGIL)/( T

)

AgE AgE
S + S

= (AsGIL)(1 +
(AsGIL) 2,6LK,s  2,6LKp,

)

If it is considered that the modified leg deformation stiffness XK' is linked to the unmodified value by a factor F}:

1
. AE . AE
2,6LK,s  2,6LKpp,

f) Vertical stiffnesses of the soil and leg-hull connection

Fo= (10-22)

The vertical stiffnesses of the soil and leg-hull connection, K,s and K., can be considered to act in series with
the axial stiffness due to leg axial deformation (4E/L). The combined stiffness is then:

Ka'=1/ i+ ! + !
AE K,s Ky

Rearranging:

KA'=(AE/L)/[1+ AE | AE j

LK,y LK

If it is considered that the modified leg deformation stiffness K,' is linked to the unmodified value by a factor F:

1
F, = (10-23)
{ AE | AE }
1+ +
LK,s LKy,
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g) Second order P-A or Euler amplification

The deflection will (approximately) be amplified by a factor (1 — [P/Pg]) due to second order effects. The Euler
strength, Pg, can be derived as follows, accounting for the soil and leg-hull connection rotational springs:

Fo ;

o000

My

EI

(o
*M
&le

P is the axial load in leg;

E is Young's modulus;

1 is the second moment of area of leg;

L is the length considered;

Ky, is the leg-hull connection rotational stiffness;
K.s is the leg-soil connection rotational stiffness;
M, is the moment on leg-hull spring;

M, is the moment on leg-soil spring;

xp is the hull deflection.

The bending equation may be written for any section z-z as:
Mz = Px — Mg

Substituting the general equation of flexure:

9%x

EI
922

=-M, = Ms— Px

hence:

9% Px Mg

Jz2 EI EI

an .
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Let 47 = PI(EI)

hence:

9%x
922

+/¢2(x—%)=0 (10-24)

The solution to Equation (10-24) is:

S

M
x=A.cosyuz+ B.sinuz+ > (10-25)

Differentiating Equation (10-25):

Idx

=, =—pA.sinuz+ 1 B.COSiz (10-26)
z

When z = 0, x = 0 and hence, from Equation (10-25), 4 = —-M,/P

M
When z = 0, & = K—S and hence, from Equation (10-26), B = My/(1.Ks)
z rs
Thus: x = _];[s .cosiz + #Al/iis .sinuz+% (10-27)
and: Ix _ #Ms sinuz+&cos,uz (10-28)
z Kis

Apply boundary conditions at leg-hull interface to derive the equation yielding the Euler strength:

Whenz =L, ﬁ:ﬂ (10-29)
82 Kl'h

and: x = xp (10-30)
also: My, = Px,, — My (10-31)

From Equations (10-28) and (10-29):

M M
Mh :bsinyL +—2cosuL (10-32)
Krh P Krs
From Equations (10-27) and (10-30):
M M
Xn = ——>CoSuL + —>—sinuL +—= (10-33)
P s P
Substituting Equation (10-33) into Equation (10-31) gives:
PMg |
My = —-MgcosuL + sinulL
rs
M
hence: —N = LsinyL —cosulL (10-34)
MS IUKrs
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Rearranging Equation (10-32) gives:

M K K
Zh =usinﬂL +—rhCOSﬂL
M P

S rs

Equating Equations (10-34) and (10-35):
. P /'[Krh Krh }
sinuL ——=cosuL{1+——
{/‘Krs P } { Krs
KI'S
{ P puKp }
UK g P

_ MK P+ uKp P
p2 _ 2
P* —pu” KKy

or: tanuL =

By deﬁnition pP= yzEI, So:

(Ks + Kin )HEL
(UED? = (KK )

té;n,uL =

NOTE1  When Kis = 0, and K = «, Equation (10-36) reduces to tanul = o
ie.ul=m/2,3n/2,5m/2, ...

The smallest finite value satisfying Equation (10-36) is ©t /2, thus uL = nt /2 and ;12 = PI/(EI) hence:
Pe = °El | (4L7)

NOTE 2  When Kis = =0, and K, = e, Equation (10-36) reduces to TanuL =0

i.e.uL =0, m, 2m, 3m, ...

Rejecting the first value (uL = 0), as this gives Pt = 0, the smallest value satisfying Equation (10-36) is:

UL =7
hence:

Pe = #EI] I?

(10-35)

(10-36)

NOTE 3  For finite values of K;s and K the Euler strength can be determined using a graphical solution. For example:

Kis = 2,65 x 10'° Nm/rad
K = 5,30 x 10" Nm/rad
E=2,10x10" N/m?
1=745m*

L=100m
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From Equation (10-36) the LHS = tanu L = tan100x (note u is in radians per metre)

(Kys + K JUET

the RHS 5
(UET)® = (KsKyh)

- 124,44
24484° —1,404 5

Plotting these as shown in Figure C7.A.1, the smallest non-zero value in the example is:
11 =0,018 248

Thus the Euler buckling strength is:
Pe = (0,018 248)°El

or, in the more general form:

Pe = 0,337 389n°El | L

10 |
8 \
6 \
\
4 / \\ /
~
2 7 B . (T ey - = = RHSEj. (10-36)
u __— -
fn(u) O -< ! 42 —— LHSE. (10-36)
L0 0pi~._ 00 0.03 0. 005~ 006
N/ |4
6 \
\ I
-8 ' I
-10 ‘.

M (rad/m)

Figure C7.A.1 — Graphical solution of Equation (10-36)
Combining effects a) to g) above:

For the leg under consideration, all the effects can be combined by considering the components as springs in
series, thus K., the effective spring stiffness for one leg, is deduced from:

where the stiffness terms Kg, Ks and K, are derived in Equations (10-15), (10-17) and (10-20).
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Rearranging and including the Euler amplification effect:

Kg Ks Kp
P
1-
=
- 2
3L 3(£Q) El L
1- 4 LK K K 2
£+L+£ E] +L+ E]
Krs K +2,6L 4 Kiys Kih
3EI/ I8 AE - AEY? | 4FyL®
3EI{ P }
S |1-—
3L 3(EI) 3(EI)?  3EI
14 LKKy | 7,81 4rgL% | 13k, 212
£+L+£ ASLZ AEY2 E-I—L-f'ﬂ
rs Krh Krs rh
351{ P}
= 1-
3L 4FgL® [3(81)? L 3EL|_ 3(ED?
. 4 4EY? | K I3 21%| LK K L 7.8
2
£+L+£ ASL
rs rh
3EI{ P}
il I P
_ L3 Fe
:3L_12F91{E1+L}_ 3(EI)?
1_ 4 AY? Ks 2 LK sKh + 7,81
£+L+£ ASLZ
rs rh

If the correction terms to K, 45 and 4, which are F,, F}, and F, as defined in Equations (10-21), (10-22) and
(10-23) respectively, are included:

3EI P
OELy &
I8 Fe

K =
e
3L 12Fgl {E[ . L} 3(EI)?
2
1 4 F,AY Kg 2 F LK oK, + 7,81
El El 2
—+L+ FrdL
Krs Fr Ky
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If the foundation is effectively pinned, and K;s = 0, the equation can be simplified as follows (multiply top and
bottom of central term in denominator by K, and then set K5 = 0):

3EI|, P
e 1—-—
L Pe
12F41  3EI 7,81
2 + + 2
F,AY* FLKy  F AL

Ko =

1+

If the foundation and leg-hull connection are effectively encastré, and K = K, = «, the equation can bé
simplified as follows (note that the F, term to incorporate hull stiffness has vanished, as its definition relies on
a finite value of K,y,; if an alternative definition were applied, its effect could be retained). ,

12E1 P
kel I
L3 Fe
24F, I
+ 92 + 31,2]2
FyAY?  Fy.AgL

Ke =

In the absence of j2any of the terms for effects other than bending (i.e. setting 4 and 4; to infinity), this further
reduces to 12EI/L*, which is as expected for a beam, encastré at each end, with one end free to slide.

TR.10.4.3.3 Hysteretic damping

Soil material damping is typically small at small strains; in the absence of specific data, 2 % is considered to
be a reasonable estimate. At larger strains, amplitude-dependent hysteretic damping will also occur. Where a
non-linear foundation model is adopted for the dynamic response analysis, the hysteretic foundation damping
is accounted for directly. Where a linear foundation model with stiffness reduction according to
ISO 19905-1:2012, A.9.3.4.2.1 is adopted, the hysteretic damping may be added to account for the effects of
foundation hysteretic damping. Hysteretic damping should be used only in combination with non-linear
rotational stiffness reduction and should not be used in combination with the initial stiffness.

Foundation hysteretic damping is a consequence of the hysteretic behaviour of the foundation soils.
Whenever significant foundation non-linearity is present, an additional damping component may be added to
system damping to account for this phenomenon. This foundation hysteretic damping component can be
included implicitly in a detailed non-linear dynamic analysis embodying hysteretic spudcan foundation
elements, or it may be calculated explicitly in the case of a simpler quasi-static analysis. Templeton (2006)!'*"
recommended a method to accomplish this based on the application of Masing construction to non-linear load
vs. displacement characterization of the jack-up system. The following is based on that method:

1) The entire structure should be modelled (e.g. via a bar stool model). The model should be linear
except for the inclusion of foundation non-linearities (e.g. via the use of hysteretic spudcan
foundation elements or progressive stiffness reduction) and P-A effects.

2) This model should be used to produce a force vs. deflection (backbone) curve for the horizontal force,
F (equal to the amplitude of the extreme load cycle, including the effects of dynamic amplification), vs
the horizontal deflection, x, both at the effective centre of combined storm and inertial loading.

3) The hysteretic damping, Dy, a@s a function of deflection should be developed from the F vs. x
(backbone) curve according to the definition:

Dhyst B .[Fdx —1

with the limits of integration zero to x, the (single amplitude) of the extreme load cycle, including the
effects of dynamic amplification, which can require multiple or iterative analysis to determine
consistent values of x and Dyyst.
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4) The hysteretic damping Dy (a fraction of critical damping) should be added to the small-strain soil
material damping used in determining the SDOF DAF.

5) The hysteretic damping should be determined for each loading direction to be considered in the
assessment for which a substantially different stiffness reduction is used.

Further details and examples for each of these steps are provided by Templeton and Lewis'®?, who also

provide further details of a procedure to apply this method and examples for application to a case of hurricane
loading as well as comparisons to field data.

TR.10.4.3.4 Vertical radiation damping in earthquake analysis

Guidance on the frequency dependence of stiffness and damping for jack-ups under earthquake excitation is
presently under development for inclusion in the next edition of this Technical Report.

TR.10.5.3.4 / C.2.4 Guidance on the fourth method of ISO 19905-1:2012, Table A.10.5.1 —
Application of the drag-inertia method

Details on the background to, and limitations of, this method can be found in Annex B.

11 Commentary to ISO 19905-1:2012, Clauses 11 and A.11

No commentary is offered.

12 Commentary to ISO 19905-1:2012, Clauses 12 and A.12

TR.12.6.2.2 Nominal bending strength

The calculations of nominal bending strength for compact and non-compact sections require knowledge of the
plastic moment capacity of the section. For a section composed of uniform material this is given by:

M,=FZ
where

Fy is the yield strength, in stress units, taken as the minimum of the yield strength and 90 % of the
ultimate tensile strength (UTS; see ISO 19905-1:2012, A.12.2.2);

Z s the plastic section modulus.

For hybrid sections there is more than one set of material properties to consider. Standard techniques are
recommended for evaluation of M, and an example is provided below.

TR.12.6.2.2.1 Example

Consider the simplified problem of a square rack section (component 1) of properties:
Fy1 = minimum of yield strength of 700 MN/m® and 0,9 ultimate strength of 766 MN/m?
F,1 =766 x0,9 =690 MN/m?

connected to a solid square chord section (component 2) of properties:
F,» = minimum of yield strength of 345 MN/m* and 0,9 ultimate strength of 485 MN/m?

Fy, =345 MN/m?

as shown in Figure TR.12.3-1 below.
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Dimensions are as marked.

0. 400m
rack. // 0.1lm 0 300m _g//
/1

\\\
\ z — — PNA
\chord 0.3m ° 7
A
I N AN 0.000m A T stress
0.3m 345 690 (M /me )

Figure TR.12.3-1 — Figure TR.A.12.3-2 —

Example hybrid chord section Fully plastic stress distribution

On the assumption that the strain for component 1 to be loaded to its nominal strength is not sufficient to lead
to fracture of component 2, the plastic stress distribution for pure bending is as shown in Figure TR.12.3-2.
The plastic neutral axis is a distance z, from the back face of the chord component, such that:

345 x 0,3 xz,=345%x0,3x (0,3 —z,) +690x0,1x0,1

7,=0,183 m
The section plastic moment is then:
M, =345 % 0,3 x 0,183 x (0,183/2)
+345x 0,3 x 0,117 x (0,117/2)
+ 690 x 0,1 x 0,100 x (0,117 + 0,100/2) = 3,569 MNm

TR.12.6.3.2 Background for 7 in interaction equation approach

The treatment of biaxial bending in AISC LRFD tends to be conservative for beam-columns. The linear
addition of the x- and y-axis bending components of the utilization check is conservative for all practical
non-rectangular cross-sections. This is most apparent when assessing a circular tubular member. While
ISO 19905-1 does not use the AISC formulation for circular tubulars, the following discussion is informative
and is indicative of the problem with all cross-sections. The bending strength of the circular tube must be the
same in all directions, but this is not reflected in the AISC LRFD equations. For example, a circular tubular
member subject to bending in a plane at 45° to the x-axis has in the AISC LRFD code a nominal strength of
71 % of that for uniaxial bending in the x- or y- planes, i.e. the calculated utilization ratio depends on the local
axis of bending, which is illogical.

The problem is not confined to circular tubulars, as most sections would have a reduction in nominal strength
on account of this linear addition. It was considered appropriate to address this reduction in strength in the
general interaction equations in ISO 19905-1.

In deriving a suitable form, the problem for the circular tubular was considered first. Clearly, since the circular
tubular has equal bending strength in all directions, the correct actual bending moment should be the vectorial
sum of the x- and y-axis bending moments. Expressed as a utilization equation for bending only:

1

2 2|2
TRPbM uay + { TRPoM uaz } <10
Mby My,
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and with the addition of axial load (for P,/@,P, > 0,2)

1

2 2|2
Rpafl 8 {7R,PbMuay } +{7R,PbMuaz } <10

B9 My, My,

Since most jack-up chords are closed sections with high torsional stiffnesses similar to tubulars, the logical
step was to formulate a similar equation which had the ability to account for sections not exhibiting circular
symmetry. This was carried out by using a generalized exponent 7 to form the equations given in ISO 19905-1.
One of the equations is given below as an example (for ygrpaPy/ Py > 0,2).

1

n n\n
P M M
YRPatu +8 {VR,Pb uay} + {VR,Pb uaz} <10

B, 9 My, My,

With 7=1,0, the equations revert to the standard AISC LRFD equations, and hence a conservative
assessment can be made. However, if a less conservative assessment is required, it is necessary to
determine the value for 77 (see 1ISO 19905-1:2012, F.2).

If the nominal bending strengths M, and M,, are the same and 7 = 2,0, then this would imply that the section
has equal bending strength in all directions. Favourable interaction between, for example, the —M,,y and +M,,,
moments acting on triangular chords with a single rack cannot be reproduced by the above equation. In such
cases recourse to the section-specific interaction surface is recommended (see ISO 19905-1:2012, A.12.6.3.3
and F.3).

13 Commentary to ISO 19905-1:2012, Annex C

TR.C.2.4 Guidance on the fourth method of ISO 19905-1:2012, Table A.10.5.1 — Application
of the drag-inertia method

Details on the background to, and limitations of, the drag-inertia method can be found in Annex B.
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Annex A
(informative)

Detailed example calculation

A.1 Introductory comments

A.1.1 General points

This detailed example calculation serves to blaze a trail through the analysis methods in ISO 19905-1:2012.
These methods have been applied to a hypothetical jack-up, the “typical jack-up”, and this annex provides a
set of notes on the analysis. Most of the options available have been covered. It is intended that an engineer
endeavouring to perform an analysis of a unit according to ISO 19905-1 can look up the relevant section(s) of
this annex to find sample calculations. Details of the “typical jack-up” unit that would normally be provided by,
or available from, the designer are provided in A.13, Appendix A.B.

A.1.2 How to use this annex

The flow chart of ISO 19905-1:2012, Figure 5.2-1 (the FLOW CHART) shows the general analysis route, and
provides the basic structure of the detailed example calculation. This is reproduced at the appropriate part of
the calculation sequence.

By following each box in the FLOW CHART, the detailed example calculation is conveniently sub-divided. To
address any one item in a FLOW CHART box, the user can flick through the text until coming to a
reproduction of the relevant box, and start to follow the calculations from there. It is not recommended that the
user picks up calculations from other points in the middle of the text.

While the order of the FLOW CHART is obeyed, the route through ISO 19905-1 to complete each FLOW
CHART item is in order of convenience. Where alternative paths are available to complete an action, these
are marked and placed one after the other.

Throughout this annex, roadsign-like symbols have been added to assist the user in navigating the analysis
options. The detailed example calculation is intended to be read with ISO 19905-1 open for reference.

A.1.3 Navigation within this annex

The detailed example calculation begins with the first section of ISO 19905-1 and proceeds to the point at
which the FLOW CHART is encountered. Each subsequent calculation step begins with a reproduction of the
relevant FLOW CHART box, which is often accompanied by a few explanatory comments. In most cases, this
is followed by a “local route card”, in the following form:

i i anization for Standardization 9Nts reserved 99
Copyright International Organization for Standardization g
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs
No reproduction or networking permitted without license from IHS Not for Resale, 12/02/2013 04:26:14 MST



ISO/TR 19905-2:2012(E)

WIND ACTIONS - route

Introduction (7.3.4)
Wind actions calculations (A.7.3.4.1-2)
or Model tests (A.7.3.4.3)

The local route card is a more detailed list of the sections to be followed when completing an item of the
FLOW CHART, and shows the major choices available. Similar cards appear at other points in the text as
considered beneficial.

At key points “high level” instructions are given, for example, advising the user when an item is complete and
the next FLOW CHART entry should be started. These are identified by the upturned triangle:

Within the items of the FLOW CHART there can be a choice of routes through the analysis; these have been
followed, one after the other, with a road sign like format adopted to show the points where routes diverge,
and to label the turn-off points for each option.

Examples include:

A.7.3.4.3
(Model
A.7.3.41 tests)

followed by:
7.3.4

Once all the options have been discussed, a convergent route sign of similar form is given. Smaller labels are
provided for minor route choices and short turn-offs.

Whereas the major FLOW CHART items are tackled in an obedient order, the actions within each item are
tackled in the most appropriate order at the time.

A few other symbols are used, as referenced by the following key to symbols.
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A.1.4 Key to symbols

The following types of symbol appear in the detailed example calculation document.

Top level navigational instruction, for example, showing
where an item in the overall assessment has been completed,
or where a level of assessment has been concluded.

“Local route sign” showing the general route(s) available to achieve an item in the overall FLOW CHART:

Introduction (7.3.4)

Wind actions calculations (A.7.3.4.1-2)

or Model Tests (A.7.3.4.3)
7.3.4 Reference to an entry in the route card above.

Point at which the analysis route divides into options which

are separately labelled within ISO 19905-1.
Wind action Model Test

calculations Data
A.7.3.4.1 A.7.34.3

A.7.3.4.3 > Indicator of start of a separately labelled option, as directed by the signpost immediately above.
Option terminates at the next similar sign, or at the following sign:

Reference to an entry in the route card which continues on an identified option.

A7.3.4.1 A.7.3.4.3 Point at which separately labelled options converge onto the

same route again.
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Point at which a minor division in the analysis route occurs.
This is usually within a subclause.

OPTION > Minor option in the route as introduced by the above sign. Terminated either by a similar sign,
or by the convergent sign shown below:

Y Point at which minor route divisions re-converge.
i Reference to source of further information in ISO 19905-1.
A.7.3.3.3.1

A.2 Initial steps in the analysis of the “typical jack-up”

A.2.1 Initial route, introduction and overall considerations

Read Introduction & Scope 1

If unfamiliar with ISO 19905-1, note:

Normative references 2
Terms and definitions 3
Abbreviated terms and symbols 4

(not comprehensively covered herein)

Overall considerations 5
Follow FLOW CHART Fig 5.2-1

III Introduction & Scope

ISO 19905-1, which was developed from SNAME Technical & Research Bulletin 5-5A, states the general
principles and basic requirements for the site-specific assessment of mobile jack-ups; it is intended to be used
for assessment and not for design.

Site-specific assessment is normally carried out when an existing jack-up unit is to be installed at a specific
site. The assessment is not intended to provide a full evaluation of the jack-up; it assumes that aspects not
addressed in ISO 19905 have been addressed using other practices and standards at the design stage. In
some instances, the original design of all or part of the structure could be in accordance with other standards
in the 1ISO 19900 series, and in some cases different practices or standards could have been applied. It is,
however, a pre-requisite that the jack-up holds a valid classification society certification from a recognized
classification society (RCS) (see ISO 19905-1:2012, Clause 1 and 3.52), or can be shown to meet the same
requirements.

1Nn92 .
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The purpose of the site assessment is to demonstrate the adequacy of the primary structure 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, e.g. using the
recommended contents list of 1ISO 19905-1:2012, Annex G or similar, and communicated to those persons
required to know or act on the conclusions and recommendations. According to the Introduction to the ISO,
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 ISO 19905-1.

IEI Overall considerations

5.1
5.1.1

5.1.2

5.2

ISO 19905-1 includes the following general requirements and recommendations:

Assessments undertaken in accordance with ISO 19905-1 shall be performed only by persons
competent through education, training and experience in the relevant disciplines.

Adequate planning of the assessment condition shall be undertaken before a site-specific assessment
is started.

The assessment shall normally include both extreme storm and operational assessments because the
critical mode of operation is not always obvious. (For the purpose of this detailed example calculation
a single extreme storm event has been assessed.)

The assessor should prepare a report summarizing the inputs, assumptions and conclusions of the
assessment. A recommended contents list is given in ISO 19905-1:2012, Annex G.

Country-specific rules and regulations must be considered and addressed. [For the purpose of this
detailed example calculation it is assumed that there is no need to satisfy any country-specific
requirements (as given in ISO 19905-1:2012, Annex H).]

The assessment of the jack-up can be carried out at various levels of complexity as expanded in a), b)
and c) (in order of increasing complexity). The objective of the assessment is to show that the
acceptance criteria of ISO 19905-1:2012, Clause 13 are met. If this is achieved at a certain complexity
level there is no requirement to consider a higher complexity level. In all cases, ISO 19905-1 requires
the adequacy of the foundation to be assessed to level b) or c).

a) Compare assessment situations with design conditions or other existing assessments
determined in accordance with ISO 19905-1.

b) Carry out appropriate calculations according to the simpler methods (e.g. pinned foundation,
SDOF dynamics) given in ISO 19905-1. Where possible, compare results with those from
existing more detailed/complex (e.g. secant or yield interaction foundation model, time domain
dynamics) calculations.

c) Carry out appropriate detailed calculations according to the more complex methods (e.g. secant,
yield interaction or continuum foundation model, time domain dynamics) given in ISO 19905-1:2012.

For the purpose of this detailed example calculation it is assumed that case c) applies and that recourse to
ISO 19905-1 is necessary to justify the safe use of the unit.

FI5G§_F1{E It is now appropriate to start using the FLOW
' CHART in ISO 19905-1:2012, Figure 5.2-1, as
reproduced overleaf.
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A.2.2 Overall analysis FLOW CHART as given in ISO 19905-1:2012, Figure 5.2-1

NOTE

ANA
Copyright International Organization for Standardization
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS

Cross-references in the figure refer to ISO 19905-1:2012.

Yes

RS

Assess foundation
(9and 13.9)

Obtaln jack-up data, (6.2)
Establlsh proposed welghts and C of G's, (6.2)
Obtain site and metocean data, (6.3 and 6.4)
Obtain geotechnical data, (6.5)
Obtain earthguake data, (6.6)

Are there "other aspects” that limit acceptability?

- Metocean actlons! marlne growth: VIV, (7.3.2 and 7.3.3)

- Earthquake, (10.7)

- Foundatlons: skirted spudcans, hard sloplng strata, footprints,
leaning Instablllty, leg extraction dlﬁlcultrés. cyclle moblﬁ,ty.
scour, Interactlon with adjacent Infrastructure, gechazards
and carbonate materlals (9.4)

Yes
il

Are preventative
measures avallable
and wlll these be

acceptable?

| Yes ‘ No

No*'

Determine hull elevation, (5.4.5 and 13.6)
Select condltlons for ULS (5.3;
Determlne assessment sltuatlon(s), (5.4)

Determine exposure level H5.5)
Estimate |eg penetratlons based on maxlmum preload (9.3.2)

i

‘ |s adequate |eg length available? (5.4 .6 and 13,7)
1

Do comparable calculatlons according to thls document
ex|st and show acceptabllity (5.2)7

Not OK No

No
™| payload that results

UNIT NOT
ACCEPTAELE

No

Run assessment
for the reduced

in adequate leg
length?

Yes

OK

Determine actlons (7}
Prepare or update analysis models, (8.1 to 8.7)
Determine foundation models, (9.3.1)

i

Apply actlons (8.8)

Determine resposes (9.3.3 to 9.3.5 and 10.1 to 10.5)

f

If applicable, check effect of fixity on dynamic response (8.6.3)

Assess structural strength and overturning stabllity

! Not OK

(12, 13.1 fo 13,5 and 13.8)
ok

Assess foundatlon (9,3,6 and 13,8,1)/ Not OK
Figure A.9.3-17 to level 1, 2 or 3 as appropriate
{ oK
Not OK

Check effect of foundation displacements, (13.9.2)

[f requlred, re-assess penetratlon, (9.3.2) hull elevation
and leg length, (54,56, 13.6-7)
I not requirediOK
If applicable, report potential for interactjon with adjacent
structures (5.4.7, 9.4 8)

Not OK
Not OK

It applicable, repeat assessment for other genetranons
In the range pred|cled, (8.6.2, 9.2, A98.3.2.1.1)

INOtOK‘r

not applicable/OK

NOTE 1

corresponding clause in Annex A.

This flgure does not fully address:
Long term appllcations {11), Temperature {13,10),

NOTE 2

UNIT
ACCEPTAEBELE

If posslble, Choose more detalled
- structural model {8.2.3)
- Foundation model (8.6.3/9.3)
- Dynamlc response calculatlon
(8.6.1/10.3,10.5)
- Analysis method (10.9)
to resolve failure of acceptance,

——

Yes

A cross-referenced clause number Includes reference to the

+No

UNIT NOT
ACCEPTABLE

Earthquake (6.6, 7.7, 8,88, 10,7)
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A.3 Data assembly

E Data to assemble for each site

Obtain jack-up data, (6.2)
(see also Annex G)

Establish proposed weights and C of Gs, (6.2)
Obtain site and metocean data, (6.3&6.4)
Obtain geotechnical data, (6.5)
Obtain earthquake data, (6.6)

-

The first item in the FLOW CHART involves data collection. The references are well itemized, and so no local
route sign is required.

A.3.1 Obtain jack-up data

6.2 Jack-up data

The jack-up data used as a basis for the example calculations is summarized:

Rig type: “typical jack-up”

Installed leg length: 1749 m

Spudcan area: 243 m?

Spudcan height: 8,5m

Drawings operations manual: held and used as reference

Elevating system: electric opposed-pinion elevating system (four high)
Holding system rack-chock fixation system

Leg-hull connection details: see data sheets appended to this annex

Establish proposed weights and centre of gravity
It is assumed that this study represents a survival assessment.

Maximum elevated weight: 19394 t
(100 % variable load)

Minimum elevated weight: 17 289,51
(50 % variable load)

The weight distribution can be deduced from plans and the original data package.
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For the assessed condition the survival centre of gravity is at the leg centroid:

LCG: 19,2 m fwd. of aft legs centres
TCG: 0,0m port of longitudinal CL
Tolerance: +0,0m either way

Information is not specifically presented for substructure and derrick position, nor hook, rotary or setback
loads, however the above centre of gravity incorporates the substructure and derrick.

Weight of one leg excluding can: 18704t
Weight of footing spudcan: 570,3 t
Total leg weight including spudcan: 2440,81

Determine buoyancy of legs and can:

Buoyancy per unit length displaced weight of one bay / length of one bay
(1,025 x enclosed volume of one bay) + 10,21 m

3,232 t/m

Obtain buoyant upthrust on can. Assume can is flooded.
Mass of can: 570,3 t

For steel of density 7,856 t/m>:

Volume of steel in can =570,3 /7,856 (displaced volume of water)
=72,6m°

So buoyant upthrust: =1,025x 72,6
=744t

To meet an overturning requirement it is permitted that ballast water can be added to the hull weight. This is
not considered herein, as the overturning check is not the limiting assessment parameter.

Preload/predrive capability

The “typical jack-up” being considered for the purpose of the detailed example calculation preloads by filling
ballast tanks with water to temporarily increase the weight of the unit to proof test the foundations during
installation.

Preload capability 15 876 t preload footing reaction

It is understood from the operations manual that this is also the limiting bearing pressure for the spudcan.

Design parameters/ deviations: none
Relevant modifications: none
1NQ :
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A.3.2 Obtain site and metocean data

6.3

Site and operational data

The “typical jack-up” is considered at two locations for the purpose of the detailed example calculation:

Location 1 — Sand foundation condition

Location coordinates:
Seafloor topography:
Waterdepth:

Platform location:
Airgap requirements:
Rig heading:

Platform interface:

Location 2 — Clay foundation condition

Location coordinates:
Seafloor topography:
Waterdepth:

Platform location:

Airgap requirements:

Rig heading:

Platform interface:

A 10N ANANn Al
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arbitrary test location 1 — “sand”

assumed flat and undisturbed

121,9 m referenced to lowest astronomical tide (LAT)
N/A for arbitrary test location

operating airgap of 20,9 m from LAT to keel

N/A, omni-directional assessment

N/A for arbitrary test location

arbitrary test location 2 — “clay”

assumed flat and undisturbed

85,0 m referenced to lowest astronomical tide (LAT)
N/A for arbitrary test location

minimum safe airgap
(19,7 m from LAT to keel; see ISO 19905-1:2012, 13.6)

N/A, omni-directional assessment

N/A for arbitrary test location
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6.4 Metocean data

Metocean data for the extreme storm event (ULS assessment) is considered on an omni-directional basis for
the purpose of these detailed example calculations based on the 50-year independent extremes.

Waterdepth (LAT or CD); see also A.6.4.4:
Location 1 (sand):

Waterdepth: 121,9 m referenced to lowest astronomical tide (LAT)
Location 2 (clay):

Waterdepth: 85,0 m referenced to lowest astronomical tide (LAT)

Wind, wave and current act in the same direction, and at the same time as the extreme water level. No
directional data is to be used here.

A.6.42 Waves
Waves based on the 50-year independent extreme for the purpose of the detailed example calculation:
A.6.4.2.2 Extreme wave height
Location 1 (sand):
Maximum wave height Hay: 26,8 m
and based on Hnyax= 1,86 Hypp, (for non-cyclonic areas)
Significant wave height H: 14,4 m
Location 2 (clay):
Maximum wave height H,.,: 26,8 m
and based on Hnax = 1,86 Hyyp (for non-cyclonic areas)

Significant wave height H: 14,4 m

A.6.4.2.3 Deterministic waves

The wave kinematics factor x; assumed to be 0,86 for detailed example calculations (for comparative
purposes to SNAME). Formulae are based on latitude, waterdepth, waveheight and leg-spacing; see
ISO 19905-1:2012, Equation (A.6.4-3).

Associated wave period Tys: 16,6 s for both assessment cases (assumed to be intrinsic)

Check: 3,44 [Hgyp < Tass < 4,42 [Hgyp

13,05 < Tpes < 16,8

Therefore within bounds of ISO 19905-1:2012, Equation (A.6.4-8)

1NnQ .
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A.6.4.24 Wave crest elevation

Wave crest elevation calculated using in-house software using Stokes 5" wave theory based on a
deterministic wave:

i
Wave crest elevation Hges: 15,1 m A.7.3.3.3.1

A.6.4.2.5 Wave spectrum

A JONSWAP spectrum has been specified and in-house software caters for this spectrum.

A.6.4.2.7 Peak and zero upcrossing periods

Peak wave period Ty, (intrinsic): 16,6 s
(no additional data specified for arbitrary test case)

Check using T 32 [Hgp <T;<3,6,[Hgpp

12,1 <T,<13,7
Check gamma for range of T, using JONSWAP:
T,/ T, lowerbound: 1,37 (within range for JONSWAP)
T, / T, upperbound: 1,22 (within range for JONSWAP)

Therefore within bounds of ISO 19905-1:2012 Equation (A.6.4-10)

A.6.4.2.8 Short crestedness

Not considered if following the wave-kinematics approach.

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
ISO 19905-1:2012, A.10.4.1), the maximum dynamic response can be caused by waves or sea states with
periods outside the ranges given in 1ISO 19905-1:2012, A.6.4.2.3 and A.6.4.2.7. Such conditions should also
be investigated to ensure that the maximum (dynamic plus quasi-static) response is determined by
considering sea states with different combinations of significant wave height and spectral period, or
deterministic waves with different combinations of individual wave height and period.

It is assumed that the case being considered addresses the worst combined loading condition.
If dynamics is significant, care should be taken to ensure that the maximum (dynamic plus quasi-static)

response is assessed, possibly for seastates with a smaller wave-height if the wave period is close to the rig
natural period and the worst loading condition reported.

A.6.4.3 Current

The specified linearized current profile for this assessment is as follows:
Surface current: 1,49 m/s
Near bottom current: 0,82 m/s at 1 m above seabed

This supersedes the use of ISO 19905-1:2012 Equations (A.6.4-12) and (A.6.4-13).
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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 ISO 19905-1:2012,
A.7.3.3.3.2.

Note: In the assessment calculations the current velocity may be reduced to account for interference from the
structure.

1
A733.4

A.6.4.4 Waterdepth
Location 1 (sand):

Still water level (LAT) 121,9m
Assessment is based on a combined tidal rise and storm surge of 2,44 m

For these detailed example calculations the following split is assumed:

Tidal rise (MHWS): 1,22 m
(mean high water spring)
Storm surge: 1,22 m
Extreme still water level (SWL): LAT + MHWS + storm surge
124,4 m
Mean sea level (MSL): 122,5m

Location 2 (clay):
Still water level (LAT) 85,0m
Assessment is based on a combined tidal rise and storm surge of 2,44 m

For these detailed example calculations the following split is assumed:

Tidal rise (MHWS): 1,22 m
(mean high water spring)
Storm surge: 1,22 m
Extreme still water level (SWL): LAT + MHWS + storm surge
874 m
Mean sea level (MSL): 85,6 m

A.é.4.5 Marine growth

Noisite-specific data are given; default values per ISO 19905-1:2012, A.7.3.2.5 will be included

A646 Wind

Wlnd speed based on the 50-year independent extreme for the purpose of the detailed example calculation:
1-minute sustained design wind at 10 m above sea level is 51,5 m/s.

Formulations for the calculation of wind actions are given in ISO 19905-1:2012, A.7.3.4.
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A.6.4.6.2 Wind Profile

ISO/TR 19905-2:2012(E)

In the absence of a site-/area-specific wind profile, the logarithmic function, approximated by a power law
should be applied per ISO 19905-1:2012, Equation (A.6.4-14):

A.3.3 Obtain geotechnical data

6.5 Geophysical and geotechnical information

i

AT734

It is assumed that the unit is to operate in areas for which there is site-specific geotechnical data which has
been gathered in accordance with ISO 19905-1:2012, 6.5. For the present detailed example calculations two
locations are to be considered, with interpreted soil conditions of 1) shallow penetration in homogeneous
medium dense sand and 2) deep penetration in clay whose strength increases with depth, as described

below:

Location 1 — Sand:

submerged unit weight y =
triaxial friction angle ¢ =
relative density Dgr =
Poisson’s ratio v =

Location 2 — Clay:

submerged unit weight varies linearly between:

11,0 kKN/m*®
34,0
60 %

0,2

4,0 kN/m* at surface
5,8 kN/m® at depth of 19,0 m
5,8 kN/m® at depth of 36,5 m

8,0 kN/m® at depth of 45,0 m

2,40 kN/m? at surface
27,33 kN/m? at depth of 19,0 m
40,46 kN/m? at depth of 29,0 m

50,30 kN/m? at depth of 36,5 m

from Yy =

to Yy =

to Yy =

to Yy =
undrained cohesive shear strength varies linearly:

from sy =

to Su =

to Su =

to Sy =

to Sy =

shear modulus varies linearly:

67,00 kN/m? at depth of 45,0 m

from G = 0,0 MN/m? at surface

to G = 23,1 MN/m?atdepthof 19,0 m

to G = 31,6 MN/m?at depth of 29,0 m

to G = 37,9 MN/m” at depth of 36,5 m

to G = 62,8 MN/m” at depth of 45,0 m
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overconsolidation ratio is as follows:
Roc =
Roc =
Roc =

Roc =

Roc =

1,4 at surface to 19,0 m
1,2 from 19,0 t0 29,0 m
1,0 from 29,0 to 36,5 m
1,1 from 36,5 t0 45,0 m

1,2 below 45,0 m

soil undrained shear strength sensitivity:

2,7

SualSy

NEXT

ITEM All the items in this box of the FLOW CHART

have now been carried out.

A.4 Other limiting aspects

The first item in the FLOW CHART involves data collection. The references are well itemized, and so no local
route sign is required.

Are there “other aspects” that can limit acceptability?

- Metocean actions: marine growth; VIV (7.3.2 & 7.3.3)
- Earthquake (10.7)
- Foundations: skirted spudcans, hard sloping strata,

footprints, leaning instability, leg extraction difficulties, cyclic
mobility, scour, interaction with adjacent infrastructure,
geohazards and carbonate materials

!

ISO 19905-1 requires an initial review of the data available at this stage to determine if there are any “other
aspects”, generally outside the scope of ISO 19905-1, that may need to be considered from the outset.

(9.4)

These, however, are outside the scope of this annex and so are not considered further. The following analysis
assumes that these aspects are not limiting and the assessment can proceed.

NEXT

ITEM All the items in this box of the FLOW CHART

have now been carried out.
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A.5 Establish assessment configuration and situation(s)

E Determine hull elevation configuration and penetration

Determine hull elevation (5.4.5 & 13.6)
Select conditions for ULS (5.3)
Determine assessment situation(s) (5.4)
Determine exposure level (5.5)
Estimate leg penetrations based on maximum preload (9.3.2)

I

The actions in this item of the main FLOW CHART concern leg length demands. Their completion is
straightforward and so no local route sign is required.

A.5.1 Determine hull elevation

The hull elevation used in the assessment shall comply with the requirements specified in ISO 19905-1:2012,
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.

13.6 | Hull elevation — Minimum airgap requirements

Check that a minimum of 1,5 m clearance exists between the assessment return period extreme wave crest
elevation and the underside of the hull:

Test location 1 —Sand

Determine minimum airgap above LAT:

Lowest astronomical tide: 121,9 m above sea bed

Tidal rise (MHWS): 1,22 m

(mean high water spring)

Storm surge: 1,22 m

Extreme still water level (SWL) LAT + MHWS + storm surge
124,4 m above seabed

Wave crest elevation Hges: 15,1 m

Clearance 1,5m

Minimum airgap MHWS + storm surge + Hyest + 1,5 M
1,22+122+151+1,5
19,04 m

Specified airgap: 20,9 m from LAT to keel > 19,04 m

Therefore satisfies minimum airgap requirements for test location 1 — sand.
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Test location 2 — Clay
Determine minimum airgap above LAT:
Lowest astronomical tide: 85,0 m above sea bed.

Tidal rise (MHWS): 1,22 m
(mean high water spring)

Storm surge: 1,22 m

Extreme still water level (SWL): LAT + MHWS + storm surge
82,4 m above seabed

Wave crest elevation Hges: 15,8 m

Clearance 1,5m

Minimum airgap MHWS + storm surge + Hgest + 1,5 m
1,22 +1,22+15,8+ 1,5
19,74 m

Specified airgap: None specified at location 2

Therefore unit assessed at minimum airgap of 19,74 m for test location 2 — clay.

A.5.2 Select conditions for ULS

5.3 Selection of limit states

Normally only the ultimate limit states (ULS) need be assessed in a jack-up site-specific assessment.

For the purpose of the detailed example calculations, the site-specific assessment includes evaluation of the
ULS for the assessment situations including extreme combinations of metocean actions defined in
ISO 19905-1:2012, 6.4 and the associated storm mode gravity actions based on the data summarized in
ISO 19905-1:2012, Annex G. The applicable partial action and resistance factors for the ULS and exposure
level are summarized in ISO 19905-1:2012, Annex B.

It is noted that when the ULS metocean conditions are less severe than those defined for changing to the
elevated storm configuration, ISO 19905-1 requires that this ULS situation be assessed with the jack-up in the
most critical operating configuration (increased variable load, cantilever extended and unequal leg loads).

Similarly, for jack-ups where the operations manual permits increases in, or redistribution of, the variable load
with reduced metocean conditions (operating configuration, nomograms, etc.), ISO 19905-1 requires that the
assessor perform the ULS assessment using the operational metocean conditions with the associated
operating mode gravity actions and configuration. 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 conditions).

NOTE  The situations above are often found in benign areas where the ULS metocean conditions are within the defined
serviceability limit states (SLS) limits for the jack-up and do not exceed the limits for changing the jack-up to the elevated
storm configuration. For the purpose of the detailed example calculations the ULS assessment case is assumed to be the
most critical.

114 .
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A.5.3 Assessment situation

54 Determine assessment situation(s)

5.4.1 General

For the purpose of this assessment the unit is assumed to be able to achieve an equal leg loading condition
and has been assessed for the storm survival condition only.

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

5.4.2 Reaction point and foundation fixity

The reaction point at the spudcan is detailed in ISO 19905-1:2012, 9.3. Noting that the assumption of pinned
footings is a conservative approach for the bending moment in the leg in the way of the leg-to-hull connection
(see 1ISO 19905-1:2012, 8.6.3), this assessment has allowed for a foundation restraint condition based on the
inclusion of foundation fixity; see ISO 19905-1:2012, 9.3.

543 Extreme storm event approach angle

This assessment has considered sufficient storm approach angles to ensure the critical directions for each of
the various checks are covered.

5.4.4 Weights and centre of gravity

Weight and centre of gravity details for the assessed condition are summarized in the tables taken from
ISO 19905-1:2012, Annex G.

54.5 Hull elevation

The unit is assumed to be installed at a specified airgap of 20,9 m at the sand location, and the minimum safe
. airgap of 19,74 m at the clay location; see ISO 19905-1:2012, 13.6.

5.4.6 Leg length reserve

~In this assessment the leg reserve above the upper guide will be checked against the minimum requirement of
- 1,5m. Leg reserve calculations are detailed in ISO 19905-1:2012, 13.7.

A larger reserve can be required due to:
— 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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5.4.7 Adjacent structures

The potential interaction of the jack-up with any adjacent structures is not considered herein.

In the event of the unit being installed next to a structure (e.g. platform), aspects requiring consideration by the
operator include the effects of the jack-up's spudcans on the foundation of the adjacent structure and the
effects of relative motions on well casing, drilling equipment and well surface equipment (risers, connectors,
flanges, etc.).

5.4.8 Other

The assessment is based on the best estimate of the conditions at the site.

ISO 19905-1 requires that the validity of the assessment be confirmed once the jack-up has been installed if
the actual conditions are inconsistent with the assumptions made, e.g. penetration, eccentricity of spudcan

support, orientation, leg inclination. Factors such as large guide clearances and sensitivity to RPD cannot be
properly quantified prior to installation.

A.5.4 Exposure level

5.5| Determine exposure level

It is assumed that the unit is to operate manned and non-evacuated, an ‘L1’ exposure level based on
ISO 19905-1:2012, Table 5.5-1, and should therefore be assessed for either the 50 year independent
extremes with partial action factor of 1,15 (as considered herein) or for the 100 year joint probability metocean
data with partial action factor of 1,25.

1
55&
Table 5.5-1

A.5.5 Estimate leg penetrations

Leg penetration calculations are undertaken here to determine the anticipated depth of spudcan penetration
during preloading.

A.9.3.2 Prediction of footing penetration during preloading

The objective of this calculation is to determine the penetration depth at which the gross bearing capacity
equals the applied structural spudcan reaction applied during preloading after consideration of the appropriate
soil buoyancy and weight of backfill on top of the spudcan.
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A.9.3.2.1.2 | Modelling the spudcan

The profile of the equivalent spudcan diameter is first determined from the spudcan drawings supplied for the
jack-up unit in question. For the present detailed example calculations, the resulting spudcan data is given
below:

Actual spudcan: Equivalent axi-symmetric footing

[N

A

- $1.22m

B= 164°
Maximum nB?/4 = 243,21 m*
Total spudcan volume = 1164,83 m°
As= 99,4 m?

Tip to maximum plan area distance = 1,22 m

ISO 19905-1:2012, A.9.3.2 to A.9.3.2.6.6 provides methods for deriving the vertical footing capacity for a
range of soil types and profiles. For the purposes of the present calculations the two locations considered here
in detail are homogeneous silica sand, and clay whose undrained shear strength increases with depth.

D,

A9.3.21t0A9.3.2.6.6
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A.9.3.2.2 > Penetration in clays

For an undrained clay foundation as defined earlier (Location 2):

submerged unit weight varies linearly between:

from Y = 4,0 kN/m® at surface

to Y = 58kN/m’atdepthof 19,0 m
to Y = 5,8kN/m®atdepth of 36,5 m
to Y = 8,0kN/m®atdepth of 45,0 m

undrained cohesive shear strength varies linearly:

from s, = 2,40 kN/m? at surface

to sy = 27,33 kN/m? at depth of 19,0 m
to sy = 40,46 kN/m? at depth of 29,0 m
to sy = 50,30 kN/m? at depth of 36,5 m
to s, = 67,00 kN/m®at depth of 45,0 m

For the present clay example, deep penetrations are anticipated due to the relatively soft soils at the sea floor.
Consequently backflow is anticipated to occur during preloading, hence the Wgg o and Bs terms are included in
the bearing capacity equation [Equation (A.9.3-1)] in accordance with ISO 19905-1:2012, A.9.3.2.1.4.

The undrained vertical bearing capacity for preloading the clay foundation (allowing for backflow and
displaced soil) is given by Equation (A.9.3-1) as:

VL= 0Ov— War + Bs
where:
Oy = (suNosed + po) TB%4  from 1SO 19905-1:2012, Equation (A.9.3-7)

War = WgFomin + Wera = 7’[(7532/4)(13 — Heav) — (Vspud — Vo)l
(assuming no infill occurs after preloading operations, i.e. Wgg 4=0)

Using the spudcan geometry:
Vepus = 1 164,83 m®
Vo=116,7m’

For the particular soil profile considered in this detailed example calculation, the normalized rate of increase in
undrained shear strength with depth pB/s,, = 9,6, which is greater than the maximum value of 5,0 for which
bearing capacity factors are presented in 1ISO 19905-1:2012, E.1. Consequently, for this particular case, the
profile of Ngs.d. with depth, D, is calculated using 6,0 at the seafloor and the d. relationship provided in
ISO 19905-1:2012, A.9.3.2.2, and an average s, value between D and D + B/2 below the spudcan, also in
accordance with 1ISO 19905-1:2012, A.9.3.2.2.

The value of p,’ is calculated from ¥ D, where the variation of y is provided in the geotechnical input data. The
same variation of ¥’ is used for determination of the backfill weight during preloading, Wae omin-

119Q .
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However, the bulk unit weight used to determine the spudcan buoyancy, Bs, is taken as the Y value at the
lowest depth of the spudcan’s maximum plan area for a given spudcan tip penetration depth.

Using the above equations, the spudcan penetration resistance profile, i.e. ¥ versus spudcan tip penetration
depth, can be computed in order to calculate the spudcan penetration resistance curve.

The cavity depth, beyond which spudcan backflow is initiated, can be calculated using the methodology
described in 1ISO 19905-1:2012, A.9.3.2.1.4. As the rate of increase of undrained shear strength with depth is
constant for relatively large ranges of depths, H., has been determined using 1SO 19905-1:2012,
Equation (A.9.3-3):

HeadB = $*%° - 0,255
where S is defined in ISO 19905-1:2012, Equation (A.9.3-5) as:

S = [sum / (YB)"
H_,, has been calculated for each soil layer and the minimum value of H.,, has been used to define the depth
at which soil backflow will occur during penetration of the spudcan into the example soil profile, calculated

here as being 4,6 m.

Using the above information and equations, ¥, can be determined for various depths in order to produce the
spudcan penetration resistance curve as shown below:

Vi (MN)
0 50 100 150 200 250

10 F
15

20 £

25 1
T Spudcan tip penetration
= 42,3 m for preload footing

0
I reaction ¥, = 155,7 MN

Spudcan tip penetration (m)

35 %
40

s} |

50 L |

Here the penetration resistance has been calculated using depth intervals of 0,1 m, resulting in a predicted
spudcan tip penetration of 42,3 m for a preload footing reaction of 155,7 MN.
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The calculation of V| for this particular spudcan tip penetration depth will now be demonstrated:
VL=0Qv— Wgr + Bs

where:
Ov = (suNeSeds + po )mB/4
Wee = Wero + Wara

Assuming no backfill occurs after preloading operations, i.e. Wgea= 0, and Wae, = Waromin, then according to
ISO 19905-1:2012, Equation (A.9.3-2):

War = Y[A(D — Heay) — (Vspud - Vo)l

Bs=vyV

where:
D = 41,0 m (the depth of the lowest elevation of the maximum spudcan plan area)
B =17,6m

B4 =4 =24321m?
Hay =46m

Average s, between D and D + B/2 below the spudcan = 67,8 kPa

Ns: =6,0
de =1,47
po’ = 203,8 kPa at D = 41,0 m (calculated using the variation of ¥ with depth provided in the

geotechnical input data)
Y = 5,8 kN/m® at D = 40,8 m for use in calculation of Bs
Average Y of backflowed material = 5,1 kN/m® between H,,, and D

Veus =1164,83m°

Vo =1121m’
Therefore:
Ov =194,6 MN

Wge = 39,8 MN

Bs =0,65 MN
" =155,5 MN
The reason for this being slightly lower than V|, is due to the use of a depth increment of 0,1 m; ¥ = 155,9 for
D=411m.
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A.9.3.2.3 > Penetration in soils with partial drainage (silts)

Refer to guidance provided in ISO 19905-1:2012, A.9.3.2.3 (outside of the scope of this annex).

A.9.3.2.4 > Penetration in silica sands

The soil properties for the silica sand location (Location 1) are characterized by:

¢,triaxial =34:00

7' = 11,0 kN/m®
To calculate the vertical bearing capacity of the spudcan in the sand, the apparent friction angle mobilized
during spudcan penetration has been estimated as 29,0° in order to account for the effects described in

ISO 19905-1:2012, E.2.

The ultimate vertical bearing capacity for a circular footing (allowing for backflow and displaced soil) can be
calculated from:

Vio=0Ov— Wero + Bs (A.9.3-1)
where
Ov = y NnB®I8 + p' N, it B*/4 (A.9.3-8)

where the terms are obtained as follows.

In this case the calculation will show that the spudcan is partially embedded in the sea floor (i.e. the maximum
plan area of the spudcan is not in contact with the sea floor surface), hence no backflow occurs, and
consequently:

Do =0,0
Waep =0,0

For the present detailed example calculations, the small spudcan soil buoyancy term, Bs, has not been
incorporated. The bearing capacity equation stated above therefore simplifies to:

Ov =y NnB°/8

In accordance with ISO 19905-1:2012, A.9.3.2.1.2 the equivalent cone angle, f, for the presently considered
spudcan geometry is 162°. In this instance one could interpolate the bearing capacity factor Ny given in
ISO 19905-1:2012, E.2 using the values for ¢ = 25° and 30° for = 150° and 180°. However, for the purposes
of the present example, Ny has been selected from ISO 19905-1:2012, Table A.9.3-3 for ¢ = 29°:

N, =128

The spudcan penetration resistance curve can now be calculated. If the predicted penetration curve indicated
that penetrations greater than those required to mobilize the full spudcan area were required to support the
preload footing reaction, then the spudcan soil buoyancy and weight of backfill should be incorporated into the
calculation.
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The spudcan penetration resistance curve is shown for the present example below:

VL (MN)
0 100 200 300 400 500

0.0 1 1
Tip penetration for preload

footing reaction of
155,77 MN =0,91 m

;

Spudcan tip penetration (m)
!\J -
o (&)

N
)]
|

3.0

For the present preload footing reaction, Vo = 155,7 MN, the corresponding tip penetration is 0,91 m,
corresponding to partial spudcan penetration into the soil with an equivalent spudcan-soil contact diameter, B,
of 14,1 m.

A.9.3.2.5 > Penetration in carbonate sands

This is not a mainstream calculation and therefore not considered in the scope of this annex.

A.9.3.2.6 > Penetration in layered soils

Performing penetration calculations in layered soils is often a complex undertaking and considered outside of
the scope of this annex.

Penetration
calculations
NEXT
ITEM Airgap and penetration are known.
Next, check sufficient leg length.
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A.6 Assessment of leg length

Is adequate leg length available? (5.4.6 & 13.7)

+

The foregoing calculation of penetration and airgap will determine how much leg reserve there is for a given
water depth. The availability of leg length should be checked against this, and if there is insufficient reserve
the unit is not recommended for use. In some such cases it may be possible to refine the penetration analysis,
or use less preload so that the calculated leg length reserve can be made acceptable.

Is adequate leg length available?

13.7 | Leg length reserve

Referring to 1SO 19905-1:2012, 13.7, the leg length reserve above the upper guides should account for the
uncertainty in the prediction of leg penetration and account for any settlement. ISO 19905-1 specifies that 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:

— 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.

For this unit:

Location 1 Location 2

(Sand) (Clay)
Fixed factors (keel to U.G.): 26,0m 26,0 m
Airgap above LAT: 209 m 19,7m
Water depth (LAT): 121,9m 85,0m
Tip penetration: 0,9m 42,3 m
Total length used: 169,7 m 173,0 m
Leg length: 1749 m 1749 m
Reserve: 52m 1,9m

The unit has sufficient leg reserve for the sand assessment case: 5,2m > 1,5 m therefore satisfies the
requirements of ISO 19905-1.

The unit has sufficient leg reserve for the clay assessment case: 1,9 m > 1,5 m therefore satisfies the
requirements of ISO 19905-1.

NEXT
ITEM All the items in this box of the FLOW CHART
have now been carried out.
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A.7 Review existing calculations

Do comparable calculations according to this document exist
and show acceptability? (5.2)

{

If the assessment situation is comparable with design conditions or other existing assessments determined in
accordance with 1ISO 19905-1 then it may be appropriate to draw conclusions from these for the current
assessment. This is the lowest level of application of ISO 19905-1 as mentioned in 5.2.

There have been no analyses of this unit at this location according to 1ISO 19905-1. Therefore, acceptability
cannot be demonstrated at this stage.

Had there been a previous study according to ISO 19905-1 in which the foundation conditions, metocean
conditions, waterdepth, airgap and penetration had been as severe, or more severe, and for which the unit
had been acceptable for the relevant assessment checks, then no further analysis would have been
necessary and the unit would have been acceptable. Site-specific foundation assessment must always be
completed as part of this comparison. Because this was not so, a higher level of complexity must be carried
out. All the following items in the flow chart apply to either the “simple” (b) or the “detailed” (c) methods of
ISO 19905-1:2012, 5.2.

NEXT

ITEM All the items in this box of the FLOW CHART

have now been carried out.

A.8 Establish actions, prepare analysis and foundation models

The top-level route is:

Determine actions (7)
Prepare or update analysis models (8.1-8.7)
Determine foundation models (9.3)

{

This item of the FLOW CHART contains sizable pieces of work and is split into local route flow charts. It is
therefore presented in three parts. Here the actions, including hydrodynamic coefficients and wind loads, are
tackled.
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A.8.1 Establish actions

Determine actions

Local route

General (7.2)
Metocean actions (7.3 &A.7.3)
Functional loads (74 &A.74)
Displacement dependant effects (7.5)
Dynamic effects (7.6)
Earthquakes (7.7)
Other actions (7.8)

7.2 General

The example calculations detailed herein cover the following aspects.
a) Metocean actions:
1) actions on legs and other structures from wave and current, plus
2) actions on hull and exposed areas (e.g. legs) from wind.
b) Functional actions:
1) fixed actions, plus
2) actions from variable load.
¢) Indirect actions resulting from responses:
1) displacement dependent effects, plus
2) accelerations from dynamic response.
The example calculations do not address the following:
— earthquake actions;

— other actions

7.3 | Metocean actions

7.3.1  General

The wave/current actions on the legs and other structures and the wind actions on the hull, legs and other
structures detailed herein are considered to act simultaneously and from the same direction and are based on
the 50 year return period individual extremes.
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It is noted that whilst the directionality of wind, wave and current may be considered when it can be
demonstrated that such directionality is applicable, this has not been considered for the purpose of the
example calculations detailed herein. Likewise, use of 100-year joint probability metocean data is permitted.

i
A7.3.1.1

A.7.3.21 Methods for the determination of actions

The example calculations detailed herein follow a deterministic assessment approach developing static
metocean actions and an inertial loadset based on a dynamic amplification factor (DAF).

The action calculation follows the steps outlined in 1ISO 19905-1:2012, Table A.7.3-1 (Metocean action
calculation procedures).

7.3.2 Hydrodynamic model

The use of model tests to establish coefficients is permitted as an option within ISO 19905-1:2012, A.7.3.2.1.

Leg Hydrodynamic
model model
tests

A7.3.21 Also A.7.3.2.1

A.7.3.21 ) Model tests for hydrodynamic coefficients

Applicable test results may be used to select the coefficients for non-circular members (and not the complete
leg), but must consider:

— roughness;

— Keulegan-Carpenter number dependence;

— Reynolds number dependence.

Modél 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.

For the purposes of this annex it is not appropriate to carry this option further.

A.73.21 ) Leg hydrodynamic model

The hydrodynamic modelling of the jack-up leg can be carried out by utilizing “detailed” or “equivalent”
techniques and is dependant on the modelling technique being used for assessment. In both cases details of
all the leg members are considered in the hydrodynamic calculations.

Member lengths are normally taken as the node-to-node distance of the members (that point where two
member axes intersect) in order to account for small non-structural items (e.g. anodes, jetting lines of less
than 4 inches nominal diameter). Larger non-structural items such as raw water pipes and ladders are to be
included in the model. Free standing conductors and raw water towers are to be considered separately from
the leg hydrodynamic model.

12 .
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The jack-up unit being considered has two raw water pipes/caissons on the bow and one on the port leg, but
there are no non-structural items identified for the legs of this unit. No details of ladders or other free-standing
pipes or caissons are included in the data package being used for assessment; these would have been
sought and included were this not an example calculation.

Shielding and solidification effects are not normally considered (see 1SO 19905-1:2012, A.7.3.2.1, Note 2).
Current blockage is applied to the current velocity, as detailed later under the flag for A.7.3.3.4.

i
Table A.7.3-5, A7.3.4 &
ISO/TR 19905-2 7.3.2.4

&7.3.2.5
“Detailed” “Equivalent”
leg leg
model model
A7.322 A7.323
A.7.3.2.2 ) “Detailed” leg model
Summary of leg member details for hydrodynamic calculations:
Lower part of legs — up to 42 m above spudcan tip:
horizontal braces:
length = 16,15m
outer diameter = 0,406 m
diagonal braces:
length = 928m
outer diameter = 0,406 m
angle to horizontal = 30°
internal spanbreakers:
length = 7,34 m
outer diameter = 0,229 m
Upper part of legs — above 42 m above spudcan tip:
horizontal braces:
length = 16,15 m
outer diameter = 0,356 m
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diagonal braces:

length 9,28 m

outer diameter 0,356 m
angle to horizontal = 30°
internal spanbreakers:

7,34 m

length

outer diameter 0,229 m

Lower and upper leg section brace offsets:

Vertical offset 1,07 m

Horizontal offset 0,30 m
(both stated as full offset values)
Raw water caisson details:

Bow leg (two caissons):

length 16,2 m below MSL

outer diameter 0,46 m

Port leg (one caisson):

length 16,2 m below MSL

outer diameter 0,46 m
Starboard leg — no raw water caissons
Guéset plates:

The “typical jack-up” being considered has no gusset-plating on the legs.

A7324
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Drag and inertia coefficients

Base hydrodynamic coefficients for all of the above tubular members; see ISO 19905-1:2012, Table A.7.3.2:

Smooth Cp (above MSL +2 m) = 0,65
Smooth Cy (above MSL + 2 m) = 2,00
Rough Cp (below MSL +2 m) = 1,00
Rough Cy (below MSL +2 m) = 1,80

From A.6.4.4 we have the following MSL conditions:

Location 1 (sand): MSL 123,1m

Location 2 (clay): MSL

86,2 m

The unit is assumed not to have operated in deeper water depths; had this been the case, and the fouled legs
not cleaned, the surface would be taken as rough for wave actions above MSL + 2 m.

The chords of this unit are covered by ISO 19905-1:2012, Figure A.7.3-3 and subsequent equations, with
reference dimensions:

=
]
25
1
| /4
2,0
0 1,5
W
L 27 | b
| ‘W/ | | | 3
0,0 -+ | |
0 30 60 90
0
Key
1 flow direction
2 rough
3 smooth
Ch; drag coefficient to be used with D;
D, reference dimension of chord i
average width of the rack
7 angle between flow direction and plane of rack (degrees)
Split-tubular chord dimensions:
Chord width () = 0,792m
(tooth root to opposite tip)
Chord depth (D) = 0,749m
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A.7.3.2.5 Marine growth

No anti-fouling measures have been included in this analysis of the “typical jack-up”, and no site-specific
information on marine growth thickness. Therefore a default marine growth thickness of 12,5 mm (i.e. total of
25 mm across the diameter of a tubular member) is to be applied to all members below MSL + 2 m.

For a split tube chord as shown in ISO 19905-1:2012, Figure A.7.3-3, the rough drag coefficient Cp; is related
to the reference dimension:

D;=D + 2t,
where:
tm = marine growth thickness
therefore:
D; =0,749 + 0,025
=0,774 m

Based on ISO 19905-1:2012, Equations (A.7.3-7) and (A.7.3-8), the chord member drag coefficients are
calculated as follows:

Angle Rough Smooth

(below MSL+2 m) (above MSL +2 m)

6(°) D; (m) CD; D; (m) CD;
0 1,000 0,650
15 1,000 0,650
30 1,042 0,712
45 1,238 1,005
60 1,515 1,416
75 1,750 1,767
90 0,774 1,842 0,749 1,903
105 1,750 1,767
120 1,515 1,416
135 1,238 1,005
150 1,042 0,712
165 1,000 0,650
180 1,000 0,650

Rough values include the effect of marine growth, smooth values do not.

For all headings the chord Cy; = 1,8 below MSL + 2 m, and 2,0 above MSL + 2 m. This does not change for
marine growth.

All leg members are now covered.
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NEXT
ITEM

The necessary calculation for the detailed leg is
now complete. If required, the information can
be combined in an equivalent leg model as
described in the option below. Instructions
applicable to both cases follow the equivalent
leg model.

A.7.3.2.3 ) “Equivalent” leg model

Ve

“Equivalent” leg
A.7.3.2.3

An equivalent leg model comprising a single tubular with effective hydrodynamic properties may be
constructed from the detailed member hydrodynamic information. For each different type of bay, overall

parameters are derived as follows:

Equivalent diameter of leg: De = \/X D%, / s

Equivalent drag coefficient: Cpe = X Cpe;

where:

Cpe: = [ sin°; + cos®, sin“e; 12 Cp;

The above expression for Cpe; may be simplified for horizontal and vertical members as follows:

Vertical members (e.g. chords):
Cbei = Cp; (Di/De)

Horizontal members:

Cpei = Sinstn Cpi Dili
Dgs

Equivalent inertia coefficient:
CMe Ae = Ae )Y CMei

where:

D;l;

Dgs

4; 1

Cuer = [1 + (sin”B, + cos?B, sin’ o5 )(Cu; — 1)] =

‘A 1A Anan Ao
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with

and other symbols as defined above.

Equivalent leg hydrodynamic coefficients were determined using the above relationships with summary results
presented below for a single section.

For the “typical jack-up” being considered the leg has triangular symmetry, and a zero-degree heading is
defined as perpendicular to the plane of the rack.

Rough coefficients below MSL + 2 m

Lower leg section (up to 42 m above spudcan tip): All legs have 16-inch diameter bracing and no raw water

s = bay height

o; = angle in horizontal plane of member axis from flow direction

£ = angle of member axis from horizontal.

A4, = effective area of leg = nD./4

structure.
Headin A
g De D, ° M, CDeD. | CM.D.
) (m) (m®)
0 2,995 6,594
30 3,058 6,735
2,202 3,809 1,664 8,070
45 3,029 6,671
60 2,995 6,594
Upper leg section (above 42 m above spudcan tip): All legs have 14-inch diameter bracing.
No raw water caissons — all legs up to 12,2 m below MSL:
Headin A
g De D, ° CM, CDeDs | CM.DZ
) (m) (m®)
0 3,025 6,203
30 3,061 6,337
2,050 3,301 1,694 7,121
45 3,091 6,276
60 3,025 6,203
Two 18-inch diameter raw water caissons from 12,2 m below MSL (bow leg)
Headin Ae
g De CDe . CM, CDe.De CMe.Dy’
) (m) (m®)
0 3,317 7,167
30 3,379 7,301
2,161 3,667 1,705 7,958
45 3,351 7,241
60 3,317 7,167
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One 18-inch diameter raw water caisson from 12,2 m below MSL (port leg)

ISO/TR 19905-2:2012(E)

Headin A
g De D, ° M, CDeDs | CM.DZ
) (m) (m°)
0 3,174 6,685
30 3,238 6,819
2,106 3,484 1,700 7,540
45 3,209 6,759
60 3,174 6,685
Starboard leg — no raw water caisson fitted (see data above).
Smooth coefficients above MSL + 2 m
Legs below hull:
Bow leg — fitted with two 18-inch diameter raw water caissons.
Headin A
g De D, ° CM, CDeD. | CM.DZ
) (m) (m®)
0 2,446 5,004
30 2,516 5,152
2,048 3,293 1,792 7,513
45 2,485 5,086
60 2,443 5,004
Port leg — fitted with one 18-inch diameter raw water caisson.
Headin Ae
g D CD, > CM, CDe.Dy CM,.DS?
) (m) (m®)
0 2,358 4,706
30 2,432 4,855
1,996 3,129 1,781 7,095
45 2,401 4,792
60 2,358 4,706
Starboard leg — no raw water caisson fitted.
Headin Ae
g D CD, > CM, CDe.Dy CM,.DS?
) (m) (m?)
0 2,269 4,409
30 2,346 4,558
1,943 2,965 1,769 6,677
45 2,313 4,495
60 2,269 4,409

U RNAA Anas A
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AT7.3.22 A7323

Leg hydrodynamic coefficients have now been calculated.
7.3.34 Current

Current velocities for this analysis have been defined as a linear profile passing through two points (A.6.4.3);
the intermediate current values are linearly interpolated between these points by the software.

The current-induced drag actions are determined in combination with the wave actions. This is carried out by
the vectorial addition of the wave and current-induced particle velocities prior to the drag action calculations.

The current-induced drag forces are determined in combination with the wave actions as required by
ISO 19905-1:2012, A.7.3.3.4, with allowance made for reduction in current velocity to account for interference
per ISO 19905-1:2012, Equation (A.7.3-19):

Ve = Vi1 + CoeDel(4D)T" (A.7.3-19)

where:

V: is the far field (undisturbed) current velocity;
surface 1,49 m/s

Cpe is the equivalent drag coefficient of the leg as defined in ISO 19905-1:2012, A.7.3.2 (leg section-specific);
e.g. 3,317 for 0-degree loading on bow leg including two 18” raw water casings
(see ‘equivalent leg’ calculations detailed herein)

D, is the equivalent diameter of the leg, as defined in ISO 19905-1:2012, A.7.3.2 (leg section-specific);
e.g. 2,161 on bow leg (including two 18” raw water casings)

Dr is the face width of leg, outside dimensions, orthogonal to the flow direction;
16,9 m for 0-degree loading onto bow leg

therefore

Ve is the current velocity to be used in the hydrodynamic model,
e.g. = 0,90 V; based on the example values above, and is consistently 0,90 to 0,91 for all leg sections.

Check that V¢ is not less than 0,7V;as specified in ISO 19905-1. This is satisfied.

i
see Reference [A.7.3-5] and
ISO TR 19905-2 A.7.3.3.3.1
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7.3.4 Establish wind loads

Wind actions are computed using wind velocity, wind profile and exposed areas. Wind velocities and wind
profiles presented in A.6.4.6 are used.

Generally block areas are used for the hull, superstructures and appurtenances.

These actions can be calculated using appropriate formulae and coefficients or can be derived from applicable
wind tunnel tests.

Wind Wind
force tunnel
calculations test
data
A7.341 A7.34.3

A.7.3.41 > Wind force calculations

Wind force calculations on the structure above MSL are split into:

— wind load on legs below the hull,

— wind load on the hull (including all superstructure and appurtenances),
— wind load on legs above the hull.

This subclause gives a method for deriving the wind force on the block areas (of no more than 15 m vertical
extent) used to represent the hull, superstructure or appurtenances of the unit above.

The wind area of the hull and associated structures (excluding derrick and legs) can normally be taken as the
projected area viewed from the direction under consideration.

Note that “shielding effects are not normally included in the calculation”. This is because a profile area viewed
from the direction under consideration is to be used.

The wind force is determined using the following equation:
Fui = PAw; (A.7.3-21)
where:
P, =the pressure at the centre of the block;
Awi = the projected area of the block considered.
The pressure P; is computed using the following equation:
P,=0,5p V,* Cs (A.7.3-22)
where:
p = density of air (1,2224 kg/m°);
V, = the specified wind velocity at centre of each block (see A.6.4.6.2);
Cs = shape coefficient (see ISO 19905-1:2012, Table A.7.3-4).
Copyiaht memational orgavssiin or Smcarasator IS reserved 135

Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs
No reproduction or networking permitted without license from IHS Not for Resale, 12/02/2013 04:26:14 MST



ISO/TR 19905-2:2012(E)

Wind force on hull

The effective area of the hull is calculated from the projected area “blocks” making up the hull structure. The
following procedure is applied here.

— Identify major blocks in the hull structure. The descriptions in ISO 19905-1:2012, Table A.7.3-4 should be
used with outboard profiles and general arrangement drawings of the jack-up.

— Measure projected areas of blocks and their effective arms above the SWL for the elevated position.
— Apply shape coefficients (from ISO 19905-1:2012, Table A.7.3-4).

— Calculate wind velocity 77 to be applied to each block (height dependant) from 1SO 19905-1:2012,
Equations (A.6.4-14) and (A.6.4-15).

— Calculate total of wind forces and moments from each block

Sumrﬁary results for the “typical jack-up” hull being considered, for an airgap of 20,9 m from LAT to keel
(Location 1 — sand) are:

Heading (°) Effectivg area® Wind force ° Effective arm
(m?) (kN) above MSL (m)

0 2 397 5030 40,2

60 3 664 7731 40,7

90 3 521 7427 40,5

120 3039 6 447 42,2

¥ Effective wind areas include shape coefficients appropriate to each “block”.
® Wind force does not include environmental load factoryse.

Wind force on exposed leg sections

The procedure for calculating the wind forces on the exposed leg sections is identical to that for the hull
structure, except that shape coefficient is based on Cp. using smooth drag coefficients (ignoring marine
growth); see ISO 19905-1:2012, Table A.7.3-4.

Goto A.7.3.2
(leg hydro)
to get Cs
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Example values presented for leg above hull (no raw water structure) — all legs:

Heading (°) D¢ (m) Cpe Cbe De
0 2,269 4,409
60 2,346 4,558
1,943
90 2,313 4,495
120 2,269 4,409
End of
“equivalent”
leg option

There is now sufficient information to calculate the wind loads on the exposed leg sections by use of an
equivalent leg, using Cs = Cpe and projected width D.

A.7.3.43 ) Wind loads from wind tunnel (model tests)

Summary of leg member details for hydrodynamic calculations:

Wind pressures and resulting actions for the hull and associated structures can be determined from wind
tunnel tests on a representative model. Care should be exercised when interpreting wind tunnel data for
structures mainly comprised of tubular components, such as truss legs.

Use of model tests must consider:

— roughness;

— Keulegan-Carpenter number dependence;

— Reynolds number dependence.

This option is not explored further in this detailed example calculation.
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Leg hydrodynamic coefficients have now been calculated.

NEXT Hydrodynamic coefficients and wind forces are
ITEM now determined. Go on to the next action in the
FLOW CHART i.e. analysis models

A.8.2 Prepare analysis models

The second action in this FLOW CHART box is now considered. The action refers to analysis models, but for
the purpose of the example calculations only the structural models are prepared at this stage (sections A.8.1
to A.8.6) with the mass and load application (sections A.8.7 and A.8.8) covered in the response calculations.

Structural models

Local route
Introduction (8.1)
Overall considerations (8.2.1)
Select model(s) (8.2.3 & A.8.2.3)
Construct models (A.83t0 A8.7 &8.7)
Application of actions (8.8 & A.8.8)
8.21 Overall considerations

Structural modelling of the jack-up is intended to achieve the following objectives for both the static and
dynamic responses:

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

— suitable representation of the leg, leg-to-hull connection and the leg-foundation interaction, including non-
linear effects as necessary; and

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

8.2.3 & A.8.2.3 Select models

For most jack-up configurations it is necessary to develop a finite element computer model including legs, leg-
to-hull connection and hull. The choices regarding the level of complexity are as follows:

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

b) equivalent leg (stick model) and equivalent hull;
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c) combined equivalent/detailed leg and hull, e.g. simplified lower legs and spudcans, detailed legs in way of

the hull and leg-to-hull connections with detailed or representative stiffness model of the hull;

d) detailed single leg (or leg section) and leg-to-hull connection model.

The levels of modelling are expanded upon in ISO 19905-1:2012, A.8.2.3, with the limitations of each model
outlined in Table A.8.2-1, reproduced below:

Table A 8.2-1 — Applicability of the suggested models

Applicability
| Il 1l v \% Vi VIl

Base Overturning | Foundation Global Leg Jacking/ Hull

Model type shear and checks checks leg member fixation element
overturning forces forces system forces
moment reactions

a) Fully detailed leg Yes Yes Yes Yes Yes Yes See note
b) Equwalent leg Yes Yes Yes Yes - - -
(stick model)
c) Combined
equivalent/detailed Yes Yes Yes Yes Yes Yes See note
leg and hull
d) Detailed single leg
and leg-to-hull - - - - Yes Yes -
connection model
NOTE Hull stresses are only available from more complex hull models.

On the basis of the descriptions of the model types and the considerations in ISO 19905-1:2012, A.8.2.3,
selection of appropriate analysis models can be made.

The following checks are required for this study: overturning, foundation, leg strength (chords and braces),
and holdings system loads (pinions and rack chocks). The models which would satisfy these requirements are,
from Table A.8.2-1:

— type a;

— type b combined with type d;

— typec.

Whilst model types a) and c¢) would be equally appropriate, it is considered that the most efficient models for
this assessment are the equivalent 3-leg stick model (type b) for global loading, in conjunction with the single

detailed leg model (type d) for leg and holding system strength checks.

It is appropriate to calibrate the leg properties in the 3-leg model against the characteristics of the detailed
single leg model.

GOTO selected model
route(s)
a b
c

A IO NANAN AL
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A8.2.3a) ) Fully detailed 3 leg model — sub-route

Detailed leg (A.8.3.2)
Hull (A.8.4)
Hull/leg connection (A.8.5)
Spudcan (A.8.6.1)

{

This modelling technique has not been used for this study. However, many of the notes for model types b and
d are applicable, and appropriate reference is made to these.

Detailed leg

See notes for model type d (detailed leg model).

A.8.4 Hull

ISO 19905-1 requires that the hull structure be modelled so that the actions can be correctly transferred to the
legs and the hull flexibility is represented accurately. The options are either a detailed hull model
(ISO 19905-1:2012, A.8.4.2) generated using plate elements, or an equivalent hull model (ISO 19905-1:2012,
A.8.4.3) — see hull modelling notes covered in model type b.

A.8.5 Hull/leg connection

See notes for model type d (detailed leg model). The leg-to-hull connections should be connected to either a
detailed or a representative model of the hull instead of being earthed off in the single detailed leg model.

Spudcan

When modelling the spudcan, rigid beam elements are considered sufficient to achieve an accurate transfer of
the seabed reaction into the leg chords and bracing.

Note: For a strength analysis of the spudcan and its connections to the leg, a detailed model of the spudcan
and lower-leg, with appropriate boundary conditions, should be developed.

A.8.2.3b) ) Equivalent leg (stick model) — sub-route

Equivalent leg (A.8.3.3)
Hull (A.8.4)
Hull/leg connection (A.8.5)

{

The sirﬁple 3 leg model (type b) will be used to obtain global loads, such as spudcan reactions, and internal
leg loads at the lower guide. For the detailed example calculation, detailed leg strength checks are to be
performed; therefore the model type d will also be required.

1AN .
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In constructing the simple 3-leg model (type b), fairly detailed modelling of the hull/leg connection will be
necessary to determine effective stiffnesses. If a type d detailed leg model is to be used later, it might also be
used for this part of the calculation. Therefore, it would be more efficient to construct the type d model first.

Model
’ type d

A8.3.3

A.8.3.3 Equivalent leg

The appropriate leg sub-model is the “equivalent” leg, comprising a series of colinear beam elements as
described in ISO 19905-1:2012, A.8.3.3. :

The leg structure can be simulated by a series of colinear beams with the equivalent cross-sectional
properties calculated using the formulae indicated in ISO 19905-1:2012, Tables A.8.3-1 and A.8.3-2 or derlved
from the application of suitable “unit” load cases to the “detailed leg”.

A

OPTION > Apply formulae contained in ISO 19905-1:2012, Tables A.8.3-1 and A.8.3-2.

The unit has a split-cross braced design which can be modelled as type ¢ (“X-brace”) with additional
horizontals at the mid bays which have no effect on the shear area. Therefore, the equivalent shear area of

one side is:
(14 v)sh?
Ay =—— 2
ot P
44 124¢
where

for the lower leg section:

v =Poisson’s ratio for steel
=0,3
S = bay height
=10,21m
Copyright International Org;nlzlf;;g:f;rs\lgl%ardlzl‘anon ghtS reserved 1 41

Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs
No reproduction or networking permitted without license from IHS Not for Resale, 12/02/2013 04:26:14 MST



ISO/TR 19905-2:2012(E)

h = chord spacing (centre to centre)
=16,15m

d = length of diagonal brace on face
=18,56 m

Ap = area of brace diagonal
= 0,037 m*

Ac = area of chord (inc. 10 % tooth per ISO 19905-1:2012, 8.3.5)
= 0,254 m*

thus:
Aqi =0,082 m?

for the upper leg section:

v = Poisson’s ratio for steel
=0,3

S = bay height
=10,21m

h = chord spacing (centre to centre)
=16,15m

d = length of diagonal brace on face
=18,56 m

Ap = area of brace diagonal
= 0,026 m*

Ac = area of chord (inc. 10 % tooth 1ISO 19905-1:2012, per 8.3.5)
= 0,254 m*

thus:
Aq =0,057 m?

The leg cross-section is type A (triangular), and so:

A =3 Aci
=0,762 m? leg area

Aqy =A4q, equivalent shear area
=3 AQi/2
=0,122m? lower leg shear area
= 0,086 m? upper leg shear area

=3312m* leg 2nd moment of area

5,321 m* lower leg torsional moment of inertia
=3,743 m* upper leg torsional moment of inertia
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OPTION > Determine cross-sectional properties of the leg by application of “unit” load cases to a detailed
leg model.

If a detailed leg model is available it is possible to use it to determine the equivalent leg cross-sectional
properties. The technique is to rigidly restrain the leg model at the first point of lateral force transfer between
the hull and leg, although it can be more convenient to use a different reference point, e.g. chock level or
neutral axis of the hull, and to apply loads at, or near to, the spudcan (a known distance L). By comparing
deflections with a simple beam model of the same length, under the same loads, effective beam properties
can be deduced.

L
P |
v .
ARG RO RE Y T
/ <
6
/ 4 — F h
P
- v_ }1{
l A F Tf'

\- E,A, LA
Calculations are presented for the sand assessment case only for the purpose of the detailed example
calculations. Properties for the clay assessment case are calculated following the same process.
The following load cases should be considered, applied about the major and minor axes of the leg:
Axial “unit” load case

This is used to determine the axial area, 4, of the equivalent beam according to standard beam theory:

AE EA
where:

F = applied axial action
=9,81x 10" N (chosen to be representative of leg-load of this unit)

L = cantilevered length from the hull to seabed reaction point (A.8.6.2)
= 155,8 m for ‘sand’ assessment case

E  =Young's modulus (steel = 205 000 N/mm2)
A = axial deflection of cantilever at point of force application
From application of the loadcase, F, to the detailed leg model the following axial deflection, A, was calculated:
= 0,097 m for ‘sand’ assessment case
Therefore:
A =0,765 m* for ‘sand’ assessment case

Pure moment load case

e o S ardination ghts reserved I

Copyright International Organization for Standardizati
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs
No reproduction or networking permitted without license from IHS Not for Resale, 12/02/2013 04:26:14 MST



ISO/TR 19905-2:2012(E)

Applied either as a moment or a couple. This is used to derive the second moment of area (/) according to
standard beam theory:

2 2
N
2EI 2ES EI EO

where

M = applied moment
= 1,603 x 10° N-m

0 = lateral deflection of cantilever at the point of moment application
6 = slope of cantilever at point of moment application

From application of the loadcase, M, to the detailed leg model the following lateral deflection, &, and slope of
cantilever, 6, at point of application were calculated:

0 =2,858m
¢ =0,037 radians

Therefore:

second moment of area (/) based on ML*/2ES.
[=33,20m*

second moment of area (/) based on ML/E&
1=3321m*

ISO 19905-1 notes that the value of I resulting from the two equations can differ somewhat, understood to be
dependent upon bracing configuration; the example case presented herein shows only a 0,05 % difference,
but this would be expected to be significantly greater for K-braces configurations.

Pure shear

Pure shear, P, applied at the end of the leg, which can be used to derive I according to standard beam theory:

2 2
_Pr_,_PL

O=——=>1=
2E] 2E6

where

P = applied shear load
=9,810 x 10° N-m

From application of the loadcase, P, to the detailed leg model the following lateral deflection, &, and slope of
cantilever, 6, at point of application were calculated:

 =211m
6 =0,017 radians
Second moment of area (/) based on PL*I2E®:

I =3321m*
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Using either this value of I, or a value obtained from the pure moment case, the effective shear area, 45, can

then be determined from:

PI®  PL 7,.8PLI
=t => Aq e
3EI  AG * 3EIS-PL®

where

G = shear modulus = E/2,6 for Poisson’s ratio of 0,3

A

As =0,066 m?

Comment on results: It is noted that the effective shear area A calculated from loads applied to the detailed
leg model are lower than the equivalent shear area determined from the empirical formulae in
ISO 19905-1:2012, Figure A.8.3-1 (for both the lower and upper leg sections). This may be due to the
horizontal and vertical offsets between the brace node intersections such that s, # and 4 are not truly
compatible with each other (i.e. d not exactly equal to sqr#(s> + 4°) and the effect of the unbraced chord lengths

at the spudcan.

8.7 & A.8.7| Mass modelling of leg

Although mass modelling is covered in ISO 19905-1:2012, 8.7 and A.8.7, the mass modelling of the leg is

presented here for continuity purposes.

Basic leg densities are covered in A.3.1 under the flag for 6.2, Jack-up data.

i

8.7&A.8.7

The weight of the raw water structure is added to the bow and port legs from 12,2 m below MSL to the keel

level at 19,17 m above MSL.

Effective weight per unit lengths:

Bow =1,641 t/m
Port =0,821 t/m
Leg area = 0,765 m?,

Effective leg density = 14,694 kg/m3
(excluding RWS)

For the dynamic calculations, the added mass of the fluid entrained in, and surrounding, the leg should be

accounted for (ISO 19905-1:2012, 8.7). This is calculated as follows:
added mass = pA4s(Cwe — 1)  [Note to Equation (A.7.3-6)]

where 4, is defined in A.7.3.2.3.
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Added mass values for the “typical jack-up” being considered, accounting for marine growth, are as follows:

Added mass Bow leg t/m Port leg t/m Stbd leg t/m
Lower leg section

, 2,593 2,593 2,593
(up to 42 m above spudcan tip)
Up to 12,2 m below MSL 2,349 2,349 2,349
Upto MSL+2m 2,684 2,499 2,349

Using this information, the following table summarizes the leg density for each part of the leg accounting for
leg properties, raw water structure and added mass with the total leg “effective” mass are shown at the bottom
of the table.

It should be noted that the weight of water entrapped in the spudcan is included in the analyses but the added
mass of water surrounding the spudcan is not in accordance with 1SO 19905-1:2012, 8.7. The following
densities and masses have been calculated for the sand case. The densities are exactly the same for the clay
case, however, the masses are marginally different.

Leg densities for dynamic calculations

Leg densities Bow leg Port leg Stbd leg
Spudcan Density (kg/m®) 271323
\(,:lr;%Iaurc)dmg 1 194 t of entrapped Length (m) 8.5
Mass (t) 1764
Lower leg section Density (kg/m3) 18 083
(up to 42 m above spudcan tip) Length (m) 33.50
Mass (t) 463,4
Up to 12,2 m below MSL Density (kg/m3) 17 764
Length (m) 69,81
Mass (t) 948,7
UptoMSL+2m Density (kg/m°) 20 300 19 032 17 764
Length (m) 14,2 14,2 14,2
Mass (t) 220,5 206,8 193,0
Up to keel level Density (kg/m3) 16 838 15766 14 693
Length (m) 17,71 17,71 17,71
Mass (t) 228,1 213,6 199,1
Above keel Density (kg/m3) 14 693 14 693 14 693
Length (m) 31,18 31,18 31,18
: Mass (t) 350,5 350,5 350,5
Tbtal leg mass (t) 3975 3947 3919

The $pudcan is assumed flooded. It both carries a volume of water and displaces a volume of water. However,
for the dynamic analyses the entrapped water in the spudcan is added to the mass of the spudcan.
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Leg densities Bow leg Port leg Stbd leg
Spudcan Density (kg/m®) 76 266
Length (m) 8,5
Mass (t) 495,9
Lower leg section Density (kg/mg) 10 468
(up to 42 m above spudcan tip) Length (m) 33,50
Mass (t) 268,3
Up to 12,2 m below MSL Density (kg/mg) 10 468
Length (m) 69,81
Mass (t) 559,1
UptoMSL+2m Density (kg/m®) 12334 11 401 10 468
Length (m) 14,2 14,2 14,2
Mass (t) 134,0 123,9 113,7
Up to keel level Density (kg/mg) 16 838 15766 14 693
Length (m) 17,71 17,71 17,71
Mass (t) 228,1 213,6 199,1
Above keel Density (kg/mg) 14 693 14 693 14 693
Length (m) 31,18 31,18 31,18
Mass (t) 350,5 350,5 350,5
Total leg weight (t) 2035 2011 1986

These densities do not include added or entrapped mass but do include buoyancy.

A.8.4.3 Equivalent hull model

In an equivalent hull model, the deck, bottom, side shell and major bulkheads are modelled as a grillage of
beams with properties chosen to represent the flexibilities of the hull.

ISO 19905-1 notes: “The axial and out-of-plane properties of the beams should be calculated based on the
depth of the bulkheads, side-shell and the “effective width” of the deck and bottom plating. Beam elements
should be positioned with their neutral axes at mid-depth of the hull. Due to the continuity of the deck and
bottom structures and the dimensions of a typical hull box, the in-plane bending stiffness can be treated as
large relative to the out-of-plane stiffness. The torsional stiffness should be approximated from the closed box-
section of the hull and distributed between the grillage members.”
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The first stage is to establish the geometry of the grillage. This is based on the plan of bulkheads and plate
sides, and is shown in Figure A.8.2-1.

Figure A.8.2-1 — 3 stick leg model (showing hull beam grillage)

Next, properties are to be assigned to the equivalent beams. It is appropriate to assign sectional areas,
second moments of area in-plane and out-of-plane, and the torsional second moments of area. A typical

calculation is as follows.

Assign long, beam-like portions of the structure, following a bulkhead or similar which can represent the web.
An effective width of the beam-like component can be deduced from inspection of the plan, such that most of
the plan area is assigned to beams with minimum overlap (see Figure A.8.2-2).

o

| -
e
Figure A.8.2-2 — Example division of hull structure into equivalent beams
(of different jack-up)
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For example, a beam section to represent the sides of the unit is as follows:

Plate thicknesses:

¢ 57m )
4 Main deck = 254 mm
Machinery deck (Md) = 12,7 mm
Bottom plate = 254 mm
Sideshell:
11,0 m Below Md = 14,3mm
Above Md = 12,7 mm
Legwell:
Below Md = 31,8mm
Above Md = 254 mm
v
NOTE Whilst stiffeners have been included in calculations below these are not detailed herein for simplification.
Area = 0,724 m?
Ixx = 16,3 m4
Iy = 10,7 m*  (see below)

Due to the continuity of the deck and bottom structures and the dimensions of a typical hull box, the in-plane
bending Iyv stiffness can be treated as large relative to the out-of-plane stiffness, say 100 m*.

: The torsional stiffness should be approximated from the closed box section of the hull and distributed between
the grillage members.

Transverse cross-section (taken through the leg centroid of the hull), considered typical torsional stiffness for
hull beams:

11,0m

\/

A

79,0 m
Main deck plate = 19,5mm
Bottom plate = 14,3 mm
Sideshell plate = 12,7 mm
Overall torsional stiffness of a box section — example calculation (formulation not given in

ISO 19905-1:2012). It is assumed that the effect of any internal bulkheads can be ignored because the shear
flow in adjacent cells opposes and they therefore have minimal effect:

2

I =
2(b/t)

for plates of thickness ¢, width 5 and box enclosed area A.

Therefore for the above section, 7, = 263 m* This is apportioned equally between the six longitudinal beams,
such that each has torsional second moment of area 1, = 43,9 m*.

A Anan Al
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Performing the above calculations for each beam (not included herein) produces a hull model which matches
the requirements of ISO 19905-1:2012, A.8.4.3.

8.5.7 Leg to hull connection stiffness

The determination of stiffnesses for the equivalent leg-to-hull connection model referred to in ISO 19905-1:2012,
8.5.7 can be accomplished by the following means of application of unit load cases to a detailed leg model in
combination with a detailed leg-to-hull connection model in accordance with 8.3.2 and 8.5.

Unit load cases are applied, as described in ISO 19905-1:2012, A.8.3.3. In this instance the effective stiffness of
the connection can be determined from the differences between the results from the detailed leg model alone
(see the information reported under the flag for A.8.3.3 above) and those from the detailed leg plus leg-to-hull
connection model as follows.

Axial “unit” load case

This is used to determine the vertical leg-to-hull connection stiffness, K,;,, from the axial end displacement of
the detailed leg model, 4, and the axial end displacement of the combined leg and leg-to-hull connection
model, 4, under the action of the same “unit” load case, F:

Kn=Fl(Ac—A) (A.8.5-1)
From application of the loadcase, F, to the detailed leg model with the leg-to-hull connection modelled as a
series of spring and gap elements representative of the guides, pinions and rack chock system, the following
axial deflection, Ac, was calculated:

Ac=0,106 m

Therefore:

Ko =1,15x 10" N/m

Pure moment

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, 6,and &., or the end deflections, 6 and &, of the two
models under the action of the same end moment, M:

Kin=M/(8c— 0)orKn =ML/ (5c— ) (A.8.5-2)

From application of the loadcase, M, to the detailed leg model the following lateral deflection, &, and slope of
cantilever, 6., at point of application were calculated:

o =3,287Tm
6c = 0,039 radians

Therefore:

Rotational connection stiffness, K;,, based on M/ (6c— 6):
K = 7,629 x 10" Nm/radian

Rotational connection stiffness, K, based on ML / (d¢ — 9):

K. = 5,822 x 10" Nm/radian
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Note: Whereas the calculated leg second moment of areas calculated from the two equations based on pure
moment load as shown under the flag for A.8.3.3 above were in good agreement, the rotational connection
stiffness from the two equations based on pure moment load show some 31 % difference. Although not
specifically referenced in ISO 19905-1:2012, this can additionally be derived from pure shear load in a similar
manner (see below).

Pure shear
A pure shear loadcase can be used to determine the horizontal leg-to-hull connection stiffness, Ky, in a
similar manner, accounting for the rotational stiffness already derived. Normally the horizontal leg-to-hull

connection stiffness can be assumed infinite.

The rotational connection stiffness, K, can additionally be calculated based on comparisons of end rotations,
@and &, of the two models under the action of a pure shear load P:

Kn=PLI(6c-6)

From application of the loadcase, P, to the detailed leg model, the end rotation 6. was calculated as
0,019 4 radians.

On this basis, Ky, is calculated as 8,217 x 10" Nm/radian, in better agreement with K., based on moment load
and end rotations, 6, above and used hereafter throughout this assessment.

ISO 19905-1 warns that 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 for the final anticipated displacement including wind actions, etc. The difference in the rotational
stiffness determined from &'s based on pure moment, and pure shear loads may be attributed to this.
No further investigation addressing the low rotational stiffness determined from ¢’s is covered herein.

A K, of 8,217 x 10" Nm/radian (determined from the pure shear case) is used going forward for the purpose
of the detailed example calculations presented herein.

A.8.2.3c) > Combination leg (3-leg model) — sub-route

Combination Leg (A.8.3.4)
Hull (A.8.4)
Hull/leg connection (A.8.5)
Spudcan (A.8.6.1)

{

This modelling technique has not been used for this study. However, many of the notes for model types b and
d are applicable, and appropriate reference is made to these. The notes on the hull sub-model and hull/leg
connection sub-model as given for model type a also apply and are reproduced for this model type.

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.8.34 Combined 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
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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. Recommendation
would be for a length extending from at least 4 bays below the lower guide to at least 4 bays above the upper
guide, or the top of the leg (whichever comes first).

Care should be taken to ensure an appropriate interface and consistency of boundary conditions at the
connections.

Construct a detailed leg sub-model as for the model type d, and equivalent leg with properties determined
from type b.

Connections between the portions of detailed and equivalent leg sections should be made by rigid links from
the three chords to the equivalent leg beam. Note that in these regions, spurious stresses can emerge from
the response calculations.

A.8.4 Hull

ISO 19905-1 requires that the hull structure be modelled so that the actions can be correctly transferred to the
legs and the hull flexibility is represented accurately. The options are either a detailed hull model
(ISO 19905-1:2012, A.8.4.2) generated using plate elements, or an equivalent hull model (ISO 19905-1:2012,
A.8.4.3); see hull modelling notes covered in model type b.

A.8.5 Hull/leg connection

See notes for model type d (detailed leg model). The leg-to-hull connections should be connected to either
detailed or representative model of the hull instead of being earthed off in the single detailed leg model.

A.8.6.1 Spudcan structure

When modelling the spudcan, rigid beam elements are considered sufficient to achieve an accurate transfer of
the seabed reaction into the leg chords and bracing.

Note: if'or a strength analysis of the spudcan and its connections to the leg, a detailed model of the spudcan
and lower-leg, with appropriate boundary conditions, should be developed.

A.8.2.3 d) ) Single detailed leg — sub-route

Detailed leg (A.8.3.2)
Hull/leg connection (A.8.5)
Spudcan (A.8.6.1)

{

A.8.3.2 Detailed leg

Modelling should account for offsets between member work points and centroids, as omitting this detail can be
unconservative. If member offsets are not included in the model, analysis of the relevant joints should
consider their effect. Gusset plates are typically omitted in the structural leg model. However, their beneficial
effects can be taken into account in the calculation of member and joint strength.

Guidelines on the construction of a leg model are noted as follows.

Model the following: chords,
horizontal braces,
diagonal braces and
internal braces.

1R9 .
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Loads will be applied near the spudcan, so include some representation of this in the leg model.

Define joints coordinates as intersections of chord and brace centrelines. Simplify some intersections.

Set up mesh geometry

The leg consists of a single basic unit (one bay) repeated 16 times:

Side length of 16,15 m
defined by horizontal
intersects

Bay height of 10,21 m
defined by the
midpoint between
chord/diagonal
intersects.

Component List:

3 chord sections

3 horizontal braces

4 half diagonal braces

3 internal span-breakers

/

Total  vertical brace
si offset of 1,07 m

/N

A

Total horizontal brace
offset of 0,30 m

Leg bracing begins at the bottom of the leg with a half bay, with complete bays starting at 11,43 m above the

spudcan tip.

Properties of members

The leg chord section is uniform up the entire leg, but the horizontal and diagonal bracing members change at

42 m above spudcan tip.

Leg chord specification:

Area  (no tooth)

Iyy (10 % tooth) = 0,007 m*

L, (10 % tooth) = 0,010 m* i

1 tors

Bracing specification:

= 0,246 m* i
(10 % tooth) = 0,254 m”

— 2
= 0,106 m A12.3

A8.35&

= 0,016 m*

Horizontal braces (below 42 m above spudcan tip):

outer diameter = 0,406 m

wall thickness =0,032 m

yield strength = 620,7 N/mm?
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Horizontal braces (above 42 m above spudcan tip):
outer diameter = 0,356 m
wall thickness =0,025 m
yield strength = 586,3 N/mm?
Diagonal braces (below 42 m above spudcan tip):
outer diameter = 0,406 m
wall thickness =0,032 m
yield strength = 620,7 N/mm?
Diagonal braces (above 42 m above spudcan tip):
outer diameter = 0,356 m
wall thickness =0,025 m
yield strength = 586,3 N/mm?
Internal spanbreakers:
outer diameter =0,229 m
wall thickness =0,010 m
Material properties:

205 000 N/mm?

Young's modulus (steel)

Density = 7860 kg/m®
Checklist for detailed leg OK?
Chords included y
Horizontal braces y
Diagonal braces y
Internal braces y
Spudcan no
Joints coordinates modelling y
Gusset plates ignored y
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A.8.5 Construct hull / leg connection model

A specific jack-up design concept can be described by a combination of the following components:
a) with or without fixation system;

b) opposed or unopposed jacking pinions [see ISO 19905-1:2012, Figure A.8.5-2 a)];

c) pin and yoke jacking system [see ISO 19905-1:2012, Figure A.8.5-2 b)]; :
1

d) fixed or floating jacking system. Figure C.1-1

The “typical jack-up” being considered is fitted with a fixation system (type a) and opposed jacking pinions
(type b), with representative leg-to-hull connections shown in 1SO 19905-1:2012, Figure A.8.5-3 c)
(reproduced below): ’L

VaVaVaVaViVaVaV.Va

VaVa¥

\DANANATANANND,

Figure A.8.5-3 c) — Representative leg-hull connection (fixed jacking with fixation system)

Guidance notes:

— jacking system to be properly modelled in terms of stiffness, orientation, clearance;
— consider effects of guide and support system clearances;

— consider effects of wear;

— consider effects of construction tolerances;

— consider effects of backlash at gear train and between pinion and rack.
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A.8.5.2 Guide structure

The guide structures should be modelled to restrain the chord member horizontally only in directions in which
guide contact occurs.

Upper and lower guides restrain movement parallel and perpendicular to
the rack as shown. These can be represented by gaps in these directions.

It is appropriate to set the gaps at the correct positions with respect to the m :li
*Gap

chord beam position as constructed (as opposed to the chord centroid).
Between chord beam and gaps place springs of stiffnesses derived below.
Guide simulation values would normally be provided by the designer; see > ¢Gap
the data sheet appended to this annex for details used for assessment of

the “typical jack-up” being considered.

-~ F

As a simplification or, in the absence of other data, the upper and lower guides ‘I Im“‘m'i "
can be considered to be relatively stiff with respect to the adjacent structure, / \
such as jackcase, etc., so a nominally high spring stiffness, e.g. 1 x 10° kN/m, (leg)
can be used in all directions since the gaps account for degrees of freedom. &
guide model

Lower guide position
The nominal lower guide position relative to the leg can be derived using the sum of leg penetration, water
depth and hull elevation. To allow for uncertainties in the prediction of leg penetration and possible differences
in penetration between the legs it is recommended that, for this leg brace configuration, four lower-guide /
rack-chock positions are covered when assessing leg strength:

— lower guide aligned at a midspan below the horizontal'"’;

— lower guide aligned at a nodal intersect with a horizontal,

— lower guide aligned at a midspan above the horizontal'"";

— lower guide aligned at a nodal intersect with a diagonal.

M This assessment has considered a single "mid-span" case closest to the operational configuration based on penetration,

waterdepth and airgap.

OPTION 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.

Guide lengths

OPTION 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 ISO 19905-1:2012, Figure A.8.5-5.
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In this assessment, single connections are modelled at the centre of the guides.
A.8.5.3 Elevating system

Values typically provided by designer: vertical stiffness — 7,005 x 10% N/m per pinion for the “typical jack-up”
unit being considered (see data sheet appended to this annex).

Opposed rack pinions resist deflection parallel with the rack.

Opposed pinions

A linear spring or cantilever beam can be used to simulate the jacking pinion with a gap sized to represent the
total clearance due to backlash, wear and tolerances.

Backlash (vertical component) = 0,002 m
No offset modelling is required in this instance.
A.8.5.4 Fixation system
The unit has a rack-chock fixation system; stiffness values typically provided by designer.

Vertical stiffness = 6,224 x 10° N/m (per chord)

Lateral stiffness = 1,3920 x 10° N/m (per chord)
It is important that the model can simulate the local moment strength of the fixation system arising from its
finite size and the number and location of the supports. For the purpose of these calculations this is modelled
as two sets of connections at positions located toward the top and bottom of the fixation system.
A.8.5.5 Shock pads — Floating jacking systems
The unit has no shock pads.
Were these present, the shock pad stiffness should be modelled by spring and gap elements to allow for load-
reversal in a similar manner to the pinion stack. Spring stiffnesses should be based on the manufacturer
effective shock pad stiffness accounting for any non-linear characteristics if known/available.

A.8.5.6 Jackcase and associated bracing

“The stiffness of the jackcase and associated bracing should be modelled accurately since it can have a direct
“impact on the distribution of horizontal forces between the guides and the jacking system.

‘A representative beam structure has been modelled in the finite element software as shown in the figure
“below. The beam positions are such that the centroids of the jack posts are in the correct positions, as are the
“centroids of the horizontal and diagonal bracing members. Some approximation of beam positions at the top
~corners of the jackcase was used to fit in guide connections.
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Jackframe

Upper

guide

Pinions

Chocks s

= Jack-posts

Lower R

guide - - -
© = °
(@] (@] o
-y e e
(&) (&) (&)
O (@] (@)}
(0] (0] (0]
— - -

Finite element model of hull / leg interface

Beam properties are drawn from the plans:
Vertical jack post beams:
Area = 0,597 m?
Iy, = 1228m*
L, = 0112m*
All other beams

Area = 0,077 m?

I, = 0,008m*
— 4
I = 0,006 m
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Checklist for hull / leg OK?
Jacking system stiffness y
Orientation y
Clearances y
Guide, support clearances y
Wear y
Construction tolerances y
Backlash y

It is assumed here that the flexibility of the structure adjacent to the lower guide is incorporated in the |OW€f
guide connection springs. ;

The model is earthed at the base of the jackhouse, and at the lower guide connections.

A.8.6.1 Spudcan

The spudcan is modelled with rigid beam elements, or using very stiff beam properties to transfer the seabed
reaction at the “effective penetration” (see 1SO 19905-1:2012, A.8.6.2) into the leg chords and bracing.
Spudcan nodes are linked to the bottom nodes of each leg chord by rigid links, or using very stiff beam
properties.

It should be noted that, due to the sudden change in stiffness, the spudcan connections can cause artificially
high stresses at the leg to spudcan connections. Hence the modelling and selection of element type should be
carefully considered when an accurate calculation of leg member stresses is required in this area.

For a strength analysis of the spudcan and its connections to the leg, a detailed model with appropriate
boundary conditions should be developed. This analysis can be performed on an independent model of the
spudcan and a section of the lower leg.

A8.2.3 a-d

Modelling routes converge
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A.8.3 Determine foundation models

The third action in this FLOW CHART box is now considered. The action refers to foundation models.

9.3| Foundation models

For the purpose of the detailed example calculations foundation fixity is considered. It is necessary to
determine the foundation capacities and stiffnesses and to develop the yield-interaction surface.

Local route
Introduction 9.3.1
Define yield interaction surface (A.9.3.3)
Foundation stiffness (A.9.3.41&A9.34.3/4)
Stiffness modification (A.9.3.4.21&A.9.3.4.2.2)
Soil-leg interaction (optional) (A.9.3.4.6)

{

9.3.1| Introduction

For the purpose of the detailed example calculation the yield interaction model approach adopts linear vertical,
linear horizontal and secant rotational stiffnesses with iterative reduction of rotational stiffness to ensure
compliance with the yield interaction surface.

A.9.3.3.2 | Ultimate vertical/horizontal/rotational capacity interaction function.

The fundamental equation for the ultimate vertical/horizontal/rotational capacity interaction function for
spudcans is given in Equation (A.9.3-16):

] [a] -5 -l T-5
On Owm Oy Oy Oy Oy (A.9.3-16)

A.9.3.3.2 > Location 1 (sand)

The ultimate bearing capacities are defined in ISO 19905-1:2012, A.9.3.3.2:

Ov = 155,7 MN as above

Ov = 0,12 Qvpe (A.9.3-26)
=18,7 MN

Ou = 0,075 B Ovnet (A.9.3-27)
=164,8 MNm

The spudcan penetration at Location 1 has previously been calculated to be partially penetrated with a tip
penetration of 0,91 m; consequently backfill and spudcan buoyancy do not need to be considered.

However, in this specific case, due to the partial penetration of the spudcan in the sand, the yield surface can
be extended for F\/Qy > 0,5 in order to account for the increased moment capacity due to the increase in
contact diameter resulting from further penetration, as described in ISO 19905-1:2012, A.9.3.3.4.

12N .
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Using:

S
1

14,1 m

Bmax = 17,60 m

oy Fy=155,7 MN

Omps = 0,075 B Ovnet (Bmar!B) (A.9.3-43)

2,06 QVnet

QMpv 0,15 B QVnet (A93-44)
= 2,10 Ovnet
Consequently as Owps < Ompy:

QMp = QMPS = 2!06 QVnet
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The corresponding unfactored yield interaction envelope in the F\-Fy and Fy-F\ planes are given by:

Copyright International Organization for Standardization
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No reproduction or networking permitted without license from IHS

Unfactored capacities

Qv Fyv(MN) Fy (MN) Fuv (MNm)
0,000 0,0 0,0 0,0
0,025 3,9 1,8 16,1
0,050 7,8 3,6 31,3
0,075 11,7 52 45,7
0,100 15,6 6,7 59,3
0,125 19,5 8,2 72,1
0,150 23,4 9,5 84,0
0,175 27,3 10,8 95,2
0,200 31,1 12,0 105,5
0,225 35,0 13,0 114,9
0,250 38,9 14,0 123,6
0,275 42,8 14,9 131,4
0,300 46,7 15,7 138,4
0,325 50,6 16,4 144,6
0,350 54,5 17,0 149,9
0,375 58,4 17,5 154,5
0,400 62,3 17,9 158,2
0,425 66,2 18,3 161,1
0,450 70,1 18,5 163,1
0,475 74,0 18,6 164,4
0,500 77,9 18,7 164,8
0,525 81,8 18,6 167,5
0,550 85,7 18,5 174,2
0,575 89,6 18,3 179,8
0,600 93,4 17,9 184,2
0,625 97,3 17,5 187,4
0,650 101,2 17,0 189,2
0,675 105,1 16,4 189,5
0,700 109,0 15,7 188,1
0,725 112,9 14,9 184,9
0,750 116,8 14,0 179,9
0,775 120,7 13,0 172,9
0,800 124,6 12,0 163,8
0,825 128,5 10,8 152,4
0,850 132,4 9,5 138,7
0,875 136,3 8,2 122,4
0,900 140,2 6,7 103,6
0,925 1441 5,2 82,1
0,950 148,0 3,6 57,7
0,970 151,1 2,2 36,1
0,980 152,6 1,5 24,6
0,990 154,2 0,7 12,5
1,000 155,7 0,0 0,0
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Unfactored bearing capacity envelope for
Location 1 (sand) in the F\-F), and F\-Fy planes.

A.9.3.3.2 > Location 2 (clay)

The general yield surface equation, ISO 19905-1:2012, Equation (A.9.3-16), is used for a clay foundation;
however, the maximum horizontal and moment capacities, Oy and Qu, are calculated using a different

approach:
D =410m
On = CuQvnet

As D > B, Cy = Chgeep Where:

Chideep = [1,0 + (5u,a/510)1[0,11+0,39(4/4)] (A.9.3-25)
As the soil sensitivity is given as 2,7 it is reasonable to assume that s, ./sy, = 1/2,7 = 0,37

As = 99,4m2 and 4 = 243,2m2, therefore:

QH = 0!369 QVnet
Ovnet = (SuNc‘Scdc)nBZM' (A.9.3-22)

AtD=410m:

sy = 67,8 kPa (averaged over D and D + 0,5B)
Nescde = 8,8

Hence:

Ounet = 145,0 MN

On=53,5MN
A IO NANAN AL
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To determine the maximum moment capacity, Ou:

Owmo = (0,1 +0,05a(1 + b/2))OvnetB (A.9.3-19)

a=DI2,5B=0,93

b = (Dpsua)/(Dsu)

Dy=D-H,,=410-46=364m

sua = sy at D divided by soil sensitivity = 59,1 /2,7 = 21,9 kPa
s, = 67,8 kPa

Therefore:

b=0,33

Hence:

Owm =393,7 MNm

However as Location 2 is a clay foundation, the bearing capacity envelope for F\, < 0,50Qy is calculated in
accordance with ISO 19905-1:2012, A.9.3.3.3:

2 2
[FH ] +[ Fu j -10=0 (A.9.3-32)
f1On F20um

As suction can be relied upon in such a normally consolidated clay, 1, = f; and full adhesion is assumed, i.e.
o= 1,0, as such, f; = 1,0. In this situation m, = 0,0, hence the horizontal and moment capacities for Fy < 0,50y
are equal to those for F\, = 0,5 Qy and:

R
Ony Om
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The corresponding unfactored yield interaction envelope in the Fy-F, and F-Fy, planes are given by:

A IO NANAN AL
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Unfactored capacities

AIQy | FA/(MN) [ Fy(MN) | Fy (MNm)
0,000 0,0 531,4 387,3
0,025 48,3 531,4 387,3
0,050 96,6 531,4 387,3
0,075 144,9 531,4 387,3
0,100 193,2 531,4 387,3
0,125 2415 531,4 387,3
0,150 289,8 531,4 387,3
0,175 338,1 531,4 387,3
0,200 386,4 531,4 387,3
0,225 434,7 531,4 387,3
0,250 483,0 531,4 387,3
0,275 531,3 531,4 387,3
0,300 579,6 531,4 387,3
0,325 627,9 531,4 387,3
0,350 676,2 531,4 387,3
0,375 7245 531,4 387,3
0,400 772,8 531,4 387,3
0,425 821,1 531,4 387,3
0,450 869,4 531,4 387,3
0,475 917,7 531,4 387,3
0,500 966,1 531,4 387,3
0525 | 10144 530,6 386,8
0550 | 10627 528,5 385,2
0575 | 1111,0 524,9 382,6
0,600 | 11593 519,9 378,9
0625 | 12076 513,3 374,2
0,650 | 125509 505,2 368,3
0,675 | 13042 4955 361,2
0,700 | 13525 484,2 352,9
0,725 | 14008 471,0 3433
0,750 | 14491 456,0 332,4
0,775 | 14974 438,9 319,9
0,800 | 15457 419,5 305,8
0,825 | 1594,0 397,6 289,8
0,850 | 16423 3727 2716
0,875 | 16906 344,2 250,9
0,900 | 17389 311,3 226,9
0,925 | 17872 2725 198,6
0,950 | 18355 2247 163,8
0,970 | 1874,1 175,4 127,8
0,980 | 18935 143,7 104,8
0990 | 19128 102,0 74,3
1,000 | 19321 0,0 0,0
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Unfactored bearing capacity envelope for Location 2 in the F\-Fy, and Fy-F} planes.

A9.34 Foundation stiffness

The initial elastic vertical, horizontal and rotational spudcan stiffnesses K, K, and K3, are defined for all soil
conditions by:

Vertical spring stiffness, Kj:

K=Ky 2GB (A.9.3-46)
(1-v)

Horizontal spring stiffness, Ko:

K> =Ky 16GB(1_V) (A93-47)
(7-8v)

Rotational spring stiffness, Ka:

K3 =Ky GB® (A.9.3-48)
3(1-v)

The appropriate shear modulus values for both example soil profiles are now calculated using
ISO 19905-1:2012, A.9.3.4.3 and A.9.3.4.4 for the clay and sand soil profiles, respectively.

1an :
Copyright International Organization for Standardization © ISO 201 2 - A“ rlghts reserved
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs
No reproduction or networking permitted without license from IHS Not for Resale, 12/02/2013 04:26:14 MST



ISO/TR 19905-2:2012(E)

A.9.3.4.4 > Selection of shear modulus, G, in sand

For Location 1 (sand):

The sand shear modulus, G, can be calculated using:

G/pa = j(Vew/4pa)"® (A.9.3-55)
where:

Pa = atmospheric pressure = 101,3 kPa

J = 230[0,9 + 5%%)

Vew =84,2MN

A =156,3 m? (the spudcan area in contact with the soil)

Dr = 60 % from geotechnical input data
Therefore:

j =234,6

G =54444kPa

A.9.3.4.3 > Selection of shear modulus, G, in clay

G = 50 497 kPa — the shear modulus corresponding to that at the lowest depth of the maximum plan area
(D =41,0m) as interpolated from the geotechnical input data.

NOTE If G had not been specifically supplied, the corresponding shear modulus could be calculated according to
ISO 19905-1:2012, A.9.3.4.3.

Initial elastic foundation stiffnesses

Location 1 (sand):

The spudcan is predicted to be partially penetrated into the soil (i.e. D = 0) with an equivalent spudcan
diameter, B = 14,11m.

The Poisson's ratio of the sand is provided in the geotechnical data as v=0,2.
As the spudcan is partially penetrated, no stiffness depth factors are applied; therefore:

K41 =Kg2=K43=1,0

and
Ky =1920 MN/m
K, =1821MN/m
K; =63710 MNm/rad
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Location 2 (clay):

The spudcan is predicted to be fully penetrated into the soil. The maximum depth of the lowest portion of the
spudcan with maximum plan area, D, is 41,0 m. When combined with the spudcan diameter, B = 17,6m, the
normalized spudcan embedment, 2D/B > 4,0. Furthermore, the earlier backfill calculations (see
ISO 19905-1:2012, A.9.3.2.1.4) indicate that backfill is predicted to act on top of the spudcan. Consequently,
stiffness depth factors are applied, in accordance with ISO 19905-1:2012, A.9.3.4.2, to the calculated initial
elastic foundation stiffnesses using the data in Table A.9.3-6 for v = 0,5:

Ky =1,69

Ky  =1,91

Ky =2,16
Therefore:

K =7 109 MN/m
K, =4881MN/m

K; =442 091 MNm/rad

A.9.3.4.5 > Selection of shear modulus in layered soils

(Outside the scope of this annex)

A.9.3.4.6 > Soil-leg interaction

J

(Outside the scope of this annex)

NEXT

ITEM Foundation models are now set up.

Proceed to apply actions.
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A.9 Apply actions and determine response

Apply actions (8.8)
Determine responses (9.3.31t09.3.5 and 10.1 to 10.5)

I

A.9.1 Application of actions

8.8 Apply actions

8.8.1.1 General

The assessment loadcase Fy is determined by the following generalized form where partial factors are applied
before undertaking the structural response analysis.

Fy=yicGe+ yiv Gyt Vie[Ee + V1o Del (8.8-1)
Where the actions are defined as:
Fixed loads, G: Actions due to fixed load located at the appropriate position.

Variable loads, Gy: Actions due to max. or min. variable load positioned at the most onerous
centre of gravity location applicable to the configurations under consideration.

Metocean loads, E.: Actions due to metocean conditions during the extreme storm event (or zero
for an earthquake assessment).

Inertia loads, De: Actions due to dynamic response (zero for stochastic storm assessment).
8.8.1.2 Two-stage deterministic storm analysis

The partial action factors applicable to the deterministic storm analysis addressed herein are given below:

716 =10
7iv=1,0
y¢e = 1,15 (applied to the 50 return period independent extreme metocean actions)
7ip =10
8.8.1.3 Stochastic storm analysis

For stochastic storm analyses the partial action factors are all set to zero.
8.8.14 Earthquake analysis

Earthquake analyses are not covered by this detailed example calculation. For more information, see
ISO 19905-1:2012, 8.8.1.4.

A.8.8.2 Functional actions due to fixed and variable loads

Fixed loads comprise weights. To model this, a gravitational acceleration is applied to the FE model, which
shall have suitable masses and densities.
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The hull dead weight plus 100 % of the variable load is 19 394 t and the hull dead weight plus 50 % variable is
17 289,5t. The hull mass is represented by a combination of self-generated mass across the hull structure
and point masses located at specific node points on the model which give the correct overall centre of gravity.

It should be noted that the gravity loadcase is only used to check the representative masses applied to the
unit for the dynamic analysis are correct, and to determine the equivalent vertical forces to represent the unit
weight in the final quasi-static analysis.
The centre of gravity of the dead load plus variable load is:

LCG: 19,2 m fwd. of aft legs centres.

TCG: 0,0 m towards port from longitudinal CL.

Tolerance: + 0,0 m either way for the purpose of this assessment.
Note that centre of gravity tolerances would not usually be set to zero, and the most onerous of the extreme
positions of a tolerance envelope or box would usually be considered for individual loading directions in the
subsequent analyses.
The mass and weight modelling of the legs is presented above, under the flag where ISO 19905-1:2012, 8.7

and A.8.7 are discussed, and below with the total weight of each leg reported along with the total weight of the
unit.

Analysis type ‘ Bow leg (1) | Port leg (1) ‘ Stbhd leg (t) | Total unit mass (t) °

Sand assessment

Dynamic *
(inc. added mass / no 39755 39473 3919,0 31235,8
buoyancy)

Static °
(no added mass / inc 20359 2011,3 1986,6 25427.,8
buoyancy)

Clay assessment

Dynamic ?
(inc. added mass / no 3983,4 3 956,2 3928,8 31 262,4
buoyancy)

Static °
(no added mass / inc 2020,3 1996,7 19729 25 383,9
buoyancy)

The mass of the legs used for dynamic analyses includes structural mass, added mass, entrapped mass and
excludes buoyancy.

The mass of the legs for static analyses includes structural mass and buoyancy only.

The total footing reaction includes the total hull (including 100 % variable) and the weight of all three legs.

The slight increase in weight for the clay dynamic assessment is due to more leg below the water and
therefore increased added mass. The reduction in weight for the clay static assessment is due to the
additional buoyancy associated with more leg being below the water.

The following table shows the pinned footing reactions for the maximum hull weight condition from application
of a “gravity” loadcase to the “static’ model, i.e. accounting for leg buoyancy but no environmental actions.

NOTE This loadcase was performed as a check only.
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Assessment Le Fy (kN) Fy(kN) F, (kN)
Case 9 (Shear X) (Shear Y) (Vertical)
Bow -126,6 0,00 83 381
Port 61,3 -110,8 83150
Sand
Starboard 61,3 110,8 82908
Total 0,00 0,00 249 439
Bow -123,6 0,00 83 228
Port 61,8 -111,6 83 007
Clay
Starboard 61,8 111,6 82775
Total 0,00 0,00 249 010

The total vertical reaction agrees with the total unit weight less leg buoyancy, confirming that the correct
masses have been applied to the model.

Given the water depth and metocean conditions considered, the “typical jack-up” has been assessed in
elevated storm mode only; no assessment of an operating condition has been considered.

A.8.8.3 Hull sagging

Hull sagging moments have been incorporated into the dynamic and final quasi-static analyses through
application of moments at the leg-to-hull connection points.

These moments were calculated by applying a gravity loadcase to the model and clamping the leg-to-hull
connection point on each leg. The mass of the hull was modelled by a combination of self-generated mass
across the hull structure and point masses located at specific node points on the model which give the correct
overall CoG

The reaction moments calculated at the leg to hull connection points are presented below, together with the
reduced moments (reduced by 75 % as permitted by ISO 19905-1:2012) later applied to the dynamic and final
quasi-static analyses.

Leg Hull sagging moments Hu:!es(jaugcgteigiymgén;nts

M, (MNm) M, (MNm) M, (MNm) M, (MNm)
Bow 0,0 —664,0 0,0 -166,0
Port 544,0 262,4 136,0 65,6
Stbd -544,0 262,4 -136,0 65,6

16N An4n
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A.8.8.4 Metocean actions

Wind loads can be applied as distributed forces, but for this assessment are applied as nodal point loads to
the equivalent leg stick-model. The distribution is adequately covered by applying loads at three elevations.

— wind loads on the legs below the hull;
— wind loads on the hull;

— wind loads on the legs above the hull.

Care must be taken when following the nodal point load approach to ensure that not only the correct total
shear is applied, but also that the point of application results in the correct overall overturning moment.

The wind areas and load calculations are covered above, under the flag where ISO 19905-1:2012, A.7.3.4 is
discussed, with a summary of the winds loads and respective lever-arms presented below.

Storm direction Forcelarm
Leg below hull Hull Leg above hull
Sand assessment
060° 141,3 kN / 140,6 m 8 890,8 kN /163,8 m 170,6 kN/171,9 m
090° 144,2 kN / 140,8 m 8541,6 kN/163,6 m 176,5kN /1719 m
120° 142,2 kN / 140,8 m 7414,4kN/165,3 m 170,7kN /1719 m
Clay assessment
060° 105,9 kN / 139,8 m 8831,0kN/163,3m 61,8 kN /169,7 m
090° 109,9 kN / 140,5 m 8484,7kN/163,1m 64,7 kN / 169,7 m
120° 106,9 kN / 140,5 m 7 366,3 kN / 164,8 m 61,8 kN /169,7 m

Wave/current actions should be applied to the leg and spudcan structures at the correct locations such that
the correct shear and overturning loads are applied to each leg. The wave/current actions are defined in
ISO 19905-1:2012, 7.3.3.

The in-house program FORCE-3 has been used to generate a distributed loadset on each of the legs to
represent the hydrodynamic load distribution. The equivalent hydrodynamic leg model derived earlier is used
in the equivalent leg (stick) model being used for this assessment. Wave/current forces from this stage of
analysis are presented below.

. . a Wave/current force Wave/current moment
Assessment Storm direction
(kN) (MN.m)
060° 20 209 1 863,6
Sand® 090° 20 584 1 898,3
120° 19 987 1839,4
060° 20 115 2076,0
Clay® 090° 20 312 2090,8
120° 19 630 2019,9
a Storm direction defined as positive anticlockwise from onto the bow, i.e. 0° is loading onto the bow.
b Moments taken about the effective penetration (0,46 m above the spudcan tip) for the “sand” assessment case.
© Moments taken about the effective penetration (4,25 m above the spudcan tip) for the “clay” assessment case.

As per the requirements of ISO 19905-1, the “apparent” wave period was used in the stochastic DAF analysis,
with the “intrinsic” wave period used to determine the wave particle kinematics.
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A.8.8.5 Inertial actions

For a deterministic analysis an inertial loadset must be determined in combination with the other actions. If the
SDOF method is used, the inertial load should be applied through a point modelled at the centre of gravity of
the unit. However, if a stochastic dynamic analysis is used, the loadset should match both the inertial base
shear and inertial overturning moments.

Although an equivalent SDOF DAF has been calculated and presented herein for comparative purposes, this
analysis is based on the stochastic dynamic DAFs and the loadset will therefore represent the appropriate
overturning and shear contributions. Note that the calculation of an SDOF DAF would require the use of the
“apparent” wave period in accordance with ISO 19905-1:2012, A.7.3.3.5/A.10.5.2.2.2.

For the purposes of this analysis no inertia loads are applied to the legs above the upper guide due to the very
short length of leg above the jackframe. This should be judged on a case-by-case basis, and at locations
where any significant length of leg remains above the upper guide ISO 19905-1 recommends that the
appropriate inertia forces on the leg above the hull should be included.

The applied loadset matches both the inertial base shear and inertial overturning moment through applicationii
of lateral forces applied to the hull (to match the base shear) and a correcting moment applied as a vertical:
couple to adjust the inertial base shear. 5

A.8.8.6 Large displacement effects

Large displacement effects can be captured in a number of ways:

Large displacement
methods

Geometric stiffness
methods

v

Negative spring method

E

A.8.8.6.a > Large displacement methods

The in-house FE package includes the large displacement optionand this is used to include the global “P-A”
effects.

A.8.8.6.b ) Geometric stiffness methods

J

Incorporates a linear correction to the stiffness matrix based on the axial forces present in the elements. No
guidance presented herein.

A.8.8.6.c ) Negative spring method

A simplified geometric stiffness approach which essentially applies an additional lateral force to the hull which
is proportional to the structural deflection of the hull. No guidance presented herein.

Large —)
displacement
effects
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A.8.8.7 Conductor actions

The “typical jack-up” has been assessed without a conductor and no guidance is presented herein.

NEXT

ITEM Structural models are now set up. Note their

application with seabed reaction point and fixity
(A.8.6.2, A.8.6.3) and leg inclination (10.5.4)

A.9.2 Determine responses — Foundation response
This covers the degredation of secant rotational foundation stiffness for loads acting on the foundation.

In this example the results from the 60° heading for the bow leg are used to calculate ¢ for both the sand and
clay cases:

For Location 1 (sand)

Fy, = 1651MN
Fy = 91MN
Fy = 0,0 MNm

The ultimate bearing capacities have been calculated above, under the flag where 1SO 19905-1:2012,
A.9.3.3.2 is discussed, as:

Ov = 1557 MN

Oy = 18,7 MN

Ouw = 164,8 MNm

a = 0,0 (for shallow embedment)

then, from A.9.3.4.2.3, noting that « = 0, equation A.9.3-52 reduces to::

5] (&}
RE

rr = 1,0 so the point lies on the yield surface

I"f-:

In this case f; is zero as the point lies on the yield surface which means the foundation rotational stiffness has
also degraded to zero / perfectly pinned foundation restraint condition.

A17A .
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For Location 2 (clay):
Fy = 202,9 MN
Fy = 8,7MN
Fy = 0,0 MNm

The terms in the failure ratio equation have been calculated above, under the flag where 1ISO 19905-1:2012,
A.9.3.3.2 is discussed, as:

Oy = 194,6 MN

Oy = 53,5MN
Ow = 393,8 MNm
a = 10(as D>25B)
i =10
L =10
then
1
E T TFE T
vy = { et } 4{ M } (A.9.3-53)
119n 1:9u
rr = 1,0 so the point lies on the yield surface

In this case f; is zero as the point lies on the yield surface, which means the foundation rotational stiffness has
also degraded to zero/perfectly pinned foundation restraint condition

NEXT

ITEM Foundation response has now been

considered.

A.9.3 Determine responses — Structural response

Determine responses (10.1 to 10.5)

I

All the options for determining the unit response are considered in this section, including the SDOF method
and time domain detailed dynamic approaches.

The hierarchy of modelling techniques is represented in ISO 19905-1:2012, Table 10.3-2, which can be
referenced when a “more detailed response calculation” is required.
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Local route

General (10.2)
Types of analyses (10.3)
Common parameters (10.4)
- Natural periods
- Mass
- Damping
- Foundations
Storm analysis (10.5)

- Two stage deterministic storm analysis
- Stochastic storm analysis

This annex is arranged to indicate a progress route considering all the options on the way, one after the other.
ISO 19905-1 allows for repetition of stages of analysis, albeit at different levels of complexity, so that parts of
this detailed example calculation may be encountered twice, especially for dynamic response calculation.

Reading through these sections provides a useful introduction to various aspects. Certain information is
discussed which will be required during the calculation, whether using finite elements or not. It is logical to
prepare this information now.

10.2 General considerations

The response of the jack-up refers to the internal forces of the leg members, overturning moments of the
jack-up, horizontal deflections of the hull, reactions and displacements at the spudcans and forces in the
holding system. The application of actions to the unit are discussed in ISO 19905-1:2012, 8.8 and A.8.8 and
shown below:

10.3 Types of analyses

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 or by a more detailed fully integrated
(random) dynamic analysis procedure that uses a stochastic analysis.

ISO 19905-1:2012, Table 10.5-1 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.

Alternatively, an ultimate strength analysis of the jack-up structure can be performed where the collapse
strength of the unit and its foundation is determined.

Detailed modelling for dynamic analysis can be preferred, but this is outside the scope of this annex.

10.4 Common parameters

The structural stiffness, hydrodynamic and wind actions are discussed in subclauses A.7 and A.8 of this
annex. The following parameters relate to the dynamic characteristics and the characteristics of the wave/
current excitation.

10.4.2 The natural period(s)

The natural period(s) can be determined either by a finite element structural model, or by equation.
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A104.2.1/
Equation (A.10.4-1)

FE model A.10.4.2.2

A10.4.21)

This approach uses equations given in Clause 10, TR.10.4.2.2. It is not recommended for use in analysis but
is useful for demonstrating some of the factors that affect the natural period of a jack-up. No further guidance
is given.

A10.4.2.2)

The three leg stick model is sufficient to meet the requirements of this paragraph.

Natural period (from equation)

FE model approach

For natural period calculations, non-linear effects are included in the analyses. The added mass of the model
is built in by using the member densities of the appropriate sections of equivalent leg accounting for the added
mass associated with the raw water structure (RWS), etc.; see above under the flag where ISO 19905-1:2012,
8.7 and A.8.7 are discussed. No buoyancy is included in the model other than in the P-A loadset used for large
displacements.

The rig natural periods for sway and yaw are presented in the table below, with mode shapes presented in the
subsequent figure.

Sand assessment natural periods

Assessment Linear Lin?ar Non-linear Non-linear period
case Mode frequency period frequency (s)
(Hz) (s) (Hz)

Pinned
Sway 0,103 4 9,67 0,0930 10,75
Yaw 0,129 5 7,72 - -
80 % Rotational fixity

Sand Sway 0,127 5 7,84 0,124 3 8,04
Yaw 0,152 6 6,55 - -
100 % Rotational fixity
Sway 0,1337 7,48 0,128 6 7,78
Yaw 0,159 6 6,26 - -

LA 1O NANAN AL
Copyright International Organization for Standardization ghtS reserved
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS

Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs
Not for Resale, 12/02/2013 04:26:14 MST

177



ISO/TR 19905-2:2012(E)

Clay case
Linear Linear Non-linear . .
Assessment f . § Non-linear period
case Mode requency period requency (s)
(Hz) (s) (Hz)
Pinned
Sway 0,104 3 9,59 0,097 1 10,30
Yaw 0,130 6 7,66 - -
80 % Rotational fixity
Clay Sway 0,165 7 6,04 0,161 8 6,18
Yaw 0,189 5 5,28 - -
100 % Rotational fixity
Sway 0,168 2 5,94 0,164 7 6,07
Yaw 0,192 1 5,21 - -
NOTE Sway and surge have very similar periods; however, in this case sway is marginally longer.
‘ : <<;~ T
,f | | |
(A) Surge (B) Sway (C)Yaw

First 3 natural modes of vibration of unit

10.4.2.1 104.2.2
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A.10.4.2.3 Mass

The masses used to calculate the natural periods are described in ISO 19905-1:2012, 8.7.

A.10.4.2.4 Variability in natural period

From 1SO 19905-1:2012, Figure A.10.4-1, the first cancellation point occurs at around 8,8 s given a leg
spacing of 57,61 m, with the second cancellation point at around 5,0 s. Given the wave period considered for

the analysis is 16,6 s, it is not anticipated that cancellation effects will cause a problem for the SDOF method.

Since Q is only marginally greater than 0,5 there is a relatively large separation between the natural period
and the peak of the wave spectrum, so the SDOF method in this case should be reasonably accurate.

T,=8,04s Q=T,/(0,9T,) = 0,54
T,= 16,60 s
A.10.4.3 Damping

The primary damping components are foundation, hydrodynamic and structural, which can be modelled either
linearly or non-linearly.

Structural and foundation damping are modelled linearly as a percentage of critical damping as a non-linear
foundation model is not in use at this stage.

Hydrodynamic damping can be specified as a percentage of critical damping or accounted for using the
relative velocity term in the drag force equations if:

where

1,49 + (n x 14,46)/12,90 = 5,01

T 8,04 s

D; = 0,79
Therefore:

50,86 = 20
So in this case relative velocity effects can be accounted for in the drag calculation which removes the need to
specify additional damping. However, in some cases such as the “no mass” case required for calculation of
the DAFs and for quasi-static analyses, relative velocity effects should not be used.
The applicable percentage critical damping for these analyses are:

structure, etc. 2 %

foundation 2%

hydrodynamic 0 % with relative velocity
3 % without relative velocity
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A.10.4.4 Foundations

The type of analysis chosen in ISO 19905-1:2012, 10.3 significantly affects how the foundations of the jack-up
are assessed. In this case the deterministic two stage approach is taken; however, the requirements of both
methods are shown below.

A10.4.41.2
deterministic
two-stage

v

A10.4.4.1.3
stochastic
one-stage

A.10.4.41.2 > Deterministic two-stage

ISO 19905-1:2012, Figure A.10.5-2 illustrates the procedure schematically.

A

Pinned Fixity

Pinned footing >

From above, under the flag where ISO 19905-1:2012, A.8.6.2 is discussed, the reaction point is 0,45 m and
4,25 m above the spudcan tip for Location 1 (uniform sand) and Location 2 (clay) respectively. Simple
supports are to be put into the finite element 3 leg stick model.

Fixity >
If justifiable, include foundation fixity as a combination of horizontal, vertical and rotational springs. For the
purposes of this annex fixity is justified and as such the flowing section will follow the fixity path.

(A.9.3.4.2.4) Include non-linear rotational, lateral and vertical soil springs.

(A.9.3.4.3) Upper and lower bound foundation stiffness values should be considered as appropriate for the
areas of structure under consideration.

(A.9.3.6.5) Degree of fixity depends on:
— soil type
— spudcan characteristics

— maximum vertical footing load during installation
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— foundation stress history

— structural stiffness of unit

— geometry of footings

— stress levels and load conditions under consideration

Apply springs at seabed reaction point. From the flag where 1ISO 19905-1:2012, A.8.6.2 is discussed, the
reaction point is 0,45 m and 4,25 m above the spudcan tip for Location 1 (uniform sand) and Location 2 (clay)

respectively.

Dynamic Quasi-static
analysis analysis

Dynamic analysis >

This refers to the first stage of the two stage deterministic analysis approach. The dynamic analysis can
include linearized foundation fixity but no non-linear fixity effects.

The rotational fixity can be taken as 80 % to 100 % of the value determined from 1SO 19905-1:2012, A.9.3.4
and shown below. For the purposes of this annex, 80 % of the rotational fixity has been used for all dynamic
analyses.

A.9.3.4 Foundation stiffness

The spudcan stiffnesses for the sand case were previously calculated above, under the flag where
ISO 19905-1:2012, A.9.3.4.3 is discussed, and are summarized below:

Ky =1920 MN/m
K, =1821MN/m
K; =63710 MNm/rad

The spudcan stiffnesses for the clay case were previously calculated above, under the flag where
ISO 19905-1:2012, A.9.3.4.3 is discussed, and are summarized below:

Ky =7109 MN/m
K, =4881MN/m
K3 =442 091 MNm/rad
Were a “pinned” assessment to be performed (which assumes the spudcan to be fixed but free to rotate, and

hence has zero moment capacity), then the corresponding rotational spudcan stiffness, K3, would be zero and
the vertical and horizontal stiffnesses, Ky and K,, would be infinite.
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Quasi-static analysis >

The foundation for the quasi-static analysis can either be modelled using an elasto-plastic foundation model or
a simple approach can be used to create moments on the spudcan by the inclusion of simple linear rotational
springs. The moments thus induced on the spudcan are limited to a capacity based on the relationship
between vertical force, horizontal force and moment. This procedure is defined below:

1. Include vertical, horizontal and rotational stiffnesses (linear springs) (see above under the flag where
ISO 19905-1:2012, A.9.3.4 is discussed) in the analytical model. The loadset will include the factored
functional and factored metocean actions along with the inertial actions calculated from the linearized
dynamic analysis.

2. Calculate the yield interaction function value (see ISO 19905-1:2012, A.9.3.3 and the example below).
Fixity is assessed by considering whether the footing load combination falls within the yield surface or
not. The quantity 7 is a measure of whether the load combination falls within the surface or not, so that:

rr = 1 load combination lies outside the yield surface

(no fixity)
rr < 1 load combination lies within the yield surface
(fixity)
3. Because the degree of fixity will affect the footing loadset for a given environmental load condition, an

iterative approach must be adopted to find the equilibrium position. If the moment is reduced to zero
and the force combination still lies outside the yield envelope, a bearing failure is indicated.

4. If the force combination initially falls within the yield surface, the rotational stiffness should be further
checked to satisfy the reduced stiffness conditions in ISO 19905-1:2012, A.9.3.4.2.

Dynamic Quasi-static
analysis analysis

Y

A.10.4.41.3 > Stochastic one stage analysis

The stochastic one-stage analysis requires the use of a fully detailed non-linear time domain analysis which
would take into account the elasto-plastic behaviour of the foundation. This procedure would incorporate the
effects of non-linear foundation fixity in the dynamic response, with the potential for permanent plastic set and
expansion of the current yield surface when it is transgressed. The metocean parameters (i.e. wind velocity,
wave height and current velocity) are factored, see ISO 19905-1:2012, A.10.5.3.2.

As the dynamic response is influenced by the time history of the actions, a number of analyses would need to
be performed for differing wave histories. The MPMEs would then need to be determined from a procedure
described in ISO 19905-1:2012, A.10.5.3.4.

ISO 19905-1:2012, Figure A.10.5-4 illustrates the procedure schematically.

By its nature, this analysis would require a lot of processing and a full demonstration of this method is beyond
the scope of this annex.
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A10.4.4.2 (Outside the scope of this annex)

Deterministic Stochastic
two-stage storm
analysis analysis

Y

End of footing options

A.9.4 Determine dynamic response

10.5 Storm analysis

The first division in the route of the dynamic response calculation is between deterministic inertial loadset
approaches and the detailed stochastic storm analysis approaches. The latter tend to be more complete but
more complex.

Stochastic storm
analysis 10.5.3

Deterministic
storm analysis
10.5.2

10.5.2 > Two stage deterministic storm analysis
(Inertial loadset) Approaches (Stage 1)

In these approaches inertial loads are determined to represent the dynamic response. These are additional to
the quasi-static loads determined earlier and are applied as a distributed loadset on both the hull and legs
above the upper guide.
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For the simple approach (single degree-of-freedom), go to A.10.5.2.2.2 or, for the more complex approach (a
random wave time domain random dynamic analysis), go to A.10.5.2.2.3.

Inertial loadset
random dynamic
analysis

(KpaF, RANDOM)
A.10.5.2.2.3

SDOF A.10.5.2.2.2

A.10.5.2.2.2 > The classical SDOF analogy

(DAFs and inertial loadset)
DAFs:
This is an efficient first pass approach to evaluating the dynamic response.

Calculate the DAF (KDAF,SDOF):

Q = T,JT,
where
T, = 8,04 s (e.g. sand case non-linear period for 80 % rotational fixity)
T = 0,97 papparent) = 14,94 s
Q = 0,54, noted to be > 0.5 and therefore flagged as possibly unconservative
. = 0,07 from (A.10.4.3)
Kpar spoF = 1 21,20 (A.10.5-1)

Ji0-2%)2 +(2¢2)2]
= 140
Inertial loadset:

To obtain Fj, it is necessary to inspect the hydrodynamic force data calculated using the in-house program
Force-3.

Examples based on sand foundation condition assessment and hydrodynamic loads include the 1,15
environmental load factor.
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60° heading:
Fes,@smax = maximum hydrodynamic load
= 20209 kN
Fessmn = minimum hydrodynamic load
= —1969 kN
o)

Fgs ampiiude = 11 089 kN

and
Fin = (1,40-1,00) x 11 089
= 4436 kN
90° heading:
Fgsaspax = maximum hydrodynamic load
= 20585kN
Fgs@smn = minimum hydrodynamic load
=-1935kN
SO
Fgs ampiiude = 11260 kN
and

Fi (1,40 -1)x 11 260

4 504 kN

120° heading:

Fgsasmax = maximum hydrodynamic load
= 19987 kN
Fgs@smn = minimum hydrodynamic load
=—1909 kN
SO
Fgs ampiiude = 10 948 kN
and

Fin (1,40 — 1) x 10 948

4 379 kN

These loads should now be applied through the hull centre of gravity along with the G, G, and E, loads from
the previous calculations described above, under the flag where 1ISO 19905-1:2012, 8.8 is discussed, in a
response calculation including second order sway effects, to generate the (G + G, + E. + D,) P-A response.

The F;, loads are applied through the hull centre of gravity by means of a conveniently located hull centre of
gravity node which is rigidly connected to the rest of the hull structure.
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See ISO 19905-1:2012, 10.5.2 (discussed below) for the second stage of the two stage analysis.

A.10.5.2.2.3 > Inertial loadset based on random dynamic analysis (Kpar,ranoom)

The dynamic response has been calculated following the guidance given in ISO 19905-1:2012, 10.4, with the
masses presented above, under the flag where ISO 19905-1:2012, 8.7, is discussed.

The storm should be qualified against specified limits for assessment; see ISO 19905-1:2012, 10.5.3.

Goto A.10.5.3

(Stochastic storm analysis)
for dynamic methods &
storm qualification

A.10.5.3 > Stochastic storm analysis

Se\f)eral detailed dynamic analysis methods are now considered. It is expected that in many analyses, this
section can be called upon to produce responses of increasing levels of sophistication.

Thé storm generated for the sand case is considered in this section. The (different) storm generated for the
clay case used exactly the same approach.

The following details apply to all methods.

— Although the underlying statistics are Gaussian, the non-linear forcing makes the excitation non-Gaussian,
and this must be included.

— The spudcan-foundation interface should be modelled as a pin joint, except when fixity has been justified.
Here fixity has been justified and is included.

— The relative velocity formulation has already been shown to apply in this case. From ISO 19905-1:2012,
Table A.10.4-1, total global damping (% of critical) has already been determined as 4 % (structure +
foundation) with an additional 3 % which is introduced by the hydrodynamics.

For stochastic analyses (for the sand case), the significant waveheight in 1ISO 19905-1:2012, A.6.4.2.6 is

applied:
—d
10H T
Hg = {H[T;m]e(%)llfsrp (A.6.4-9)
p
Hg =14,46
for: d = 121,9m
Hyp = 144m

ISO 19905-1 does not support frequency domain analyses so only the time domain is considered here. See
ISO 19905-1:2012, A.7.3.3.3.2 for more information regarding the following section.

A random sea has been generated using 200 divisions of the spectrum with equal energy content (and finer
divisions in the “tail’) and has been qualified at 3 h, 6 h and 9 h.
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The Airy wave height has been corrected for use in the stochastic storm (ISO 19905-1:2012, A.6.4.2.6), the
calculation for which is shown below:

—d
Hg=| 14| 10— 12/ 1o
T

P

This gives a corrected Hs = 14,47 m

The storm qualification criteria are calculated as follows:

Correct mean wave elevation
Standard deviation = (H/4) £ 1 %

3,58 < Standard deviation < 3,65
-0,03 < Skewness < 0,03
2,90 < Kurtosis < 3,10

H
Maximum crest elevation = TS 2In(N) -5%to +7,5 %

Duration
where: N = —

z

Maximum crest elevation
13,60 < (Duration =9 h) < 15,39

The storm qualification is shown below:

Lower Upper Qualification duration

bound bound 3h 6h 9h
Standard deviation 3,582 3,655 3,608 3,592 3,594
Skewness -0,030 0,030 -0,012 -0,02 -0,001
Kurtosis 2,90 3,10 3,076 3,091 3,04
Max. crest elev. 3 h 12,61 14,27 14,41° - -
Max. crest elev. 6 h 13,24 14,99 - 14,67 -
Max. crest elev. 9 h 13,60 15,39 - - 14,86
®  This maximum crest elevation is slightly too high but given the 3 h assessment is used for comparison purposes only it is
considered acceptable. The final DAFs will be taken from the 9 h simulation.

The wave simulation therefore satisfies the checks.

Select the integration time step:

T,/20=0,65s
7,/20=0,43s

(time step of 0,40 s selected)
Avoid transients by skipping 100 s of response simulation.

Select simulation length: This depends on the method selected and the quantities used. This is discussed
further in ISO 19905-1:2012, C.5.3, where the length of the storm used for the analysis is justified.
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A.10.3.2 Application of partial factors

The use of partial factors is only applicable to two stage deterministic analyses. For fully integrated stochastic
analyses, the partial factors are set to unity, but the metocean inputs are scaled up to compensate. For more
information regarding partial factors, see ISO 19905-1:2012, A.10.5.3.2.

Perform simulations as required in ISO 19905-1:2012, A.10.4.4.1.2.

Simulations were carried out using the in-house non-linear random dynamics software inclusive of P-A effects.
Combined wave/current particle velocities were used in determining the hydrodynamic loading on the legs.

A.10.5.3.4 Methods for determining the MPME

Three approaches to detailed dynamic time domain analysis are recommended:

Weibull distribution
C.21

Gumbel distribution
C22

Winterstein
C.23

e

A

Drag-inertia C.2.4

C.21 Weibull

Fit Weibull distribution to results of a number of time domain simulations to determine responses at required
probability level and average the results.

i
C.21

c22 > Gumbel

Fit Gumbel distribution to histogram of peak responses from a number of time domain simulations to
determine responses at required probability level.

Cz22

C.23 Winterstein

Apply Winterstein's Hermite polynomial method to the results of time domain simulations.

This option has been chosen to calculate the DAFs for determination of the inertial loadset. The following
analyses refer to the sand case only; a different storm was generated for the clay case following exactly the
same procedure.

The input seastate has been checked for Gaussianity.
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The method requires stable skewness, kurtosis and zero upcrossing rate in addition to the mean and standard
deviations. The adequacy of the simulation length has been checked by qualifying the same storm at 3 h, 6 h
and 9 h and calculating MPMEs and then DAFs at the 3 h probability level for each simulation length.

Storm heading 60°
Simulation duration Overturning DAF Base shear DAF
3h 1,354 1,205
6h 1,345 1,205
9h 1,357 1,213
Storm heading 90°
Simulation duration Overturning DAF Base shear DAF
3h 1,296 1,178
6h 1,311 1,191
9h 1,325 1,198
Storm heading 120°
Simulation duration Overturning DAF Base shear DAF
3h 1,265 1,141
6h 1,283 1,161
9h 1,288 1,162

The DAF’s for 15° and 45° have also been calculated as recommended in ISO 19905-1:2012, C.3 for
comparison with the 60°, 90° and 120" headings.

Storm heading 15°
Simulation duration Overturning DAF Base shear DAF
3h 1,272 1,152
6h 1,287 1,169
9h 1,296 1,172
Storm heading 45°
Simulation duration Overturning DAF Base shear DAF
3h 1,344 1,202
6h 1,343 1,205
9h 1,357 1,213

The results of these analyses show a slight upward trend over the increasing duration, which indicates that ( at
least) a 9 h storm is required to best assess the DAFs. :

o 189
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The moment responses for the 90° heading 9 h simulation and 3 h exposure are presented in more detail below:

Step Quantity Symbol Full dynamic Quasi-static
1 mean U 201 100 KNm 206 600 KNm
std. dev. o 326 900 kNm 177 200 kNm
skewness o 0,1671 1,3500
kurtosis o 3,785 5,864
2 upcrossings N 3 097 2 345
3 variables hs ha & K automatically calculated by software
4 Unmpm 3,726 3,783
5 ZMPM 5,038 6,702
6 Rupme 1 848 000 kNm 1 395 000 kNm

With step 6 the required quantities are obtained and the DAF can be determined as:

Rvpmdyn 1848 000
Rupmstatic 1395 000

c24 > Drag-inertia method

Determine DAF for a two-stage deterministic storm analysis from the response of the jack-up for four
conditions:

DAF = =1325

— full dynamic response;

— full static response;

— static response to inertia only wave loading (setting Cq = 0);
— static response to drag only wave loading (setting C, = 0).

The DAF is then scaled based on ISO 19905-1:2012, Figure C.2.4-2 based on the ratio of T}/T, to ensure the
DAF values are not underestimated for cases where T, approaches Ty,.

This approach is not considered further herein. i
C24&
ISO/TR 19905-2
Detailed time-series
methods
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All detailed dynamic analysis methods have now been considered.

End of
A.10.5.3

A.10.5.2.2.3 Inertial loadset based on random dynamic analysis (Kpar ranoowm)

The BS and OTM DAFs have been calculated as the ratios of the MPME of the dynamic response to the
MPME of the static response in accordance with ISO 19905-1:2012, A.10.5.3 using Winterstein’s Hermite
polynomial method for the calculation of the MPME. The resulting DAFs are shown below: ;

Assessment case Storm heading Overturning DAF Base shear DAF
015° 1,30 1,17
045° 1,36 1,21
Sand 060° 1,36 1,21
090° 1,33 1,20
120° 1,29 1,16
060° 1,48 1,32
Clay 090° 1,43 1,29
120° 1,36 1,24

The DAFs for 15° and 45° headings for the sand case have been calculated in accordance with the advice
given in 1SO 19905-1:2012, C.2, which recommends using the DAF calculated for one of these headings
around the clock. GL Noble Denton’s usual procedure for smoothing the DAFs involves calculating weighted
average DAFs using 50 % of the DAF for that heading and then adding 25 % from each of the DAFs of the
two adjacent headings (typically for 15° increments).

The flowing chart shows a comparison between using the weighted average of DAFs produced for 60°, 90°
and 120° (sand case) and using the DAFs calculated for 15° and 45° around the clock as suggested in
ISO 19905-1:2012, C.3.
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DAF Unfactored DAF's

—&— OTM DAF
—&—BS DAF
—0®— Weighted OTM DAF
= ©= Weighted BS DAF
15° OTM DAF
—4— 15" BS DAF
—#—45° OTM DAF
—&—45" BS DAF

The chart shows a much better approximation is made by using weighted average DAFs than mid-point
heading DAFs, where 45° would be conservative and 15° non-conservative even for the limited storm loading
directions being considered.

Therefore, the weighted average DAF approach is adopted in this assessment, which results in the following

DAFs.
Assessment case Storm heading Overturning DAF Base shear DAF
060° 1,34 1,20
Sand 090° 1,32 1,19
120° 1,30 1,18
060° 1,48 1,32
Clay 090° 1,44 1,29
120° 1,38 1,25

Inertial loadset

The inertial loadset, Fi,, normally should be such that it increases both the BS and the 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 it should
nevertheless be a multi degree-of-freedom model. See A.8.8.5 for guidance on applying an inertial loadset to
the model that matches both dynamic BS and OTM.

Caution should be exercised when the wave period approaches resonance, and additional load cases should be
considered when (7,/T,) is greater than 0,9. These extra load cases account for the changing phase between the
forcing action and the inertial action as (7/7,) approaches and exceeds 1,0 (see ISO 19905-1:2012,
Figure A.10.5-3 and Note 1).
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The basic load case is the inertial loadset applied in phase with, and to increase the response to, the
metocean actions; see 1SO 19905-1:2012, Equation (A.10.5-4). This load case is required for all ratios of
(TW/T,). Three additional load cases, 1SO 19905-1:2012, Equations (A.10.5-5) to (A.10.5-7), should be
considered when (7,/T,) is greater than 0,9. Four sample load cases are shown diagrammatically in
ISO 19905-1:2012, Figure A.10.5-3. In each case, the inertial loadset should be applied to the structure as
described with A.8.8.5, using the same directional pair of Kparranoom Values calculated for base shear and
overturning moment.

Check:
T, = 8,04 s (e.g. sand case non-linear period for 80 % rotational fixity)
T = 0,97 p(apparent) = 14,94 s
I/T, = 054

Therefore, the additional dynamic loadcases (ISO 19905-1:2012, Equations (A.10.5-5 to A.10.5-7)) do not
need to be considered.

Example calculations following 1ISO 19905-1:2012, Equations (A.10.5-5) to (A.10.5-7) are provided in A.12,
Appendix A.A.

i

A.12 Appendix A.A

The base shear inertial loadsets are calculated as given in ISO 19905-1:2012, Equation (A.10.5-3):

Fin,pHase(@) = K par ranoom Fstatic — Fstatic,pHase(8) (A.10.5-3) -

To obtain Fj, it is necessary to inspect the hydrodynamic force data calculated using the in-house program
Force-3. ‘

Note that the stochastic DAFs calculated refer to the increase in maximum BS and OTM as opposed to the
increase in amplitude. As such, the maximum wave/current BS and OTM are used to calculate F;, as opposed
to the amplitude.

Examples based on sand foundation condition assessment and hydrodynamic loads include the 1,15
environmental load factor.

60° heading:
Fgssmax = maximum hydrodynamic BS
= 20209 kN
Formsmax = maximum hydrodynamic OTM

= 1,864 x 10° KNm

Loadsets need to be applied to achieve the correct BS:

Fin (BS) = (1 ,203 — 1,00) x 20 209
= 4103 kN
And OTM:
Mnom = (1,34—1,00) x 1,864 x 10°

636,0 x 10° kNm

These loads are to be applied to the model in the same direction as the metocean conditions.
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The inertial loads for the other headings have been calculated in a similar way. The resulting inertia loads are
presented below.

Casel Wave/Current Requift:li tienertia Requ:]i:')e:;lei:tertia
Storm heading
OTM (kNm) BS (kN) Fin (kN) M, (kNm)
Sand assessment
60° 1,86 x 10° 20,21 x 10° 4,10 x 10° 636,0 x 10°
90° 1,90 x 10° 20,58 x 10° 3,94 x 10° 610,9 x 10°
120° 1,84 x 10° 19,99 x 10° 3,61 x 10° 560,1 x 10°
Clay assessment
60° 2,08 x 10° 20,12 x 10° 6,49 x 10° 1.002,1 x 10°
90° 2,09 x 10° 20,31 x 10° 5,90 x 10° 911,7 x 10°
120° 2,02 x 10° 19,63 x 10° 4,94 x 10° 763,1 x 10°

Given that there is only 5,2 m of leg above the upper guide for the sand case and 1,9 m for the clay case, no
inertia forces have been applied to the legs above the upper guide.

ISO 19905-1:2012, A.8.8.5 offers guidance on applying an inertial loadset to the model that matches both
dynamic BS and OTM.

A105222 A105223

A.9.5 Determine quasi-static response

10.5.2 Two stage deterministic (inertial loadset) approaches (Stage 2)

The quasi-static response is calculated by applying the following actions to the unit:

Gr actions due to fixed load

G, actions due to maximum or minimum variable load

E. metocean action due to the extreme storm event

D, actions representing dynamic extreme storm effects
The maximum quasi-static wave action is determined by stepping the maximum wave through the structure.
The details of the wave are shown above, under the flag where 1ISO 19905-1:2012, 6.4 is discussed, but are

reproduced here for continuity purposes.

HSFP = 1474 m, and Hmax = 26,8 m
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NOTE Unlike some assessment methods which utilize a reduced deterministic wave weight, ISO 19905-1 uses the
full maximum wave height and subsequently factors down the kinematics using a kinematics reduction factor (KRF) which
is also used to account for the effects of wave spreading.

The hydrodynamic actions should be calculated using the Morison equation, utilizing the appropriate
hydrodynamic model and wave theory as shown below.

(A.7.3.3.2) Check for applicability of Morison's equation

wavelength = 427 m (from theory) for the extreme wave

tubular diameter 0,71 m (maximum chord effective diameter)

Therefore the wavelength is greater than five times the reference diameter and so Morison's equation is
applicable.

An appropriate wave theory is to be selected using ISO 19905-1:2012, A.7.3.3.3.1.

Refer to ISO 19905-1:2012, Figure A.7.3-5.

ass =166s | H/gT?=0,0099
g =981m/s| d/gr? =0,046
d =1231m

This indicates that Stokes fifth order wave theory can be used.
(A.7.3.3) Wave and current actions

The formulations given in ISO 19905-1:2012, A.7.3.3 for the drag and inertia forces are used in the in-house
programs. The terms Cp Cy, 4 and D are calculated elsewhere. The velocity terms v, and u, and ; and

acceleration terms «, and j are variables within the program.

Note that the relative fluid particle velocity is only included in stochastic analyses and not quasi-static analyses.
See ISO 19905-1:2012, A.7.3.3.2.

Current velocities for this analysis have been defined at two points, the intermediate current values are linearly
interpolated between these points by the software, allowing for current velocity reduction due to interference;
see the discussion on A.7.3.3.4 above.
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The wind actions are presented in A.7.3.4 in this document.

(9.3.1) The spudcan-foundation interface for use in the quasi-static model can be found in
ISO 19905-1:2012, 9.3.1

(5.4.3) A range of heading should be considered to pick out the most onerous for each assessment case.
The worst case loading directions for preload and foundation bearing capacity, leg and holding system
strength and overturning capacity have been defined as 60°, 90° and 120° anticlockwise from the bow
respectively for this assessment.

Storm
Direction

For each heading the wave is to be stepped through the modelled structure to find the worst wave phase. This
can be done using the in-house program Force-3 which bolts on to the PAFEC FE package. The simulation is
run for 100 s with a small, e.g. 0,5 s, time step to pick out the most severe instant. The program then allows
the user to specify this instant in the final quasi-static analysis.

Two assessment loadcases Fymax and Fgmin (for maximum and minimum variable load respectively) are
required to satisfy the limit state checks listed in ISO 19905-1:2012, Table A.10.5-2. The actions to be applied

to each of these loadcases are determined by the following generalized forms where partial factors are
applied before undertaking the structural response analysis.

deax = 7f,G GF + 7f,V GVmax + 7f,E [Ee + 7f,D De]

Famin = 716 Gr + 7tv Gumin+ Vie[Ee + V1p Del

Where the actions are defined in 1ISO 19905-1:2012, 8.8.1, as discussed above, and duplicated here for
completeness:

Fixed loads, Gf: Actions due to fixed load located at the appropriate position.

Variable loads, G,: Actions due to max. or min. variable load positioned at the most onerous centre of
gravity location applicable to the configurations under consideration.

Metocean loads, E.: Actions due to metocean conditions during the extreme storm event (or zero for an
earthquake assessment).

Inertia loads, D: Actions due to dynamic response (zero for stochastic storm assessment).
The two assessments (sand and clay foundations) were performed using GL Noble Denton’s FORCE-3 bolt-

on to the PAFEC-FE package using the loadcases defined above. The following tables show the breakdown
of the actions applied in each case and the response of the unit for each loadcase for both sand and clay

cases.
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Sand:
Inertia Total loadin
disf:’z:?;" Wind - Wave/Current—— Min. Max. I?/Iin.
60 9 204 20 209 4103 4535 33515 33948
1505 844 1863 575 636 035 703 077 4 005 454 4 072 496
9 8 863 20 584 3941 4358 33388 33805
1448 481 1898 349 610 929 675513 3957 758 4 022 342
120 7728 19 987 3613 4072 31328 31787
1275239 1839 374 560 069 631 350 3674682 3745963
Clay:
Inertia Total loadin
disf:’z:?;" Wind — Wave/Current—— Min. Max. I?/Iin.
60 9000 20 115 6 487 6 243 35601 35357
1467 572 2076 011 1 002 060 964 376 4 545 643 4 507 959
9 8 657 20 312 5902 5511 34 871 34 480
1410 100 2 090 847 911703 851 382 4 412 652 4 352 331
120 7 535 19630 4939 4735 32105 31900
1239 536 2019945 736 081 731493 4022 561 3990974
Sand — Maximum hull weight:
Moment Shear Axial Moment Shear Axial
d.srcte?;:g . Hul: r:\)Naly Leg (kNm) (kN) (kN) (kNm) (kN) (kN)
In leg below lower guide (At base of legs)
1 1517607 | 4719 25 231 73 271 12213 42 046
60 3,46 2 1522512 | 4856 22975 64 256 12 243 39878
3 1711845 | 3590 148 798 0 9 064 165 053
1 1523 493 3787 65 668 131 748 11713 82482
90 3,42 2 1508 778 5680 6 229 0 12 233 10 683
3 1673 586 3188 137 556 0 9437 153 821
1 1439127 2 806 101789 | 117 916 10 144 118 603
120 3,13 2 1371438 5 346 8535 0 11125 8378
3 1444 032 3041 103 751 113 600 10 055 120 006

16N An4n
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Sand — Minimum hull weight:

Moment Shear Axial Moment Shear Axial
disr::::?;n Hulz ;‘)Nay Leg (kNm) (kN) (kN) (kNm) (kN) (kN)
In leg below lower guide (At base of legs)

1 1554885 | 4885 17 364 29 764 12 380 34178

60 3,51 2 1567638 | 4934 15039 0 12 321 31 941
3 1727 541 3777 143 962 0 9 251 160 217

1 1518 588 3914 58 791 126 745 11 841 75 606

90 3,42 2 1506 816 5 857 13077 0 12410 3826
3 1662 795 3306 130 640 0 9 555 146 895
1 1414 602 2982 94 559 138 419 10 320 111 373

120 3,11 2 1363 590 5454 14 705 0 11232 2197
3 1420 488 3227 96 511 135 084 10 232 112 766
Clay — Maximum hull weight:
Moment Shear Axial Moment Shear Axial
disr::::?;n Hulz ;‘)Nay Leg (kNm) (kN) (kN) (kNm) (kN) (kN)
In leg below lower guide (At base of legs)

1 1482 291 5513 25 741 391 027 13420 82 532

60 3,33 2 1486 215 5690 23515 385 631 13 459 80 393
3 1798173 | 4179 146 718 1 8731 202 930
1 1447 956 3826 65 325 374 055 12 233 122 115

90 3,17 2 1402 830 6 955 1609 388 672 13 204 55270
3 1649 061 3669 132258 | 114 090 9427 188 470
1 1326 312 2570 97 296 312 056 10 310 154 086

120 2,83 2 1228 212 6 926 383 388 868 11 586 56 506
3 1333179 2874 99 052 304 502 10 202 155 273
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Clay — Minimum hull weight:

Moment Shear Axial Moment Shear Axial
disr;i::gn Hulz r:\)Naly Leg (kNm) (kN) (kN) (kNm) (kN) (kN)
In leg below lower guide (At base of legs)

1 1436 184 5 366 20 052 387 593 13273 76 842
60 3,23 2 1437 165 5582 17 884 390 536 13 342 74772
3 1740 294 4189 137 379 5332 8741 193 600
1 1367 514 3 581 58 448 377 195 11 988 115 238
90 3,05 2 1329 255 6 563 4473 388 476 12 812 52 415
3 1529 379 3914 121 340 206 402 9682 177 561
1 1260 585 2570 89 026 336 777 10 320 145 816
120 2,73 2 1183 086 6710 4424 385 435 11 370 52 464
3 1269414 2884 90 713 328 145 10 212 146 934

From the analyses presented above and further detailed preliminary analyses, the most onerous cases for the
different assessment parameters are:

60° maximum variable For preload and foundation bearing capacity
90° maximum variable For leg and holding system strength
120° minimum variable For overturning and sliding

These will be considered in detail below.
Detailed leg model:

Given that the most onerous case for leg and holding system strengths has been identified as 90° maximum
variable, the loads associated with this case are applied to the detailed leg model to calculate the structura
utilizations. i

In this case further preliminary analyses identified that the most onerous loading was on the port and
starboard legs and as such only these legs have been assessed.

Jackcase:

Although 1ISO 19905-1 recommends that the jackcase should be modelled with the detailed leg, in this case it
has been deemed unnecessary given that the guide stiffnesses used in the analyses are arbitrary and that the
subject jack-up has opposed chock and pinion pairs which are generally not significantly affected by the
stiffness of the jackcase in the way that unopposed pinions are.

Fixation system:

For this specific jack-up unit the holding system is designed such that the pinions continue to hold the
deadload (G + G,) of the unit even while the chocks are installed. The chocks then hold all of the axial load in
the chords over and above the deadload. There are several techniques for modelling this behaviour but in this
case this the chocks were given negative gaps effectively preloading them in the opposite direction to the
deadload. Once the deadload is applied the chocks become unloaded and any load over and above the
deadload is held by the chocks.
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Leg Position:

Three leg positions are to be considered: one with lower guide level with a horizontal brace (nod), one with
lower guide level with a diagonal brace node (mid) and one with lower guide level with a chord mid-span (qrt).
Note that in order to ensure the most accurate load distribution in the hull region, the loading of the leg
changes slightly for each case due to the different length of leg below the lower guide.

Application of loads to the detailed leg model:

With the detailed model that has been set up earlier there are two primary methods of applying loads to
achieve the correct loading in the correct parts of the leg.

Application of simple point loads

If the most onerous member utilizations are known to be at the position of the lower guide or spudcan
connection, a simple approach can be taken to loading, where the user applies a limited number of point loads
at a number of bays below the lower guide or above the spudcan to simulate the correct axial, shear and
bending moment in the most onerous leg section which has been identified during preliminary detailed
analyses.

Application of a complete loadset

If the most onerous member utilizations are at other positions in the leg then a compete loadset accounting for
the hydrodynamic, wind, gravitational, buoyancy and P-A effects is required to simulate the correct axial, shear
and moments in each part of the leg.

Preliminary analyses showed in this case that the worst chord utilizations were at the level of the lower guide
and the worst brace utilizations at the leg section change at around 42 m above the spudcan tip. Given that
the most onerous brace utilizations were neither at the spudcan connection or the lower guide, the application
of a complete loadset was required and is described below.

The following diagram shows the loading configuration of the leg.

W o A . .
i L] jackn. Weight and buoyancy loads:
2 - | :A: ] Weight and buoyancy loads are represented in the model by nodal loads
- > _A_ <1C applied to each chord along the length of the leg. These loads simulate
- _A_ the correct distribution of weight and buoyancy and include the weight and
_A_ buoyancy of the spudcan at the bottom of the leg
...... Al....sWl
h — Al : i
y - g Footing loads:
d — [A -
r — .;\\. As the model is not earthed at its footing, a set of loads is required to
o -~ A simulate the axial, shear and moment reactions. These reactions are
L — taken from the quasi-static analyses performed earlier.
footing
reacts.

Hydrodynamic and wind loads:

Distributed hydrodynamic and wind loads are applied as nodal loads at the relevant elevations in the model to
accurately simulate the environmental forces on the leg.

2NN .
Copyright International Organization for Standardization ©1S0 2012 - All I’IghtS reserved
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

No reproduction or networking permitted without license from IHS Not for Resale, 12/02/2013 04:26:14 MST



ISO/TR 19905-2:2012(E)

P-A loads:
P-A loads are applied to the leg as sets of vertical load couples applied at each bay below the lower guide in
both horizontal orthogonal axes. The P-A loadset is derived from the assumed shape of the deflected leg
accounting for the relative stiffness of the leg to hull connection and the spudcan foundation.
A.10.5.4 Leg inclination loads
In the absence of further information, the offset is 0,5 % of the length of leg below the lower guide.
Sand and clay
offset = 0,005 x 159,5* = 0,80 m (*approximate value)

additional moment = seabed reaction x 0,80 m

The resultant moment after all adjustments is applied by means of sets of vertical couples distributed along
the length of the leg.

Lower guide loads:

The applied loads described above provide an accurate load distribution, noting that care must be taken to
ensure that the correct overall reactions are achieved at the lower guide.

Once the required response parameters have
NEXT been obtained then the next entry in the

ITEM FLOWCHART can be engaged. More detailed
(stochastic) analysis methods are in 10.5.3.

A.9.6 Effect of fixity on dynamic response

If applicable, check effect of fixity on dynamic response  (8.6.3)

}

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.

For the detailed example calculation, the inclusion of rotational foundation fixity is justified and the non-linear
soil-structure interaction effects have been taken into account in the structural analysis. The model used
includes the interaction of rotational, lateral and vertical soil forces as described in 1SO 19905-1:2012,
Clause 9 and A.9.

For the purpose of this assessment a single foundation fixity has been modelled, although it is noted that it
can be required to consider the effects of upper or lower bound fixity values to address different areas of the
structure under consideration.
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When it is necessary to check the spudcans, the leg-to-can connection and the lower parts of the leg,
appropriate calculations should be carried out to determine the upper bound spudcan moment considering
soil-structure interaction; this has not been considered for the purpose of the detailed example calculations.

For earthquake screening analyses the simplest adequate spudcan-soil models should normally be used,
incorporating the maximum interpreted small strain stiffnesses and capacities (clause 9) and not allowing for
foundation degradation.

A.8.6.3

NEXT

ITEM Go to the next entry in the FLOW CHART

A.10 Structural and overturning assessment

Assess structural strength and overturning stability
(12,13.2t0 13.5and 13.8)12 & 13.8

}

This is the first part of the load and resistance assessments. Additional penetration (if required), leg length and
foundation checks are considered in the next two FLOW CHART items.

If the unit cannot satisfy the requirements of ISO 19905-1 at this stage, this may lead to either a more detailed
response calculation (with or without foundation fixity), or to the unit being found unsuitable.

Structural strength — local route

General formulation (13.2)
Leg members:
Classification (12.2 & A.12.2)
Section Properties (12.3 & A.12.3)
Effects of axial force on bending moment
(Moment Amplification) (12.4 & A12.4)
Leg strength - tubulars (12.5 & A.12.5)
Leg strength - prismatic members (12.6 & A.12.6)
Leg strength - joints (12.7 & A.12.7)
Holding system (12.1.4 & 13.5)
Spudcan strength (12.1.5 & 13.4)
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A.10.1 Acceptance criteria

13.2 General formulation

The intent of the structural checks is to satisfy the general utilization formula:
U<1,0 (13.2-1)
where:

U is the utilization to one significant decimal place:

ti ffect, A4 , due to factored acti F,
U=a0|one ect, A¢ , due to factored actions, F (13.2-2)

factored resistance, R

For assessments where the relevant action effect consists of a combination of responses, the individual action
effects and factored resistances combine into an interaction equation /. In these cases the utilization U is
equal to the value of 1.

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 following general form:

length of the vector from a specified origin to the action effect, 4¢ (13.2-3)

- length of the vector from the same origin to the factored interaction surface
Factored actions are determined in accordance with the assessment load case F, in ISO 19905-1:2012, 8.8.

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.

Hull strength and jack house to deck connections are considered to be covered by classification unless
special circumstances apply.

A.10.2 Structural strength assessment

12 Structural strength

In-line with ISO 19905-1, this detailed example calculation addresses strength checks for a truss-type leg per
the “typical jack-up” being considered. It is noted that some of the checks included in ISO 19905-1:2012,
Clause 12 are applicable to either tubular or box-type legs but this clause should be supplemented with other
documents to address stiffened sections, e.g. ISO 19905-1:2012, References [12.1-1] to [12.1-4].

122 & A12.2 Member classification

Leg brace members:

For circular tubulars the members are classified as Class 1 when:

D/t<0,0517 E | F, (A12.2-1)
where:
D = outside diameter
t = wall thickness
F, = vyield strength in stress units
E = elastic modulus
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For all leg brace members:
E =205 000 N/mm?®

F, =620,7 N/mm? (lower leg)
= 586,3 N/mm? (upper leg)

Leading to:

0,0517 E/ Fy, =17,08 (lower leg)
= 18,08 (upper leg

Member D (m) t (m) D/t Class 1
Lower leg 0,406 0,032 12,69 Yes
horizontal

Lower leg 0,406 0,032 12,69 Yes
diagonal

Upper leg 0.356 0,025 14,02 Yes
horizontal

Upper leg 0.356 0,025 14,02 Yes
diagonal

Classification of tubular members to Class 1 is only relevant 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 but included herein for completeness.

A.12.2.3.2 Non-circular prismatic member classification (Leg chord members)

The “split-tubular” leg chord members are prismatic members that contain both curved and flat components,
each of which is classified individually.

0,749 m
(Depth)

A

0,792 m
(Width)

Simplified schematic of leg chord section — Constant cross-section

Curved components:

Prismatic members that contain curved or tubular components should have the curved components classified
based on the values given in ISO 19905-1:2012, Table A.12.2-1

The curved components of the split-tubular chord taper in thickness toward the rack-plate; in-line with the
recommendations in ISO 19905-1:2012, A.12.2.3.2 the average thickness over the width of the component
has been adopted for classification:
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D = outside diameter =0,559 m
t = wall thickness
= 0,108 m (thickest section)
= 0,099 m (average thickness)
E = 205 000 N/mm?
F, = 690,0 N/mm?
Therefore:

(D/AY(EIF,) = 0,019

For the tubular component details presented and based on the classification guidance given in
ISO 19905-1:2012, Table A.12.2-1, the tubular components are classified as Class 1 elements (D/t <
0,052 E/F, ) regardless of whether the member is in bending or compression.

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 DIt < 0,052 EIF, D/t< 0,052 EIF,
2 DIt < 0,103 E/F, D/t< 0,077 EIF,
3 DIt < 0,220 EIF, D/t< 0,102 E/F,
4 DIt > 0,220 E/F, D/t > 0,102 EIF,

Lateral torsional buckling

Non-circular prismatic members which do not satisfy the following simplified lateral torsional buckling criteria
should be assessed further to determine a reduced member bending strength A, using the guidance given in
ISO 19905-1:2012, A.12.6.2.6.

Singly symmetric open sections, from F2-5 of AISC (see ISO 19905-1:2012, Reference [A.12.5-1]):

E

Lo o176 (A12.2-2)
Ntb Fy it
or for any closed section, derived from BS 5400-3 (see ISO 19905-1:2012, Reference [A.12.5-2]):
Ly 036 \/ AJ (A.12.2-3)
Mo ZpFymin \ (11— 12)(11—J 12,6)
where the chord section in this case is a closed section and the following variables apply:
1 = major axis second moment of area of the gross cross-section
= 0,0097m*
L = minor axis second moment of area of the gross cross-section
= 0,006 7 m*
Copyright International Orgi\nizlgag:f;rs\lgl%ardiz,‘a:iloﬁ:ghts reserved 205
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

No reproduction or networking permitted without license from IHS Not for Resale, 12/02/2013 04:26:14 MST



ISO/TR 19905-2:2012(E)

Ly = effective length of beam-column between supports
= 5105m
A = gross cross-sectional area
= 0,247 m?
J = torsion constant = 4 4,% X(b/)
in which
Ao = the area enclosed by the median line of the perimeter material of the section
= 0,265 m?
(bt) = the sum of the width and thickness, respectively, of each component (wall of the section)
forming the closed perimeter.
= 19,750 (assuming 0,108 m thickness around whole circumference)
Pitb = radius of gyration about the minor axis as defined in ISO 19905-1:2012, Equation (A.12.3-7).
= 0,165 m
Fyw = vyield strength, F,, of the material that first yields when bending about the minor axis.
Conservatively, F, may be taken as the maximum yield strength of all the components in a
non-circular prismatic cross-section
= 689,6 MPa
Z, = fully plastic effective section modulus about the major axis determined from
ISO 19905-1:2012, Equation (A.12.3-2)
= 0,040 m°
Fymn = minimum vyield strength of the cross-section as defined in ISO 19905-1:2012, A.12.2.2
= 689,6 MPa
Therefore:
31,0=<425,3

Section passes the lateral torsional buckling criteria and therefore a reduced member bending strength need

not be determined.

Flat plates

Non-circular prismatic members that contain flat components should have these components classified based
on ISO 19905-1:2012, Tables A.12.2-2, A.12.3-3 and A.12.2-4.

When classifying non-circular prismatic components in accordance with ISO 19905-1:2012, Tables A.12.2-2,
A.12.3-3 and A.12.2-4, a distinction is made between internal components and outstand components as

follows:

— Internal components: components that are supported by other components along both longitudinal edges,
i.e. the edges parallel to the direction of compression stress, and include:

— Flange internal components: internal components parallel to the axis of bending

— Web internal components: internal components perpendicular to the axis of bending

2NQ .
Copyright International Organization for Standardization ©1S0 2012 - All I’IghtS reserved

Provided by IHS under license with ISO

Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

No reproduction or networking permitted without license from IHS Not for Resale, 12/02/2013 04:26:14 MST



ISO/TR 19905-2:2012(E)

— Outstand components: components that are supported by other components along one longitudinal edge
and at both ends of the member under consideration, with the other longitudinal edge free.

Classification of the flat plate leg chord members follow on the subsequent pages.

NOTE Classification detailed herein is based on the minimum cross-section (not included any rack tooth) —
specifically relevant to classification of “outstand” components.

Flange internal components

b = width of base plate =0,486 m
tr = thickness =0,191m
E = 205000 N/mm?
F, = 690,0 N/mm?
Therefore:

(blt)) IN(EIF,) =0,148

For the flange outstand component details presented and based on the classification guidance given in
Table A.12.2-2, this component is classified as follows:

Section in bending:
blt; < 1,03V(EIF,)
Therefore Class 1: Plastic
Section in compression:
blt; < 1,03V(EIF,)

Therefore Class 1: Plastic
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Table A.12.2-2 — Cross-section classification — Flange internal components

Limiting width-to-thickness ratios for compressed internal components
I b
[ ] ! t;
‘ f
A-A is the axis of bending
Class ‘ Type Section in bending Section in compression
Plastic stress distribution in component '_rJ:]fy fJ:LFy |
and across sectior_w_ F——— F ] — [
(compression positive) N || J ] | | |
Lot oo
L—— e
-‘+ -‘+
Plastic — Class 1 Rolled or welded blt; < 1,03\(E/F,) blt; < 1,03N(E/F,)
Compact — Class 2 Rolled or welded blt; < 1,17\/(E/Fy) blts < 1,17\/(E/Fy)
o — —
Elastic stress digtribution in component — !‘_7 - F3
and across section I |l I// N | | I
(compression positive) : : : : / } } \ } | ]
- \
: le__ 1 /! __ g1 L
[l A—_| LT ‘t ]
: -t -+
Semi-compact — Class 3 | Rolled or welded blt; < 1,44(EIF)) blt; < 1,40\(E/F))
Slerider — Class 4 Rolled or welded blty>1,44N(Elr,) blt;> 1,44\(E/F))

Flange outstand components

Based on the cross-section classification for flange outstand components given in Table A.12.2-3:

b = width of outstand
= 0,014 m (at minimum cross-section)
tr = thickness = 0,191 m
E =205 000 N/mm?
F, = 690,0 N/mm?
Therefore:

(blts) I N(EIF,) = 0,004
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For the flange internal component details presented and based on the classification guidance given in
Table A.12.2-3 for welded components, this component is classified as follows:

Flange subject to compression
blt; < 0,30V(E/F,) — therefore Class 1: Plastic
Flange subject to compression and bending (loading dependant):
Tip in compression:
blt; < (0,30/ &)\(EIF,) — therefore Class 1: Plastic
Tip in tension
blt; < [0,30/( o &l V(EIF,) — therefore Class 1: Plastic

NOTE For the purposes of the classification example above, a conservative o value of 1,0 has been assumed.
Member classification and subsequent strength checks should be based on the specific load distribution of individual load-
case conditions.
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Table A.12.2-3 — Cross-section classification — Outstand components

Limiting width-to-thickness ratios for outstand components

A-A is the axis of bending

— — A

Class

Type

Outstand subject to
compression

Outstand subject to compression and bending

Tip in compression

Tip in tension

Plastic stress
distribution in

ab

1

ab

N

component ) ! . ; e e
(compression positive) ! |
| b - ! b
. .
Plastic Rolled bt < 0,33V(E/F,) blt; < (0,33/ a)V(E/F,) blt; < [0,33/(on &) IN(E/Fy)
Class 1 Welded
elde blt; < 0,30V(E/Fy) blt; < (0,30/o)V(EIF,) blt; <[0,30/(oN ) IN(EIF,)
Compact Rolled blt; < 0,37TN(E/F)) blt; < (0,37/)N(EIF,) blt; < [0,37/(el ) N(EIFY)
— Class 2
Welded bity< 0,33V(EIF,) blt < (0,33/ @V (EIF,) blt; < [0,33/(crl )N(EIF,)
Maximum Maximum compression at
compression at tip connected edge
Elastic stress + o + o +
distribution in - -
component Wf , N . e
(compression positive) i i ; %2 -
I ; | b !i b
Rolled blt; < 0,55V(E/Fy) blt; < 0,84 (ks EIF,) blt; < 0,84(ks E/F,)
Welded blt; < 0,50 (E/F)) blt; < 0,76\ (ks E/F,) bt < 0,76\ (ks E/F,)
Semi- .y .y
compact V=020 V=00
—Class 3 ko=0,57 — 0,21y + ky=0,578 / (y+ 0,34)
0,07y for1>y>0
for 1> y>—1 ke=17-5y +171 ¢/
for0> y>-1
Slend Rolled or
—e(rt‘lairs 4 | Welded b/t;>than for Class 3 | p/ > than for Class 3 b/t; > than for Class 3

In the figures relating to stress distributions, the dimension 4 is illustrated only in the case of rolled
sections. For welded sections, b should be assigned as shown in the diagrams at the top of the table.

When determining « for Class 1 and 2 members, the loads should be scaled to give a fully plastic stress
distribution. For all classes it is conservative to use the relevant compression case.
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Web internal components

Based on the cross-section classification for web internal components given in Table A.12.2-4:

d = depth of web
=0,486 m
t, = thickness
=0,191m
E =205 000 N/mm?
Therefore:

(dlty) I N(EIF,) = 0,148

For the web internal component details presented, and based on the classification guidance given in
Table A.12.2-4 for welded component members, this component is classified as follows:

Web subject to bending:
dlty < 2,56(EIF,) — therefore Class 1: Plastic
Web subject to compression:
dlty, < 1,03\(EIF,) — therefore Class 1: Plastic
Web subject to bending and compression (example):
if >0,5 dity < [5,18\/(E/Fy)] /(6,0430. — 1) — therefore Class 1: Plastic
or:
if #<0,5 dlty, < 1,28(EIF,) | @ — therefore Class 1: Plastic

NOTE Member strength checks should be based on the « value specific to the load distribution of individual member
and load-case conditions.
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Table A.12.2-4 — Cross-section classification — Web internal components

Limiting width-to-thickness ratios for web internal components
tw tw
\1[ )
|
A————- — — _d — d_ _ _ _ — ——A
/ .
JLL
A-A is the axis of bending
Class Web subject to Web subject to Web subject to bending
bending compression and compression
Plastic stress
distribution in +Fy +Fy +Fy
component ) T — ]
(compression J J ad P
positive) -
I 1 — ] —
v Fy Fy -
when o> 0,5
o=0,5 a=1,0 dity < 5,18V(E/F,)
(6,0430-1)
Plastic — Class 1 dlty < 2,56V(E/F,) dlty < 1,03V(E/F,) when < 0,5
dity < 1,28\(E/F,)/o.
when o> 0,5
d/ty < 4,82\(E/F,)
(5,120-1)
Compact — d/ty < 3,00V(E/F,) dity < 1ATV(EIF,) when a<0,5
Class 2 dlty < 1,55V(E/F,)
o
Elastic stress
distribution in +/b +fe +/o
component T
(compression d d d
positive) Z ufs
Sb- N
when y>-1,0
dlty < 1,44N(E/F,)
(0,674+0,327 )
Semi-Compact dity < 4,14\(E/F,) dlty < 1,44(E/F,)
— Class 3 when y<-1,0
d/ty < 2,07(1-w\(-w\(E/F,)
Slender —-
Class 4 d/t,, > than for Class 3 d/t,, > 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. For all classes it is conservative to use the relevant compression case.

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.
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A12.2.3.3 Reinforced components

No reinforced component members are present on the leg members of the “typical jack-up” being considered;
reference should be made to ISO 19905-1:2012, A.12.2.3.3.

123 & A12.3 Section properties

A.12.3.1 General

The cross-section properties used when assessing member strengths can differ from those used in the
stiffness model (e.g. when determining structural deflections and natural periods). For example, leg chord
properties for strength checks should be based on the minimum cross-sectional area (no rack tooth
contribution) whereas stiffness areas may include approximately 10 % of the maximum rack tooth area.
However, these increased cross-section properties may be used when determining the radii of gyration used
in the determination of the column buckling strength (ISO 19905-1:2012, A.12.6.2.4) and moment
amplification (ISO 19905-1:2012, A.12.4) only.

A.12.3.2.1 Axial properties — Class 1 and class 2 sections

For the “typical jack-up” being considered the leg horizontal and diagonal brace (tubular) members are single
components with yield strengths:

620,7 N/mm? (lower leg)

Fy )
586,3 N/mm~ (upper leg)

Likewise, the leg chord (non-circular prismatic) members are comprised of two half-rounds and a central rack-
plate all with the same yield strength:

F, = 690,0 N/mm?
In this instance
Fyeff = Fy.

Axial strength is therefore calculated as A, Fyex for the following members:
Horizontal brace members:
lower leg: 0,037 x 620,7 = 23,17 MN
upper leg: 0,026 x 586,3 = 15,45 MN
Diagonal brace members:
lower leg: 0,037 x 620,7 = 23,17 MN
upper leg: 0,026 x 586,3 = 15,45 MN
Leg chord strength:constant:
0,246 x 690,0 = 169,74 MN
(no rack tooth)

Guidance is given in ISO 19905-1:2012, A.12.3.2.1 for members comprising components of different yield strength.

i

A.12.3.2.1
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A12.3.2.2 Flexural properties — Class 1 and class 2 sections
The second moment of area I, is determined for the leg members as follows:
Horizontal brace members:
lower leg: 1; = 6,60 x 10 m*
upper leg: L =3,61x10* m*
Diagonal brace members: !

lower leg: 1; = 6,60 x 10 m*

upper leg: 4 =3,61x10* m*
Leg chord members: y

Iy, = 6,70 x 10° m*

Iy, =9,68x10° m*
A.12.3.3 Semi-compact sections
The leg chord and brace members do not have any components classified as “class 3 — semi-compact
members” for the “typical jack-up” being considered. No further guidance on semi-compact sections is
included in this detailed example calculation.
A.12.3.4 Slender sections
The leg chord and brace members do not have any components classified as “class 4 — slender members”

for the “typical jack-up” being considered. No further guidance on slender sections is included in this detailed
example calculation.

124 & A124 Moment amplification

For the “typical jack-up” being considered the elastic centroid is the same as the plastic centroid for all
sections; therefore no moment resulting from the eccentricity between the elastic and plastic centroids of
class 1 members exists in the case being considered.

For the case being reported here, the Euler moment amplification, p-o, effects are included in the strength
checks [“B” factor per ISO 19905-1:2012, Equation (A.12.4-2)] in lieu of being specifically accounted for in the
structural response analysis.

The ifglobal large displacement effects (P-A) are included in the structural response analysis (per Clause 8).

The §éffective length factors and moment reduction factors (C,,) used in the strength checks are based on the
values presented in ISO 19905-1:2012, Table A.12.4-1:

Effective length factors (K):
Chords with or without lateral loading K=1,0

Tubular braces K = 0,8 (for split-X brace members)

Copyright International Organization for Standardization ©1S0 2012 - All I’IghtS reserved

Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs
No reproduction or networking permitted without license from IHS Not for Resale, 12/02/2013 04:26:14 MST



ISO/TR 19905-2:2012(E)

Moment reduction factors (Cp,):

Moment reduction factors, C,,, are member and load dependant, calculated for each member and loadcase as
follows:

Chords with transverse loading:

Cn=1,0-02P,/ Pe

where

P, = member axial force inclusive of global P-A effects

Pe = (r®A.E) ! (K LI¥)? (calculated for the plane of bending)

Pegy = 734,3MN

Pe, = 510,0 MN

Ag = 4, for class 1 components (per ISO 19905-1:2012, A.12.3.5.2)
= 0, 247 m?

K = 1,0 (per above)

L = unbraced length of member for plane of flexural buckling taken as braced point to braced

point for chords

= 5105m

r = radius of gyration for the plane of flexural buckling

ry = 0,198 m

7y = 0,165 m

Tubular braces (with transverse loading):
Cnm = 1,0-0,2 P,/ Pe
Calculated per above but with:

L = unbraced length of member for plane of flexural buckling taken as face to face for braces.

12.5 & A12.5 Leg strength — Tubulars

A12.51 Applicability

The D/t ratio for tubular members must be less than 120 [ISO 19905-1:2012, Equation (A.12.5-1)] and of y|eld
strength no more than 700 N/mm? for the strength check approach detailed in ISO 19905-1 to apply:

Member D (m) ¢ (m) D/t F, (N/mm?)
Horizontal: Lower leg 0,406 0,032 12,80 620,7
Upper leg 0,356 0,025 16,00 586,3
Diagonal:  Lower leg 0,406 0,032 12,80 620,7
Upper leg 0,356 0,025 16,00 586,3
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All tubulars therefore satisfy these requirements.

Likewise, the D/t ratio (for member, m, at depth d), for which the effects of hydrostatic pressure can be ignored,
is given by Equation (A.12.5-2):

(DIf)m <211 1d *3% (A.12.5-2)
where:

d = effective head of water applicable to the tubular in question;
= depth below the water surface (including penetration into the seabed where applicable) + p ¥'/(ow);

= depth below the sea floor in metres (zero if above sea floor);

' ;‘f = submerged unit weight of the soil
==11,0 kN/m? for sand case being considered (see 6.5)

5,0 kN/m® (average) for clay case being considered

Pu = mass density of water (1,025 for seawater);

(D/%;)m = maximum D/t ratio possible given d

Case Leg section Waterdepth® Penetration® d 211/d 3%
Lower 116,5 N/A 116,5 429

Sand
Upper 80,8 N/A 80,8 48,5
Lower 85,0 35,8 294.5 31,4

Clay
Upper 85,0 N/A 85,0 47,6

@  Penetration and water depths reflect the position of the deepest tubular brace member, and not
spudcan tip (leg brace members start at 6,4 m above spudcan tip).

The maximum D/t ratio of 16,0 is below the limiting value (D/f),, for all tubulars; therefore the effects of
hydrostatic pressure can be ignored.

A.12.5.2 Tension, compression and bending strength of tubular members
A12.5.2.1 Axial tensile strength check
Tubular members subjected to axial tensile forces, P, should satisfy:
Py<AF,l yr1t (A.12.5-3)
where:
F, =yield stress as defined in ISO 19905-1:2012, A.12.2.2
A =total cross-sectional area
yr1t = partial resistance factor for axial tension, 1,05

The limiting axial force for tubular members in tension is tabulated below:

Member A (m?) F, (N/mm?) Limiting P (MN)
Horizontal: Lower leg 0,037 620,7 21,87
Upper leg 0,026 586,3 14,52
Diagonal:  Lower leg 0,037 620,7 21,87
Upper leg 0,026 586,3 14,52
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All tubular members in tension have member forces lower than the limiting values above with a maximum
lower leg utilization of 0,23 and a maximum upper leg utilization of 0,33 therefore satisfying the requirements
of ISO 19905-1.

A12.5.2.2 Axial compressive strength check

Tubular members subjected to axial compressive forces, P, should satisfy:

PUCSPa/ YR Tc (125-4)

where

w0
1

representative compressive strength as determined in A.12.5.2.4

YR Te partial resistance factor for axial compressive strength, 1,15

Goto A12.5.2.4
to determine
Py

The limiting axial force for tubular members in compression is tabulated below:

2 2 P, (MN) -
Member A (m?) Fy (N/mm?©) (from A.12.5.2.4) Limiting Pyc (MN)
Horizontal: Lower leg 0,037 620,7 18,73 16,29
Upper leg 0,030 586,3 11,79 10,26
Diagonal:  Lower leg 0,037 620,7 18,73 15,62
Upper leg 0,030 586,3 11,79 9,71

SEAII tubular members in compression have member forces lower than the limiting values above with a
: maximum lower leg utilization of 0,36 and a maximum upper leg utilization of 0,47 therefore satisfying the
~requirements of ISO 19905-1.

‘A12.5.2.3 Local buckling strength

The representative local buckling strength, Py, should be determined from:

Py = AF, for 4 Fy/ P <0,170 (A.12.5-5)
Py = [1,047-0,274 A F/Py] AF, for0,170< A F,/ Py <200 F,/E
where
Fy = vyield stress as defined in ISO 19905-1:2012, A.12.2.2
A = total cross-sectional area
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Pie = representative elastic local buckling strength
Pye = 2C,EA(t/D) (A.12.5-6)
Cy = critical elastic buckling coefficient
= 0,3 (recommended value for determining Pye)
Member A (m?) F, (N/mm?) Py (MN) AF,/ Py | Limiting P,; (MN)
Horizontal: Lower leg 0,037 620,7 358,7 0,064 22,97
Upper leg 0,026 586,3 224.6 0,068 15,24
Diagonal:  Lower leg 0,037 620,7 358,7 0,064 22,97
Upper leg 0,026 586,3 224.6 0,068 15,24

The calculation of AFy / Py indicates that the first Equation (A.12.5-5) should be used throughout.

A12.5.2.4

Column buckling strength

The representative axial compressive strength of tubular members, P,, should be determined from:

P, = [1,0-0,27847 Py for 1<1,34 (A.12.5-7)
P, = 0,9 P /2 for 1> 1,34
A = [Py/Pe]*® (A.12.5-8)
where:
Py = representative local buckling strength (see A.12.5.2.3)
A = column slenderness parameter
Pe = smaller of the Euler buckling strengths about the y or z direction
= w*EIl (KLY
E = Young’s modulus as defined in ISO 19905-1:2012, A.12.1.1
= 205000 N/mm?
K = effective length factor in y or z direction, see ISO 19905-1:2012, A.12.4.3
= 0,8 for diagonals and horizontals (split-X brace design)
L = unbraced length in y or z direction measured between centre-lines
= 7,775 m for horizontals
= 8,446 m for diagonals
1 = second moment of area of the tubular.
Member 1(m* Pe (MN) A Limiting P, (MN)
Horizontal:  Lower leg 6,62 x 10™ 34,62 0,81 18,73
Upper leg 3,58 x 10 18,72 0,90 11,79
Diagonal:  Lower leg 6,62 x 10™ 29,34 0,88 17,97
Upper leg 3,58 x 10 15,87 0,98 11,17
A.12.5.2.5 Bending strength check

Tubular members subjected to bending moments, M, should satisfy:

Mu < Mb/YR,Tb (A125-9)

2490 :
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where

M, = M, or M, is the bending moment due to factored actions about member y- and z-axes,
respectively, determined in an analysis that includes global P-A effects;

M, s the representative bending moment strength, determined from:

My = M, for (F, D)(E 1)< 0,051 7
My = [1,13 — 2,58 (F, D)/(E )] M, for 0,051 7 < (F, D)/(E )< 0,103 4 (A.12.5-10)
My =1[0,94 — 0,76 (F, D)(E 1)] M, for 0,103 4 < (F, D)(E t) <120 (F, | E)

M, s the plastic moment strength
M,=F,[D°-(D-21)°]/6 (A.12.5-11)

yrTp IS the partial resistance factor for bending strength, yr 1, = 1,05.

Member M, (Fy D)(E 1) M, Limiting M, (MNm)
Horizontal: Lower leg 2,79 0,038 2,79 2,66

Upper leg 1,61 0,041 1,61 1,53
Diagonal:  Lower leg 2,79 0,038 2,79 2,65

Upper leg 1,61 0,041 1,61 1,53

All tubular members subject to bending have bending moments lower than the limiting values above with a
maximum lower leg bending-only utilization of 0,07 and a maximum upper leg bending-only utilization of 0,06
therefore satisfying the requirements of ISO 19905-1.

A.12.53 Tubular member combined strength checks

ISO 19905-1 requires that tubular members be checked for combined axial forces and bending and for beam
shear and torsional shear. Although all members have been checked in the analysis, only example calculations
are presented here with a full table of maximum member utilizations presented at the end of this section.

A.12.5.3.1 Axial tension and bending strength check

Tubular members subjected to combined axial tension and bending forces should satisfy the following
condition along their length:

YRt Pul (A Fy) + yro (Mo + My,?)*° | My < 1,0 (A.12.5-12)
where:
Py = axial tensile force due to factored actions
A = total cross-sectional area
Fy = vyield stress as defined in ISO 19905-1:2012, A.12.2.2
M., M, = bending moments about member y- and z-axes respectively due to factored actions
determined in an analysis which includes global P-A effects
My, = representative moment strength, as defined in Equation (A.12.5-9)
yrTt = partial resistance factor for axial tension, 1,05
yrTp = partial resistance factor for bending, 1,05
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Example:

The following example is based on a diagonal brace in tension in the upper leg section in the area of highest
brace utilizations (note all of the highest utilizations occur for braces in compression; see A.12.5.3.2 below).
The following forces and moments are calculated in the brace:

Axial force = 4,57 MN (tension)
Bending moment Y = 0,08 MNm
Bending moment Z = 0,01 MNm

From the data derived in A.12.5.2:
Limiting Pyx= 14,52 MN (from A.12.5.2.1)
My,= 1,61 MNm (from A.12.5.2.5)
Therefore:

Tension and bending strength check:

2 2
(4,57 JH,OS[\/O,OS +0,01 }0737

14,52 1,61

Member UC = 0,37
A.12.5.3.2 Axial compression and bending strength check

Tubular members subjected to combined axial compression and bending forces should satisfy the following
conditions at all cross-sections along their length:

Beam-column check:
(yR,TcPuc/Pa) + (7R,Tb/Mb) (A/Iuay2 + A/Iuazz)o’5 < 1:0 (A125-13)

Local strength check:

(Y7o PuclPyo) + (YRTo/Mp) (Myy” + Miz")*° < 1,0 (A.12.5-14)
where
P = axial compressive force due to factored actions
Py = representative local buckling strength in A.12.5.2.3
P, = asdefinedin A.12.5.2.4
My = corrected effective bending moment about member y-axis due to factored actions
determined in an analysis which includes global P-A effects
M, = corrected effective bending moment about member z-axis due to factored actions
determined in an analysis which includes global P-A effects
M, = amplified bending moment about member y-axis due to factored actions from A.12.4.3
My, = amplified bending moment about member z-axis due to factored actions from A.12.4.3
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M, = representative bending strength, as defined in Equation (A.12.5-9)

YrTo = partial resistance factor for bending, 1,05

YrTec = partial resistance factor for axial compressive strength, 1,15
Example:

The highest brace utilization for the sand case occurs is a diagonal brace in the upper leg section just above
the section change. The following forces and moments are calculated in the brace:

Axial force = 4,83 MN (compression)

Bending moment Y = 0,09 MNm

Bending moment Z 0,01 MNm

From the data derived in A.12.5.2

Py = 15,24 MN (from above under the flag where 1ISO 19905-1:2012, A.12.2.5.3 is discussed)

P, = 11,17 MN (from above under the flag where ISO 19905-1:2012, A.12.2.5.4 is discussed)

M, = 1,61 MNm (from above under the flag where ISO 19905-1:2012, A.12.5.2.5 is discussed)
Therefore:

Beam-column strength check:

2 2
1,15( 4,83 J+1,05[—V0’09+0‘01] = 0,42

1,61

Local strength check:

2 2
1,15(—4‘83 ]+1,05[—V0’09 +0,01 ]: 0,56

1117 1,61

Member UC = 0,56
A.12.5.3.3 Beam shear strength check

Tubular members subjected to beam shear forces should satisfy:

14 < Plyrmy (A.12.5-15)
where:
14 = beam shear due to factored actions
P, = representative shear strength
= A F,/(2V3) (A.12.5-16)
A = total cross-sectional area
yr1Tv = partial resistance factor for beam shear strength, 1,05
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Following from the example given above:

Shear force

P, = A F,/(2V3)

Therefore:

0,012 MN

4,40 MN

0,01

Shear strength UC = 1,05| —— |=0,00
4,40

A12.5.3.4

Torsional shear strength check

Tubular members subjected to torsional shear forces should satisfy:

Ty

where:

IN

Tv/ YRTv

torsional moment due to factored actions

representative torsional strength
21, F,J(D3)

polar moment of inertia
(r/32) [D* - (D - 2¢)"

Following from the example given above:

Torsional moment =

IP
T,

Therefore:

0,002 MN
7,16E-04 m*

1,36 MN

0,002

Torsional strength unity check (UC) = 1,05(m] =0,00

(A12.5-17)

The highest brace utilizations for the 90° heading (identified as the worst heading for structural UCs) are
presented below with the UC shown in bold used in the example calculations above. (Although not apparent
when reported to two decimal places, small differences exist between the brace strength checks for mid-bay,
node and quartering cases.)

Case Leg 2 mid Leg 2 nod Leg 2 qrt Leg 3 mid Leg 3 nod Leg 3 qrt
Sand 0,56 0,56 0,56 0,47 0,47 0,47
Clay 0,60 0,60 0,60 0,46 0,46 0,46

NOTE

transparency, utilizations are reported in these detailed example calculations to two decimal places.

Although ISO 19905-1 only requires utilizations to be reported to one decimal place, for the purpose of

The maximum structural utilizations for the braces are all below 1,0 with the maximum UC of 0,60 reported for
the clay case. Therefore, the unit brace strength checks are passed for both sand and clay conditions.
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12.6 & A.12.6 Leg strength — Strength of non-circular prismatic members

ISO 19905-1 requires that non-circular prismatic members be checked for combined axial forces and bending and
for shear and torsional shear. Although all members have been checked in the analysis, only example calculations
are presented here with a full table of maximum member utilizations presented at the end of this section.

It should be noted that member utilizations from the analysis have been calculated using software which
calculates the plastic interaction curves for the specific chord section in question, and as such although the
analysis methodology follows the interaction surface approach, the equations for M’y and M, given in
ISO 19905-1:2012, Annex F have not been used.

A.12.6.2 Non-circular prismatic members subjected to tension, compression, bending or shear

A.12.6.2.2 Axial tensile strength check

Non-circular prismatic members subjected to axial tensile forces, P, should satisfy:

Py < P/ yrept (A.12.6-1)
where
Py = axial tensile strength of non-circular prismatic members
= Z(Fud) (A.12.6-2)
= 170,46 MN
Fyi = vyield strength of the " component comprising the structural member
(as defined in ISO 19905-1:2012, A.12.2.2)
= 689,6 MN/m” (constant across cross-section)
A; = cross-sectional area of the i" component comprising the structural member
= 0,247 m?
(yield stress constant across the section)
Yrpt = partial resistance factor for axial tension, 1,05
therefore:

limiting Py = 162,3 MN
A.12.6.2.3 Axial compressive local strength check

Non-circular prismatic members subjected to axial compressive forces, P, should satisfy:

Py < Pp| / YR Pcl (A126-3)
where
Py = the local compressive axial strength of non-circular prismatic members
= XF,diforclass 1 and 2 members (A.12.6-4)
= 170,5 MN
Fyi = vyield strength of the " component comprising the structural member
(as defined in ISO 19905-1:2012, A.12.2.2)
= 689,6 MN/m” (constant across cross-section)
A; = cross-sectional area of the i" component comprising the structural member
= 0,247 m? (vield stress constant across the section)
Yrpa = partial resistance factor for local axial compressive strength, 1,1
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therefore:

limiting P,. = 155,0 MN

A12.6.2.4

Axial compressive column buckling strength

The representative compression strength of all member classifications subject to flexural buckling should be
determined from the following equations for high strength steels:

Py

where

Pgy
Pe,
therefore:
Ao
Py

A.12.6.2.5

(0,762 5% P, for Ao < 1,2 (A12.6-18)
(0,860 8/4,"%*) P, for A, > 1,2 (A.12.6-19)
0,5
B (A.12.6-20)
R

compressive axial strength as defined in A.12.6.2.3
170,46 MN

is the minimum Euler buckling strength for plane of bending
[defined in ISO 19905-1:2012, A.12.4.3 (including rack teeth of chords; see A.12.3.1)]

734,3 MN

510,0 MN

0,578

162,7 MN

Bending strength

The classification of member cross-sections in ISO 19905-1:2012, A.12.2 is used to identify the potential for

local buckling.

Lateral torsional buckling checks have been performed according to ISO 19905-1:2012, A.12.2.3.2. The chord
passed these checks and therefore the bending strength need not be reduced due to this effect.

A.12.6.2.5.2

Class 1 plastic and class 2 compact section bending strength

The representative bending strength, M, is given by the plastic bending moment of the entire section:

M, = ZpFymin (A.12.6-21)
where
My = representative bending moment strength
My = 27,43 MNm
My, = 24,53 MNm
Z, = fully plastic section modulus determined from ISO 19905-1:2012, Equation (A.12.3-2)
(see section above addressing ISO 19905-1:2012, A.12.6.2.5.2)
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Zy = 0,040m°
Zy = 0,036m°
Fymn = minimum vyield strength of the cross-section as defined in ISO 19905-1:2012, A.12.2.2
(see section above addressing ISO 19905-1:2012, A.12.2.2)
= 689,6 MN/m’

A.12.6.2.6 Bending moment strength affected by lateral torsional buckling

The chord passes the lateral torsional buckling criteria specified in ISO 19905-:2012, A.12.2.3.2 and hence no
further assessment of lateral torsional buckling has been made.

A12.6.2.7 Bending strength check

Non-circular prismatic members subjected to bending moments, M,, should satisfy:

M, < My! yrpo (A.12.6-37)
where
M, = M, or M., the bending moment about member y- and z-axes
respectively due to factored actions
My = representative bending moment strength,
determined from A.12.6.2.5 and A.12.6.2.6
My = 27,43 MNm
Mp, = 24,53 MNm
yrpp = partial resistance factor for bending, 1,1
therefore:
limiting My, = 24,94 MNm
limiting M, = 22,30 MNm
A.12.6.3 Non-circular prismatic member combined strength checks

Non-circular prismatic member analysis can utilize one of two methods:

a) the interaction equation approach (see ISO 19905-1:2012, A.12.6.3.2), applicable to all member
classifications;

b) the plastic-interaction surface approach (see ISO 19905-1:2012, A.12.6.3.3), applicable to class 1 and 2
members.

The following sections demonstrate both methods although the structural utilizations for the unit in
consideration have been calculated using the interaction surface approach.

Interaction Interaction
equation surface
approach approach
A.12.6.3.2 A.12.6.3.3.
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A.12.6.3.2 dInteraction equation approach

The following example demonstrates the interaction equation approach for a specific chord member in
compression:

Case Sand

Storm heading 90°

Leg Port leg

Position of lower guide Quarter bay

Chord Port (with respect to global axes system)

Member forces in the chord section at level of lower guide:
Axialload  -93,7 MN
Bending Y, -0,39 MNm
Bending Y, —4,70 MNm
Bending Z, 0,00 MNm

Bending Z, 0,00 MNm

ShearY 0,00 MN
Shear Z -1,69 MN
Torsion 0,00 MNm

Bending 1 and 2 about each axis refer to the moments at each end of the chord section considered. This
calculation assesses the section at node 2 but the moments at node 1 are required for calculation of the C,,, terms.

Each non-circular prismatic structural member should satisfy the following conditions.

Note that when the shear due to factored actions is greater than 60 % of the shear strength, the bending
moment strength should be reduced parabolically to zero when the shear equals the shear strength (P, in
A.12.6.3.4):

Local strength check (for all members):

1

n n
TRPalu . 7R.PbM yey + { 7R,PoM yez } 7 <1,0 (A.12.6-38)
Ppls Mby My,

Beam-column check (for members subject to axial compression):

If 7RypaPu/Pp > 0,2

1
n n\n
P, M M
7R,Palu +§ TR, PbM uay + { TR,PbMuyaz } <10 (A.12.6-39)
F, 9 My, My,
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where

M, uey

MUEZ

<

uay
Mz

where

Cm

ISO/TR 19905-2:2012(E)

applied axial force
93,7 MN

representative local axial strength of a non-circular prismatic member
170,5 MN

representative axial strength of non-circular prismatic member
162,7 MN

corrected bending moment (for local strength checks) about member y-axis due to
factored actions from 1ISO 19905-1:2012, A.12.4

—4,70 MNm (in this example e = 0 so M,y = Mqy)

corrected bending moment about member z-axis due to factored actions from A.12.4
0,00 MNm (in this example e = 0 so M, = M)

amplified bending moment (for beam column component checks) about member y-axis
due to factored actions from ISO 19905-1:2012, A.12.4

Mo B
~3,38 MNm

0,00 mNm

Member moment amplification factor for the axis under consideration

Cw/(1,0 — Py/Pg)
0,72
0,30

0,6 — 0,4M,/M,

(where My/Ms is the ratio of the smaller to the larger non-amplified end moments of the member in the
plane of bending under consideration; M;/M- is positive for the segment subject to reverse curvature
and negative when subject to single curvature)

Cry
Cinz
My,
My
M,
Mo,

My

M,y

A 10N ANANn
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0,63
0,30
0,39 MNm
4,70 MNm
0,00 MNm
0,00 MNm

representative moment strength, as defined in A.12.6.2.5 or A.12.6.2.6; in this example the
shear is less than 60 % of the shear strength so the full moment strength can be used

27,43 MNm
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My, = 24,53 MNm

Yrpo = Ppartial resistance factor for bending = 1,1

Yrpa = partial resistance factor yrp. for axial compressive strength = 1,1
n = exponent for biaxial bending

= 20
Therefore:
Local strength check:

1

2 2|2
1,1><93,7+ 1,1x4,70 + 1,1x0,00 =0,79<1,0
170,5 27,43 24,53

Beam-column check (for members subject to axial compression) with g pa P/ Pp > 0,2:

N[ =

2 2
113937 81 [11x3,38|"  [11x0,00["|* .54
162,7 9| | 27,43 24,53

A.12.6.3.3 > Interaction surface approach

The following example demonstrates the interaction surface approach for a specific chord member; see
ISO 19905-1:2012, A.12.6.3.2, as discussed above, for the specific chord details and applied loads.

The interaction surface approach requires the assessor to develop a plastic strength interaction surface in
terms of the axial strength and biaxial moment strengths. In this case the surface has been generated using
the GL Noble Denton software PLASTIC written by Dyer (see ISO 19905-1:2012, Reference [A.12.6-2]) for the
assessment of plastic chord sections. The signs of the applied moments are considered very carefully as
advised by ISO 19905-1, although this is less important for the symmetric section considered than for
non-symmetric sections.

A measure of the interaction ratio can be obtained as the ratio between the vector lengths from the functional
origin to the member forces and the vector length from the functional origin to the nearest point on the surface.
The generic equation describing the interaction surface for a family of split tubular chords is shown below:

2 2)"2 i
P+[1_PJ [ M, ] +[ My ] <100 Annex F.31 &
P, Py I\ My, M’y F.3.3

(For both local strength check where P, = Pp and for the beam-column check where P, = P,/ yrpa)

where
M’y = adjusted local y and z axis bending strengths used in simplified interaction equations
1,85
My = My|1-| L | | for (pIP,) <1,0
Py
= 15,11 MNm for local strength check
= 14,22 MN for beam column check
Copyright In?egaﬁ)nal Organization for Standardization © ISO 2012 - A“ I’IghtS I’eserved

Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs
No reproduction or networking permitted without license from IHS Not for Resale, 12/02/2013 04:26:14 MST



S
|

where

)
o

v

fFEEFEEEEE
;g N < g N < g
[l [l N I 1 1 I | 1

S
1

Mby =
sz =
VRpPa =

YRPb T

Therefore:

ISO/TR 19905-2:2012(E)

2,25
M, 1_[£] for (PIP,) <1,0
b

15,11 MNm
14,32 MN for beam column check

chord member axial force
93,7 MN

chord member axial strength (P, / yrpa) for local strength check
155,0 MN

axial compressive local strength
170,5 MN

chord member axial strength (P, / ¥rpa) for beam-column check
147,9 MN

representative compressive column buckling strength
162,7 MN

y and z axis bending moments for local strength checks, M., and M., (see A.12.6.3.2)
—4,70 MNm

0,00 MNm

y and z axis bending moments for beam column checks, M., and M,,, (see A.12.6.3.2)
-3,38 MNm

0,00 MNm

= local y and z axis plastic bending strengths (M, / yrpb)

24,94 MNm

22,30 MNm

representative moment strength, as defined in A.12.6.2.5 or A.12.6.2.6; in this example the
shear is less than 60 % of the shear strength so the full moment strength can be used

27,43 MNm
24,53 MNm
partial resistance factor yg p. for axial compressive strength = 1,1

partial resistance factor for bending = 1,1

Local strength check:

93,7
+1
(Feso )

A Anan Al

93,7 V(0,00 (4,702 v
_93 ’ oA ~0,73<1,00
155,0]{[15,11) (15,11] }

[N la) o
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Beam-column check (for members subject to axial compression):

93,7
147,9

it

93 0002 (33842]"
_ 937 . 2> -0,73<1,00
147,09 )|\ 14.32 14,22

A12.6.3.2 A12.6.3.3.

Y

A.12.6.3.4 Beam shear

Non-circular prismatic members subjected to beam shear forces due to factored actions should satisfy the

following:

Vy

where

AVZ

YRPv

therefore:

IN

IN

Pyl YRy (A.12.6-44)

Pvz/ 7R,Pv (A126-45)

beam shear due to factored actions in the local y and z directions
—-0,00 MN
-1,69 MN

representative shear strength in the local y and z directions
(Ay Fymin/ \3) (A.12.6-46)

74,96 MN

74,96 MN

effective shear area in the direction being considered. See ISO 19905-1:2012 Table 12.6-
1 (for split tubular chords with shear parallel to the rack this is taken as the area of the rack
plus half the area of the split tube)

0,188 m?

0,188 m*

partial resistance factor for beam shear strength = 1,1

0,00

shear UC iny =———1,10=10,00
74,96

shearUCinz =

1,696 1,10=0,02
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The shear forces in both y and z are both significantly below 60 % of the shear strength, therefore allowing the
use of the full bending strength M, in the combined strength checks.

A.12.6.3.5 Torsional shear

Closed-section non-circular prismatic members subjected to torsional shear moments should satisfy the

following:
T < Tyl Yrpy (A.12.6-47)
where
T = torsional moment due to factored actions
= 0,00 MNm
T, = representative torsional strength
= I, Fymin/ (r\3)
= 20,77 MNm
I, polar moment of inertia

0,020 m*

maximum distance from centroid to an extreme fibre
0,374 m

Torsional unity check (UC) = 2%—0701 10=0,00

The section passes the torsional shear check with a UC of 0,00.

Chord structural utilizations

The highest chord utilizations for the 90° heading (identified as the worst heading for structural UCs) are
presented below for information with the highest UCs shown in bold.

Case Leg 2 mid Leg 2 nod Leg 2 qrt Leg 3 mid Leg 3 nod Leg 3 qrt
Sand 0,69 0,72 0,73° 1,02 1,04 1,07
Clay 0,64 0,66 0,70 0,99 1,02 1,03

@ Determined from example calculations following "interaction surface approach" per above.

The maximum structural utilizations for the chords are above 1,0 for both the sand and clay assessment cases.
The unit therefore fails the chord strength check for both the sand and clay example calculations detailed
herein.

12.7 & A12.7 | Leg strength — Joints

ISO 19905-1 states that joint strength should be assessed when the site conditions (metocean combinations,
eccentric spudcan loading, etc.) fall outside the limits that are normally assessed by the RCS.

Joint strength details are sometimes made available by the designer; assessment of joint strength |s
considered outside the scope of this annex.

i
ISO 19902 and
ISO 19901-3

The leg strength checks have been completed.
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12.1.4 & 13.5 Holding system strength

Strength of the elevating and fixation system would typically be provided by the manufacturer. Values for the
“typical jack-up” being considered herein are:

ultimate holding capacity of the pinions = 28,5 MN / pinion pair

ultimate holding capacity of rack chocks 105,5 MN / chord (pair of chocks)

The capacities above represent the unfactored ultimate strength of the system, to which the holding system
resistance factor, yry, of 1,15 should be applied:

factored allowable holding capacity of the pinions = 24,8 MN / pinion pair

factored allowable holding capacity of rack chocks = 91,8 MN / chord
This unit retains 100 % of the “functional weight” on the pinions when the rack-chock holding system is
installed; see the data sheet in A.12, Appendix A.B. This system is modelled accurately in the fully detailed leg
models.
Both the pinion and rack chock holding system strength utilization calculations are based on the maximum
loads in the most heavily loaded leg chord at the level of the holding system determined from the final
quasi-static assessments of the maximum hull weight case.

Pinion strength utilization calculation (both assessment cases)

Sand assessment:

Force in leg chord 146,8 MN

Force taken by rack chocks 87,2 MN

Force taken by 1* pinion pair = 16,2 MN

Force taken by 2™ pinion pair= 15,1 MN

Force taken by 3™ pinion pair = 14,3 MN

Force taken by 4" pinion pair = 14,0 MN

Factored allowable pinion capacity (per pair) = 24,8 MN
Therefore:
Pinion strength utilization = 065<1,0
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Clay assessment:

Force in leg chord = 144,7 MN
Force taken by rack chocks = 75,0 MN
Force taken by 1% pinion pair = 15,6 MN

Force taken by 2™ pinion pair= 14,5 MN

Force taken by 3™ pinion pair = 13,8 MN

Force taken by 4" pinion pair = 13,5 MN

Factored allowable pinion capacity (per pair) = 24,8 MN
Therefore:
Pinion strength utilization = 0,63 <1,0

The pinion holding system strength check therefore satisfies the requirements of ISO 19905-1.
Rack chock holding system strength utilization calculation

Sand assessment:

Force in leg chord = 146,8 MN

Force taken by pinions = 59,6 MN

Force taken by rack chocks (per pair) = 87,2MN

Factored allowable rack chock capacity (per pair) = 91,8 MN
Therefore:

Rack chock strength utilization = 095<1,0
Clay assessment:

Force in leg chord = 144,7 MN

Force taken by pinions = b57,4MN

Force taken by rack chock (per chock pair) = 87,3MN

Factored allowable rack chock capacity (per pair) = 91,8 MN
Therefore:

Rack chock strength utilization = 09<1,0

The rack chock holding system strength checks therefore satisfy the requirements of ISO 19905-1.
Hull strength

Hull strength and jackhouse to deck connections are considered to be covered by classification unless special
circumstances apply.
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A detailed hull model including plate elements would be amenable to a detailed strength analysis. Extreme
loads could be determined from a simpler structural model, and applied via portions of leg model, in reverse of
the application of loads to a detailed leg model.

A.10.3 Spudcan strength assessment

121.5& 13.4 Spudcan strength

The strength of the spudcan is normally supplied by the manufacturer. The manufacturer’s data are expected
to represent the unfactored ultimate strength of the spudcan and spudcan to leg connection.

ISO 19905-1:2012 specifies that the effects of the forces on the top and bottom of the spudcan due to factored
actions for any of the applicable assessment situations shall be checked against the factored ultimate strength
derived from the manufacturer's specification using yrs = 1,15.

If the spudcan vertical and rotational reactions are within the limits set by the manufacturer, it is not normally
necessary to check the strength of the leg to spudcan connection.

No spudcan limits are known for the “typical jack-up” being considered and therefore it is not possible to check
the spudcan strength implicitly. Instead, given that the preload capacity check is less than 1,0, it would be a
fair assumption that the spudcan loading is within limits.

A detailed spudcan model including plate elements would be amenable to a detailed strength analysis.

Extreme loads could be determined from a simpler structural model, and applied via portions of leg model, in
reverse of the application of loads to a detailed leg model.

A.10.4 Overturning stability assessment

13.8 | Overturning stability

It is noted that the overturning check serves only the purpose of a traditional benchmark; the assessment is
governed by the foundation checks — this has been included for completeness.

The critical heading for overturning was determined to be 120° for both the “sand” and “clay” assessment
cases. For this there are two leeward legs.

The margin of safety against overturning of the jack-up is assessed based on the general formula for
assessment checks given in Equation (13.2-2):

action effect (4g ) due to factored action (F,
o = (4g) due (Fa) (13.2-2)
factored resistance (R) .
based on:
Motw = overturning moment due to factored actions Fy
Rgyorm = the factored stabilizing moment based on the representative stabilizing moment R, oy
[See ISO 19905-1:2012, Equation (13.8-1).]
with:
Yaom = the resistance factor on representative stabilizing moment
= 1,05
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The overturning moment is calculated from factored actions about the overturning axis:
Sand assessment
Moment loads in MN:

Wind overturning moment x y¢g (1109 x 1,15)

Wave & current overturning moment x ¢ (1 599 x 1,15)

Inertial overturning moment x y:e ( 549x1,15)

P-A overturning contribution x y¢g ( 612x1,00)
Therefore:

Total: 4 357 MNm

The stabilizing moment R, oty calculated about the same axis for the same assessment situation accounting
for:

Self weight righting moment / y g ou

= (minimum total weight x lever arm'") / 1,05
= (228,8 x 19,2) / 1,05

=4 184 MNm

M Hul sway can be accounted for in the overturning check by incorporating P-A load in the overturning moment or by
using a righting moment “lever-arm” reduced by the hull sway. In this case the first approach has been used.

Stabilizing moments due to seabed foundation fixity / v r otm
= (274 /1,05)
=260 MNm
Therefore:
- Total: 4 444 MNm
Overturning utilization = 0,98 < 1,0 for the “sand” assessment case
Therefore, the unit satisfies the overturning stability assessment for the “sand” assessment case.
Clay assessment
Moment loads in MN:
Wind overturning moment x y¢g (1078 x1,15)

Wave & current overturning moment x ¢ (1 756 x 1,15)

Inertial overturning moment x y¢e ( 636 x1,15)
P-A overturning contribution x y¢g ( 552 x1,00)
Therefore:
Total: 4 542 MNm
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The stabilizing moment R, oty calculated about the same axis for the same assessment situation accounting
for:

Self weight righting moment / y g ou

= (minimum total weight x lever arm') / 1,05
=(228,4x19,2) /1,05

=4176 MNm

M Hull sway can be accounted for in the overturning check by incorporating P-A load in the overturning moment or by
using a righting moment “lever-arm” reduced by the hull sway. In this case the first approach has been used.

Stabilizing moments due to seabed foundation fixity / ¥ r otm
= (1 050/ 1,05)
=1 000 MNm
Therefore:
Total: 5176 MNm
Overturning utilization = 0,88 < 1,0 for the “clay” assessment case
Therefore, the unit satisfies the overturning stability assessment for the “clay” assessment case.

ISO 19905-1 notes: “The overturning check serves only the purpose of a traditional benchmark; the
assessment is governed by the foundation checks.”

NEXT
ITEM

The structure has now been assessed and
overturning stability considered.

Foundations are now assessed.

A.11 Assessment of foundation

Assess foundation, Sections A.9.3.3 & A.9.3.6/Figure A.9.3-17

Rather than produce a local route sign, the flow chart in Figure A.9.3-17 is referenced.

Acceptance checks

ISO 19905-1:2012, A.9.3.3 is referenced for this section. The flow chart in Figure A.9.3-17 may be followed at
this stage and is reproduced below for easy reference.

Copyright International Organization‘f‘or é[!ﬁnd;r‘(‘ii‘zati‘on o © ISO 2012 - A“ I’IghtS reserved

Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs
No reproduction or networking permitted without license from IHS Not for Resale, 12/02/2013 04:26:14 MST



Perform foundation assessment
See Clause 9 and A.9.3.6.

—

Step 1a
Perform preload

check, see A.9.3.6.2, OK

ISO/TR 19905-2:2012(E)

and Step 1b
windward leg check,

- — — —

Perform foundation OK

capacity and sliding checks
See A9.364.

—— — —

Not OK

Perform structural analysis assuming
degrading moment fixity with linear
vertical and horizontal springs

See A.9.3.4.2.3 and Figure A.10.51

—

Step 2b

see A9.36.5

erform foundation oF

capacity and slidi
pchecyks. Uses "
A9.364.

- — — —

Not OK

Perform structural analysis
assuming full non-linear foundation
fixity. See A.9.34.24

A 10N N"NAN Ly
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Step 2¢
see A9.36.5.
Perform foundation
capacity and sliding
checks. Uses
AB9.364.

— — — —

Step 3a
Perform dis placement
check on all legs

See A.9.3686

Step 3b

Perform structural analysis with
non-linear continuum foundation
model. See A.9.3.425

]

OK | Foundation acceptable

Not OK |
x

Foundation NOT
acceptable

Figure A.9.3-17 — Approach to foundation acceptance checks
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A.9.3.6.2 | Level 1, Step 1a — Ultimate bearing capacity for vertical loading — Preload check

The simple preload check should be applied only when the horizontal force on the leeward leg spudcan, Fy, is
no greater than Fy, (see ISO 19905-1:2012, Table A.9.3-7) and when the forces are determined from an
analysis model with pinned condition for all spudcans (see ISO 19905-1:2012, Table A.9.3-1).

Although the assessment detailed herein has allowed for inclusion of foundation fixity the process is detailed
below for completeness.

The following check is based on the starboard leg (leeward leg) for the 60° storm direction for both the sand
and clay conditions.

From the quasi-static analysis, leeward leg vertical loads are as follows.
Location 1 (sand):

According to 1SO 19905-1:2102, Table A.9.3-7, the limiting horizontal capacity, Fy4, for a Step 1a bearing
capacity check to apply for a partially penetrated spudcan in sand is given by:

Fiy =[0,1 - 0,07 (B/Bmax) 10vnet
For this example calculation, Fy; = 0,055Qyet = 8,6 MN.
However, the horizontal component of the storm footing reaction being examined, F;= 9,1 MN.
Given Fy > Fy4 the unit can not be checked using the Level 1, Step 1a assessment.
Location 2 (clay):

According to 1SO 19905-1:2012, Table A.9.3-7, the limiting horizontal capacity, Fy4, for a Step 1a bearing
capacity check to apply for a spudcan in clay is given by:

Fi1 = 0,03 Qvnet
For this example calculation, Fiy; = 4,4 MN
However, the horizontal component of the storm footing reaction being examined, £y = 8,7 MN
Given Fy > Fy4 the unit can not be checked using the Level 1, Step 1a assessment.

The calculated storm footing reactions for the unit for either soil profile do not comply with the conditions for a
Level 1, Step 1a check. The foundation will therefore be assessed according to Level 2a.

Had the unit passed this Step 1a check then the analysis would proceed to the windward leg sliding check
described in ISO 19905-1:2012, A.9.3.6.3.

windward leg sliding

A.9.3.6.3

[not applicable here]
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A.9.3.6.4 | Level 2, Step 2a — Foundation capacity and sliding check

The foundation capacity check depends on the footing model. If a pinned footing has been used then
ISO 19905-1:2012, A.9.3.6.4 is applicable. If a degree of footing fixity has been used then ISO 19905-1:2012,
A.9.3.6.5 is applicable.

pinned A| fixity

footing

A.9.3.6.4 A.9.3.6.5

A.9.3.6.4 > Level 2, Step 2a — Foundation capacity and sliding check — Pinned spudcan

Both the “sand” and “clay” assessment cases presented in these detailed example calculations incorporate
foundation fixity at the spudcan restraint level. No assessment of the foundation bearing capacity check for a
“pinned” foundation restraint condition has been made. However, ISO 19905-1:2012, Equation (A.9.3-56),
describing the foundation bearing capacity envelope, applies to the foundation bearing capacity check for both
the “pinned” assessment approach (Step 2a check per I1SO 19905-1:2012, A.9.3.6.4) and assessment
inclusive of spudcan fixity (Step 2b check per ISO 19905-1:2012, A.9.3.6.5).

A.9.3.6.5 > Level 2, Step 2b — Foundation capacity and sliding check — Spudcan with moment fixity
and vertical and horizontal stiffness

Factored loads for the case of a footing with moment fixity are treated in much the same way as for the pinned
footing, except that the vector formed of the vertical, horizontal and moment loads has already been modified
such that it either lies within the yield envelope or lies on the vertical-horizontal plane with the moment
degraded to zero.

The foundation interaction envelope, as defined in ISO 19905-1:2012, A.9.3.6.4 (Figure A.9.3-18), is
applicable to both “pinned” and “foundation fixity” assessment approaches.

A9.3.6.4

The partial resistance factor is applied to the Oy yield surface prior to the assessment of the load vectors.

The foundation capacity to withstand vertical, horizontal and moment loadings Fy, Fy and Fy is defined by the
yield surface function encountered in the fixity calculations. To apply the resistance factors to this surface, the
points on the yield surface must be written as vectors from the point of zero net reaction,
i.e. (Fy =0, Fy = Wae, — Bs), and then reduced in magnitude accordingly.

The resistance term is the foundation capacity to withstand the combined vertical and horizontal storm
foundation loads (Fy, Fv), which is obtained according to ISO 19905-1:2012, A.9.3.3.2, as shown below.

:

A9.3.3.2
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A.9.3.3.2 > Ultimate vertical/horizontal/rotational capacity interaction function for spudcans in sand
and clay

In this section the reactions from the Level 2, Step 2b response analysis are checked for compliance with the
factored yield surface. Note that the iteration procedure which factors down the rotational stiffness of the
spudcan within the software should result in . <1,0 assuming the rotational stiffness has not degraded to
zero.

A.9.3.6.5 > Level 2, Steps 2b and 2c — Foundation capacity check and sliding check — Spudcans
with moment fixity and vertical and horizontal stiffness — Location 1 (sand)

The unfactored foundation capacity envelopes have been calculated and presented previously according to
ISO 19905-1:2012, A.9.3.3.2. To determine the foundation utilization check, the factored vertical-horizontal
bearing capacity envelope is constructed by scaling the unfactored envelope with respect to the point of zero
net reaction, i.e. (Fy = 0, Fy = Wgep — Bs) by the reciprocal of the partial resistance factor for foundation
capacity, Yyrvu = 1,1 in accordance with 1ISO 19905-1:2012, A.9.3.6.4.1. The resulting unfactored and factored
bearing capacity envelopes are plotted below alongside the unfactored and factored sliding capacity lines
which are defined in the discussion of ISO 19905-1:2012, A.9.3.6.4 below.

The origin for assessing the foundation utilization is calculated from:
(Fu,Fv)ors = (0,0, 0,50v/vrvH) = (0,0, 70,8) MN
The origin for scaling the unfactored vertical-horizontal bearing capacity envelope has been calculated
as (F4 =0, Fy = 0) as the spudcan is partially penetrated and the small amount of spudcan soil buoyancy has
been ignored for this detailed example calculation.
The final load vectors of horizontal and vertical footing reactions for the leeward leg for the 60° loading
condition (critical for foundation checks), and for the windward leg for the 90° loading condition (critical for leg
sliding) from the sand assessment case are:
Leeward leg (critical for foundation bearing capacity)

Fy,Fy  =19,1, 165,1] (max. hull weight) MN
Windward leg (critical for leg sliding)

FuFy =[12,5, 3,6] (min. hull weight) MN
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Vertical-horizontal bearing capacity envelope for Location 1
(Bearing capacity check)

The bearing capacity check comprises the ratio of the vector from the utilization origin to the critical storm
footing reaction point to the parallel vector from the utilization origin to the factored vertical-horizontal bearing
capacity envelope:

Fy, F\
U=M=1,36

OvH
YR,VH

It can be seen that the factored load vector lies outside the factored resistance vector, and so the unit does
not meet the bearing capacity assessment criterion for Location 1 (sand).

As stipulated in ISO 19905-1:2012, A.9.3.6.4, the foundation must also be assessed using the Level 2,
Step 2a foundation sliding check given in ISO 19905-1:2012, A.9.3.6.4.2.

A.9.3.6.4.2 > Step 2a — Foundation sliding check — Location 1 (sand)

The foundation should satisfy the following capacity check:

| (Fu, Fv) = (Fu, Fv)ore | < | Ovhs— (Fh, Fv)ore | (A.9.3-67)
where

Ovns is the factored sliding envelope obtained by dividing the horizontal coordinates of the unfactored
sliding envelope Qus by the partial resistance factor for horizontal foundation capacity, g, Which
equals 1,25 for a sand foundation;

Onsis calculated in 1ISO 19905-1:2012, A.9.3.5.2;
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Ons = Fvtand + 0,59 (ky —ka) (h1 + h2) As
where
d=¢ =34°(as p <170°)
7 =11,0 kN/m®
K, = tan®(45°-¢/2)
K, =1/K,
hy=0,0m
hy=0,91m
As=7,7m?
Therefore the unfactored sliding envelope is given by:
Ons = 0,67F, + 0,098 MN
and the factored sliding envelope is given by:
Oy =0,54F, + 0,078 MN

The factored and unfactored sliding envelopes are plotted below.
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The sliding check comprises the ratio of the vector from the utilization origin to the critical storm footing
reaction point to the parallel vector from the utilization origin to the factored sliding envelope:

OvH
7R Hfc

Therefore the unit does not meet the criterion for sliding in sand.

ISO 19905-1:2012, Table A.9.5-1 indicates that attempts could be made to resolve this sliding over-utilization
by increasing the vertical spudcan reaction such that the footing reactions lie on or within the factored sliding
envelope; however, this is outside of the scope of the present detailed example calculation.

If it is assumed that the sliding issue could be resolved by increasing the vertical spudcan reaction, the
bearing capacity would still be overutilized, hence a Level 3, Step 3a check is performed to determine the
additional settlement required to expand the yield envelope sufficiently to encompass all of the load cases.

A.9.3.6.6 > Level 3, Step 3a and 3b — Displacement check — Settlements resulting from exceedence
of the foundation — Location 1 (sand)

Vertical settlement and/or sliding of a spudcan can occur if the forces on the spudcan due to an 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 (e.g. hard-bottom foundations), but the integrity of the foundation can decrease in the situation where
a potential punch-through exists.

In this case where the foundation is uniform sand and the spudcan is partially penetrated (and there is no
 punchthrough potential), very little settlement can be enough to expand the yield interaction surface such that
-~ it encompasses all of the spudcan reactions points. The following figure shows the envelope required such
© that the yield envelope encompasses all of the points, from which the effective preload can be determined.
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Expanded vertical-horizontal bearing capacity envelope for Location 1
(Settlement check)

A Anan Al

Copyright International Orgr;\nizlff\;on for Slandardizatiloﬁ:ghts reserved 243
Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs
No reproduction or networking permitted without license from IHS Not for Resale, 12/02/2013 04:26:14 MST



ISO/TR 19905-2:2012(E)

The figure above shows that a vertical reaction, Oy = V| of 205,6 MN is required to expand the yield envelope
sufficiently such that it encompasses all of the spudcan reactions (not including those which fall below the envelope).
The load-penetration curve below shows the level of additional penetration required to achieve this reaction.

VL (MN)

0 100 200 300 400 500
0.0 |

10 2 '_>ki\—l '''''

Additional settlement
¢ =0,11m

Spudcan tip penetration (m)

C
15 I I
||
co
2.0 —
co
05 L \\
I I
| \
3.0

Spudcan penetration analysis with additional settlement

The above figure shows that an additional settlement of 0.11m is required to expand the yield envelope
sufficiently. This is within the tolerance of the unit (settlement associated with 0,3° rig inclination) and therefore
the unit is shown to pass the additional settlement check.

A.9.3.6.5 > Level 2, Step 2b and 2c — Foundation capacity check and sliding check - Spudcan with
moment fixity and vertical and horizontal stiffness — Location 2 (clay)

The unfactored foundation capacity envelopes have been calculated and presented previously according to
ISO 19905-1:2012, A.9.3.3.2. To determine the foundation utilization check, the factored vertical-horizontal
bearing capacity envelope is calculated by scaling the unfactored envelope with respect to the point of zero
net reaction (i.e. Fy = 0, Fv = Wgro — Bs) by the reciprocal of the partial resistance factor for foundation
capacity, yrvn = 1,1 in accordance with ISO 19905-1:2012, A.9.3.6.4.1. The resulting unfactored and factored
bearing capacity envelopes are plotted below alongside the unfactored and factored sliding capacity lines
which are defined in the discussion of ISO 19905-1:2012, A.9.3.6.4 below.

The origin for assessing the foundation utilization is calculated from:
(Fu, Fv)ors = 0,90v/1rvH = 88,5 MN

The origin for scaling the unfactored vertical-horizontal bearing capacity envelope has been calculated
as (Fy =0, Fy = 39,1 MN) for Wge, = 39,8 MN and Bs = 0,65 MN.

The final load vectors of horizontal and vertical footing reactions for the leeward leg for the 60° loading
condition (critical for foundation checks), and for the windward leg for the 60° loading condition (critical for leg
sliding) from the clay soil profile assessment case are:

Leeward leg (critical for foundation bearing capacity):

;FH, Fy =1[202,9, 8,7] (max. hull weight) MN
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Windward leg (critical for leg sliding):

Fu, Fy =[13,5,80,4] (max. hull weight) MN
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Vertical-horizontal bearing capacity envelope for Location 2
(Bearing capacity check)

The bearing capacity check comprises the ratio of the vector from the utilization origin to the critical storm
footing reaction point to the parallel vector from the utilization origin to the factored vertical-horizontal bearing

capacity envelope:

(Fn Fv)
OvH
YR,VH

U= =109

It can be seen that the factored load vector lies outside the factored resistance vector, and so the unit does
not meet the bearing assessment criterion for Location 2 (clay).

As stipulated in 1SO 19905-1:2012, A.9.3.6.4, the foundation must also be assessed using the Level 2,
Step 2a foundation sliding check given in ISO 19905-1:2012, A.9.3.6.4.2.
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;

A.9.3.6.4.2 Level 2, Step 2a sliding capacity check of windward leg — Location 2 (clay)
The foundation should satisfy the following capacity check:

| (Fu, Fv) = (Fu, Fv)ore | < | Ovhs — (Fu, Fv)ore | (A.9.3-66)
where Qv is the factored sliding envelope obtained by dividing the horizontal coordinates of the unfactored
sliding envelope, Qs (defined in ISO 19905-1:2012, A.9.3.5.3 as being equal to Qy, calculated according to
ISO 19905-1:2012, A.9.3.3.2, as discussed above) by the partial resistance factor for horizontal foundation

capacity, s ne, Which equals 1,56 for a clay foundation.

On has previously been determined as 53,5 MN, hence to satisfy the sliding check:

Fy<34,3 MN
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(Sliding check)

The sliding check comprises the ratio of the vector from the utilization origin to the critical storm footing
reaction point to the parallel vector from the utilization origin to the factored sliding envelope:

Fuy,
U=£J1JQ=025
OvH

VR Hfc
Therefore the unit meets the criterion for sliding in clay.

Given that the bearing capacity is shown to be overutilized in the Level 2, Step 2b check, a Level 3, Step 3a
check is performed to determine the additional settlement required to expand the yield envelope sufficiently to
encompass all of the load cases.
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A.9.3.6.6 > Level 3, Step 3a and 3b — Displacement chcek — Settlements resulting from exceedence
of the foundation — Location 2 (clay)

Vertical settlement and/or sliding of a spudcan can occur if the forces on the spudcan due to the extremes
event are outside the yield interaction surface computed for the spudcan at the penetration achieved during
installation.

In this case, where the foundation is clay and the spudcan is fully penetrated, significant settlement is required
to expand the yield interaction surface such that it encompasses all of the spudcan reactions points. The
following figure shows the envelope required such that the yield envelope encompasses all of the points, from
which the effective preload can be determined.
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Vertical-horizontal bearing capacity envelope for Location 2 (clay soil)
(additional settlement check)

The figure above shows that a vertical reaction, Oy of 220,7 MN is required to expand the yield envelope
sufficiently such that it encompasses all of the spudcan reactions (not including those which fall below the
envelope). This corresponds to a 7| of 181,6 MN (noting that . = Oy — Wae, + Bs). The load-penetration curve
below shows the level of additional penetration required to achieve this reaction:
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The above figure shows that an additional settlement of 5,14 m is required to expand the yield envelope
sufficiently. This is well outside the tolerance of the unit (nominally the settlement associated with 0,3° rig
inclination unless allowable inclination is stated differently in the operations manual) and is too large to
consider justifying by means of further calculations for the inclined case.

Therefore the unit is shown to fail the additional settlement check.

A.9.3.3.2 > Ultimate vertical/horizontal/rotational capacity interaction function for spudcans in
layered soils

Outside the scope of this annex.

W/
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The foundation assessment for footing condition inclusive of foundation
fixity is now complete.

Summary for this unit at Location 1 (sand)

Step 1a - preload FAIL
Step 2b - bearing (with fixity) FAIL
Step 1b - sliding FAIL
Step 3a - additional settlement PASS

WITH REFERENCE TO 13.9.1 THE UNIT DOES NOT SATISFY THE
REQUIREMENTS OF IS0 19905-1 FOR THIS SOIL TYPE DUE TO

LEG SLIDING.

Summary for this unit at Location 2 (clay)
Step 1a - preload FAIL
Step 2b - bearing (with fixity) FAIL
Step 1b - sliding PASS
Step 3a - additional settlement FAIL

WITH REFERENCE TO 13.9.2 THE UNIT DOES NOT SATISFY THE
REQUIREMENTS OF IS0 19905-1 FOR THIS SOIL TYPE DUE TO
EXCESSIVE ADDITIONAL SETTLEMENT.

No further guidance is provided in these detailed example calculations.
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A.12 APPENDIX A.A

Guidance on additional dynamic loadcase calculations for 7,,/7, > 0,9 —
per 1ISO 19905-1:2012, A.10.5.2.2.3
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A.10 | Structural response

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 1ISO 19905-1:2012, A.10.5.2) or
by a more detailed fully integrated (random) dynamic analysis procedure that uses a stochastic storm analysis
(see 1ISO 19905-1:2012, A.10.5.3).

ISO 19905-1:2012, Table 10.3-1 gives a list of some of the references used in an extreme storm response
analysis, where the comments and additional references for “Application of actions” (1ISO 19905-1:2012,
A.8.8) state that additional load cases, that should be considered when (7,/7,) > 0,9, are given in
ISO 19905-1:2012, A.10.5.2.2.3.

The example calculations detailed in the main body of this annex fall below the (7,/7,) > 0,9 limit, and the
“historical” loading approach of applying wind + wave + in-phase inertial loading [per Equation (A.10.5-4)] has
been followed.
In this additional guidance a T,/T, relationship of 0,9 has been considered to demonstrate use of
Equations (A.10.5-5) through (A.10.5-7). To test the additional loadcases per Equations (A.10.5-5) through
(A.10.5-7), the wave properties have been adjusted to fit a condition such that 7,/7, = 0,9:

Hs=86m

Tp(intrinsic) = 12,8 s / Ty(apparent) = 11,6 s (2 m/s current)
To help achieve this condition the assessment has considered a “pinned” foundation condition with no
inclusion of foundation fixity — to increase T, and help fit this 7,/7, requirement for the purposes of this
calculation.
Rig natural period, 7,, = 10,5 s

T/ T, (apparent) = 0,9
All other assessment parameters remain unchanged from those detailed in the main body of the example
calculations and identical methods for determining wind, wave and current loading, and dynamic response

calculations have been adopted. These are not repeated in this section for this adjusted loading condition.

Equivalent SDOF DAF is calculated to be 2,0. Calculations are not repeated in this annex; see the discussion
of ISO 19905-1:2012, 10.5.

The base shear and inertial loadsets are applied in load cases as given in Equations (A.10.5-4) to (A.10.5-7):

[Ee + Y0 Delo) = Fwinp * Fstatic * YD Fin(PHASE(0)) (A.10.5-4)
[Ee + ¥rp Delioo) = Fwino  Yi.0 Fin(PHASE(90) (A.10.5-5)
[Ee + ¥t Del(180) = Fwino * Fstatic.up t ¥6,D FinPHASE(180) (A.10.5-6)
[Ee + ¥rD Del(-180) = Fwinp + Fstatic — YD Fin(PHASE-180) (A.10.5-7)

and shown schematically in Figure A.10.5-2:
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wave action FSTATIC

up-wind wave action at wave trough Feratic up

inertial loadset Fin.P.—mszm

inertial loadset F,; pasean)

inertial loadset Fin.P—msznsn]

inertial loadset Fy, oy aqe(_1a0) With magnitude of base shear and overtuming moment equal to Fi, pyasgqan) but
applied in the opposite direction

9 simplified representation of wave/current action on jack-up

=T = I T SO

1[] simplified representation of inertial action on jack-up

11 line indicating relative phase of wave/current action and inertial action for (a) = (0)

12 line indicating relative phase of wave/current action and inertial action for (a) = (90)
13 line indicating relative phase of wave/current action and inertial action for (a) = (180)
14 line indicating relative phase of wave/current action and inertial action for (a) = (-180)

Figure A.10.5-2 — Diagrammatic representation of the load cases given in Equations (A.10.4-4) to
(A.10.5-7) with the jack-up schematic showing the actions and the lower curves showing the phase
between the wave/current action and inertial action

The total base shear and overturning moment is the same in the first three load cases. Equations (A.10.5-4) to
(A.10.5-6) provide a match to the base shear but it is still necessary to correct the overturning moment. Both
the base shear and overturning moment can be different in the fourth case: Equation (A.10.5-7); see
ISO 19905-1:2012, A.10.5.2.2.3, Notes 5 and 6.
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Considering each equation separately:
[Ee + V1,0 Deloo) = Fwino t Fstatic t Vb FinPHASE(0) (A.10.5-4)

i.e. Total loading = Wind load + wave loads (at max. wave phase) + inertial loadset (in-phase)

1 Storm direction

=

|

wa

3 N
=Y - 1 0_/—\Inertlal action

a) Representation of
Equation (A.10.5-4)

L 2 w.|nd_ 9 \/ Wave/current action & phasing
b 5 Inerfial action - at peak wave phase
1 [ 11
LY /1]

This is the historic loadcase condition which must be considered in all cases.

The base-shear and overturning moment component loads for a 90° (on beam) loading condition are
calculated to be:

Storm direction Wind Wave/Current DAF Inertia Total loading
(Base case)
90 2 145 11 528 1,42 4812 18 484
349 078 997 728 1,78 745 885 2 092 691

The “total loading (base case)” values are used for Equations (A.10.5-4) to (A.10.5-6).

The response is calculated to be:

Leg loads at hull Leg loads at footing
Side sway
(m) Moment Shear Axial Moment Shear Axial
(kN.m) (kN) (kN) (kN.m) (kN) (kN)
1,87 970 896 2 806 104 947 - 5758 122 988
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[Ee + Y0 Del90) = Fwino + Y60 Fin(PHASE(90) (A.10.5-5)

i.e. Total loading = wind load + amplified inertial loadset (in-phase) to match the total required base shear
and overturning moment.

1 Storm direction

i -
2 wind /\ 12 . .
- . . \’ Wave/gurrent action & phasing
B Amplifled inertial action — at point of no wave load
17

o

Amplified inertial action to account
for total base-shear & overturning

“\\_‘j

I“'““-.._I_Fa—\:"""l |

[

b) Representation of
Equation (A.10.5-5)

—|

The base-shear and overturning moment component loads for a 90° (on beam) loading condition are
calculated to be:

Storm direction Wind Wave/Current DAF Inertia Total loading
% 2183 - - 16 340 18 522
353 876 - - 1743613 2 097 489

This case requires more “correcting moment” since all the shear is applied at the hull centre of gravity (wave
loads are zero).

The response is calculated to be:

Leg loads at hull Leg loads at footing
Side sway
(m) Moment Shear Axial Moment Shear Axial
(kN.m) (kN) (kN) (kN.m) (kN) (kN)
2,35 1260 585 5719 106 723 - 5758 122 988
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[Ee + Y10 Del(180) = Fwino + Fstatic.up * Y60 Fin(PHASE(180) (A.10.5-6)

i.e. Total loading = wind load + wave-current loads at minimum wave phase + amplified inertial loadset
(again matching the total required base shear and overturning moment).

I 1 Storm direction

=

M /\ 13 Wave/current action & phasing
7 Amplifled inertial action L, — at min. wave phase

1Al
| /1]
4 L Amplified inertial action to
account for total base-shear &
Wave overturning

c) Representation of
Equation (A.10.5-6)

WI"‘“‘E—._L,-«‘}"’I i = |

The base-shear and overturning moment component loads for a 90° (on beam) loading condition are
calculated to be:

Storm direction Wind Wave/Current DAF Inertia Total loading
90 2218 2131 - 14 209 18 558
358 225 76 743 - 1666 870 2101 838

Wave and current action will often be negative if current is small.
Wave and current action applied at correct height for wave-trough action.

The response is calculated to be:

: Leg loads at hull Leg loads at footing
. Side sway
; (m) Moment Shear Axial Moment Shear Axial
(kN.m) (kN) (kN) (kN.m) (kN) (kN)
2,18 1164 447 5111 106 183 - 5758 122 988
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[Ee + ¥1p Del-180) = Fwinp + Fstatic — YD Fin(PHASE-180) (A.10.5-7)

i.e. Total loading = wind load + wave-current loads at maximum wave phase — amplified inertial loadset from
Equation (A.10.5-6).

The base shear and moment loading is different for this case of Equation (A.10.5-7); compare to
Equations (A.10.4-4) through (A.10.5.6).

| 1 Storm direction

Z_V.\ﬂnd Wave/current action
ﬁ _8 Inert|al action /\/ - at max. wave phase
il
8 | 14 .
] 3 - Amplified inertial action in
= W upwind direction
Wave
load
'/ d) Representation of

Equation (A.10.5-7)

Thé base-shear and overturning moment component loads for a 90-degree (on beam) loading condition are
calculated to be:

E Total loading
Stprm direction Wind Wave/Current DAF Inertia DIFFERENT
from base case

2145 11 628 - -14 209 -536
90

349 078 997 728 - -1 666 870 -322 380

The response is calculated to be:

. Leg loads at hull Leg loads at footing
Side sway
(m) Moment Shear Axial Moment Shear Axial
(kN.m) (kN) (kN) (kN.m) (kN) (kN)
0,57 346 195 3071 58 546 - 157 74 801
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Overall comparison of results:

Leg loads at hull Leg loads at footing
Equation Side sway Leg chordLeg brace|
q (m) Moment | Shear Axial Moment | Shear Axial uc ucC
(kN.m) | (kN) (kN) | (kN.m) | (kN) (kN)
A.10.5-4 1,87 970896 | 2806 104 947 0,64 0,60
A105-5| 235 [1260585| 5719 | 106723 - 5758 | 122988 | 0,76 0,90
A1056| 218 |1164447| 5111 | 106 183 0,82 0,72
A105-7| 057 | 346195| 3071 | 58546 - 157 74 801 0,59 0,28
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A.13 APPENDIX A.B

Data sheet for the “typical jack-up”
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A.13.1 Example contents list for typical site assessment report (ISO 19905-1:2012, Annex G)

G5 Jack-up data: “typical jack-up”

Length 93,27 m
Breadth 91,44 m
Depth 10,97 m
Installed leg length 174,85 m
No. of legs 3
No. of chords/leg (1-4) 3
Longitudinal leg spacing 57,61m
Transverse leg spacing 66,45 m
Chord spacing 16,15 m
Reference point for chord spacing, e.g. pitch points centroid

Weight of one leg including spudcan, including permanent ballast, but excluding

water ballast and buoyancy 2 440,76 tonnes

Weight of one spudcan, including permanent ballast, but excluding water ballast

570,33 tonnes
and buoyancy

Are legs (not spudcans) free-flooding? No

Type of holding system (jacks or chocks) Pinions & chocks

Pinion details

Number of pinion pairs per leg 12

Preload lifting capacity | 544,31 t/ pinion

Severe storm holding capacity | 816,46 t/ pinion

Preload holding capacity | 816,46 t / pinion

Ultimate pinion holding capacity || 1 451,49 t/ pinion

Rack chock details:

Rack chock ultimate holding system capacity (per leg chord) || 10 758,6 tonnes

Light ship (excluding legs) 15 184,9 tonnes
Movable fixed load Included in
lightship
Variable load 4 209,1 tonnes
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G5 Jack-up data: “typical jack-up”

Total maximum hull weight (elevated) 19 394 tonnes
Total minimum hull weight (elevated) 17 289,5 tonnes
Overall hull centre of gravity (and tolerance where applicable) Leg centroid
+/- 0,0 m LCG
+/-0,0m TCG
Total available preload (preload reaction at jacking system) 13 490 tonnes
Type of preload procedure (e.g. one leg at a time) Simultaneous

Maximum preload spudcan reactions at the sea bed using chosen preload
method (including leg/spudcan weight and buoyancy)

Bow leg 15 876 tonnes
Port leg 15 876 tonnes
Starboard leg 15 876 tonnes

Other legs -
Spudcan diameter (equivalent) 17,60 m
Spudcan height 8,50 m
Spudcan volume 1164,83 m°
Maximum bearing area of spudcan 243,21 m?
Distance from spudcan maximum bearing area to tip 1,22 m
Advertised operating water depth -
Designer -
Class/type -
Classification society B
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A.13.2 Example data sheets used as basis for this assessment attached:
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Schematic of jack-house for example calculations of “typical jack-up”
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Structure

| spring connects leg to bull at each rack pateh-line
and each pinion elevation. For 2 rack pitch lines at 4
clevations, 8 springs total required at each comerpost.

Pinions retain 100% of the functional weight

after the fixation systom 15 cngaged.

kp, Spring Vertical Holding Stiffness (kips/inch)

4000

kr, Spring Rotated Holding Stiffness (kips/inch)

4870

bp, Backlash (Inch)

L, Pinion Spacing {inch)

B, Pressure Angle {(deg)

kr=[kp/cos{a)] / [1.0* cos(8}]
{may be dependent upon FE package)

IMPORTANT !

While the example presented in this document is representative
of a "typical” jack-up, certain key parameters have been modified.
Specific mput data and results must not be interpreted as representative

ai':m}- particular rig design,

Pinion simulation values for example calculations of a “typical jack-up”
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Fixation system simulation values for example calculations of a “typical jack-up”
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Upper | Inter. | Lower
Guide | Guide | Guide

kg, Guide Stiffness (kips/inch) 4000 4500 S000

L, Gude Length  (inch)

dl, Tip Gap (inch) Top| - - -
Bot - - £
d2, Side Gap {mchy  Top| - & =
Bot - - <

Lower GGuide Extends Upward from Hull Baseline
Intermediate Guide Extends Downward from Main Deck

IMPORTANT !

While the example presented in this document is representative
of a "typical” jack-up, certain key parameters have been modified.
Specific input data and results must not be interpreted as representative

of any particular rig design.

Guide simulation values for example calculations of a “typical jack-up”
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A.13.3 Metocean conditions

G9 Metocean conditions

50 year independent extremes or 100 year joint probability? 50-year
Load factor 1,15
Has directional metocean data been used? No
Has seasonal metocean data been used? No
Water depth 15;8 nr? ((slaar;(;)
Wave details:
Maximum wave height 26,8 m
Associated wave period (intrinsic) 16,6 s
Significant wave height 14,4 m
Peak period (intrinsic) 16,6 s
Wave crest height — 121,9 m 15,1 m
850m 15,8 m
Wind speed (at 10 m above water level, collinear with wave)
1 h wind speed -
1 min wind speed (required) 51,5 m/s
3 s gust -
Surge 1,22 m
Tide 1,22 m
Reserve on hull clearance 1,5m
Hull elevation above LAT: 121,9 m waterdepth 20,9 m
85,0 m waterdepth 19,7 m
Expected storm settlement Nil
Other allowances, e.g. reservoir settlement Nil
Surface current (collinear with wind and wave) 1,49 m/s
Bottom current (collinear with wind and wave) 0,82 m/s
Current profile details linear
Marine growth
Profile 12,5 mm
Predeployment marine growth profile -
Are there operational restrictions -
(e.g. variable load limits, heading, air gap, leg/guide location, etc.)?
Are there specific operator requirements that may affect the suitability for the location? -
o e 265
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Annex B
(informative)

SIPM “drag-inertia method” for dynamic analysis and estimation of
extreme response for jack-ups
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1. INTRODUCTION

In performing a site specific assessment of a jack-up there are two generic
problems which often lead to difficulties in the analysis. These are:

- the determination of the maximum response expected to occur within a
particular storm duration;

- the incorporation of dynamic effects in the assessment.

Neither of these two problem areas is in fact specific to jack-ups. They apply
equally to offshore structures of any type. However, the question of the
maximum value of a random response only requires to be explicitly addressed
when dynamic behaviour becomes significant and needs to be accounted for.
The traditional industry approach to quasi-statically responding structures is
deterministic, which obscures the random nature of wave excitation and
assumes implicitly that the maximum response 1s uniquely related to the
occurrence of the maximum wave. Although general experience with this
deterministic, quasi-static simplification of reality 1s extensive and
favourable, it cannot be extended to dynamic response cases. Reliable
estimates of dynamic response necessitate that the mass and stiffness
characteristics of the mechanical system that the offshore structure 1s, as well
as the random nature of the environmental excitation, which includes a

wide range of excitation frequencies, are explicitly modelled 1n a reasonably
realistic manner.

As said, this applies to structures of any type. Due to their relatively high
stiftness, most fixed structures may be considered to respond quasi-statically.
Dynamics are dealt with accordingly as and when required. Jack-ups have a
much lower stiffhess and therefore dynamic response becomes important in
much smaller waterdepths than for fixed structures. Furthermore, since
jack-ups are mobile structures an assessment will be required for many
different sites during their service life and for some of these dynamic effects
are likely to be non-negligible. For these reasons the generic problems noted
at the beginming have become much more acute for jack-ups.

It should be noted that both wind and waves are random processes; currents
may be considered to be deterministic for typical natural periods of structures
and storm durations. However, with few exceptions for special cases it 1s
common and accepted practice to ignore wind fluctuations and represent
wind by a steady flow of air. Consequently, structural response to wind 1s by
definition assumed to be quasi-static. Therefore, dynamic and random effects
are associated with waves only.

The procedures recommended and followed by SIPM 1n resolving the two
problem areas identified are described in this report. For clarity, the
procedures are depicted in flow charts with accompanying notes to highlight
and explain certain features, instead of using elaborate text. The underlying
theory 1s not described, but references regarding particular aspects are
provided where appropniate. The basic theory of random processes is
assumed known, however.
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2. DYNAMIC RESPONSE

The (overall) dynamic response of any offshore structure is invariably made
up of two parts. 1.¢. the quasi-static part when all dynamic effects are
suppressed and a truly "dynamic part", which is the amplification of the
quasi-static response due to dynamics and which often is of a more or less
resonant nature. Using frequency domain procedures, the two parts are, in
some cases, well separated and independent of one another, while in other
cases they are interrelated and difficult to distinguish. When time domain
procedures are used the two parts are usually not visibly distinguishable. In
general, however, the two parts are intricately related in a complex fashion,
including phase differences in addition to modifications to the magnitude of
the component parts. An analysis should allow for these general phenomena
to avoid incorrect interpretation and the inadvertent introduction of
(potentially large) errors. Therefore, the "dynamic part” of the response must
be determined by subtraction of the quasi-static response from the (overall)
dvnamic response. In the time domain this is a straightforward subtraction
of the two signals at the same instants of time, but in the frequency domain
the subtraction is not a simple algebraic subtraction of results.

To distinguish the two parts clearly in descriptions and discussions the
"dynamic part” of the response 1s henceforth called the "inertial”" response.
This 1s related to (but not necessanly fully analogous with) the mass inertial
forces generated by the movements (vibrations) of the structure and the
inertial loadset to be described later, but should not be confused with inertial
wave loading. The (overall) dynamic response including both contributions is
hencetorth called dynamic response only, dropping the (overall) distinction.

For virtually all offshore applications, regardless of the structure type, the
quasi -static part forms a significant (if not the predominant) part of the
dynamic response. It 1s almost inconceivable that the "inertial” response
controls the structure's behaviour to such an extent that the quasi-static
contribution can be neglected. This is due to the fact that such cases quickly
become unmanageable and are therefore avoided by design or limitations to
the application. The dynamic response is thus influenced by both phenomena
and 1t 1s important that this 1s recognised in the analysis or assessment.

Whether or not dynamic effects in the response need to be explicitly included,
and if so in what manner, is a subject of much debate. In order to assist in
the decision making a selection procedure is given in the Appendix. This
procedure 1s to be used as a guideline rather than as a strict recipe. The notes
which accompany the flow chart in the Appendix provide some turther
background to the various steps involved.
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3. DETERMINATION OF THE MAXIMUM RANDOM RESPONSE

The statistics of gaussian random variables are theoretically known and are
completely described by the standard deviation o of the vanable. provided that
the mean p has been subtracted first and the assumption 1s made that the
variable 1s narrow banded. The most probable maximum is one of a family of
possible indicators to quantify the magnitude of the vanable; it depends on ¢
and N, the number of peaks occurring within the time period considered. See
the next paragraph for a further discussion of the maximum. Non-gaussian
elements in the wave environment and nonlinear aspects in a structure's
behaviour make the resulting response non-gaussian. The statistics of non-
gaussian random variables are not theoretically known and even techniques
for direct empirical determination of the statistics of a given variable are not
widely available and generally of limited applicability.

The maximum of a random process is itself a random vanable governed by a
probability distribution. There are three common descriptive values to
characterise the point about which a probability distribution 1s centred,

known as measures of central tendency. For the case under consideration,
where the distribution describes the maximum, these are the median
maximum, the expected maximum and the most probable maximum. In
general these are all different with different chances of being exceeded. They
are best explained using the geometric properties of the probability density
function (pdf) of the maximum. The median maximum 1s that value that has
exactly one half of the area under the pdf to its left and one half to its right. It
has theretore by detinition a chance of 50% of being exceeded in any particular
realisation of the random process. The expected maximum is the centre of
gravity (or "mean") of the pdf and the most probable maximum is the mode,
1.e. the highest point of the pdf. The chances of these maxima being exceeded
in anyone realisation of the random process depend on the skewness of the
pdf. For a narrow banded random process and a large number of peaks N the
expected maximum has a chance of 43% of being exceeded and the most
probable maximum a chance of 63%. In offshore engineering applications it
1s common practice to select the most probable maximum as the
characteristic value. This practice will be followed consistently in this report.
Users should be aware of the implications of this choice as described above.

Under the circumstances of having to deal with non-gaussian random
variables, the SIPM recommended procedure is to make use of the two
components of a dynamic response variable described in the previous section.
The maxima are then determined for the quasi-static and the "inertial" parts
separately, making use of engineering approximations to make both
determinations tractable, and subsequently combined to estimate the
maximum of the dynamic response.

In line with the first paragraph of this section. the determination of the
maximum response of a random variable always starts with calculating the
basic statistical parameters which are the mean p and the standard deviation
o of the variable, also when the variable 1s non-gaussian. These parameters
may be obtained from time domain simulations or from frequency domain
analyses using appropriately linearised transfer (or frequency response)
functions. The procedure 1s shown in the flow charts of Figures 1 and 2.
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The procedure to estimate the maximum of the dynamic response is next
shown in Figure 3. This involves separate estimates for the quasi-static part,
following the procedure in Figure 4 and Figure 5, and the "inertial" part
which is incorporated within Figure 3.

The figures are self-contained and largely self-explanatory; the notes which
follow serve to clarity and explain matters further where necessary.
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General Notes

1. The procedures shown in the Figures apply to estimating the extreme
short-term response due to hydrodynamic loading only (i.e. in one
stationary sea state). This means that it applies to a specific set of
circumstances as follows:

- agiven jack-up

- aspecific site

- fully specitied hydrodynamic conditions (wave and current);

- fully specitied environmental, hydrodynamic loading and mechanical
modelling

- agiven storm consisting of 1000 peaks, which corresponds
approximately to a 3 hr duration.

Wind loading and the static effects due to wind remain entirely separate
and should be added to the most probable maximum extreme response
calculated 1n accordance with the procedure described here.

2. The terminologies and notations used in the flow charts are internally
consistent. Care should be taken that these are not confused with
(shghtly) different usage elsewhere.

The standard deviation oy of a random response refers to that part of the
response which remains after subtracting the mean response g, 1.€. to
R(t) - ug. The root-mean-square (rmsg ) refers to the response R(t)
including the mean and is not used 1n the procedure described herein.
When pi = 0 the standard deviation 1s equal to the root-mean-square, but
generally op # rmsg.

Similarly, the notation mpmR 1s used to refer to the most probable
maximum value of the response minus the mean, R(t) - ug, for a given
storm duration. When the mean is included the mpm value is referred to
as the most probable maximum extreme of R(t) and denoted by mpmeg.

3. The response of interest 1s indicated by the general notation R; this can be
any quantity which is related to the random wave excitation (e.g. base
shear BS, overturning moment OTM, vertical or horizontal leg footing
reaction, chord stress, etc.). When it is necessary to distinguish different
forms of the response a second subscript is used as follows: "s" for (quasi)
static response, "d" for dynamic response and "1" for the "inertial"
response, which is the difference between corresponding dynamic and
quasi-static responses.

4. 4. The procedure for estimating the extreme response shown in Figure 3
requires the means and standard deviations of the (overall) dynamic
response and the quasi-static response, and the standard deviation of the
"inertial" response. These can be determined from time domain
simulations (see Figure 1) or from frequency domain analyses
(see Figure 2).
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Specific notes with Figure 1
General

The procedure for estimating the extreme response due to hydrodynamic
loading shown in Figure 3 requires knowledge of the mean and the standard
deviation of the quasi-static and the dynamic responses, and the standard
deviation of the "inertial" response. A time domain procedure may be used to
determine these.

Re blocks 4, 5, 6:  The mean of the "inertial" response 1s not used in the
procedure. In most cases the mean of the static response
will be (approximately) equal to the mean of the dynamic
response. Therefore, the mean of the "inertial" response
will be (approximately) zero. This may serve as a check on
the simulations performed.

However, under certain conditions the means may truly
be different. This can most clearly be seen when relative
velocities (1.e. the wave induced water particle velocity
minus the structure's velocity) are used to perform the
dvnamic simulation.
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Specific notes with Figure 2
General

The procedure for estimating the extreme response due to hydrodynamic
loading shown in Figure 3 requires knowledge of the mean and the standard
deviation of the quasi-static and the dynamic responses, and the standard
deviation of the "inertial" response. A frequency domain procedure may be
used to determine these. In order to reflect the interactions between the
current velocity, the absolute wave induced water particle velocity and the
structure's velocity (if a relative velocity formulation is adopted) and to
linearise the associated drag loading adequately it 1s necessary to adopt a
statistical or least squares linearisation procedure as first formulated by
Borgman (see Retf. below). Other forms of linearisation in frequency domain
analysis cannot handle these interactions.

For the least square linearisation procedure, there only is a mean response in
case of a non-zero current. The magnitude of the mean depends on the value
of the current velocity and on the standard deviation of the wave induced
(horizontal ) water particle velocity, both taken at the same elevation z, and
subsequently integrated over the full waterdepth. The wave induced water
particle velocity may be the absolute or the relative velocity, depending on
which of these is more appropriate for the case considered.

The transfer functions Hy(o) and Hy (o) between the response and the water
surface elevation are similarly dependent on both the wave induced
(horizontal ) absolute or relative velocities and the current velocities at various
elevations.

The means pgs and gy and the transfer functions Hy(®) and Hyy(®), are
therefore a function of the sea state and the current used in the
environmental definition.

Re block 3: The transter function representing the difference between
the dynamic and the quasi-static response 1s only notionally
associated with "mass inertial" forces (not to be confused
with inertial wave loading). The difference may additionally
be due to damping forces and any effect causing (frequency
dependent) phase differences between Hpg(o) and Heo(o)
(e.g. associated with multi degree of freedom system
responses).

Re blocks 4, 5, 6: The spectral analyses operate on the transfer functions
Hgx(®), which by definition represent the time varying part
of the response minus the mean, 1.e. R (t) - lg,.

A similar note on the mean values of the various responses
as given with Figure 1 should be made here. The mean
value of the "inertial" response cannot be determined in a
frequency domain analysis and 1s not required either.
However, the fact remains that in most cases the mean of
the static response will be (approximately) equal to the mean
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of the dynamic response. This should again serve as a
useful check of the analyses performed.

From the above general note it can be seen that both means
will only be non-zero if there 1s a current present. When
relative velocities are used in the analysis of the dynamic
problem the interaction between the current and the relative
velocity may be different for the dynamic and the static case,
resulting in realistically different mean values.

Reference:

L.E. Borgman

"Ocean wave simulation for engineering design”

Civil Engineering in the Oceans, ASCE conference, San Francisco,
September 1967

or
"Statistical models for ocean waves and wave forces"

Advances in Hydroscience, E. Chow, V.T.,
Vol. 8, Academic Press, 1972.
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Specific notes with Figure 3

Re block 7: The correlation coefficient py 1s theoretically a value
between -1 and + 1. For virtually all applications to offshore
structures problems it 1s expected that:

0%ky> O%ret O'gi so that 0 < pg <1.

For pg = 0, zero correlation, the quasi-static and "mertial"
responses do not influence one another and will be well
separated in the frequency domain. This 1s generally only to
be expected for relatively low natural periods which fall in
the (very) high frequency tail of the wave spectrum and
where Hgy () 1s also (very) low. Under these circumstances
the variance (or mean square) of the full dynamic response 1s
equal to the sum of the variances of the quasi-static

response and the "inertial” response:

2 2 2
O'rq > O'Rs+ O'Ri

Geometrically, this means a direct addition of non-
overlapping areas of the two parts of the response spectrum.

For pg = 1, full correlation, the quasi-static and "inertial"
responses are fully dependent on one another. The two
parts of the response spectrum overlap strongly and will not
really be distinguishable. This will increasingly be the case
for high natural periods, considerably closer to the peak of
the wave spectrum and therefore associated with a region of
significant wave energy, and where Hy () 15 also having
appreciable values. Under these circumstances the

standard deviation (instead of the variance) of the full
dynamic response 1s equal to the sum of the standard
deviations of the quasi-static response and the "inertial"
response:

ORrd =~ ORs+ ORri

Re blocks 8,12 and 16:  Several definitions of the dynamic amplification
factor DAF are in use. The purest and most meanimgful
definition 1s believed to be DAF]I, the ratio of the standard
deviations of the dynamic and static responses (block 8), 1.e.
after eliminating the means which are not aftected by
dynamic magnification. If the static and the dynamic
processes are both gaussian, or to an equal degree non-
gaussian, then DAF2 = DAFL; however, this will not be the
case in general. The ratio DAT3 of the most probable
maximum extremes, including the means, 1s a practical
overall measure of the increase in response due to
dynamics.

Re block 9: The mpm-factor for an arbitrary non-gaussian response is
not known. As an engineering postulate it is assumed that
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this 1s equal to the mpm-factor for Morison type wave
loading on a cylindrical element of unit length. The factor
for a nominal number of 1000 peaks (corresponding
approximately with a 3 hr storm duration) then varies
between the extremes of 3.7 (for inertial wave loading only
and hence a gaussian process) and 8.0 (for drag wave
loading only and consequently a strongly non-gaussian
process). It can be determined on the basis of a drag-inertia
parameter or the kurtosis of the response, as shown m
Figure 4 with its associated notes.

Note that the factor 8.0 is different from the previously used
factor of 8.6. This 1s due to the fact that i this report the
most probable maximum is consistently used as a predictor
for the maximum of a random process. The previous factor
8.6 referred to the expected maximum instead of the most
probable maximum.

Re block 10: The mpm-factor for the "inertial” part of the response is
associated with the dynamic behaviour and predominantly of
a purely narrow banded resonant nature. Experience has
shown (and theory supports this) that such lightly damped
dynamic processes tend towards gaussianity so that a mpm-
factor of 3.7 1s a reasonable and confident assumption for
engineering purposes.

Re block 11: The relationship between the mpm-values 1s entirely
analogous with the relationship between the standard
deviations from which the correlation coefficient is
determined. However, while it is a theoretically proven
equation for the standard deviations, it 1s an engineering
postulate for the mpm-values.

Re blocks 14, 15: It should be recalled that the procedure depicted in Figures 1
to 5 1s aimed at estimating the extreme short-term response
due to hydrodynamic loading only (see General Note 1).
Therefore, the etfect of wind should be excluded from the
most probable maximum extreme static and dynamic
responses in block 14 and 15, respectively. Wind is assumed
to produce a static load and a static response, and not to
influence the dynamic behaviour. To determine the ultimate
response the mean response due to wind should be
determined separately and added to mpmegs and mpmeg,.
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Specific notes with Figure 4

Re blocks 9a and 9b: These standard deviations may be obtained from
separate time domain simulations in the same manner as
shown in Figure 1 (blocks 1 and 4) or, alternatively, from
separate frequency domain analyses as shown in Figure 2
(blocks 1 and 4). The mean values are not required and
neither is it necessary to subtract dynamic and static
response time series or transfer functions, respectively.

Re block 9¢: The drag-inertia parameter is defined as the ratio of the
magnitude of the drag force to the magnitude of the inertia
force due to waves. All relationships given below are valid
for the case of zero current, which is used as the basis for the
whole procedure in view of the engineering approximations
imvolved. For an element of a circular cylinder of diameter D
and unit length, subjected to a periodic wave, the drag-
inertia parameter then becomes:

K=(1/2pCydDv)/(Cy 1/4pnD*a)

_2¢,y

= Ssiial. B 1
nC_ Da )

Where v and a are the velocity and the acceleration normal to
the element, respectively. As both v and a depend on the
wave parameters (wave height, wave period, waterdepth)
and the elevation at which the element 1s located, 1t 1s
obvious that K is also a function of depth, waterdepth, wave
height and wave period. Therefore, the theoretical definition
of K is only meaningful for Morison wave loading per unit
length of the element.

The definition of K can be generalised to random instead of
periodic wave conditions by replacing the deterministic
normal velocity v by the standard deviation of the random
normal velocity 0y and replacing the deterministic normal
acceleration a by the standard deviation of the random
normal acceleration @,. Equation (1) then becomes:

2C 402
nC, Do,

K= (2)

Using a statistical or least squares linearisation procedure

in the frequency domain, as developed by Borgman (see notes
with Figure 2), it can be shown that for the wave force on an
element of a single member the standard deviations of the
two parts of the wave force are as follows:

1
or (€ =0)= ‘/;EPCdDG\Zf
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1
GR(Cd =O) = pCmZTcD2 G,

These relationships can be used to determine o,’ and o,
which can then be substituted into equation 2 to result in:

— E GR(Cm 20)
ey ®

With R being the wave force per unit length in a random sea.

Equation (3) may subsequently be generalised to apply to any
other local or global response R selected for interest. It will
be clear that such a generalisation 1s purely an engineering
postulate and not founded on theoretical reasoning. It is an
attempt to incorporate the important but unknown non-
gaussian effects on the maximum response through the
assumed similarity with the wave loading process for which
the non-gaussian statistics are known.

Yet another way to determine the drag-inertia parameter K
tor a generalised response R i1s by using the kurtosis of R.
The kurtosis 1s defined through the expected values of the

second and fourth order moments of the time simulations of
R,1e.:

<R “

For Morison wave loading per unit length of member the
relationship between K and the kurtosis « is (see Ret. 2

below):
105K* + 18K* + 3
C GK+f o
or in the 1nverse form:
172 1/2
(k=3)+ {#—3)}
K= (5b)

(35 - 3x)

While K varies between 0 (inertia loading only) and intinity
(drag loading only), k ranges from 3 to 35/3.

It may now be assumed that the same relationship holds for
an arbitrary response variable R. Therefore, if the kurtosis
of R 1s known the corresponding drag-inertia parameter K
can be determined. If this is done, separate time domain
simulations for the standard deviations in blocks 9a and 9b
are not required but the route through block 9¢ cannot be
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followed. One enters the diagram in block 9¢ and must read
Cp, from Figure 5 as per block 9d.

Both the kurtosis and the drag-inertia parameter may be
subject to appreciable statistical vanability and their
determination may require time domain simulations of
substantial length; see Ref. 2 below.

Re blocks 9d and 9e: Figure 5 (referred to in block 9d) 1s equivalent to the
figure that was derived by Brouwers and Verbeek and
presented in Ref. 1 below as well as in Figure Al of the SIPM
- Practice (EP 89-0550). However, this latter tigure presented
the ratio of the expected value of the extreme to the standard
deviation tor a 1000 peaks, rather than the mpm-factor Cy
which is the ratio of the most probable maximum value of
the response to the standard deviation, which is used in this
report. Therefore, Figure 5 has been recalculated in
accordance with Ref. 3 and now truly presents the mpm-
factor Cy. It should be noted that the figure is valid tor a
narrow band process, the corresponding ratios for a broad
band process being somewhat smaller. Therefore, Cy 1s a
slightly conservative estimate for the mpm-factor. This is in
accordance with the general principles underlying a
simplified engineering method and 1s well within the
accuracy of the overall procedure.

An alternative and practical method to estimate K is to apply
the engineering assumption for estimating the most

probable maximum value of the dynamic response, as used
in block 11 of Figure 3, to separate responses due to
hydrodynamic drag loading only and inertia loading only,
replacing R from block 9 and R; from block 10, respectively.
These two hydrodynamic loading components are fully
uncorrelated and so are the responses caused by them:;

hence the correlation coetficient p = 0. Further, the mpm-
factor for a totally drag dominated Morison force is 8.0 and
for a totally inertia dominated Morison force itis 3.7. With
these substitutions the equation in block 11 of Figure 3
becomes:

mpmy” = {8.00(C,, =0)¥ +{3.70,(C, = 0)}

For zero correlation the standard deviation of the overall
response 1s obtained from the equation:

or’ = {or(Cp =0)f" +{ox (C4 = 0)’
(see note with block 7 of Figure 3).

These are the equations presented in block 9e. The
comments made with regard to conservatism included 1n the
route through block 9d remain equally valid here.
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It should be noted that, following the route through block 9e,
the drag-inertia parameter Ky, is not actually used in the
calculations. Its determination in block 9¢ could therefore,
strictly speaking, be avoided. The input of Ky, into block 9e of
Figure 4 1s symbolic, representing the implicit use through

ors (Cp = 0) and 6. (Cy4 = 0). resulting directly from blocks 9a
and 9b. In practical applications it is recommended that both
routes through block 9d and 9¢ are followed as a check

on the calculations.

Reference 1:

J.J.H. Brouwers and P.H.J. Verbeek
"Expected fatigue damage and expected extreme response for Morison-type

wave loading"
Applied Ocean Research, Vol. 5, No. 3, 1983, pp. 129-133

Reference 2:

P.M. Hagemeijer

"Estimation of drag/inertia parameters using time-domain simulations and
the prediction of the extreme response"

Applied Ocean Research, Vol. 12, No. 3, 1990, pp. 134-140.

Reference 3:

J.J.M. Baar

"Extreme values of Morison-type processes”
Report EP 90-3365, October 1990.

To be published shortly in Applied Ocean Research
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4. DETERMINATION OF AN INERTIAL LOADSET

Performing a full and detailed dynamic analysis 1s difficult and time
consuming. The difficulties involve theoretical points and aspects of practical
execution, as well as the availability of adequate computational tools. In
many cases of practical interest it will be sufficiently accurate to represent the
dynamic effects on the global response only; global response parameters being
base shear, overturning moment and deck deflection. This allows a

significant simplification of the structural model and the dynamic analysis in
general.

By comparing the global response results from the dynamic analysis and a
corresponding quasi-static analysis, the difference (i.e. the increase) in global
loading due to dynamic effects can be established. This difference in global
loading is due to the mass inertial forces resulting from the vibrating
structure and may be represented by means of an inertial loadset, which can
subsequently be applied to a detailed structural model for further analysis
using conventional deterministic, quasi-static analysis procedures.

In this way the main dynamic effects are captured and accounted for.
Approximation of the dvnamic effects through an inertial loadset is not
acceptable under all circumstances. The dynamic amplification should not be
too large, which in turn 1s likely to be heavily influenced by the ratio of the
highest natural period of the jack-up (or structure in general) to the peak
period of the wave spectrum. However, a discussion of the limitations of an
inertial loadset representation 1s beyond the scope of this report.

The procedure for determining the inertial loadset is shown in Figure 6.
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Notes with Figure 6

General

The figure shows two possible paths. The path on the left through blocks 19 to
22 matches in the first place the dynamic base shear, by making up the
difference between the dynamic and static base shears by a distributed
inertial force. This distributed inertial force also produces an additional
overturning moment, but this 1s generally not equal to the difference in
dynamic and static overturning moments. The remaining shortfall is
compensated for by applying a point moment at deck level. Thus, eventually
both the dynamic base shear and the dynamic overtuming moment are
matched by the left hand path which therefore leads to the most complete and
accurate loadset representation possible.

By contrast, the path on the right chooses to match the dynamic overturning
moment by an inertial force in the form of of a point load at deck level. This is
a very reasonable approximation of the inertial loadset, as the mass of the

hull 1s much larger than the masses of the legs and the mode participation
factor (the relative horizontal displacement of the vibrating jack-up) is also
largest at the deck elevation. The 1nertial point load thus determined 1s again
not equal to the difference in dynamic and static base shears; generally 1t
overmatches the dynamic base shear. In this case the remaining excess

force cannot be compensated for (as was possible for the path on the left) and
must be accepted as an element of some conservatism.

Re blocks 17 and 18: The input to these blocks 1s obtained from Figure 3
(blocks 14, 15 and 16). Note that DAF31 will be greater
than DAF34. This 1s in agreement with experience and
supported by theory.

Re block 19: An example calculation of the distribution of F1; over
height is given in Appendix A of the SIPM-Practice
(EP 89-0550).

Re block 23: The force F2; follows directly from the increase in OTM
and the height h at which F2; is applied above the
effective hinge or fixation points of the legs. Therefore
this does not require knowledge of the mass distribution
and mode shape.

Re block 24: The excess I3, in representing the dynamic base shear
is calculated as general verification. If F3; 1s found to be
relatively large compared to the dynamic base shear 1t 1s
recommended to follow the path on the left instead of the
path on the right. A criterion for this should be set by
the user; as a suggestion the excess should not be
greater than up to 5% of the dynamic base shear.
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FIG 1 - TIME DOMAIN PROCEDURE FOR DETERMINING
MEAN AND STANDARD DEVIATION

to determine the
response R(t)

Perform quasi-static
time domain simulation

Perform dynamic

time domain simulation
to determine the
response Ry(t)

Subtractthe twoto  *
determine the Ra(b)
.ﬂ, time series of the e
"Iinertial" response
Ri(t) = Ra(t) - Rs(t)
Rs(t)] Rift | Ra(d

Perform statistical
analysis on Rg(t)

to determine mean
Mrs and std. dev. Ogs
of static response

Perform statistical
analysis on R;(t)

to determine mean
Mri and std. dev. og;
of "inertial" response

Perform statistical
analysis on Rq(t)

to determine mean
Mrq and std. dev. orq
of dynamic response

Copyright International Organization for Standardization
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS

|

License
Not for Resale, 12/02/2013 04:26:14 MST

e=University of Alberta/5966844001, User=sharabi

iani, shahramfs



ISO/TR 19905-2:2012(E)

FIG 2 - FREQUENCY DOMAIN PROCEDURE FOR
DETERMINING MEAN AND STANDARD DEVIATION

(using a statistical linearisation of Morison wave + current loading)
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FIG 3 - PROCEDURE FOR ESTIMATING THE EXTREME RESPONSE
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FIG4 - PROCEDURE FOR DETERMINING THE
MPM-FACTOR OF THE STATIC RESPONSE
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FIG 5 - RATIO Cr OF MOST PROBABLE MAXIMUM
TO STANDARD DEVIATION AS A FUNCTION
OF DRAG-INERTIA PARAMETER K
FOR N = 1000 PEAKS
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The equation for the curve is [Ref.3, Specific notes with Fig.4]:
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FIG 6 - PROCEDURE FOR DETERMINING AN
INERTIAL LOADSET
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APPENDIX

SELECTION OF DYNAMIC ANALYSIS
PROCEDURE FOR JACK-UPS
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AZ

SELECTION OF DYNAMIC ANALYSIS PROCEDURE FOR JACK-UPS
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A3
Notes

Re blocks 1 and 4: There are two decision points included in the selection
procedure. If the highest natural period T, of the jack-up for
the intended application is below three seconds, then the
dynamic contribution remains small and can be neglected
(blocks 2 and 3). This 1s fully consistent with existing practice
for fixed structures. If it is above three seconds, dynamic
etfects need to be included. The
required level of detail depends on the magnitude of the
dynamic contribution compared to the quasi-static part of the
response. This is in turn strongly influenced by the proximity
of the natural period to the peak period T, of the wave
spectrum. As a first approximation it is suggested that for
natural periods in between three seconds and 2T,
it is sufficiently accurate to account for the dynamic
effects on the global behaviour only using a simplified
structural model (blocks 5,7 and 9). For natural periods
greater than 14T, the dynamic contribution becomes
increasingly large and of a more complex nature. Therefore, in
these cases a dynamic analysis using a fully detailed structural
model 1s recommended (blocks 6 to 15). However, this route
should apply to very few cases of practical interest.

For a more extensive discussion on methods of dynamic
analysis and their applicability see the Reference given below.

Re blocks 5 and 6: These blocks serve as a check on the choice of analysis
procedure made on the basis of the relationships between the
natural period and the peak period of the wave spectrum. The
dynamic contribution will be different for different responses.
The check should be performed for the global response
parameters of base shear and overturning moment. The cut-
off criterion of half the magnitude of the quasi-static partis a
recommendation rather than a hard number. This corresponds
with a Dynamic Amplification Factor DAF of 1.5. DAF2 1s
considered to be the most appropriate factor to use in this
context; see Figure 3.

Re blocks 5, 7 and 9: This 1s the route which will be followed in virtually all
practical applications. It is described in section 4 of this
report.

Re blocks 6 to 14:  Once the dynamic analysis is performed the problem reduces to
the estimation of the extreme responses. This procedure 1s
described 1n section 3 and the corresponding Figures 1 to 5.
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A4

Re block 15: The procedure for estimating the extreme response directly
from the time series is not straightforward. Different
procedures are in use by different parties, all being (semi-)
empirical and generally unvalidated. A particular
recommendation cannot be given at this point in time.

Reference:

[.M. Hines
"Practice for the dynamic analysis of fixed offshore platforms for extreme storm
conditions”

(A review of available methods and guidelines for their application)
Report EP 87-0170, January 1987.

mk27/2/891 3/10/91

204 .
Copyright International Organization for Standardization ©1S0 2012 - All I’IghtS reserved

Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs
No reproduction or networking permitted without license from IHS Not for Resale, 12/02/2013 04:26:14 MST



(1]
(2]

(3]

(4]

(3]

6]

(7]

(8]

(9]

[10]

(1]

[12]

ISO/TR 19905-2:2012(E)

Bibliography

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

ISO 19901-1:2005, Petroleum and natural gas industries — Specific requirements for offshore
structures — Part 1: Metocean design and operating considerations

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

ISO 19902:2007, Petroleum and natural gas industries — Fixed steel offshore structures

Society of Naval Architects and Marine Engineers (SNAME), Recommended practice for site specific
assessment of mobile jack-up units, Technical and Research Bulletin 5-5A, Rev 2, New Jersey, 2002

Background to the ISO 19905-Series and an Overview of the New ISO 19905-1 for the Site-Specific
Assessment of Mobile Jack-Up Units, M.J.R. Hoyle, GL Noble Denton; J.J. Stiff, ABSG Consulting;
R.J. Hunt, Shell E&P UK, OTC 2012, 23047

Environmental Actions in the New ISO for the Site-Specific Assessment of Mobile Jack-Up Units, M.J.
Dowdy, Rowan Companies; M. Hoyle, GL Noble Denton; J.J. Stiff, ABS Consulting, OTC 2012, 23342

Structural Modeling and Response Analysis in the New ISO Standard for the Site-Specific
Assessment of Mobile Jack-Up Units, P. Tan, B. Mobbs, Cameron International Corporation; M. Perry,
Keppel Offshore & Marine Technology Center; J.J. Stiff, ABSG Consulting; D.J. Stock, Digital
Structures, OTC 2012, 23040

Foundation Modeling and Assessment in the New ISO Standard 19905-1, P.C. Wong, ExxonMobil
Development Company; J.S. Templeton Ill, SAGE USA; O.A. Purwana, Keppel Offshore & Marine; H.
Hofstede, GustoMSC Engineers; M.J. Cassidy, M.S. Hossain, University of Western Australia; H.
Hugo, GustoMSC; C. Martin, Oxford University, OTC 2012, 23521

Long-Term Applications in the ISO Standard for Site Specific Assessment of Mobile Jack-Up Units
and the Use of Skirted Spudcans, G. Kudsk, H. Stadsgaard, Maersk Drilling, OTC 2012, 23337

Structural Acceptance Criteria in the New ISO for the Site-Specific Assessment of Mobile Jack-Up
Units, P.A. Frieze, PAFA Consulting Engineers; D.R. Lewis, Lewis Engineering Group; J.J. Stiff,
ABSG Consulting, OTC 2012, 23071

The Benchmarking of the New ISO for the Site-Specific Assessment of Mobile Jack-Up Units, J.J. Stiff,
ABSG Consulting; D.R. Lewis, Lewis Engineering Group, OTC 2012, 22949

Bibliography for Clause 6

[6-1]

[6-2]

[6-3]

[6-4]

HEIDEMAN, J.C. AND ScHAUDT, K.J., Recommended Equations for Short-term Statistics of Wave
Heights and Crest Heights, 1 April 1987

Marine Technolology Division, Practice for the Site Specific Assessment of Jack-up Units, Shell
International Petroleum Maatschappij (SIPM), EDP-5, The Hague, May 1989

American Petroleum Institute, Proposal for an update of the API-RP2A, Hydrodynamic Force
Guidelines for U.S. Waters, received 6 February 1992

SKJELBREIA, L. AND HENDRICKSEN, J.A., Fifth-order Gravity Wave Theory, Proceedings of Seventh
Conference on Coastal Engineering, 1961, pp. 184-196

A Anan

[N la) AL
Copyright International Organization for Standardization ghtS reserved 295

Provided by IHS under license with ISO

Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

No reproduction or networking permitted without license from IHS Not for Resale, 12/02/2013 04:26:14 MST



ISO/TR 19905-2:2012(E)

[6-9]

[6-6]

[6-7]

[6-8]

[6-9]

[6-10]

SKJELBREIA, J.E., BEREK, G., BOLEN, Z.K., GUDMESTAD, O.T., Heideman, J.C., Ohmart, R.D., Spidsoe,
N. and Torum, A., Wave Kinematics in Irregular Waves, OMAE, Stavanger, 1991

Health and Safety Executive, Petroleum Engineering Division, Offshore Installations: Guidance on
Design, Construction and Certification, London, 1990

WINTERSTEIN, S.R., BITNER-GREGERSEN, E.M. AND RONOLD, K., Statistical and Physical Models of
Nonlinear Random Waves, OMAE, Volume Il, Safety and Reliability, Stavanger, 1991, pp.23-31

ANDERSEN, O.J., FORLAND, E. AND HAVER, S., Design Basis, Environmental Conditions, Statfjord,
Statoil Report no. F&U-ST 88007, Stavanger, April 25, 1988

HAVER, S., On the Modelling of Short Crested Sea for Structural Response Calculations, EurOMS,
Trondheim, 20-22 August 1990

KARUNAKAREN, D., Scaling of Hydrodynamic Loads According to Computational Models, Technical
memo no. 710762, SINTEF, Trondheim, July, 1991

Bibliography for Clause 7

[7-1]

[7-2]

[7-3]

[7-4]

[7-9]

[7-6]

[7-7]

[7-8]

[7-9]

[7-10]

[7-11]

[7-12]

[7-13]

DNV Classification note 30.5, Environmental Conditions and Environmental Loads, July 1990

LAGERS, G.H.G., Collected Morison Coefficients of Jack-Up Leg Elements, MSC report PF 8910-1715,
Schiedam, The Netherlands, June 1991

American Petroleum Institute, Proposal for an update of the API-RP2A, 'Hydrodynamic Force
Guidelines for U.S. Waters', received 6 February 1992

SARPKAYA, T., Wave Forces on Inclined Smooth and Rough Circular Cylinders, Offshore Technology
Conference, Paper OTC 4227, 1982

KEULEGAN, G.H. AND CARPENTER, L.H., Forces on Cylinders and Plates in an Oscillating Fluid, Journal
of Research of the National Bureau of Standards, Volume 60, No. 5, May 1958

SARPKAYA, T., In-Line and Transverse Forces on Smooth and Sand-Roughened Cylinders in
Oscillatory Flow at High Reynolds Numbers, Naval Postgraduate School, Report NPS-69 SL 76062,
1976

HOGBEN, N., MILLER, B.L., SEARLE, J.W. AND WARD, G., Estimation of Fluid Loading on Offshore
Structures, Proc. Institution Civil Engineers, Part 2, 1977

SARPKAYA, T., BAKMIS, C. AND STORM, M.A., Hydrodynamic Forces from Combined Wave and Current
Flow on Smooth and Rough Circular Cylinders at High Reynolds Numbers, Offshore Technology
Conference, Paper OTC 4830, 1984

SARPKAYA, T. AND STORM, M.A., In-Line Force on a Cylinder Translating in Oscillatory Flow, Applied
Ocean Research, Volume 7, No. 4, 1985

SARPKAYA, T., Force on a Circular Cylinder in Viscous Oscillatory Flow at Low Keulegan-Carpenter
Numbers, Journal of Fluid Mechanics, Volume 165, 1986

SARPKAYA, T., Past Progress and Outstanding Problems in Time-Dependent Flows about Ocean
Structures, Proc. of Separated Flow around Marine Structures, The Norwegian Institute of Technology,
Trondheim, Norway, 1985

SARPKAYA, T., On Fluid Loading of Offshore Structures - After Ten Years of Basic and Applied
Research, Offshore Operations Symposium, 9th ETCE, New Orleans, 1986

NATH, J.H., Heavily Roughened Horizontal Cylinders in Waves, Proceedings of BOSS, 1982

200 .
Copyright International Organization for Standardization ©1S0 2012 - All I’IghtS reserved

Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs
No reproduction or networking permitted without license from IHS Not for Resale, 12/02/2013 04:26:14 MST



[7-14]

[7-15]

[7-16]

[7-17]

[7-18]

[7-19]

[7-20]

[7-21]

[7-22]

[7-23]

[7-24]

[7-25]

[7-26]

[7-27]

[7-28]

[7-29]

[7-30]

[7-31]

[7-32]

ISO/TR 19905-2:2012(E)

BEARMAN, P.W., CHAPLIN, J.R., GRAHAM, J.M.R., KOSTENSE, J.K., HALL, P.F. AND KLOPMAN, G., The
Loading on a Cylinder in Post-Critical Flow Beneath Periodic and Random Waves, Proceedings of
BOSS, 1985

KASAHARA, Y., KOTERAYAMA, W., SHIMAZAKI, K., Wave Forces Acting on Rough Circular Cylinders at
High Reynolds Numbers, Offshore Technology Conf., Paper OTC 5372, 1987

CHAPLIN, J.R., Loading on a Cylinder in Uniform Oscillatory Flow: Part | - Planar Oscillatory Flow,
Applied Ocean Research, Vol.10, No. 3, 1988

Davies, M.J.S., GRAHAM, J.M.R. AND BEARMAN, P.W., In-Line Forces on Fixed Cylinders in Regular and
Random Waves, Society for Underwater Technology, Volume 26: Environmental Forces on Offshore
Structures and Their Prediction, 1990

RODENBUSCH, G. AND GUTIERREZ, C.A., Forces on Cylinders in Two-Dimensional Flows, Report
BRC13-83, Shell Development Co., 1983

RODENBUSCH, G. AND KALLSTROM, C., Forces on a Large Cylinder in Random Two-Dimensional Flows,
Offshore Technology Conference, Paper OTC 5096, 1986

THEOPHANATOS, A. AND WOLFRAM, J., Hydrodynamic Loadings on Macro-Roughened Cylinders of
Various Aspect Ratios, Journal of Offshore Mechanics and Arctic Engineering, Volume 111, No. 3,
1989

KLOPMAN, G. AND KOSTENSE, J.K., The Loading on a Vertical Cylinder in Random Waves at High
Reynolds Numbers, Water Wave Kinematics, pp. 679-699, 1990

HEIDEMAN, J.C., OLSEN, O.A. AND JOHANSSON, P.l., Local Wave Force Coefficients, Civil Engineering in
the Oceans IV, ASCE, 1979

NATH, J., Biofouling and Morison Equation Coefficients, Proceedings 7th. International Conf. on
Offshore Mechanics and Arctic Engineering, 1988

WOLFRAM, J. AND THEOPHANATOS, A., Marine Roughness and Fluid Loading, Society for Underwater
Technology, Volume 26: Environmental Forces on Offshore Structures and Their Prediction, 1990

ROSHKO, A., Experiments on the Flow Past a Circular Cylinder at Very High Reynolds Number' Journal
of Fluid Mechanics, Volume 10, Part 3, 1961

MILLER, B.L., The Hydrodynamic Drag of Roughened Circular Cylinders, Transactions RINA, 1976

PEARCEY, H.H., CAsH, R.F. AND SALTER, |.J., Flow Past Circular Cylinders: Simulation of Full-Scale
Flows at Model Scale, NMI Report R131, 1982

Advanced Mechanics Engineering Limited, 'Roughness and Vortex Shedding Effects for Cylinders in
Flume and Real Sea Waves, Report for the Health and Safety Executive, 1991

FALTINSEN, O.M., Sea Loads on Ships and Offshore Structures, Cambridge University Press,
Trumpington Street, Cambridge, 1990

BEA, R.G. AND LAI, N.W., Hydrodynamic Loadings on Offshore Platforms, OTC paper no 3064, pp.
155-168, May, 1978

CHAKRABARTI, S.K., Hydrodynamics of Offshore Structures, Springer Verlag, Berlin, Hedelberg, 1987
PEARCEY, H.H., MATTEN, R.B. AND SINGH, S., Fluid Forces for Cylinders in Oscillatory Flow Waves and

Currents when Drag and Inertia Effects Are Present Together, BMT Report to the Health and Safety
Executive OT-0-86-011, 1986

A Anan

[N la) AL
Copyright International Organization for Standardization ghtS reserved 297

Provided by IHS under license with ISO

Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

No reproduction or networking permitted without license from IHS Not for Resale, 12/02/2013 04:26:14 MST



ISO/TR 19905-2:2012(E)

[7-33]

[7-34]

[7-35]
[7-36]
[7-37]

[7-38]

[7-39]

[7-40]

[7-41]

[7-42]

[7-43]

[7-44]

[7-45]

[7-46]

[7-47]

[7-48]

[7-49]

[7-50]

[7-51]

[7-52]

[7-53]

[7-54]

BisHOP, J.R., An Analysis of Peak Values of Wave Forces and Particle Kinematics from the Second
Christchurch Bay Tower, NMI Report R180, 1985

BisHoP, J.R., Wave Force Experiments at the Christchurch Bay Tower with Simulated Hard Marine
Fouling, Report No. OTI 89 541, HMSO, 1989

Atkins Engineering Services, Fluid Loading on Fixed Offshore Structures, OTH 90 322, 1990
Det Norske Veritas Rules for the Classification of Fixed Offshore Installations
BSI Code of Practice No. 3, Chapter 5, Part 2, Wind Loads, September 1972

SCHURMANS, S.TH., Wave Forces on Jack-Up Legs. Model tests in Delta Flume, Delft Hydraulics
measurement report, H 954 (also Appendix A to MSC report SP 8603-1505), Delft, 1990

Marine Technology Division, Practice for the Site Specific Assessment of Jack-up Units, (SIPM), EDP-
5, The Hague, May 1989

SMITH, N.P., TEES Test Data, Extract, December 6, 1991

LAGERS, G.H.G., Morison Coefficients of Jack-Up Legs, MSC report SP 8603-1505, Schiedam, The
Netherlands, February 1990

DNV-RP-C205; Environmental Conditions and Environmental Loads, October 2010

MORISON, J.R., O'BRIEN, M.P, JOHNSON, J.W. AND SCHAAF, S.A., The Forces Exerted by Surface
Waves on Piles, J. of Petr. Techn., American Inst. of Mining Engrs., Vol. 189, p149-154, 1950

VUGTS, J.H., A Review of Hydrodynamic Loads on Offshore Structures and Their Formulation,
BOSS'79, Imperial College, London, England, August 1979

MoOE, G. AND VERLEY, R.L.P, Hydrodynamic Damping of Offshore Structures in Waves and Currents,
The Offshore Technology Conference, OTC 3798, Houston, 1980

RAINEY, R.C.T., Christchruch Bay Tower Compliant Cylinder Project, Final Summary Report and
Conclusions', OTH-90-139, WS Atkins Engineering Sciences, Surrey, January, 1991

SKJELBREIA, L. AND HENDRICKSEN, J.A., Fifth-order Gravity Wave Theory, Proceedings of Seventh
Conference on Coastal Engineering, , pp. 184-196, 1961

DEAN, R.G. AND AAGAARD, P.M., Wave Forces: Data Analysis and Engineering Calculations, Journal of
Petroleum Technology, , 105-119, March 1970

CHAPLIN, J.R. AND FLINTHAM, T.P, Breaking Wave Forces on Tubulars, 3rd International Jack-up
Conference, City University, London, September 1991

WHEELER, J.D., Method for Calculating Forces Produced by Irregular Waves, OTC, paper no. 1006,
Dallas, Texas, 1969

SKJELBREIA, J.E., BEREK, G., BOLEN, Z.K., GUDMESTAD, O.T., HEIDEMAN, J.C., OHMART, R.D., SPIDSOE, N.
AND TORUM, A., Wave Kinematics in Irregular Waves, OMAE, Stavanger, 1991

BORGMAN, L.E., Random Hydrodynamic Forces on Objects, Annals of Mathematical Statistics,
Vol. 38. , pp. 37-5, 1967

Health and Safety Executive, Loading, Offshore Technology Report OTR 2001/013', London, 2001.

WAJAC, Veritas Sesam Systems Report no. 82-6108, Havik, Dec. 1984

209 .
Copyright International Organization for Standardization ©1S0 2012 - All I’IghtS reserved

Provided by IHS under license with ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs
No reproduction or networking permitted without license from IHS Not for Resale, 12/02/2013 04:26:14 MST



[7-55]

[7-56]

[7-57]

[7-58]

[7-59]

[7-60]

ISO/TR 19905-2:2012(E)

TAYLOR, P., Current Blockage - Reduced Forces on Steel Platforms in Regular and Irregular Waves
with a Mean Current, Offshore Technology Conference, OTC 6519, Houston, 1991

BARLTROP, N.D.P. AND ADAMS, A.J., Dynamics of Fixed Marine Structures, Third Edition, Butterworth
Heinemann, 1991

EN 1991-1-4:2005, Eurocode 1: Actions on structures - Part 1-4: General actions - Wind actions
SMITH, N.P, LORENZ, D.B., WENDENBURG, C.A. AND LAIRD, J.S., A Study of Drag Coefficients for Truss
Legs on Self-Elevating Mobile Offshore Drilling Units, SNAME Tansactions, Vol. 91, pp. 257-273,
1983

YOSHIHARU AND IDEGUCHI, Legs Drag Coefficients of Enhanced 300IC Jack-Up Rig, TSU Research
Laboratories Technical Research Center, Nippon Kokan K.K. Report No. 822117, June 1982

SMITH, N.P. AND C.A. WENDENBURG, C.A., A study of Drag Coefficients, The Jack-Up Dirilling Platform,
Ed. L. Boswell, City University, London, 1989

Other reports and related technical notes from the joint industry project that developed SNAME T&RB 5-5A:

[7-61]

[7-62]

[7-63]

L@KEN, A., Review of DHL test data, Veritec report no. 91-3372, Havik, 1991

L@sSETH R.M., ARNESEN Y., Check of data reduction of DHL data, DNVC report No 92-1054, Hovik,
August 1992

KARUNAKAREN, D., Scaling of Hydrodynamic Loads According to Computational Models, Technical
memo no. 710762, SINTEF, Trondheim, July, 1991

Bibliography for Clause 10

[10-1]

[10-2]

A IO NANAN AL
Copyright International Organization for Standardization ghtS reserved

Provided by IHS under license with ISO

TEMPLETON, J.S., Jackup Foundation Performance in Clay, Proc. 38" Offshore Technology
Conference, OTC 18367, Houston, May 20

TEMPLETON, J.S. AND LEWIS, D.R., Hysteretic Damping in Jack-up Dynamics, Proc. 13" International
Conference — The Jack-Up Platform, City University, London, 2011

;;;;; R 209

Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs

No reproduction or networking permitted without license from IHS Not for Resale, 12/02/2013 04:26:14 MST



ISO/TR 19905-2:2012(E)

ICS 75.180.10
Pric@-;- based on 299 pages

AIOA An4ANn [ PR
Copyright International Organization for Slandardization’ved
Provided by IHS under license with 1ISO Licensee=University of Alberta/5966844001, User=sharabiani, shahramfs
No reproduction or networking permitted without license from IHS Not for Resale, 12/02/2013 04:26:14 MST



	Scope
	References
	Terms and definitions
	Symbols
	Symbols for Clause 6
	Symbols for Clause 7
	Symbols for Clause 8
	Symbols for Clause 9
	Symbols for Clause 10
	Symbols for Clause 12

	Commentary on ISO€19905-1:2012, Clauses 5 and A.5
	Commentary on ISO 19905-1:2012, Clauses 6 and A.6
	TR.6.4.1  Metocean data — General
	TR.6.4.2  Waves
	TR.6.4.2.2  Extreme wave height
	TR.6.4.2.3   Deterministic waves
	TR.6.4.2.3.1  Comparison of wave loads obtained using differ

	TR.6.4.2.4  Wave crest elevation
	TR.6.4.2.5  Wave spectrum
	TR.6.4.2.6  Airy wave height correction for stochastic analy
	TR.6.4.2.8  Short-crested stochastic waves
	TR.6.4.2.8.1 Directional spreading functions according to SN
	TR.6.4.2.8.2  Directional spreading functions according to I

	TR.6.4.2.8.3  Comparison of directional spreading functions 

	TR.6.4.3  Current
	TR.6.4.4  Water depths
	TR.6.4.5  Wind
	TR.6.4.5.1  General



	Commentary to ISO€19905-1:2012, Clauses 7 and A.7
	TR.7.1  Scope
	TR.7.3.2  Hydrodynamic model
	TR.7.3.2.1  General

	TR.7.3.2.1.1  Length of members
	TR.7.3.2.1.2  Spudcan
	TR.7.3.2.1.3  Shielding and solidification

	TR.7.3.2.2  “Detailed” leg model
	TR.7.3.2.3  “Equivalent” leg model
	TR.7.3.2.3.1  Equivalent drag coefficient
	TR.7.3.2.3.2  Equivalent inertia coefficient
	TR.7.3.2.4  Drag and inertia coefficients
	TR.7.3.2.4.1  General
	TR.7.3.2.4.2  Hydrodynamic coefficients for tubulars
	TR.7.3.2.4.2.1  General
	TR.7.3.2.4.2.2  Literature survey and recommended values
	TR.7.3.2.4.2.3  Marine growth dependence
	TR.7.3.2.4.2.4  Definition of relevant parameters
	TR.7.3.2.4.2.5  Dependence on roughness
	TR.7.3.2.4.2.6  Keulegan-Carpenter number dependence
	TR.7.3.2.4.2.7  Reynolds number dependence

	TR.7.3.2.4.3  Hydrodynamic coefficients for gussets
	TR.7.3.2.4.4  Hydrodynamic coefficients for chords
	TR.7.3.2.4.4.1  Split tube chords
	TR.7.3.2.4.4.2  Triangular chords

	TR.7.3.2.4.5  Other shapes

	TR.7.3.2.5  Marine growth

	TR.7.3.3  Wave and current actions
	TR.7.3.3.2  Hydrodynamic actions
	TR.7.3.3.2.1  Morison equation
	TR.7.3.3.2.2  Drag action
	TR.7.3.3.2.3  Inertia actions

	TR.7.3.3.3  Wave models
	TR.7.3.3.3.1  Deterministic waves
	TR.7.3.3.3.2  Stochastic waves

	TR.7.3.3.4  Current
	TR.7.3.3.4.1  - General
	TR.7.3.3.4.2  Combination with wave particle velocities
	TR.7.3.3.4.3  Reduction of current by the actuator disc form
	TR.7.3.3.4.4  Current stretching


	TR.7.3.4  Wind actions
	TR.7.3.3 Wave and current actions�TR.7.3.4 Wind actions

	APPENDIX TR.7.A : Example of equivalent model computations
	APPENDIX TR.7.B: Comparison cases to assess implications of 
	APPENDIX TR.7.C: Comparison of test results for chords

	Commentary to ISO€19905-1:2012, Clauses 8 and A.8
	TR A.8.8.6  Derivation of the alternative simplified negativ
	TR A.8.8.6.1  Summary
	TR A.8.8.6.2  Description of the method
	TR A.8.8.6.3  Basis for the method
	TR A.8.8.6.4  Derivation of the simplified correction term
	Determine effect on stiffness:
	Effect on total jack-up stiffness:
	TR A.8.8.6.5  Verification against an “exact” solution



	Commentary to ISO€19905-1:2012, Clauses 9 and A.9
	TR.9.3.6.2  Derivation of the limiting horizontal reaction g

	Commentary to ISO€19905-1:2012, Clauses 10 and A.10
	TR.10.4.2.1  Natural period — General
	TR.10.4.2.2  Derivation of Ke, effective stiffness used to c
	TR.10.4.3.3  Hysteretic damping
	TR.10.4.3.4  Vertical radiation damping in earthquake analys
	TR.10.5.3.4 / C.2.4  Guidance on the fourth method of ISO€19

	Commentary to ISO€19905-1:2012, Clauses 11 and A.11
	Commentary to ISO€19905-1:2012, Clauses 12 and A.12
	TR.12.6.2.2  Nominal bending strength
	TR.12.6.2.2.1  Example
	TR.12.6.3.2  Background for ( in interaction equation approach


	Commentary to ISO 19905-1:2012, Annex C
	TR.C.2.4  Guidance on the fourth method of ISO 19905-1:2012,
	9.3.1 Introduction
	A.9.3.3.2 Ultimate vertical/horizontal/rotational capacity i




