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1 CONCLUSIVE SUMMARY

A reliability analysis for the fluke anchor resistance has been developed and implemented. The
failure event considered is the inception of drag due to extreme mooring line tension. The
analysis accounts for the variation in anchor resistance R due applied anchor installation load,
subsequent soil consolidation and cyclic loading effects following the application of extreme
mooring line tension /..

The analysis is initially developed for fluke anchors in a single layer of clay. The formulation is,
however, generally defined such that it is extendable to reliability analyses involving multiple
layers of clay, drag-in-plate anchors, and the possibility for updating the estimated reliability of
the anchor resistance afier installation based on measured penetration depth and/or drag length.
However, the drag length as such does not enter the design equations applied in the present pilot
study, and has therefore not been addressed further herein.

The analysis is carried out in two steps. Step 1 involves multiple deterministic computations of
the anchor response due to a wide range of input conditions for soil properties, anchor
installation load, and extreme mooring line tension. The anchor installation phase and the
subsequent effect of soil consolidation on anchor resistance is modelled and analysed with the
DIGIN program. Step 2 is the computation of the probability of the failure event, with stochastic
soil properties and stochastic extreme mooring line tension, applying the general probabilistic
analysis program PROBAN. The effect of cyclic loading is accounted for in Step 2 of the
analysis.

An interface file is used to transfer the DIGIN results from Step 1 to PROBAN, accounting for
the anchor behaviour during installation and the subsequent consolidation effect expressed
through Reons. A response surface technique is used to interpolate between the discrete results
computed by DIGIN, to obtain a continuous description of the anchor behaviour (penetration
depth, drag length and resistance) for any soil properties and anchor installation load Fup.

The approach for modelling and computing the various types of anchor resistance and the annual
extreme line tension is described in this report, together with the applied uncertainty model.
Based on different anchor installation loads, the estimated cumulative distribution functions for
the penetration depth, the drag length and the holding capacity are derived for the anchor
installation at a location with specified shear strength properties. Based on the modelled annual
extreme line tension, the annual probability for failure (drag) of the anchor is further derived for
different installation loads.

In order to show the possibilities available using probabilistic methods, a formulation for the
updated estimated annual failure probability after installation depending on the measured actual
penetration depth and/or drag length of the anchor is discussed.

An initial design format for anchor installation has been developed, applying best estimates for
the characteristic influence of consolidation effects and cyclic effects, and the characteristic
extreme line tensions. Based on different choices for the partial safety factors, the required
installation load with corresponding estimated annual failure probabilities are obtained.
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2 INTRODUCTION

2.1 About the Project

2.1.1 Participants
The project is organised as a joint industry project (JIP) with financial funding from the
following twelve participants, which is gratefully acknowledged:

STATOIL, Norway

Saga Petroleum a.s, Norway

Det Norske Veritas, Norway

Health & Safety Executive, UK

Minerals Management Service, USA

Petrobras UK

Norsk Hydro ASA, Norway

Norske Conoco AS, Norway

BP Exploration Operating Company Limited, UK
Bruce Anchor Limited, UK

SOFEC, Inc., USA (only Part 1)

Shell Internationale Petroleum Maatschappij B.V., The Netherlands (only Part 1)

2.1.2 Brief Description of Project
The project is divided in three parts, and the objectives of the respective part-project are briefly
summarised in the following.

Part 1, which was executed between August 1995 and February 1997 had the following main

objectives:

o Development of a design procedure for fluke anchors in clay, utilising the results from fluke
anchor tests compiled from different accessible sources and the offshore industry’s general
knowledge about fluke anchor performance in clay.

« Follow-up and compilation of data from drag-in plate anchor tests and identification of
important design considerations and necessary further work to improve such anchors for deep

water application,
e Writing a DNV Classification Note on fluke anchors based on the work on such anchors in
Part 1 (after formal completion of Part 1).
Deliverables from Part 1 comprised a total of nine Interim Reports and seven Technical Reports,
plus an executable version of the computer programme DIGIN.

Part 2, duration March 1997 - 1998, focuses further on deep water anchors in clay with the

following main objectives:

e Further improvements to the DIGIN programme, e.g. better equilibrium solutions, and update
of the fluke anchor back-fitting analyses from Part 1.

¢ Compilation of more drag-in plate anchor test data, e.g. from the DeepStar Project and
Petrobras (through a confidentiality agreement).

o Back-fitting analysis of drag-in plate anchor tests to improve our understanding of this type of
anchors both during installation and pull-out.
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o Development of a design procedure for drag-in plate anchors.

e Specification and execution of a pilot reliability analysis of fluke anchors using the PROBAN
system, with DIGIN providing the anchor-soil behaviour input and the DEEPMOOR project
providing the extreme distribution of the line tension during storm.

Part 3 will comprise a full scope reliability analysis of a fluke anchors in clay with the objectives

» to deveiop a reliability-based design procedure for fluke anchor foundations and

» to perform a formal code calibration,

Only tentative plans have been presented to the Steering Committee, awaiting the conclusions
from the pilot reliability analysis in Part 2.

2.1.3 Project Organisation

In DNV the project team consists of Rune Dahlberg (Project Manager), Pal J. Strom, Trond
Eklund (unti! 30.06.97), Jan Mathisen, Espen H. Cramer, Torfinn Herte and Knut Olav Ronold
with Knut Arnesen and Gudfinnur Sigurdsson as Verifiers and Qistein Hagen as Q4 Responsible.
Arne E. Loken is Project Responsible.

The Steering Committee, composed of one representative from each participant with Asle Eide
from Statoil as Chairman, contributes to a validation of the final products from the project by
approving plans and reviewing and commenting on the-Draft Final Reports.

2.2 The Present Report
This technical report, “Pilot Reliability Analysis of a Fluke Anchor”, is the final result of the

work covered by activity 250 of the joint industry project on “Design Procedures for Deep Water
Anchors, Part 2: Further Work on Anchors in Clay.”

Important work on the effects of cyclic loading was reported in Interim Report No. IR 203
(Dahlberg et al., 1997) covered by activity 251, which has been used as a basis for the same type
of analysis reported herein. The formulation of the reliability analysis and software
implementation is reported in Interim Report No. IR 204 (Mathisen et al., 1997) through activity
252.

The main work reported herein is covered by activities 253 and 254.

o The stipulated objectives of activity 253 are:
Specify test case, compute response surface with DIGIN and do the load modelling.

¢ The stipulated objectives of activity 254 are:
Perform a pilot reliability analysis of a fluke anchor for one test case.

The report presents a pilot study of a reliability analysis of a fluke anchor. The reliability
analysis is carried out using the methods of structural reliability, in which the uncertain input
variables to the anchor-soil interaction analysis program (DIGIN) are treated as stochastic
variables, and the analysis results are linked to the reliability analysis program (PROBAN)
applying a response surface description. In addition to the reliability study, a preliminary design
equation is proposed, with associated partial safety factors and reliability levels.

The present work involves some modifications to the formulations presented in reports IR 203
and IR 204 with respect to the formulation of the response surface modelling the DIGIN results,
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the influence of cyclic loading and the modelling of the intact and remoulded undrained shear
strengths.
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3 GLOSSARY AND DEFINITION OF TERMS

3.1 Basic Glossary and Terms

The glossary and definition of terms following is purposely somewhat extended, such that it may
also serve as a quick reference for the relationship between different terms and safety aspects.
More details about the respective terms are found in the relevant sections of the main text

following immediately after this chapter.

Dip-down point The point on the seabed, where the anchor line starts to
embed.
Touch-down point The point at the seabed, where the suspended catenary part
of the anchor line first touches the seabed.
F Line tension The calculated line tension.
Fenar Characteristic line The maximum calculated /ine fension at the touch-down
lension point for the limit state under consideration
Fa Design line tension The characteristic /ine tension (F ) multiplied by the

appropriate load coefficient vz

.,
4 dip

Target installation load  The horizontal component of the line tension at the dip-

down point during anchor installation, which gives the
required installation resistance R, of the anchor.

Frouch  Minimum installation The target installation load F;, plus the frictional force
load (#W'L’) along the anchor line (L") at seabed during

installation minus post-installation effects ARcons and AR,
with appropriate partial safety coefficients. The Fpues shall
be maintained over a specified period of time and is equal
to the minimum load level measured during this period.
The uncertainty in the load measuring system and extra
seabed friction due to misalignment of the installation line

are to be accounted for.

Fobt Minimum breaking load  Manufacturer's rated breaking load of an anchor line

segment.

R Resistance The resistance of the embedded anchor plus the embedded

part of the anchor line

Ry Ultimate resistance The holding capacity of the anchor at ultimate penetration,
i.e. when the anchor does not penetrate any deeper during
continuous penetration, but drags at a constant depth
without further increase in the installation line tension.
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Rckar

Ry

ARcons

UC‘ ans

RCO!}S

Characteristic resistenice

Design resistance

Installation resistance
Consolidation effect
Soil consolidation factor
Consolidated anchor

resistance

Soil consolidation

Cyclic loading effect

Cyclic loading factor

Cyclic loading

The installation resistance Ru, plus line seabed friction plus
post-installation effects, i.¢e.

Ropar = Rd;’p + ﬂW!Ls' + ARcons + ARcy

The design holding capacity with material coefficient on
predicted contributions 10 Repar,:
Rd = Rdip + (ﬂW’Ls, + ARcons + ARcy)/}'m

Measured part of the anchor resistance at dip-down point,
equal to the target installation load F,

Predicted contribution to the anchor resistance from the
effect of soil consolidation.

Factor, which when multiplied with Kz, gives the
consolidated anchor resistance Reons.

Reons = Rdip‘Ucons = Rdip + ARcons

A time dependent process, which leads to an increase in the
anchor resistance as the undrained shear strength gradually
regains its intact strength s, after having been remoulded
due to the disturbance from the penetrating anchor, The
maximum possible increase is a function of the goil
sensitivity {5;) and the anchor geometry.

Predicted contribution to the anchor resistance from the
effect of cyclic loading,

Factor, which when multiplied with R.ons gives the
characteristic anchor resistance Keopar, 1.€.

Repar = Reons U ey Rdrp Ueons 'Ucy
Affects the static undrained shear strength (s,) in fwo ways:

During a storm, the rise time from mean to peak load may
be about 3 - 5 seconds (1/4 of a wave-frequency load
cycle), as compared to 0.5 to 2 hours in a static
consolidated undrained triaxial test, and this higher
loading rate leads to an increase in the undrained shear
strength

As a result of repeated cyclic loading during a storm, the
undrained shear strength will decrease, the degradation
effect increasing with the overconsolidation ratio (OCR) of
the clay.

The cyclic shear strength 7, accounts for both these
effects.
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AR Post-installation effects  Increase in anchor installation resistance Ry, due to soil
consolidation and cyclic loading effects, i.e.
AR = Rdr‘p mcons 'Ucy - ])
Yin Material coefficient Accounts for the uncertainty in
. the predicted effect of s0il consolidation AR .qx
»  the predicted effect cyclic loading 4R,
« the measured intact (static) undrained shear strength s,
and remoulded undrained shear strength s, (e.g.
complexity of soil stratigraphy, scatter in/number of
strength measurements, sample disturbance, etc.).
Trey Cyclic shear strength Accounts for both the loading rate and the cyclic

degradation effect and is the preferred characteristic soil
strength for use in the design of fluke anchors.

Zcy is calculated according to the strain accumulation
method, which utilises so-called strain-contour diagrams to
describe the response of a clay to various types, intensities
and duration of cyclic loading:

Given a clay specimen with a certain s, and OCR, which is
subjected to a load history defined in terms of a sea state
and a storm duration, the intensity of the storm is gradually
increased until calculations according to the strain
accumulation method show that the soil fails in cyclic
loading. Depending on the average shear stress level in the
applied storm history, the clay may fail either due to
excessive cyclic shear strains or due to excessive
accumulated average shear strains.

In a catenary anchoring system the loads transmitted to the
anchors through the mooring lines will always be in tension
(one-way), which has a less degrading effect on the shear
strength than two-way cyclic loading (stress reversal). The
failure criterion for one-way cyclic loading is development
of excessive accumulated average shear strains. The
maximum shear stress the soil can sustain at that state of
failure, is equal to the cyclic shear strength Ty

The load history for use in the calculations should account
for the combination of wave-frequency load cycles
superimposed on low-frequency, slowly varying, Joad
cycles, particularly the amplitude of cyclic loads relative to
the average (or mean) load level.
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OCR Overconsolidation ratio  The ratio between the maximum past effective vertical
stress on a soil element and the present effective vertical
stress acting on the same soil element.

The higher the OCR is the more strength degradation due to
cyclic loading and the less strength increase due to an
increase in loading rate. For a normally consolidated (NC)
clay the OCR = 1

Sy Intact strength The static undrained shear strength, which is the best
measure of the in sifu undisturbed (intact) soil strength,
For fluke anchor analysis the direct simple shear (DSS)
strength or the unconsolidated undrained (UU) triaxial
strength is assumed to be the most representative intact

strength,
S r Remoulded shear The undrained shear strength measured e. g. in a UU triaxial
strength test after having remoulded the clay completely.
S Soil sensitivity The ratio between s, and s, as determined e.g by UU
triaxial tests.
Cy Coefficient of Parameter derived from consolidation tests, which is used
consolidation for calculation of rate of consolidation.

3.2 Case Convention for Variables in the Reliability Analysis

Using the established practice for reliability analysis, where an upper case format is used for
stochastic variables and a lower case format for the realisation of the stochastic variable, is partly
in conflict with the glossary and definition of terms as described in Section 3.1.

The objective of the report is to demonstrate how probabilistic methods can be applied to analyse
a geotechnical problem, namely the geotechnical design of a fluke anchor. Bearing this in mind,
it is logical to maintain the definitions and conventions agreed on previously in this project and
only introduce the terms required for description of the reliability analysis as relevant. Therefore
the reliability analysis terms used in the following will not be listed in Chapter 3 like those in
Section 3.1, but will simply be defined in the text when they first appear. A summary of the
stochastic variables used in the reliability analysis is presented in Table 7.1.
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4 FORMULATION OF RELIABILITY ANALYSIS

4.1 General

The present analysis is limited to fluke anchors in a single layer of clay. A procedure for
inclusion of a two-layer clay model has further been developed, and is presented at the end of
this section. It is subsequently possible to extend the analysis to also include drag-in plate
anchors. The mooring line may be attached to any type of offshore structure, in any water depth.

The modelling of the anchor resistance as described in IR 204 (Mathisen et al., 1997) has been
modified in the present analysis. The present formulation requires only one single response
surface transformation.

4.2 Failure Event

The primary function of an anchor, in an offshore mooring system, is to hold the lower end of a
mooring line in place, under all environmental conditions. Since extreme environmental
conditions give rise to the highest mooring line tensions, the designer must focus attention on
these conditions. If the extreme line tension causes the anchor to drag, then the anchor has failed
to fulfil its intended function.

Limited drag of an anchor need not lead to the complete failure of a mooring system. In fact, it
may be a favourable event, leading to a redistribution of line tensions, and reducing the tension
in the most heavily loaded line. However, this is not always the case, If the soil conditions are
not completely homogeneous between the anchors, then a less heavily loaded anchor may drag
first, and lead to an increase in the tension in the most heavily loaded line, which may cause
failure in that line. Such a scenario would have to include a design analysis that allows anchors
to drag, resulting in a much more complicated analysis, and is not recommended. Instead, the
inherent safety margin in the proposed failure event should be taken into consideration when
setting the target reliability level. Therefore, the event of inception of drag may be defined as a
failure, and is the limit state definition used in the present reliability analysis.

4.3 Basic Limit State Function
The failure event must be expressed as a mathematical function in a structural reliability
analysis. Such a function is termed a limit state function, usually denoted by £(.), and should
satisty the following properties:
<0, forXin thefailure set
g{¥) {=0, for X on thefailure boundary (4.1)
>0, forXinthesafeset

where X is a realisation of the vector of stochastic variables X involved in the problem. There
are usually a number of different possible formulations of the limit state function for any specific
problem. In the present reliability analysis, the limit state function is taken as the difference
between the anchor resistance r and the applied line tension £, i.e.

g(¥) =r(x)~ f(x) 4.2)
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where the anchor resistance is the line tension at the dip-down point for which the anchor just
starts to drag, and the load is the applied line tension at the same point. The anchor resistance 7 is
built up step-wise from the installation resistance Ry through the consolidated resistance Roons,
which includes the effect of consolidation 4Rcons, and then superimposing the cyclic loading
effect AR.,, see the glossary in Chapter 3 for definition of these terms.

1t is not relevant to use the term characteristic anchor resistance R.n, when a detailed reliability
analysis 1s performed. The characteristic resistance is normally calculated according to a detailed
recipe, and is intended for use with a set of corresponding partial safety factors in a specified
design equation. The same goes for the characteristic line tension Fop,,.

Therefore, for the purpose of this pilot study the stochastic variable F is used for the line tension
and the stochastic variable K 15 used for the anchor resistance. The realisation value of these
stochastic variables are denoted fand 7, respectively, see Equation (4.2).

The result of a full scope reliability analysis, which is the subject of Part 3 of this project, will
take the results from this pilot study up to a level, which opens for calibration of a simplified
design equation with associated partial safety factors. The target reliability level will be defined
after comparative analyses between the calibrated design equation and a wide range of likely
design cases from practical design. The intention is then to set the target reliability level such
that it is in reasonable harmony with the safety level that has been found acceptable for the type
of structures covered by the agreed scope for the calibration.

The line is assumed to intersect the seabed under an uplift angle for the applied line tensions, i.e.
seabed friction can be set to zero for the example case. Both anchor resistance and line tension
are functions of the stochastic and the deterministic variables involved in the problem. The
deterministic variables are sufficiently accurately determined so that there is no need to treat
them as stochastic variables; e.g. the anchor geometry.

The drag limit state evaluated is an ultimate limit state, since it deals with anchor failure in an
intact mooring system, where failure is defined as the inception of drag of the anchor, i.e.
violation of the functional requirement of no motion of the anchor. However, the ultimate anchor
resistance &, as defined in the glossary is not necessarily involved, since this is only reached at
ultimate penetration of the anchor.

4.4 Model Description

The anchor performance (relationship between penetration depth, drag and anchor resistance at
the dip-down point) is computed using the DIGIN program (Eklund and Strem, 1996) for
specified installation load, soil conditions and anchor geometry. The input variables to DIGIN
provide the basis for the selection of the set of random variables that is appropriate to describe
the stochastic nature of the installation anchor resistance with or without the superimposed
consolidation effect.

The consolidated anchor resistances Reons computed by DIGIN are modified in the probabilistic
analysis in order to account for the influence of loading rate and cyclic degradation, or simpler
the cyclic loading effect ARy, on the anchor resistance during a storm. In addition, uncertainties
in the computed anchor resistance and line tension are accounted for in the probabilistic

formulation.
The folowing parameters are modelled as stochastic variables in the probabilistic analysis:
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Sy intact soil shear strength capacity, being depth dependent (s,» = direct simple shear
strength)

Sur remoulded soil shear strength capacity, being depth dependent
Uy factor accounting for the effect of cyclic loading on s,

Ur  model uncertainty factor on the computed increase in anchor resistance, primarily due to
consolidation of the soil,

F the applied line load
Ur  model uncertainty factor on the line tension.

The installation line load 4, is not modelled as stochastic, as the anchor installation load is
measured and thus well controlled. Making the anchor resistance a function of the installation
load £, implicit information about the actual soil properties is utilised in the evaluation of the
anchor resistance,

The anchor resistance is also dependent on the sliding resistance between the soil and the anchor
members. In DIGIN, this is modelled as an adhesion factor times the remoulded shear strength of
the soil during installation. This factor has, to some extent, been used in the calibration of the
DIGIN program with respect to measurements during anchor installations. A best estimate of the
adhesion factor has been applied as a deterministic variable in the present analysis. Uncertainty
about the results from DIGIN (excluding the uncertainty related to the soil shear strength) is
handled by the model uncertainty factor Us. The adhesion factor is eliminated after
consolidation.

In general, the mooring line need not be horizontal at the dip-down point. There may be some
non-zero uplift angle & that defines the line inclination at that point, and which may differ
between installation &, and extreme load situations 8, . Mooring lines are usually designed with
zero uplift, and this is simplest to handle in the analysis. However, non-zero uplift is a feature
that may be useful in future designs, and which may be desirable to model. In the present
analysis, it is assumed that the uplift angle during installation, if any, is specified
deterministically through the configuration and geometry of the installation fine. In the reliability
analysis, it should be useful to allow for variation in the uplift angle under extreme line tension,
either deterministically or as a random variable. In fact, the uplift angle is likely strongly
correlated with the extreme line tension.

The installation anchor resistance 7., which depends on the intact undrained shear strength sy,
the remoulded undrained shear strength s, ,, the penetration depth z, and the installation uplift
angle 6, is computed in the first step of the anchor analysis with the DIGIN program

ra'ip - ?’(S’u 5Su,r 52791) (43)

The full effect of soil consolidation on the installation anchor resistance is obtained by setting the
remoulded undrained shear strength equal to the intact undrained shear strength in the DIGIN
analysis. This gives the consolidated anchor resistance 7., which should be combined with the

uplift angle for extreme line load 4,

Voows > ¥(5,,2,8,) (4.4)
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The dependency on the installation load Jap is carried through the penetration depth, which is
also a function of the intact and remoulded undrained shear strengths s, and s, as well as the

installation uplift angle &,
> 28y, S, fup 6) (4.5)

Since the consolidated anchor resistance is defined as a function of the penetration depth, which
again depends on the anchor installation load, the anchor resistance may be expressed directly
through the functional description of the penetration depth, omitting the specification of the
penetration depth in the formulation of the anchor resistance,

rf:om ¥ f'(S“ H] su,r ’fdfp * 61‘ :83) (46)

The effect of cyclic loading is assumed to apply to the situation after full consolidation of the
clay surrounding the anchor through a factor U, on the consolidated anchor resistance, which
gives the total anchor resistance,

r—rs,.s,, ,fd,.p, é ,98)-21@ (4.7)

The model uncertainty uz on the characteristic anchor resistance derived from the DIGIN
analysis applies only to the predicted increase in the anchor resistance due to consolidation and
cyclic loading effects, since the installation anchor resistance is well controlled through
measurement of the installation load, see above, Hence, the anchor resistance to be applied in the
limit state function in Equation (42)is

v lr(‘gu :Su,r ’fdipﬂgiﬂge)'ucy —ufa'ipJ-uR +fd:‘p (48)

Again, with reference to Equation (4.2), inclusion of the model uncertainty #- on the extreme
line tension f. leads to the line tension Jfto be applied in the limit state function

f - fe'uf? (4-9)

The drag length d is at present not applied in the probabilistic formulation, but could be utilised
in a reassessment of the estimated anchor resistance afier installation through a conditioning on
the measured actual drag length.
The installation drag length d, is a function of the same properties as the penetration depth,
namely

di __...> d(s;; 3 Sy,y ’fdip 3 9;‘ ) (4 }0)
The installation anchor resistance Tap, the penetration depth z and the drag length d are in the

analysis expressed as functions of the installation load Jap, the intact and the remoulded
undrained shear strengths s, and s, and the installation and extreme uplift angles &, and @,

applying a response surface description, see also Section 7.2.6,

4.5 Probabilistic Formulation
When including the details introduced above, the limit state function from Equation (4.2) may
now be rewritten as

g(‘sy 5S;,g,r :.fdip 29:’ :éa * w:”.ﬁ% 3.fc};ar ’uF) =

= {r(su 5Su‘r ’fdi_p ’Qr' !ee)' uqy _—fdip}.uR + fdip - fe.uF (411)
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where the arguments of the g-function include all the stochastic variables envisaged for the
analysis, and one deterministic variable, the installation load Jaip. Although the installation load is
treated as deterministic, it is included in the list because the DIGIN calculation of the anchor
resistance is a direct function of the installation depth, and thereby the installation load. This
dependency is shown by Equation (4.5), which must be kept in mind when reading Equation
(4.11).

All the stochastic variables involved in this formulation are time-invariant, Although the soil
strengths vary with time between the intact and remoulded states, it is only these two states that
are involved in the limit state function, and the probability of failure refers to the reconsolidated
state with intact soil properties and with superimposed cyclic loading effects. The probability of
failure in any intermediate state between anchor installation and reconsolidation of the soil is
assumed negligible in this analysis. The applied line tension also varies with time, but the time
dependency is taken into account by applying the annual extreme value distribution of the line
tension,

The annual probability of failure may then simply be expressed as the probability mass
associated with the failure state

P = J'ff(f)a’x’ (4.12)

g2(#F3<D
where £, (%) is the joint probability density function of the stochastic variables involved in the

limit state function. This probability integral may be computed with the PROBAN program
(DNV Sesam, 1996). First or Second Order Reliability Methods (FORM or SORM), may be
applied in the computation. The program requires input of the probability distributions of the
stochastic variables, and must be able to compute the value of the limit state function for any
realisation of the stochastic variables. If the stochastic variables are all independent, then the
joint probability density is simply expressed by the product of the marginal densities of the
individual stochastic variables. If two or more variables are interdependent, then their joint
density can be modelled using additional input about the correlation coefficients between them.

The realisations of the applied line tension, the two model uncertainties, and the cyclic loading
factor are simply taken from their respective distribution functions by PROBAN, to compute the
value of the limit state function. However, resistance, penetration depth and drag length of the
anchor are relatively complex functions of the input variables, which are normally computed by
DIGIN. PROBAN needs to have the values of these intermediate variables available for any set
of input variables, as PROBAN searches through the domain of the input variables to find the
point most likely to lead to failure (the design point). Other software programs needed in the
evaluation of the limit state function are commonly linked directly to PROBAN. This approach,
however, does not seem suitable in the present case, because DIGIN requires relatively lengthy
calculations, and because its computations are not completely stable for all input sets, Instead, a
different approach is used, in which a response surface is interposed between the calculations in
DIGIN and in PROBAN. The response surface is described in detail in the next chapter.

Two failure modes are considered in DIGIN: (a) drag in the fluke direction, and (b) breakout,
roughly normal to the fluke direction. Experience with DIGIN so far indicates that the drag mode
is associated with a lower anchor resistance in the majority of cases. Hence, this initial reliability
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analysis is limited to the drag mode only. DIGIN will be set to only give resistance for the drag
mode, and to flag any instances where failure in the breakout mode precedes the drag mode.

If both modes should need full consideration, then DIGIN should be used to compute the anchor
resistance for both modes independently, and the two modes should be modelled with separate
limit state functions, arranged as a series system in PROBAN. The system then fails if one or
both of the two limit state functions in the system fails.
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5 RESPONSE SURFACE INTERFACE BETWEEN DIGIN AND PROBAN

5.1 Intreduction to Response Surfaces

Suppose you have the values of a response y; defined for a set of values of a single input variable
x:, i=1,...,n, and require the response at some intermediate input value. If the response is a fairly
linear function of the input, or the input values are closely spaced, then linear interpolation may
be an appropriate approach. Otherwise, you may try to fit some suitable function to the data, and
use this fitted function to obtain the interpolated response value. The fitted function forms a
curved line in a two-dimensional space.

Let us expand this situation to a single response to two input variables. A fitted interpolation
function may now be seen as a surface in a three dimensional space. Further generalisation to
more than 2 input variables takes us out of range of simple geometrical descriptions, but it is still
convenient to refer to the fitted interpolation function as a response surface.

The need for this type of interpolation technique arises frequently in structural reliability
analysis, when complicated algorithms are involved in the limit state function, which may be
dependent on many input variables, By interposing a response surface between the detailed
response analysis and the reliability analysis, the two parts of the analysis are decoupled, and
usually handled more effictently. To aid convergence of the reliability analysis, it is important
that the response surface is continuous, and has continuous derivatives with respect to all the
input variables.

The structural reliability group at DNV has mainly used two types of functions for response
surfaces:

(a) Sequential splines, which require data points filling a matrix grid in the input space, and are
relatively accurate for limited dimensions of input variables.

(b) Ordinary polynomials, generalised to multi-dimensional input, which can handle arbitrarily
spaced input data, and larger dimensions of input variables.

In both cases, it is important that the input data set spans the relevant domain of input variables
well. Tt is also essential to carefully check the accuracy of the response surface approximation,
particularly in the vicinity of the design point. Type (b) response surfaces, as described by
Mathisen (1993), are applied in the present application. A detailed specification of the interface
files that are used to transfer results from DIGIN to the response surface module in PROBAN is
required.

5.2 Interface File Specifications

The DIGIN program calculates, for specified anchor geometry, soil properties and uplift angle,
the relationship between the penetration depth and line tension. For installation, DIGIN
computes the required installation tension as a function of the given penetration depth, and for a
holding capacity evaluation, DIGIN computes the holding capacity for given penetration depth.
The installation analysis requires both intact and remoulded soil properties, whereas the latter
only requires intact soil properties. DIGIN is, at present, not able to compute both the required
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installation tension and corresponding holding capacity in the same run for specified penetration
depth, which would be of interest for the reliability analysis of an anchor.

Initially, this was taken care of applying two response surfaces defining the interface between
DIGIN and PROBAN. One response surface defining the relationship between the installation
tension and the penetration depth, for different soil properties, and one response surface defining
the relationship between the penetration depth and the holding capacity. Although this approach
works satisfactory, a more computational stable approach is to describe the relationship between
the installation tension and the holding capacity directly, applying only one response surface. In
the present analysis, however, a response surface for the holding capacity is defined directly for
specified soil properties, uplift angles and installation tension. In addition to the holding
capacity, also the penetration depth and the drag length are outputs from this single response
surface.

The data material required for specifying the single response surface for the holding capacity is
obtained by combining the DIGIN results from the installation and holding capacity analyses for
corresponding soil properties. At a later stage DIGIN may be re-modified in order to be able to
compute the holding capacity directly for specified installation tension.

The standard file format for an interface file is specified in detail in Chapter 5 of Mathisen
(1993). The interface file starts with a header portion in which the data is identified and the input
and output variables are defined. The remainder of the file comprises a series of data records, in
which each data record specifies one point on the response function; i.e. input values and the
corresponding output values for one point. As a minimum, there must be a sufficient number of
points to allow the coefficients of the interpolation polynomial to be computed. For a second
order polynomial, with 3 input variables, this minimum is 10 points. A much larger number of
points are usually required in practice, to obtain an adequate description of the response.

The following input variables are specified in the response surface interface file for a single layer
of clay:

Intact, soil shear strength intercept at zero depth, S, 0
Intact, soil shear strength gradient, £,

Remoulded, soil shear strength intercept at zero depth, Suro
Remoulded, soil shear strength gradient, &,

Installation tension at the dip-down point, Sin

S T

Uplift angle under extreme load, 6,

The following output variables are obtained from the response surface interface file:

1. Penetration depth during installation, z

2. Drag length during installation, 4,

3. Consolidated anchor resistance at the dip down point (which for the case studied coincides
with the touch-down point), r__
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The following functional relationship then exist for the response surface,
Penetration depth:

2= fi(SuokusSunos ke fap) (5.1)
Drag length:

d, = £ (500 hisSuros ks Fap) (52)
Consolidated anchor resistance:

AN ACHN SN S % (5.3)

The drag length during installation is not absolutely essential, but is a useful by-product of the
DIGIN installation computation that can be utilised to obtain extra results.

In the present version of DIGIN, the installation process is followed through in stepwise
increments of the penetration depth, and the corresponding drag length and line tension required
for force equilibrium is computed as a result at each position. The anchor resistance calculation
is carried out in the same manner through stepwise increments of the penetration depth, where
the necessary anchor resistance at dip down point for specified uplift angle results in a
corresponding drag of the anchor.

5.3 Input Data Points

The data points must span the relevant part of the domain of the input variables, which includes
both the mean value, and the location of the design point. The majority of points should be
located around the design point. To aid visualisation of the fit of the response surface to the data
points, a small number of values of each input variable should be employed in defining the entire
set of data points,

Table 5.1 indicates an initial set of corresponding points for 6 input stochastic variables,
resulting in a total of 23 cases. The values specified describe the number of standard deviations
away from the mean value in the direction of the design point (smaller for resistance variables
and larger for load variables) a functional evaluation is to be made. It is usually convenient to
round off the actual numerical values to 2 or 3 significant digits, rather than the exact values
defined by Table 5.1,

in the present analysis, the up-lift angle under extreme load is specified and deterministic. The
up-lift angle is therefore 1o be specified for the values of interest. The installation tension is
further deterministic, and is to be given for the corresponding values available from the DIGIN
runs based on specified penetration depths.
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Table 5.1 Example on suggestion for data points for 6 input stochastic variables, given as
numbers of standard deviations away from the mean value, in the direction likely to

lead to fatlure.

X X X; X4 Xs X
-1 -1 -1 -1 oy -1
0 0 0 o 0 5
1 H 1 1 i |
2 2 2 2 2 2
3 3 3 3 3 3
2 | 1 1 1 1
3 1 i i 1 1
4 1 1 | 1 i
1 2 i 1 1 i
1 3 1 1 i 1
i 4 i 1 1 1
4 1 1 1 | 2
| 1 1 i 1 3
i 1 i 1 1 4
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6 PHYSICAL MODELLING

6.1 Soil Description

In the following, the intact and remoulded undrained shear strength of the Troll clay is modelled.
The shear strength profile is modelled through an intercept at the seabed and a gradient with
depth, for single and double layers. In the following reliability analysis, only single layer clay is
considered. The shear strength data are from fall cone tests on soil samples from the Troll field.

6.1.1 Single Layer Clay

For single layer clay, the intact and remoulded shear strengths are modelled through a linear
trend line with associated residuals, £ It is here implicitly assumed that the standard deviation of
the shear strengths around the trend line (subscript ) is constant over the depth.

The intact and remoulded shear strengths at depth z is then defined as,
5,(2)=8,0,+2-k,, +¢, 6.1

5, 02)=8,,0,v2:k,,, +¢ (6.2)

H.F u,r

There is typically uncertainty associated with the modelling of the trend line due to lack of
sufficient data for describing the shear strength at different depths. The modelling uncertainty for
the trend lines are defined through a stochastic modelling of the two intercept shear strengths and
the two gradients for the intact and remoulded shear strength, where the four stochastic variables
are correlated. The marginal distributions for each of these four stochastic variables s,4;, £,
Sure and k., are Normally distributed with correlation matrix,

Su, [r%] ku,! Su,r,ﬁ,l ku,r,!
Su01 1 - - -
ku“' Ioﬁu,.m l - .

S"ﬂ .o pmr,m p.mr.kw 1 -

ku,r,t

p ke, g5 p kur ku p Jr_gur

The residuals of the shear strengths around the trend line for the intact and remoulded shear
strengths are typically correlated due to common soil properties. The residuals for the intact and
remoulded shear strengths are therefore defined to be 2-dimensional Normal distributed with
mean value zero, standard deviation and correlation as obtained from the linear regression

analysis.
E,,E eNE(O.,O.,UEH,o;_ﬂ'r,pgws_ar) (6.3}

#*Tu,r

The intact and remoulded shear strengths at depth z are then described through 4 variables in the
response surface,

Page 19

Reference to part of this report which may lead to misinterpretation is not permissible.
27 March 1998, Rba/dwa-reliability-revi_5 doc



DET NORSKE VERITAS

Report No: 98-3034, rev, 01

TECHNICAL REPORT

s,(2)=5,,+2-k, (6.4)

Su.r (Z) = Su,r.i} +2z- ku,r (65)
where;
* intact soil shear strength intercept at zero depth:

51:,0 = Su.D,# + gu (66)
* intact soil shear strength gradient:

k, =k, (6.7)
* remoulded soil shear strength intercept at zero depth:

su,r,O = Su,r,O,t + ng.r (68)

* remoulded soil shear strength gradient:
ke, =kope (6.9

6.1.2 Double Layer Clay

For double layer clay, the same linear modelling approach as for single layer of clay is applied,
where the clay is assumed to consist of two layers with independent soil properties above and
below the intersecting depth 4. The depth of intersection # is deterministic.

The intact and remoulded shear strengths at depth z is then defined as,

() Suoa * 2Ky, +E,, z2<h (6.10)
s.(z) = '
) Sume T (z-h) ku,Z,f T2 z>h
( ) Su'r,(},t +z ku,r,],r + gy.f.i zs h (6 1})
s, (z)= '
wr Su,r‘h,[ + (Z - h) ’ ku,r,z,t + gk.r,z > h

The modelling uncertainty for the trend lines for the intact and remoulded shear strength for the
two layers are defined in the same manner as for one layer. The two layers are, however,
assumed to be independent.

The stochastic modelling of the two intercept shear strengths and the two gradients for the intact
and remoulded shear strength are defined through correlated stochastic variables for each layer.
The marginal distributions for each of these four stochastic variables are Normally distributed
with correlation matrix,

The marginal distributions for each of the four stochastic variables s,4;, Kuty Sur:and k, ., within
each layer are Normally distributed with correlation matrix,
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Layer 1
Su01,1 kyry Sy,r0,0t kn,r,l,f
S 1,1 1 - = =
LF Pz 1 - i

Surdli | Prpian | Poija

L Floar Pt | Plartl

Layer 2
Su021 ku,?,r Su,r,ﬂ,.?,l ku,r,.?,r
Su021 1 - - -
Kz FPruz,mz 1 B "
Su‘,‘()‘zg psurl,ml per,hQ l -
Kuran Prursur | Povisr | Prrtrr 1

The residuals of the shear strengths for around the trend line for the intact and remoulded shear
strengths for each layer are typically correlated due to common soil properties. The residuals are
assumed independent for the two layers. The residuals are then modelled as,

bl €N00.0.0, 0, p, . ) (6.12)
£l €N,0.0,0,_ 0, | Pr..) (6.13)

The intact and remoulded shear strengths at depth z are then defined through 8 variables in the
response surface (for given intersecting depth ) as,

S,otzok, z<h
ORI ' (6.14)
Spt(z=my-k, z>h

Serot ok, z<h 6.15)
s, ()= :
wr(2) Soontz-h)-k, . z>h
where
* intact soil shear strength intercept at zero depth:
Su,O = Su,(},t + ‘c"u,i (6 16)

* intact soil shear strength intercept at depth A:

Su.h = Su_h,: + gu,z (6 1?)
* intact soil shear strength gradient for layer 1:
ky=k,,, (6.18)
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¢ intact soil shear strength gradient for layer 2:

Koo =Ky 2y (6.19)
* remoulded soil shear strength intercept at zero depth:
SUJ’,U = Su,r,ll; + gﬂ,)‘,§ (620)

* remoulded soil shear strength intercept at depth A:

Suen = Surny ¥ sz (6.21)
* remoulded soil shear strength gradient for layer 1:

Kuri =k (6.22)
* remoulded soil shear strength gradient for layer 2:

Kra = ks (6.23)

The theoretical background for development of two correlated linear regression lines for two sets
of data points is described in Appendix A

6.2 Cyclic Loading Factor

6.2.1 Introduction

The cyclic shear strength 7, accounting for both the loading rate and strength degradation
effects on the intact undrained shear strength, is a function of the applied load history, containing
both low-frequency (LF) and wave-frequency (WF) environmental load components. The load
history used in this study for assessment of 7, is based on reliability analysis for a mooring
system in 350 m water depth as considered in the DEEPMOOR project (Mathisen et al., 1996).
The influence of cyclic effects for catenary loading is based on an evaluation for two-way cyclic
loading for Troll clay, where a transformation of these results for one-way cyclic loading is
based on the results from a study of Drammen clay by Andersen et al, 1988, The Troll clay
behaviour for one-way cyclic loading is here 'predicted' by combining the results from analysis
of two-way cyclic loading of Troll clay with the published behaviour of Drammen clay for one-
way cyclic loading. After completion of the reliability analysis using the 'predicted’ Troll curves
for one-way cyclic loading, site specific Troll data for one-way cyclic loading became available.
In Chapter 10, where the results from the reliability analysis are discussed, the effects of cyclic
loading 1s addressed particularly in light of the post-analysis information obtained about the Troll
clay.

The cyclic loading factor U, accounts for the change in the cyclic shear strength 7, relative to
the undrained shear strength s,. Uncertainties are, however, related to the determination of this
factor due to uncertainties in the prediction of the acting load history and modelling uncertainties
in the prediction of the influence of the load history on the cyclic shear strength. With the
intention to get an idea of how the load history and modelling uncertainties may influence the
cyclic shear strength a total of nine load cases have been defined, see Section 6.2.2 below.

6.2.2 Technical approach

The background for modelling of the cyclic shear strength is described in the interim report IR-
203 (Dahlberg et al, 1997). The effects of cyclic loading on the undrained shear strength of clay
is initially evaluated for two-way cyclic loading which will give the distribution of the cyclic
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shear strength 7., for an average shear stress 7, = 0. Through simulations for different possible
loading conditions, the distribution of 7, based on the strain accumulation method (Andersen
and Lauritzen, 1988) with uncertainties in strain-contour diagram and strain accumulation
accounted for, is obtained.

A total of nine load cases have been defined for analysis of the effects of cyclic loading on the
undrained shear strength of clay. The mooring line tension in a stationary, environmental state is
composed of 4 components;

z=z 4z, 4z, +z (6.24)
o M L 1.4

* z, the mooring line pretension,

* z,, the mean tension due to quasi-static mooring line response to mean platform offset
caused by mean wind, wave, and current loads,

* z, the low-frequency tension due to quasi-static mooring line response to low-frequency
platform motions, excited by wind gusts and second order wave forces,

* 2z, the wave-frequency tension from dynamic mooring line response to platform motions
excited by first order wave loads.

The relative magnitude of these components varies widely, dependent on water depth, type of
floating platform, and details of the mooring system. Table 6.1 gives some indication of the
magnitude of these tension components for a few mooring systems.

Table 6.1 Examples of line tension components. The environmental conditions E1, E2, E3 are

defined in Table 6.2.
Environ- Pretension Mean Std. dev. Std. dev. Mean period Mean period
mental tension low-freq. wave-freq. low-freq. wave-freq.
conditions tension tension component component
kN kN kN kN s 5
Ship 70m
El 400 644 427 606 90 15.3
E2 400 01 1258 2017 80 18.0
E3 400 1487 1941 3770 72 20.4
Ship 350m
El 750 973 129 138 265 12.6
E2 750 1288 402 416 263 138
E3 750 1743 745 933 233 16.4
Ship 2000m
El 1400 1618 41 247 6540 13
E2 1400 1924 127 438 569 13.8
E3 1400 2375 256 644 509 4.6

In the reliability analysis reported herein the line tensions are assumed to represent the mooring
tensions for a ship in 350 m water depth with a sea state characterised by a significant wave
height equal to 15 m, 20 m and 20 m, respectively. These sea states are termed load condition
El, E2 and E3, respectively, in the following, The environmental components for these load
conditions are defined in Table 6.2 following. The calculated line tensions for load conditions
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El, E2 and E3 were for the purpose of this study split into a low-frequency (LF) component and
a wave-frequency (WF) component, denoted z; and zw, respectively, in Eq. (6.24).

For each load condition E1, E2 and E3 three different time histories were defined. It is assumed
that the line tension can be represented by

1) Time history represented by the WF-component only (800 cycles)
2) Time history represented by the LF-component only {46 cycles)
3) Time history represented by the LF-component plus the WF-component (46 cycles)

This gave a total of nine load cases, which were analysed for the effect of cyclic loading. For
further information about the modelling of time-varying loads reference is made to IR-203
(Dahlberg et al, 1997).

Table 6.2. Environmental conditions.

Environmental state id.: El E2 E3

Significant wave height (m) 10 15 20

Peak wave period (s) 15.2 16.6 245
Wind velocity, 1 hour mean (m/s) 22.0 31.5 40.9
Current velocity (m/s) 0.30 0.36 .43
Wave direction {(deg) 180 180 180
Wind direction (deg) 180 180 180
Current direction (deg) 180 180 180

The evaluation of cyclic effects for catenary one-way cyclic loading follows basicly the same
approach as that proposed in IR-203 (Dahlberg et al, 1997), although significantly improved
from a reliability analysis point of view. Having the distribution of the cyclic shear strength for
two-way cyclic loading, the distribution of the equivalent number of cycles leading to failure,
Neg, of the cyclic shear strength ratio 7,5, may be obtained. The distribution for equivalent
number of cycles to failure is then applied directly to determine the cyclic shear strength for
catenary mooring one-way cyclic loading (z, # 0), dependent on the average shear stress level
(7254 ).

In this modelling, it is assumed that the equivalent number of cycles leading to failure Neq is not
affected by the average shear stress level (7,75, ). This may be a slightly non-conservative
assumption, as it is believed that N, may increase somewhat with increasing average shear stress
level. .

In addition to the influence of Nq on 7./, for one-way cyclic loading, the uncertainty in the
determination of the acting average stress ratio for catenary mooring one-way cyclic loading is
accounted for in the uncertainty modelling. An extra modelling uncertainty accounting for the
uncertainty in the determination of the cyclic shear strength ratio 7;.,/s, for specified N, and
7/5, 15 also included in the formulation.
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The mean and coefficient of variation of the static (intact) undrained shear strength s, is defined
separately, and is combined with the obtained cyclic shear strength ratio 7.,/5, to define the
cyclic shear strength.

In the proposed design procedure for fluke anchors, the cyclic shear strength ratio Trey'Su 18 set
equal to U, and termed cyclic loading factor.

6.2.3 Analysis of two-way cyclic loading (7, = 0)

A detailed description of the calculations performed for estimation of the mean and standard
deviation of the cyclic shear strength 7., for each of the nine load cases considered is included in
Appendix B. The simulation procedure is repeated for all nine load histories to get the
distributions and statistical moments for the cyclic shear strength that corresponds to each of
them normalised with respect to the intact undrained shear strength, s,. The results are given in
Table 6.3 below.

Table 6.3 Results of simulation of 7,/s, distribution for 350 m water depth (for description of
load cases see Section 6.2.2).

Load case Description Thoul Sy

Mean St.dev. Skewness Kurtosis CoV (%)
1 El WF 0.94 0.026 -1.64 7.1 2.8
2 E1LF 1.02 0.045 -0.40 4.0 4.4
3 El LF+WF 1.01 0,041 -0.46 37 4.1
4 E2 WF 0.95 2,026 —-1.51 6.8 2.7
5 E2LF 101 0.044 ~0.47 3.6 44
6 E2 LF+WF 1.0l 0.043 -0.52 3.4 4.2
7 E3 WF 0.97 0.030 -1.30 55 3.1
8 E3LF 1.01 0.042 ~0.32 35 4.2
9 E3 LF+WF 101 0.041 ~{.60 3.7 4.1

The results in Table 6.3 indicates that the cyclic shear strength ratio 7;.,/s, has a distribution with
a coefTicient of variation of about 3 to 5 %, which represents a fairly small uncertainty. This is
considerably less than the uncertainty found for normally consolidated Drammen clay. Since one
of the major sources of uncertainty in z,/s, is the uncertainty in the strain-contour coefficients
ay,...a4 (see Appendix B), this difference between the Troll clay and the Drammen clay may to a
great extent be explained by the significantly larger uncertainty in @, found for Drammen clay
relative to Troll clay. These findings are not totally unexpected, because more data are available
for the estimation of Troll clay properties than there were for the estimation of Drammen clay
properties, so the statistical uncertainty should be less for Troll clay properties than for Drammen
clay properties.

The distribution of the equivalent number of cycles N,, of the maximum shear stress in the load
history leading to failure is also calculated for al! the nine load cases considered. The results of
these simulations are presented in Table 6.4 in terms of the first four statistical moments of the
equivalent number of cycles N,,. Note that even if 7,/s, has a coefficient of variation of only 3-
5%, Neq comes out with a much higher uncertainty. The skewness and kurtosis values reported in
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Table 6.4 should be used with care. They are encumbered with considerable uncertainty owing to
the limited number of simulations used for their estimation,

Table 6.4 Results of simulation of N, distribution for 350 m water depth.

Load case Description Neg
Mean St.dev. Skewness Kurtosis CoV (%)
1 El WF 6.04 2.10 1.23 6.1 33
2 E1LF 3.03 1.71 1.26 6.2 56
3 Ei LF+WF 3.15 1.59 0.90 42 51
4 E2WF 5.52 1.85 0.84 49 34
5 E2 LF 3.16 1.73 1,05 4.5 55
6 E2 LF+WF 3.16 1.6l 0.74 3.3 51
7 E3 WF 4.19 1.67 0.72 38 40
& E3LF 3.20 1.81 1.40 6.9 56
9 E3 LF+WF 3.29 1.69 1.14 4.7 52

6.2.4 Application of results to one-way cyclic loading (7, # 0)

The results from the analysis of a situation with two-way cyclic loading (7, = 0) in Section 6.2.3
are used to estimate how the undrained shear strength of a normally consolidated clay may be
affected by one-way catenary cyclic loading. It is assumed that the clay, which was remouided
due to penetration of the anchor at the installation stage, is fully re-consolidated before the
anchor becomes subjected to the cyclic loading (storm loading).

The cyclic shear strength 7., is defined as the sum of the average shear stress component 7, and
the cyclic shear stress component z,, which satisfies a specified failure criterion (shear strain ¥)
for the clay, when it is subjected to a specified storm loading, i.¢.

Tre = (a0 4 75 Dina (6.25)

At the time when the reliability analysis was performed no data were available for the Troll clay,
presenting the cyclic shear strength as a function of the average shear stress level 7,/s,, only
cyclic test data for 7, = 0, as used for the analyses reported in Section 6.2.3. As a basis for
prediction of the Troll clay behaviour for /s, # 0, Drammen clay data published by Andersen
and Lauritzen (1988) were used in combination with the results for Troll clay reported in Section
6.2.3. A slightly elaborated version of a diagram for Drammen clay from the paper by Andersen
and Lauritzen is presented in Figure 6.1, which shows how the cyclic shear strength ratio 7.5, p
varies with the average shear stress level z./s, p for different values of N.,. A similar set of
curves for Troll clay was predicted knowing the N, for 7./s,= 0 for Troll clay and the shape of
such curves for the Drammen clay. The 'predicted' curves for Troll clay are presented in Figure
6.2. It should be mentioned that in the present study the two layers (Unit I and 1I) of the Trol!
clay was modelled as one single layer, which means that the prediction leads to a cyclic shear
strength ratio applicable for average Troll clay properties.
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It should also be mentioned that the Drammen clay results are for OCR = 1, whereas the Troll
results are for OCR = 1.2 - 1.4. No correction has been made for this, However, the effect of
OCR is likely to decrease with increasing average shear stress level 7./s,.

It has been assumed in this analysis that the uncertainty in 7, due to the effect of cyclic loading,
as determined for a situation with two-way cyclic woading, see Table 6.3, decreases linearly from
that value to zero for 7/, = 1.0. In other words, the higher the average stress component is, the
less influence the uncertainty on the cyclic contribution will have on the cyclic shear strength.

It may be seen from Figure 6.2 that the ratio %cy'Su dOEs not vary significantly when the average
shear stress level varies between 0.6 and 0.8, which is a reasonable range. The most conservative
results are obtained for the upper bound of this range,

According to Table 6.4 the calculated range of Ny for z./s,= 0 varies between about 3 and 6 for
the nine investigated load cases. Experience has shown that Neq is higher when the failure is
caused by accumulated permanent shear strain (one-way cyclic loading) compared to a situation
when the specimen fails due to excessive cyclic shear strains (two-way cyclic loading). No
correction for this has been made in the prediction of the Troll clay behaviour.

Uncertainties in the predicted cyclic shear strength for the Troll clay is further discussed in
Chapter 10,

The initial approach in IR-203 (Dahlberg et al,, 1997), was to apply the cyclic shear strength ey
for two-way cyclic loading as a reference for determination of the cyclic shear strength for one-
way cyclic loading. The present approach uses, however, the equivalent number of cycles to
fatlure N, as reference, resulting in a more precise modelling of the one-way cyclic shear
strength. The estimated distribution of the equivalent number of cycles of amplitude Te'Sy for
two-way cyclic loading leading to failure, N.q, is then applied directly in the determination of the
cyclic shear strength for catenary mooring one-way cyclic loading (7, # 0) for specified average
shear stress level.

As mentioned above it is in the modelling assumed that the equivalent number of cycles N, is
not affected by the average shear stress level (7a/54 ). This may be a slightly non-conservative
assumption, as it is believed that N., may increase somewhat with increasing average stress
level. By assuming the number of stress cycles leading to failure not being dependent on the
average shear stress level, the dependence of the cyclic shear strength on the actual modelling of
the combined low-frequency and wave-frequency amplitudes may, however, be done separately
and thereby simplify the computational effort.

If a pure cyclic loading situation is considered, then 7, = 0 and Ticy = { Ty max, Which is the case
studied in Section 6.2.3. The results from load case 6, considered herein, with combined low-
frequency and wave-frequency loading, gave a mean value for T7e'Su Of 1.0, a coefficient of
variation around 5%, and a slightly negative skewness. The equivalent number of load cycles to
failure had mean value 3.2, a CoV of 51% and a slightly positive skewness.

Based on the 'predicted’ Troll clay behaviour for 7, # 0 in Figure 6.2, the functional relationship
between N, and 17,/ is established applying a power function. For an average shear stress
level 7,/s, = 0.7, the following expression obtained for Tre’Su @8 a function of the number of
cycles to failure is obtained,
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U, gan =1.52-(N,, )25 (6.26)

The average shear stress level, b =17, /s, , applicable for one-way catenary mooring is difficult

to predict, but will typically be in the range 0.6-0.8. For an average shear stress level varying
within this range, the following equivalent relative variation in the cyclic shear strength is
established (based on Troll data combined with Drammen clay data as explained above),

Upor =X, 10 8)-U, ., (6.27)

where
X, (B)=-0383-5>+0.230-5+1.027 (6.28)

and b=z,/s,. X, (0)=10 forb=07.

The empirical expressions for the influence of cyclic effects and the average shear stress for one-
way catenary loading as defined through Equations 6.26 and 6.27, are dependent on the soil
conditions and the environmental load characteristic for different locations.

By specifying the equivalent number of cycles to failure for two-way cyclic loading, the
predicted cyclic shear strength may be directly obtained for one-way cyclic loading for specified
rate of average shear stress. By modelling the distribution of the equivalent number of cycles to
failure from two-way cyclic loading, the corresponding distribution for the predicted cyclic shear
strength to be applied in the probabilistic analysis is obtained. In the probabilistic analysis, the
estimated equivalent number of load cycles to failure Ny 15 modelled through a Weibull
distribution with moments from load case 6.

The line tension during a storm is due to line pretension and wave- and low-frequency
components. It is not easy to split this relatively complex loading history into an average and a
cyclic component for use in the probabilistic analysis. The average shear stress level 7,75, is in
the probabilistic analysis assumed to vary uniformly within the range [0.6-0.8].

In the uncertainty modelling, also the prediction uncertainty in the determination of the cyclic
shear strength from specified N., and 7./, is account for. This prediction uncertainty is
dependent on both N, and 7,/5, and is modelled as an unbiased uncertainty factor X’ .y With

CoV 2.5%,
The modelled loading rate and strength degradation factor is then defined as,

U,=X,,-U (6.29)

oy M fey

6.3 DIGIN Response Computation

6.3.1 Program Flow

DIGIN is applied to define the relationship between the penetration depth, the drag length and
the resistance of an anchor for specified anchor geometry, soil shear strength profile and
installation load.
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DIGIN is performing these computations in step-increments of the penetration depth, defining
the corresponding drag length, the installation anchor resistance Ray at the dip-down point for
the specified installation load Fy;, at the same point and the resulting consolidated anchor
resistance after reconsolidation of the clay with the anchor at the installation depth. The
installation load (equal to the installation anchor resistance) and the consolidated anchor
resistance are in the present version of DIGIN computed in separate runs, but could through a
modification of DIGIN be computed simultaneously at each iteration step.

Through multiple computations with parameter variations over areas of interest, it is then
possibly to express the installation depth, drag length and anchor resistance as a function of the
selected installation load and soil shear strength profile applying a response surface.

The calculations in DIGIN are performed in steps of equal depth from seabed and down to a
defined maximum depth. Calculations are terminated when the maximum depth is reached or the
lowest equilibrium force is found for an anchor orientation giving horizontal flukes (for which
the anchor cannot penetrate deeper down into the soil).

At a specified depth it is possible to recalculate the anchor equilibrium with consolidated shear
strength close to the anchor. This is done for one depth only. In the following depth steps, the
remoulded shear strength is applied for sliding resistance and the embedded anchor line catenary
is constrained to follow partly the one from the previous calculation. This is done until the
combination of tension and new anchor position is such that the catenary will be unaffected by
previous anchor line position.

For all other situations than the one described above, each of the depth increments is calculated
independenily from the previous step.

In the DIGIN computations, the installation phase and (post-installation) consolidation phase are
separated, since the calculations at each depth increment is independent of the calculations /
results from the previous depth increment. This approach only affects the anchor analysis if the
installation is performed with an uplift angle being less than the one associated with the line
tension leading to the design event. This is not obvious, but the explanation for this is simple.
After installation the embedded curvature of the anchor line will restrain the embedded curvature
associated with the higher uplift angle as illustrated in Figure 6.3 (copied from IR 204 (Mathisen
and Strem, 1997)), and with the DIGIN model of the same in Figure 6.4 (copied from the same
report). To neglect this is somewhat conservative for that combination in the anchor analysis, yet
this approach is accepted, at least at this stage, as a model uncertainty.

6.3.2 Anchor Resistance

In this study, it is the anchor resistance and the embedded part of anchor line (at dip-down point)
that is considered. The fact that this is not a fixed point will be neglected in the analysis as the
response in the mooring line is by far dominated of the suspended anchor line (compared to the
part of the mooring line embedded in the soil and lying on the seabed).

The uplift angle at the dip-down point is not given as an input to the program today, but is a
result of the tension in the mooring line at anchor equilibrium. Thus the user has only been able
to vary the uplift angle indirectly, by adjusting mooring line length, line characteristics and
anchor depth. In the present work it is found convenient to be able to specify a constant uplift
angle, and include this as an input to the DIGIN program.
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6.3.3 Failure Mode

For normally consolidated clays and a one-layer system, it will be sufficient to look at the
restraint mode as basis for both the installation and consolidated anchor resistance analyses. For
the most unfortunate combinations of undrained and remoulded shear strength and also for high
uplift angles, spot checks of the results with the failure mode are made.

6.3.4 Multiple DIGIN Calculations

DIGIN produces all necessary results needed for response surface interface files in its present
version. In establishing the response surface, it is, however, necessary to carry out multiple
DIGIN calculations. Repeated restarting of DIGIN with modified input variables in a batch file is
the present approach for doing this,

The interface file for the response surface will be accessed after each depth step with the
following write statement:

WRITE (IFF,’ (7F10.3)')Su,Ku,Sur, Kur, Depth{I) (Drag (1), tetald, TDD(I)

Where

Su = Intact shear strength intercept

Ku = Shear strength gradient

Sur = Remoulded shear strength intercept

Kur = Remoulded shear strength gradient

Depth{I) = Depth in question (of anchor shackle

Drag (I} = Drag experienced from set position of the anchor to the depth in question
tetal = Uplift angle at dip-down point

TDD (I} = Line tension at dip-down point for the depth in question

In establishing the required installation tension and drag length for specified penetration depths,
it is the individual intact and remoulded shear strength profile that are given for a specified zero
uplift angle. In the computation of the consolidated anchor resistance R for a given
penetration depth, the remoulded shear strength is specified as intact, together with a selected up-
lift angle under extreme loading. (The computed corresponding drag length for the consolidated
anchor resistance analysis is not relevant)

6.3.5 Response Surface Representation of DIGIN Computations

The DIGIN computations of the installation anchor resistance R, (equal to the installation load)
and the subsequently computed consolidated anchor resistance Reons at the depth of penetration
are made for corresponding set of input variables (shear strength data), and are combined into
one response surface interface file consisting of hundreds of data lines with the set up given in
Table 6.4. The data file applied in the response surface modelling is presented in Appendix C.
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Table 6.4 Response surface interface file.

Variable Type Dimensions Description

su Input kPa Intact shear strength intercept

ku Input kPa/m Intact shear strength gradient

sur Input kPa Remoulded shear strength intercept

kur Input kPa Remoulded shear strength gradient

fdip Input kN installation tension

teta Input degrees Uplift angle at dip-down point under extreme loading
z Output m Penetration depth

di Qutput m Installation drag length

TCORS Output kN Consolidated anchor resistance

The response surface description of the DIGIN results is based on linear interpolation using
PROBAN, as it was found that a linear interpolation gave the best modelling. The centre point
for the polynomial fitting was selected to be close to the design point. See IR-204 (Mathisen and
Stresm, 1997) for a closer description of the response surface modelling,

6.4 Time Varying Loads
6.4.1 Annual Extreme Value Distribution of Mooring Line Tension

6.4.1.1 Short Term Stationary Tension

The mooring line tension may be treated as a stationary stochastic process in a stationary
environmental state of short duration 7 , say a few hours. This is the basic building block in the
computation of the tension.

The tension includes the following components:

* pretension

* mean tension due to mean environmental loads on the platform

» low-frequency tension due to low-frequency horizontal motions of the platform, excited by
wind gusts and second order wave force,

* wave-frequency tension due to wave-frequency motions of the platform, excited by first
order wave forces, and including the dynamic response of the line to these motions.

The short term extreme value distribution of the tension Z may be denoted by /|y (2 | Wi,

where ' is a stochastic vector that describes the short term environmental parameters, including

significant wave height, peak wave period, mean wind speed, current speed, and heading angles

of these environmental actions.

6.4.1.2 Annual Extreme Tension
The theorem of total probability is applied to compute the extreme value distribution of the line
tension in a single, random environmental state

Fy(z7) = [Fy Gy fuw) dy (6.30)
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where £, () is the joint probability density of the environmental parameters. This integral is

often computed by ordinary numerical integration when the environmental vector only includes
two components; viz. the significant wave height and the peak wave period. When wind and
current effects are also modelled stochastically, then more sophisticated integration techniques
are required. This is provided by the First Order Reliability Method (FORM), or the Second
Order Reliability Method {SORM).

The number of environmental states in a long term duration of A =1 year, is taken into account
by assuming the tension response in each state is independent, giving

F(z4) = [F,zof~ (6.31)

The annual extreme value distribution of the line tension in one line was also computed using the
same reliability analysis that is applied in the DEEPMOOR project (Mathisen et al., 1996).
Turkstra’s hypothesis was applied to obtain the combined tension due to wave-frequency and
low-frequency effects. The pretension and the mean tension due to environmental effects was
also included. A uniform probability was applied for the direction of wave actions relative to the
mooring, for all directions from 0 to 360 degrees. The position 450 meters from anchor was
considered as reference point.

A fitted Weibull distribution is applied fit to represent the annual extreme line tension, given by,

F(z)=1- exp{ - (f«l) ﬂ} (6.32)

a

where the distribution parameters were fitted to be. o = 120kN,B = 0.6,y =1300kN . The
corresponding mean value and standard deviation of Z,

mean{Z) =« I’”(l + %8] + y = I480kN (6.33)
Std. Deviation(Z) = @ [r‘(} + %,) - r[z . yﬁ]] —317kN (6.34)

The distribution function parameters are defined based on a fitting to fractile values being
relevant in the determination of the annual failure probability of the anchor. The corresponding
mean values and standard deviation applying the fitted distribution parameters does therefore not
necessarily reflect the mean value and standard deviation of the annual extreme line tension.

Note, especially that a Weibull distribution with shape parameter B being as Jow as 0.6 has a
considerable curvature and a long tail, extending to high tensions. The annual extreme line
tension is therefore not well described applying the mean vale and standard deviation alone.

6.4.2 Characteristic Tension

When a simpler analysis is applied to determine the line tension in order avoid the difficulties of
a detailed analysis of several stochastic variables, then the tension is usually referred to as a
characteristic tension.

A characteristic response is usually calculated according to a detailed recipe, and is intended for
use with a set of corresponding partial safety factors in a specific design equation. Such recipes,
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safety factors and design equations for mooring lines may be found in DNV’s POSMOOR rules
orin API RP28SK. These 3 items:

(1) design equation,
(i)  recipes for characteristic values,

(iii)  partial safety factors, and

should ideally be calibrated by reliability methods, so that they provide the desired safety level in
the ensuing design. They are inter-dependent, and cannot necessarily be used separately with any
confidence that they separately represent particular probability levels.

Recipes for characteristic values should ideally provide each response at a clearly defined
probability level, usually somewhere in the tail end of the corresponding distribution function,
choosing the tail that is most likely to lead to failure; i.e. low values of strength and high values
of load. In the case of mooring line tension, there are a large number of tension components to be
included, and the long-term environment needs to be taken into account to determine the tension
distribution, as described above. This is considered to be too complicated for the routine
computation of characteristic tensions. Hence, the recipe is simplified, the probability level of
the resulting characteristic value is not precisely known, and this level varies somewhat from
case to case.

The aim of a calibration of a design rule, is to evaluate a number of different design conditions in
order to define a design equation. This involves a recipe for determination of the characteristic
values and a set of partial safety factors that results in a uniform safety level for different designs
based on the design equation.

In IR 203 (Dahlberg et al., 1997), the annual extreme value distribution of the line tension in the
most heavily loaded line is given for a turret-positioned ship 8 symmetrically spread lines at 350
meters of water depth.

The initial anchor characteristic load was calculated for a 100-year environmental state as
follows:

» Significant wave height: 16.5m

® Peak wave period: 2085

e Wind velocity (1 hour mean) 19 m/s

» Current velocity 0.51 m/s.

» All environmental actions are assumed to encounter the ship from the same direction.

The characteristic line tension in the most heavily loaded line 450 meters from the anchor was
for these conditions computed to be 4900 kN,
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7 DESCRIPTION OF PILOT CASE

7.1 General
A reliability analysis of a fluke anchor in Troll clay has been carried out. The soil data has been
interpreted as a single soil layer.

Based on a range of installation loads, the corresponding installation depth and anchor resistance
is estimated.

The reliability analysis is aiming at determining the annual probability for drag of the anchor.
This is requiring the modelling of the annual extreme line tension,

The modelling of the annual extreme line tension is a computational cumbersome process, and
the resulting characteristic line tension value to be applied in design is based on the (most likely)
100 years line tension value.

7.2 Probabilistic Analysis

7.2.1 Anchor Description

The modelled anchor used for the pilot reliability analysis is a Vryhof Stevpris 18 tonnes anchor
with a fluke/shank angle of 50 degrees. The background for selecting this anchor for the test
analysis is described in IR 203 (Dahlberg, et.al., 1997). The dimension of the embedded anchor
chain has been balanced with respect to the breaking strength of the other mooring line
components.

7.2.2 Shear Strength

The soil data is defined as single soil layer. In the reliability study, it was desirable to have data
available that represented the interdependence between the intact and remoulded shear strength
for different depths, in order to be able to account for the correlation between the intact and
remoulded shear strength in the modelling.

In Figure 7.1, the applied shear strength data from the Troll field is presented together with the
fitted trend line assuming that the data may be represented as a single soil layer. In Figure 7.2 the
same data are presented together with trend lines for two-layer soil, assuming the soil boundary
at depth 16.5m. The linear modelling of the trend lines are given in the figures, and are also
defined in Table 7.1 for the single soil layer.

The probabilistic analysis is only evaluated using single soil layer, resulting in a rather high
standard deviation for the residuals, see Table 7.1. A modelling based on two-layer soil would
reduce the residual standard deviations, and result in a more exact description of the shear
strength and thereby the holding capacity,

In Appendix D, numerical values for the intact and remoulded shear strength are given together
with the mean values, standard deviations and correlation matrix for the intact and remoulded
trend lines, and the standard deviations and correlation for the intact and remoulded residuals.

The trend lines are defined through linear regression analysis. The correlation between the trend
lines and residuals for the intact and remoulded shear strength are obtained applying the program
code REGRESS-2, (Ronold, K. 1997).
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7.2.3 Cyclic Loading Factor
The cyclic loading factor is defined from the estimated equivalent number of cycles to failure,
accounting for the average stress ratio.

The influence of varying average stress level for one-way catenary loading is accounted for by
assuming the relative average stress level 7./s, to vary uniformly between 0,6-0.8.

The model uncertainty associated with the estimated increase in the anchor resistance based on
known number of cycles to failure and average stress level is here assumed to be low, modelled
with a CoV of 2.5%. In other cases, where less information about the soil characteristics exists,
this modelling uncertainty should be defined larger. This uncertainty, however, comes in
addition to the uncertainty associated with the increase in the anchor resistance from the
installation stage, due to consolidation and cyclic effects, having a CoV of 15%.

The probability density function for the cyclic loading factor U, is presented in Figure 7.3 for
different average shear stresses ratios 7,/s, being 0.6, 0.7 and 0.8. The distribution function is
obtained through a modelling of the equivalent number of stress cycles to failure being Gamma
distributed, see Table 7.3.

Evaluating the influence of the average shear stress ratio, it is from Figure 7.3, based on load
case 6, observed that the most likely value for the cyclic loading factor is decreasing from 1.40 to
1.32 when the average shear stress ratio increases from 0.6 to 0.8. The here estimated high
values for the cyclic loading factors are caused by the predicted relatively low number of
equivalent cycles to failure. The distribution functions for the cyclic loading factors are close to
Gaussian (a positive skewness of approximately 0.8} with a coefficient of vanation (CoV) of
around 5%.

The influence of cyclic effects may therefore be accounted for in the probabilistic modelling by
defining the mean value for the cyclic loading factor from the mean value for the equivalent

number of stress cycles to failure. The CoV on the cyclic part of the cyclic loading factor, i.e.
subtracted the average shear stress ratio, is taken equal to the CoV from two-way cyclic loading.

7.2.4 DIGIN Computations

7.2.4.1 General

The penetration depth, drag length and resistance of the anchor is estimated through DIGIN and
represented through response surface model for various parameter combinations of the
installation tension and soil shear strength.

The line tension under installation is controlled, and the installation anchor resistance is therefore
not assoctated with any prediction uncertainty in the analysis.

Uncertainties associated with the shear strength of the soil are accounted for directly in the
modelling of the soil data.

7.2.4.2 Penetration Depth and Installation Anchor Resistance Ry,

There are larger uncertainties associated with the DIGIN computation of the penetration depth
than for the anchor resistance for specified installation loads and soil characteristics.

The penetration depth is, however, only implicitly utilised in determination of the installation
anchor resistance Rap. There are direct connections between the installation load and the
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penetration depth, and the penetration depth and the anchor resistance, making it possibly to
describe the anchor resistance directly as a function of the installation load through the defined
response-surface function. The penetration depth is then only a corresponding value for the
estimated installation anchor resistance, but is associated with an estimated CoV uncertainty of
15%.

The required installation load for different installation depths i1s computed in DIGIN for different
combinations of intercept and gradient values for the intact and remoulded shear strength
(combinations in accordance to Table 5.1).

7.2.4.3 Drag Length

The uncertainty in drag length will generally not affect the anchor resistance, but is an effect of
the uncertainty in the achieved penetration depth for a given target installation load F,.
Although clearly a matter of interest when it comes to selecting the most suitable anchor for an
actual design, the drag length as such is not considered further in the present study, see however
Sections 7.2.6 and 8.1.3.

7.2.4.4 DIGIN Model Uncertainty

The model uncertainty ux is considered to be basically connected to the consolidation effects.
Part of the uncertainty in the consolidation effects is caused by the uncertainty allocated to the
remoulded undrained shear strength s, .. In the DIGIN analysis model the skin friction during
penetration is related to 5, In comparison with the uncertainty in s, . as such, the uncertainty in
the factor relating the skin friction to 5., contributes more to the DIGIN model uncertainty , at
least with the moderate CoV on the s,, obtained in this analysis example. The CoV on DIGIN
model uncertainty is here estimated to be 15%.

7.2.5 Time Varying Environmental Loads
The distribution of the annual extreme loading at the area of interest was found in Mathisen et
al., (1997) to be described by a Weibull distribution,

Fz(z)m}mexp{ m(m)ﬁ} (7.1)

o

with the following parameters a = 120kN, = 06, y = 1300kN . The distribution function
describing the exceedance probability of the line tension is given in Figure 7.8, together with a
corresponding, but separately derived, characteristic line tension. The characteristic line tension
is to be applied in the design equation proposed later in Section 9.

The line tension is defined from a combination of WF and LF contributions, resulting in some
modelling uncertainty in determining the distribution of the combined annual extreme tension.
The modelling uncertainty is defined to be 15%.

7.2.6 Updated Estimates for the Failure Probability after Installation

It is Hkely that measurements during and/or after the installation can be used for a post-
installation reassessment of the anchor resistance. The predicted resistance based only on the
information available before the installation will then be reevaluated based on the additional
information available through the instaliation measurements. Some preliminary thoughts related
to the use of updating based on measurements are included in Appendix E.
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7.2.7 Summary of Stochastic Variables
The distribution functions for the stochastic input variables applied in the probabilistic
evaluation are summarised in Table 7.1.

Table 7.1 Distribution functions of input stochastic variables, for a storage tanker in 350 m
water depth, and soil conditions based on Troll soil data.

Symbol  Variable Marginal Distribution
Seoil Shear Strength Model:

S04 intact shear strength intercept trend line Normal, mean =-1.30, st.d. = 1.78 (kPa)

Kot intact shear strength trend line gradient Normal, mean=2.22, st.d. =0.08 (kPa)

Suroe remoulded shear strength intercept trend line Normal, mean = 6,68, st.d. =235 (kPa)

Kurs remoulded shear strength trend line gradient Normal, mean = 1.31, std =0.11 (kPa)

& intact shear strength residual Normal, mean=0.0, std =41 (kPa)

Eur remoulded shear strength residual Normal, mean =00, std =354 (kPa)
Cyclic Leading Factor U,

Neg equivalent number of cycles to failure Weibull, mean = 3.16, st.d, = 1,61, low=0.25

TS5, average shear stress for catenary loading Uniform, lower = 0.6, upper=10.8

Tyl S resulting cyclic loading factor U, Function of ¥,,, 7./s, and OCR

Xiey model uncertainty on U, for given N, Normal, mean = 1.0, cov. =2.35%
Anchor Resistance:

Faip instalation load at dip-down point Fixed, 4000 (kN)

Ur model uncertainty on anchor resistance R Normal, mean=1.0, cov. 15%

8 uplift angle of line for anchor resistance Fixed, 0 {deprees)
Line Tension:

F, annual extreme line tension Weibull, a = 120, b= 0.6, low 1300 (kN)

Ur medel uncertainty on annual line tension Normal, mean = 1.0, cov. 15%

Correlation matrix for soil shear strength model is defined in Table 7.2 for the trend line. The
residuals are correlated as for the intercept values for intact and remoulded shear data.

Table 7.2 Correlation matrix for description of trend lines for intact and remoulded trend lines
based on Troll soil data. (Residuals: p( & &) = 0.44)

Su,!},f ku,t Su,r,O,t ku,r.£
Su,n1 1 - = -
ks -0.91 1 - -
Suru 0.44 -0.40 i -
Kors 0,40 0.44 0.91 1
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8 RELIABILITY ANALYSIS

8.1 Cumulative Distributions

8.1.1 Anchor Resistance

Based on the applied uncertainty model, the cumulative distribution function for the anchor
resistance is defined in Figure 8.1. The figure presents the probability that the anchor resistance
should be equal to or smaller than a specified anchor resistance for different target installation
loads. The modelling uncertainty is accounted for in the representation of the cumulative
distribution of the anchor resistance.

The figure shows that for an installation load of 3500 kN, the estimated probability that the
anchor resistance should be less or equal to 4900 kN is approximately 4.0E-3.

Figure 8.2 presents the relative importance of the different uncertainty contributions in the
determination of the probability that the anchor resistance should be less or equal to 4300kN for
an installation load of 3500 kN. The figure shows that the uncertainty associated with the
modelling of the residual shear strength around the trend lines contributes to the majority of the
uncertainty modelling for the anchor resistance (85%). As the shear strength data indicates that a
two-layer soil model would represent the shear strength more adequately, it is no surprise that
the single-layer soil model with the larger residuals contributes so much to the overall
uncertainty.

8.1.2 Penetration depth

Figure 8.3 presents the cumulative distribution of the penetration depth for different target
installation loads. The curve presents the probability that the penetration depth should be equal to
or smaller than a specified depth for different installation loads. The equivalent probability that
the penetration depth should be larger than a given value is obtained as 1.0 minus the cumulative
probability.

For an installation load of 3500 kN, the probability that the penetration depth should be less than

13 meters is approximately 0.6, and the corresponding probability that the penetration depth
should be larger than 13 meters approximately 0.4.

No modelling uncertainty 1s accounted for in the cumulative representation of the penetration
depth, implying that the uncertainty associated with the estimated penetration depth is due to
uncertainty in the modelling of the trend lines and the residuals for the intact and remoulded
shear strength.

8.1.3 Drag Length

In a similar manner as for the penetration depth a cumulative distribution function of the drag
length can be established, i.e. a curve representing the probability that the drag length should be
equal to or smaller than specified values for different installation loads. This information does
not enter the anchor resistance equations and has therefore been given less attention in the
analysis performed for this pilot study. In an actual design situation it is, however, expected that
such information would be useful, if the acceptable drag length during installation is a matter of
concern.
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8.2 Probabilistic Analysis

Based on the presented uncertainty model for the anchor resistance and the annual extreme line
tension, the annual probability of failure (dragging of anchor) is estimated. In Figure 8 4, the
estimated annual failure probability for different installation loads is presented. It is seen that for
an installation load of 3500 kN, the estimated annual failure probability is found to be
approximately 4.6E-3. The input file to PROBAN and the corresponding result file for this
instailation load of 3500 kN are included in Appendix F and Appendix G, respectively.

The design-point for the penetration depth, being the penetration depth for the combination of
stochastic variables most likely resuiting in failure, is 10.2 meters.

Figure 8.5 presents the relative importance of the different uncertainty contributions in the
determination of the annual failure probability for an installation foad of 3500 kN. The figure
shows that the uncertainty associated with the modelling of the annual extreme line tension
contributes to the majority of the uncertainty for the annual failure probability, with (85%) for
the description of the annual extreme line tension and with (5%) for the modelling uncertainty.
The residual uncertainty on the shear strength around the trend lines contributes to (7%).

The uncertainty associated with the description of the annual extreme line tension therefore has a
much higher influence on the total uncertainty picture than the uncertainty associated with the
description of the anchor resistance.

8.3 Discussion of Post Installation Resistance Uncertainty Model

A prediction of the deterministic “best guess” post installation resistance, applying mean values
{predicted values) for all the stochastic variables involved in the resistance model and not
accounting for the residuals in the shear strength predictions, gave a post installation contribution
to the anchor resistance of 4680 kN.

A modelling of obtained anchor resistance based on the applied uncertainty model, indicated that
the total anchor resistance could be described through a Normal distribution with a mean value
of 8180 kN and a standard deviation of 1330 kN for a target installation load of 3500 kN. As the
installation resistance is 3500, the obtained mean value for the post installation effects is also
(8180kN-3500kN) 4680 kN,

The coherence between the deterministic derived post installation resistance and the mean value
for the obtained stochastic post installation resistance indicates that the non-linear effects in the
capacity formulation is of minor importance.

As the installation resistance is deterministic, the coefficient of variation on the post installation
resistance is CoV = 1330/4680 = 28%.

In Figure 8.6 the influence of the uncertainty on the post installation effect with respect to the
derived annual failure probability is investigated. It is observed that for a pure deterministic
anchor resistance model (CoV = 0), the predicted annual failure probability is around 2.0E-3,
close to the estimated annual failure probability of 4 6E-5 for the full probabilistic analysis. Due
to the high uncertainty associated with the description of the annual extreme line tension, the
influence of the uncertainty on the anchor resistance capacity model is only having minor
importance.
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By increasing the uncertainty associated to the predicted post installation resistance, itis
observed from Figure 8.6 that also the estimated annual failure probability is increasing.
However, this increase is not significant, and results in an estimated annual failure probability of
4.6E-5 for a CoV of 28%, as also predicted from the discussion on the uncertainty on the post
installation resistance above,

These results indicate again that the majority of the uncertainty is associated with the description
of the annual extreme line tension, and that good estimates for the annual failure probability may
be obtained by simply applying the “best guess” predicted estimates for the anchor resistance.

Such an approach would greatly simplify probabilistic analysis of anchor installations, as the
deterministic predicted anchor resistance (installation resistance + consolidation effects from
DIGIN + cyclic effects) may be combined directly with the estimated distribution for the annual
extreme line tension.

If a more accurate, but still simplified, approach is desired, the deterministically derived post
installation effect may be associated with a CoV of around 30%. The annual failure probability
may be estimated only having one single stochastic variable for the anchor resistance.

However, further studies should be carried out prior to simplifying the probabilistic approaches
for obtaining the annual failure probabilities for anchor installations.
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9 DESIGN PROCEDURE

9.1 General

In the following, an initial proposed design equation with selected characteristic values 1s
presented. A set corresponding partial safety factors for the characteristic anchor resistance and
the characteristic loading is evaluated with respect to the corresponding reliability level for the
design case studied.

9.2 Design Equation

The anchor resistance is defined as the resistance of the embedded anchor plus the embedded
part of the anchor line. The design equation should be defined in such 2 way that it results in
comparable safety levels for different designs based on the same design equation.

The characteristic anchor resistance of the line is defined as,
Repar = Rdz’p + ARccms + ARcy (9 1)
where

Rap  is the installation anchor resistance, being the measured part of the anchor resistance at
the dip-down point, equal to the target installation load Fa;, at the same point,

AReons is the consolidation effect, being the predicted contribution to the anchor resistance from
the effect of soil consolidation

AR, is the eyclic load effect, being the predicted contribution to the anchor resistance from the
effect of cyclic loading.

The most significant line loads from an anchor design point of view are:

Fup  the target installation load, being the horizontal component of the line tension at dip-
down point during anchor installation.

F.r the maximum calculated line tension at the fouch-down point.

If no line is lying on the seabed during at target installation load and during extreme loading the
touch-down point coincides with the dip-down point,

The design anchor resistance is defined as,

Ra=Raip + [ARcons + ARey} ¥ (9.2)
and the design line tension is defined as,

Fa= ¥ Fenar (9.3)
where
Yon is the partial safety factor (material factor), accounting for the prediction uncertainty in

the determination of the consolidation effect and the cyclic load effect.

¥ is the partial safety factor {/oad factor), accounting for the prediction uncertainty in the
maximum calculated line tension.

Page 41

Reference to part of this report which may lead to misinterpretation is not permissibie.
27 March 1998, RDa/dwe-reliability-ravl 4.doc



DET NORSKE VERITAS

Report No: 98-3034, rev. 01

TECHNICAL REPORT

The selection of partial safety factors is directly linked to the procedure for obtaining
characteristic values for the consolidation effect, the cyclic loading effect and the maximum line
tension.

9.3 Characteristic Values

The characteristic values should be defined such that comparable safety levels are obtained for
different designs based on the same design equation.

In the following, the characteristic values for the installation anchor resistance, the consolidation
effect and the cyclic load effect are based on best estimates for these effects.

The installation anchor resistance is defined from the minimum target installation load, assumed
to be controlled during installation,

Ry = Fyp (9.4)

The consolidation effect is the predicted increase in the anchor resistance after installation based
on DIGIN calculations using the intact (consolidated) undrained shear strength s.. Based on best
estimates for the shear strength parameters (frend lines), the consolidated anchor resistance Roons
was found to be 1.69 times the installation resistance Ry, (= the installation load Fup), see Figure
0 1 The increase in the anchor resistance due to consolidation is then 69% for the soil condition
considered, and the consolidation effect expressed as a function of the target installation load is,

AR, =069 R, =0.69-F,, (9.5)

The cyclic loading effect is derived from predicted equivalent number of cycles to failure for
two-way cyclic loading, Ne,. The corresponding cyclic loading effect for catenary one-way
cyclic loading is based on the results from the study of the Drammen clay, modified of these data
to estimated equivalent results for the Troll clay has been made. For equivalent number of cycles
Ny = 4 (conservative best estimate) and an average shear stress level 7,/s, for one-way catenary
loading equal to 0.7, the predicted anchor resistance accounting from cyclic effects is found from
equations 6.26 and 6.27 to be 1.34. The increase in the anchor resistance due to cyclic effects
expressed as a function of the target installation load is then,

AR, =034-(R,, + AR, )=034-1.69-R,, =057 R,, =0.57-F,, (9.6)

The characteristic anchor resistance for the maximum calculated line tension is based on the
most likely occurring line load having 100 years extreme environmental description. Final
procedures for establishing the characteristic value for the maximum line tension is, however,
still to be defined in the DEEPMOOR project. In the present project, the characteristic value for
the line load was derived to be

F, =4900kN (9.7)

char
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9.4 Partial Safety Factors

The set of partial safety factors for the anchor resistance and the line loading is linked directly to
the shape of the design equation and the selection of the characteristic values. The partial safety
factors are to be selected such that comparable safety levels with known reliability 1s obtained
for different designs. At present, these partial safety factors have not been defined. However, a
parameter study is carried out in order to investigate the obtained safety level, defined through
the annual failure probability, for different selections of safety factors for the case studied.

In order to obtain a corresponding set of characteristic values and partial safety factor resulting in
comparable safety levels for different designs applying the design equation, a calibration study
involving a relevant set of design cases (environmental conditions, depth, anchor geometry, etc.)
must be considered. Such a calibration study has been proposed for Part 3 of this project.

9.5 Target Installation Load

The target installation load F, at the dip-down point is the minimum installation load Fioycs at
the touch-down point minus the line sliding resistance along between the two points, see the
Glossary in Chapter 2 for details. Since the case studied here assumes that no line is lying on the
seabed during installation or extreme loading the Fy, = Fiouen. This again means that the ULS and
PLS requirements are to be satisfied in the dip-down point, meaning that design anchor
resistance Ry shall be equal to the design line tension 7, i.e.

R, =F, (9.9)

Rdiﬁ + (ARCO"S + ARG)’)TYi— = .}’f ) F{:har (9 10)

F,, +{0.57F,, +0.69F, =7, F,., ©11)
Yo

The target installation load is now defined directly as a function of the set of partial safety factors
for given characteristic line tension,

Yr ¥m
e F 9.12
dip Ym +126 char ( )

where 1.26 is the increase in the installation anchor resistance due to consolidation and cyclic
loading effects. By playing around with the safety factors, it is found that the target installation
load increases from 44% of the characteristic line tension to 71% of the characteristic line

tension when the safety factors increase from 1.0toe.g »= 13 and 5, = 1.5
In Figure 9.2, the target installation load is given as a function of different combinations of load
yrand material factors y..

9.6 Annual Failure Probability

The choice of partial safety factors, for given characteristic values, will greatly affect the safety
level of the design. In Figure 9.3, the estimated annual failure probability for the evaluated
design case is presented for different choices of partial safety factors for the anchor resistance
and the line load.
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Figure 9.3 shows that by increasing the load factor yfrom 1.0 to 1.3 and the material factor y»
from 1.0 to 1.5, the estimated annual failure probability decreases from 107 to approximately

6-107.
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10 SUMMARY AND DISCUSSION

A probabilistic formulation of the reliability of a fluke anchor installation against drag has been
defined as a function of the anchor installation load F,. The anchor resistance as a function of
the installation load has been defined through a response surface applying computed values from
DIGIN. The consolidation and cyclic loading effects have been accounted for. The line tension is
expressed through the annual extreme line tension.

The majority of uncertainty associated with the modelling of the distribution of the anchor
resistance was from the residuals around the trend lines in the description of the shear strength
for intact and remoulded soil (85 %).

The modelling of the annual failure probability showed that the majority of the uncertainty
contribution (90 %) came from the modelling of the annual extreme line tension. The uncertainty
contribution from the anchor resistance was 10 %, dominated by the contribution from the
residual shear strength (7%).

The uncertainty modelling associated with the anchor resistance has considerably less
importance than the uncertainty on the annual extreme line tension in the evaluation of the
annual failure probability. This is because the consolidated anchor resistance is defined directly
from a specified installation load and not the penetration depth, which would have resulted in a
larger uncertainty with respect to the modelling of the consolidated anchor resistance. The
uncertainty in the cyclic loading factor was also low for the considered soil study.

It should be mentioned that the uncertainty in the anchor resistance in the analysed case is
'favourably' low, partly due to the rather homogeneous clay used (low COV on s, and s..), but
mainly due to the assumption that the clay considered is well documented by cyclic strain
contour and cyclic strength diagrams, which is rarely the case in 'real life".

In the present case, the Troll clay behaviour for one-way cyclic loading (7, # 0) was 'predicted’
by combining available Troll cyclic loading clay data for two-way cyclic loading with more
complete data for Drammen clay as shown in Figures 6.1 and 6.2. After completion of the
reliability analysis cyclic loading data for the Troll field was obtained, which allows for a
comparison between the predicted and reported behaviour of the Troll clay.

In Figure 10.1 the contour lines for N, = 1, 3, 6 and 10 have been plotted for Drammen clay,
Troll Unit I, Troll Unit 11 and the predicted Troll Unit (I + II). It may be seen that the prediction
for Troll Unit (I+11) compares fairly well with the reported results for Troll clay, the match
improving with increasing N.,. The cyclic shear strength versus average shear stress for
Drammen clay {Andersen and Lauritzen, 1988) has a much steeper shape for N, = 1 than that
reported for the Troll clay, which has influenced the shape of the predicted curves for the Troll
clay. As N,, increases the effect of this decreases, however. From a practical design and
reliability analysis point of view it would be possible to estimate how much uncertainty that has
to be accounted for and to investigate how much this would influence the annual failure
probability for the anchor.

The uncertainty increases also as a result of the additional uncertainty attached to the influence
of the overconsolidation ratio OCR. As an example of this effect, Figure 10.2 for Drammen clay
is shown. The figure, which is from Andersen and Lauritzen (1988), shows that the cyclic shear
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strength decreases with increasing OCR. However, if the cyclic shear strength in Figure 10.2 is
normalised is with respect to the intact undrained shear strength it may be seen that the effect of
OCR decreases with increasing average shear stress level.

Another uncertainty is that the N, for one-way cyclic loading may be higher than for two-way
cyclic loading, but this is also an effect which can be estimated and accounted for.

There will also be some uncertainty in the cyclic shear strength for a given OCR due to the
limited data base from different types of clay. The cyclic shear strength for a given N, and OCR
may likely be different for different types of clay. These uncertainties should be looked further
into in Part 3 of this project.

However, preliminary calculations indicate that the annual failure probability for the anchor
analysed in this study will not change significantly if the 10 % contribution from the anchor
resistance shown in Figure 8.5 is increased moderately, see Figure 8.6. This means that rather
large uncertainties can be accepted in the predicted anchor resistance without changing much of
the picture that is drawn based on this pilot study due to the large uncertainties that are
associated with the description and modelling of the annual extreme line tension.

The large uncertainty associated with the annual extreme line tension indicates that in order to
increase the reliability of the fluke anchor, focus should be on a more precise description and
modelling of the annual extreme line tension. The annual extreme line tension is at present
expressed through a single variable, accounting for the pre-tension contribution, the mean
loading contribution, the low-frequency contribution and wave-frequency induced contribution
to the annual extreme line tension. A splitting of these load contributions could result in a more
exact description of the annual extreme line tension. These aspects are evaluated in
DEEPMOOR.

The proposed design equation should be calibrated to a series of design cases in order to assure
that a satisfactory safety level is reached for different realistic design conditions. The set of
characteristic values with corresponding partial safety factors should be selected to assure
uniform safety levels for different design based on the same formulation of the design code.

A more detailed modelling of the characteristic line tension should be introduced, such that
different partial safety factors could be applied for the load contribution from the pre-tension and
line-tension due to mean offset, and the load contribution from the low-frequency and wave-
frequency line tension. The relative influence of the pre-tension and the mean tension increases
with increasing water depth. As the uncertainties associated with the pre-tension and mean
tension is lower than for the combined LF and WF tension, a calibration of the design rules for
moderate water depths will result in conservative designs for deeper waters applying only one
partial safety factors for the design tension.
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Figure 6.1 Cyclic shear strength data for Drammen clay, OCR = 1.
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Figure 6.2 'Predicted’ cyclic shear strength behaviour of Troll clay for 7, # 0 based on
Drammen clay data, see Figure 6.1.
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Figure 6.3 Effect of increasing uplift angle from installation to operation.
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Figure 6.4 DIGIN model for increasing uplift angle.
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Figure 7.2

Shear strength model for single-layer soil.
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Shear strength model for double-layer soil.
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Distribution of Cyclic Shear Strength for Different Ave rage Stress Levels
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Figure 7.3 Estimated cyclic shear strength ratio dependent on average stress level.
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Figure 7.4 DIGIN computations of required installation load and anchor resistance for
different penetration depths, based on best-estimates of intact and remoulded
shear strength and zero uplift angle.
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Figure 7.5  Distribution of annual extreme line tension for the probabilistic analysis together
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Figure 8.1  Cumulative distribution of estimated holding capacity for different target
installation loads. The cumulative distribution function defines the probability that
the holding capacity is equal to or less than the considered value.
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Figure 8.2  Importance of uncertainty contributions from the different uncertain variables in

Figure 8.3

the determination of the holding capacity being larger than 4900kN for an
installation load of 3500 kN.
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Cumulative distribution of estimated penetration depth for different target
installation loads. The cumulative distribution function defines the probability that
the penetration depth is equal to or less than the considered value.
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Figure 8.4  Estimated annual probability of failure {drag) of the anchor dependent on the
installation load.
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Figure 8.6  Influence of uncertainty associated to the “best guess” predicted post installation
resistance on the estimated annual failure probability. The dashed-solid line
defines the estimated annual failure probability obtained through the complete
probabilistic analysis.

-

Consolidated Anchor Resistance R cons
vs. Installation Resistance R dip

9000 h : i : : : H H :
8000 J ot
2000 Jooidd
6000 -
5000
4000 -
3000 4
2000 -
1000 1427
g ; : —
0 1000 2000 3000 4000 5000

]
i

| —— Predicted i
| = ~~- Lincar (Predicted)!

i Linear:R ., =1.69 * Ry,
(= 169 * F )

Anchor Resistance R cons (kN)

Installation Resistance R 4ip (kN)

Figure 9.1  DIGIN computations of relationship between anchor resistance and installation
load for best-estimates of intact and remoulded shear strength and zero uplift
angle. Together with the computed relationship, a fitted linear trend line is
included.
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Figure 9.2 Required target installation load depending on choice of partial safety factors for
proposed initial design equation.
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Figure 9.3  Estimated annual failure probability depending on choice of partial safety factors
for proposed initial design equation.
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Figure 10.1 'Predicted' cyclic shear strength for Troll compared with reported Troll clay data

(received after the reliability analysis) and Drammen clay data.
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Appendix A: Linear Regression Analysis of Soil Data

In the following, the theoretical background for the development of two correlated linear
regression lines for two sets of data points is described.

Two variables X and Y exhibit variations with the depth z. Here, X and Y denote intact and
remoulded shear strength, respectively, for a clay. Data are given in terms of n triplets (z,x,y)i,
i=1,...n, i.e., there are n pair-wise observations of X and Y, each pair being associated with a
specific depth. Both X and Y are assumed on average to be linear functions of depth,

E[XJ=b1+b2-2 {A.1)

E[Y]=b3+b4.z (A.2)
which leads to two linear models

xi=bl+b2-zitexi, i=1,...n (A3)

yi=b3+b4-zi+eyi, i=1, . .n (A4)

in which the residuals £xi and gyl, i=1,...n, are correlated with coefficient of correlation p, and
c=oy/ox 1s the ratio between the standard deviations of the residuals of Y and X, respectively.
Standard methods of estimation can be used to estimate p, ox, and oy from the data.

A (2n)x(2n) covariance matrix I is established. It consists of four nxn sub-matrices, each of
which contains n identical elements on the diagonal and each of which contains zeroes in all off-
diagonal entries. For n=5, the matrix appears as follows

1

(A.5)

I N ~ - e - =)

o
b=

T2 od Se o o oo
2o o0 - e
mocc“gcaoag
c:oc“,oooc:o-gc:r
© o We oje o8 oo

L
¢ e o eled oo o
Lo oo ol oo o e
. ;

1
o ofRlcoow oo -
B oo o sle oo o e

The two linear models for X and Y with respect to depth z can be combined and expressed on
matrix form

x=ab+e (A.6)

in which x=(x1,x2, . xn,yl.y2,...yn)", b=(b1,b2,b3,b4)", and
e=(exl,ex2,.. exneyl,ey2,. . eyn)T. aisa (2n)x4 matrix defined as follows

12,001

Iz 0 0 (A7)

[
.

e e e T

e oo

v b 2y e
L}

The vector of residuals has a covariance matrix ox2Z, and the sought-after vector b of
coefficients is estimated by

b=(a’2"'a)"a’ L 'x (A.8)
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The covariance matrix for b is
o el i T ]y
C.,=c.(a"Z7'a) (A.9)
from which the standard deviation of b and correlation matrix for b can both be easily derived.
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Appendix B Analysis of two-way cyclic loading (7, = 0)

Clay subjected to constant-amplitude cyclic loading will respond by development of a cyclically
varying shear strain. Starting from a small value at the initiation of the loading, the amplitude of
this cyclic shear strain will increase as the loading proceeds. A load history may be represented
50 as to consist of a series of blocks of such constant-amplitude cyclic loading. The load history
is for practical purposes arranged as an ordered series of stress blocks of increasing shear stress
amplitude.

The instantaneous value of the cumulative shear strain amplitude response at any point in time
proves to be dependent on the current stress level, ie._ it depends on the shear stress amplitude of
the current stress cycle. This is reflected by a static strain increment, which is always added

when the loading shifts from a lower stress level to a higher, such as when the loading from one
stress block is followed by the loading from the next stress block. This static strain increment is
known as the immediate strain. Whenever applied upon the initiation of the cyclic loading at a
new stress level, the static strain increment is always followed by the further cyclic strain
accumulation that is caused by the load cycles that take place at this new stress level.

The more severe the loading — in terms of larger stress amplitudes and higher number of stress
cycles — the larger is the accumulated shear strain during the load history. An upper limit for the
cyclic shear stress amplitude that can be mobilised in clay during the loading is reached at large
such accumulated strains, thus indicating the occurrence of a failure condition. This upper limit
for the shear stress may be interpreted as the available cyclic shear strength of the clay. Failure is
defined to oceur when the accumulated shear strain amplitude y. exceeds a critical level, Yer.
Reasonable choices for the limiting value . ranges from about 3% to as much as 15%
depending on the actual type of clay. As long as a sufficiently high value of y.r is chosen for the
clay in question, the sensitivity to this choice will be small, see Ronold and Madsen (1987). The
check of y; against y.r is performed for the value that ¥ has by the end of the ordered Joad
history.

The strain-contour diagram gives the relation between the number of shear stress cycles N of
constant shear stress amplitude t necessary to reach a cyclic shear strain amplitude y. Figure 5.1
in IR 203 shows an example from NGI (1975) of a strain-contour diagram, based on direct
simple shear (DSS) tests on Drammen clay with an overconsolidation ratio OCR = lie a
normally consolidated clay. For a general introduction to the strain accumulation techniques
reference is made to Foss et al. (1978).

The strain-contour diagram can be represented by the following relationship

7 s
—_— - (B.1)
s, a +(a, +a,log,, N+ a,(log, N) )y

in which a,,...as are coefficients.

This gives a nonlinear model for the strain

- a(r/s,), g (B.2)
1_(7/5,,);(“2'*'93 iogi@ *Ni +a4(10810 Ni)z) 1

i

Mean values of a;,...as can be estimated together with the standard deviation & of the residuals €
by a least-squares regression of ¥ on /s, and N based on data triplets ((t/5.);, MV, v:) from direct
simple shear tests. Their standard deviations and correlation matrix can be estimated bya
resampling technique such as the jackknife and the bootstrap, see Efron and Tibshirani {1993},
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The accumulated strain y. owing to a particular load history can be determined by application of
the strain-contour diagram in conjunction with the strain accumulation method. The stress
history is ordered as a sequence of » blocks of constant amplitude stress with increasing
amplitude. Applying the number of cycles in the first stress block, the cyclic shear strain after
this block is determined directly from the strain-contour diagram. By following a contour of
constant strain in this diagram up to the stress level of the second stress block, an equivalent
number of stress cycles at this stress level, owing to the preceding part of the stress history, is
determined. The effects of the second stress block are now added: Initiation of this stress gives
an immediate increment in the shear strain amplitude, depending on the previous stress level and
the new stress level. The corresponding equivalent number of stress cycles at the stress level of
the new stress block is then determined from the strain-contour diagram. To this number, the
number of cycles in the second stress block is added, and the total accumulated strain after this
block is determined from the strain-contour diagram. This procedure is repeated for the
remaining stress blocks, and the strain determined afier the nth stress block is thus the final
accumulated strain v, due to the entire load history. Note that in this strain accumulation
procedure, an improved calculation of the immediate strain according to a model by Ronold
(1993) may be included when pore pressure measurement data from the direct simple shear tests
are available.

A total of 82 triplets ((t/s,);, V. y;) are available from 15 stress-controlled direct simple shear tests
on test specimens of Troll clay. The four coefficients ai,...ds can be estimated by means of a
nonlinear regression analysis. For this purpose, it is assumed that observations of strain on the
same test specimen are positively correlated, and the intra-specimen coefficient of correlation p
is assumed to be reasonably well represented by a geometric decay model, p=+"", where Av=lyi-yl
with v; and y; being two strain observations on the same soil specimen, and r is a base to be
chosen. A base r=10" proves to be a reasonable choice. It is also assumed that the standard

deviation o of the residuals ¢ is proportional to \/}T , O mk\,[; - Reference is made to Ronold

(1993). A jackknife technique as described by Efron and Tibshirani (1993) is used to estimate
the standard deviation and correlation matrix for ay,...ds. The resulting estimates of the mean
value, standard deviation, and correlation matrix for ai,...as from the non-linear regression and
the jackknife are as follows

4,1 10152-107 !'&J 0.661.107
a 0.885 0.747-10"

E = D = R (B.3)
a, 0.155 a, | 1090810

a,| (0378107 la,| l0.250.10"

1.0000  -0.5105 04420 04784
~ | ~=0.5105 10000 -09820 09258

(B.4)
10.4420 —0.9820  1.0000 -0.9738]

-0.4784 09258 -09738 1.0000 |
The standard deviation of the strain residuals results as a by-product of the regression as
6 =013y (B.5)

In the reliability analysis, the distribution of a1,...a, is taken as a four-dimensional normal
distribution. The residual € is modelled as £=0.131¢/ \/; , where U/ is a standardised normally
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distributed variable, and represents arbitrary variations about the average strain predictions that
come out of the strain-contour diagram. Predictions of the accumulated strain Y. by the strain
accumulation method are encumbered with model uncertainty. The model uncertainty is
represented by an unbiased random factor  which is modelled by a normally distributed
variable with unit mean and 10% coefficient of variation, see Ronold and Madsen (1987).

When ¥ is the accumulated strain predicted as a function of ai,...a4 by the strain accumulation
method as described above, then the ‘true’ accumulated strain Yeres Can be represented as

=F(y +0.1317
}Vc,ms (7.: \/;:) (Bé)

In this study, the cyclic-shear-strength-to-undrained-shear-strength ratio Trey/su and its
distribution is sought-after. Therefore, all stress amplitudes in the load history representation,
i.e., one stress amplitude per stress block, are scaled by the same factor which is chosen such that
the resulting accumulated shear strain ¥ res owing to the load history becomes exactly equal to
the failure strain v.r. In this scaled stress history, the stress amplitude value which is exceeded by
exactly one stress cycle, is then interpreted as the cyclic-shear-strength-to-undrained-shear-
strength ratio 7;,,/5,. In this study, the failure strain is taken as Yer=0.05.

When the load history is given, outcomes of the cyclic-shear-strength-to-undrained-shear-
strength ratio 77,,/5. are simulated by Monte-Carlo simulation of outcomes of the six stochastic
variables a,,...a,, U, and F. This gives a simulated distribution of the cyclic-shear-strength-to-
undrained-shear-strength ratio T/ Su, and the mean value, standard deviation, skewness,
kurtosis, and coefficient of variation of the distribution are interpreted.

Nine different load histories are considered here as described in IR 203, and the simulation
procedure is repeated for all nine histories to get distributions and statistical moments for the
cyclic shear strength that corresponds to each of them. The results are given in Table B.1 below.

Table B.1 Results of simulation of 7,,/s, distribution.

Load case | Description Tyl Sy
Mean Stdev. | Skewness | Kurtosis | CoV (%)
1 El WF 0.94 0.026 -1.64 7.1 28
2 EILF 1.02 0.045 —0,40 4.0 4.4
3 El1 LF+WF 1.01 0.041 -0.46 3.7 4.1
4 E2 WF 0.95 0.026 -1.51 6.8 2.7
5 E2LF 1.01 0.044 ~0.47 36 4.4
6 E2 LF+WF 101 0.043 0,52 34 4.2
7 E3 WF 0.97 0.030 ~1.38 5.5 3.1
] E3LF 1.01 6.042 -0.32 3.5 4.2
9 E3 LF+WF 1.01 0.041 ~0.60 3.7 4.1

The results in Table B.1 indicates that the cyciic-shear-strength-to~undrained~shear«strength ratio
T7;/Su has a distribution with a coefficient of variation of about 3 to § %, which represents a
fairly small uncertainty. This is considerably less than the uncertainty found for normally
consolidated Drammen clay. As one of the major sources of uncertainty in /s, is the
uncertainty in the strain-contour coefficients ay,...as, this difference between the Troll clay and
the Drammen clay may to a great extent be explained by the significantly larger uncertainty in a,
found for Drammen clay relative to Troll clay. These findings are not totally unexpected,
because more data are available for the estimation of Troll clay properties than there were for the
estimation of Drammen clay properties, so the statistical uncertainty should be less for Troll clay
properties than for Drammen clay properties.

The equivalent number of cycles to failure, N,,, of amplitude Trey/S,y can be calculated from
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o
—a, + /a; —4a, (e +a,)

¥ 3,
log,, V., = L2 (B.7)
2a,

in which vy is set equal to the failure strain y.=0.05

With the distribution of 7;,,/s, given in terms of its first four statistical moments, this distribution
can be represented by a fourth-moment Hermite polynomial expansion of a standard normal
variable U as follows
Tre _ [ )2 3
=p+roll/ 4, (U -D+c U7 ~3U)
s
“ (B.8)

with

1
J+36h, ~1 h = -
Co=4+—T 2 o= : x /1 2¢.% +6¢.2 hszz}' hé:a“ 3

18 , 1+6¢, teey +oc, 6 . 24 (B.9)

3 2 3 ¥

in which p, 6, o3, and o4 denote the first four statistical moments of ey/Su. The distribution of
the equivalent number of cycles can now be obtained by simulation of the standard Gaussian
variable U in conjunction with use of Equations (B.7) through (B.9). This has been done for all
the nine load cases considered. The results of these simulations are presented in Table B.2 in
terms of the first four statistical moments of the equivalent number of cycles N, Note that even
if 7zc)/s, has a coefficient of variation of only 3-5%, Neq comes out with a much higher
uncertainty. The skewness and kurtosis values reported in Table B.2 should be used with care.
They are encumbered with considerable uncertainty owing to the limited number of simulations
used for their estimation.

Table B.2  Results of simulation of N, distribution

Load case | Description Neg
Mean Stdev. | Skewness | Kurtosis | CoV (%)

1 El1 WF 6.04 210 1.25 6.1 35
2 EiLF 3.03 1.71 1.26 6.2 56
3 El LF+WF 3.15 1.59 0.90 42 51
4 E2 WF 5.52 1.85 0.84 49 34
5 E2LF 3.16 1.73 1.05 4.5 55
6 E2 LF+WF 3.16 1.61 0.74 33 51
7 E3 WF 4.19 1.67 0.72 38 40
8 E3LF 3.20 1.81 140 6.9 56
9 E3 LF+WF 3.29 1.69 1.14 47 32

- 000 -
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Appendix C Response Surface Data

In the following, the data file applied in the response surface modelling is presented. The first 6
columns represent the input data to the response surface, while the last two columns represent
the out data.

The following input variables are specified in the response surface interface file for in single
layer of clay:

Input;
1. Intact, soi] shear strength intercept at zero depth, Spo
- Intact, soil shear strength gradient, k,

2
3. Remoulded, soil shear strength intercept at zero depth, Suro
4. Remoulded, soil shear strength gradient, k,,
5. Installation load at the dip-down point, £,
6. Uplift angle under extreme load, 6,
Output:
7. Penetration depth during installation, z

8. Consolidated anchor resistance at the dip down point, 7,

4, (kPw) ko (kPaim) Fup (iPa) Ky (kPaim) Fo 629 G{deg) | % (my B (KN)
-0.400 2220 -TE80 1.280 S.TMIEF2 o0 ! 25 1.3113E+03
+0.460 2220 7880 1.280 T.9452E402 0.0 XY 190255463
0400 2220 -7880 1.280 1.0435E+03 00 4.0 2.3953E+03
-0.490 1230 1880 1380 1.34B2E+63 00 5.0 2.8550E+03
0400 2.229 -7.R30 : 1.280 1.6300E+03 0.0 648 33199E+03
-0.400 2320 7880 1.280 1.5014E+93 0.0 7t 37538E+03
-0.400 2.220 -7.880 : 1.280 j 21835E+03 i 0.9 : B0 : 4.216RE+D3
-0.400 2220 -7.880 1.280 24301503 ; 6.0 i 9.0 : 4.5901E+03
£.400 2,230 ! -7.880 : 1.280 : 2.7397E+03 ; 0.0 10.0 ; SI0T3E+03
-0.469 2.22¢ ; 7480 : 1280 ; 30331E+03 00 118 5.5547E+03

H 0,400 2.220 ] -7.880 : 1.280 | 33128E+03 0.0 12.0 SSREEE+HI

+0.400 2330 -T880 1386 : 359578403 ; i3 i i34 6.4215E+03

i -0.400 2230 -7 BRG 1.280 ; 3 BE60E-+03 : X 143 SR6IIELGY
0,460 2.220 i -7.380 i 1.280 : 4.2063E+03 58 150 : 73516E+03
-0.400 2220 ! T80 1.280 ; 4.4B66E+01 : 0.0 16,0 7.8010E+03
0400 2220 830 ; 1.280 475065403 6.0 170 B2125E+03
1,300 2.200 6,700 | 1300 £5136E 147 0.0 pX] : 1941 9E+01
L1300 7306 L6900 1300 TARSIE+OZ X 30 1 68I6EF0Y
-1,300 2.200 -6.700 1,366 1.0575E+63 : 0.0 40 2I901E+03
-1.300 2260 -6.700 1.300 ; 1.3B38E+03 6.0 54 265456403
1300 2.200 4700 1300 i LETTIENGE (X 60 31220E+03
-1.360 2.200 -6.700 1300 196195403 ) 76 336048403
1,300 2200 -5.700 1.300 2.2485E+ (3 0.9 B0 4.0255E+03
-1.300 2200 5700 i 1 300 2.53RSE+03 i [ 95 445BBE+63
-1.360 2.200 -6.740 . 130 T iiiEvm ; Y] 16.0 : 4.9030E+03
-1,300 i 2,200 i 6700 : T : 3.1462E+93 : 00 [N : $3551E+03
-1.306 | 1200 : -6.700 1300 . 3.4146E+03 ; 00 : 12q : SBI07E+03
-1.380 : 2208 : 6700 ' 1.300 371775403 0g : 130 ] 64STEHEY
1300 2.200 ! <. 706 : 1.300 : 400765103 ] [ : {13 5.6720E+03
-1.360 2368 | -6 730 : 1.300 : 43650E4h3 [ 159 : TO9BGEYGY
<1300 2,200 ! 6,700 . 1,300 4.5433E+03 : 00 : 15.0 : TS2TRE 3
-1.300 : 2280 600 : 1306 48217E+03 : 00 i 176 ] 1.9618E+03
L1300 : 2.200 -6.700 ; 1300 S 1063E+0Y 00 [EX) ! 8.3722E+03 ;
-2.260 2,180 | 5530 ; 132 : 6 7344E+07 : e 30 : TAIRGE+DY
L2 30¢ 2.180 ; -5.520 T A 1036 7E+ 03 : ] 1§ ‘ $ 96A6E 61
%] 738 -5 530 1320 T 133963 ‘ io ; 39 TAFIELO
-2.300 2180 L5520 1330 . 1L7243E+0) i 16 : 58 291336443
-2.260 2180 -§5% 1.320 : 18301E+03 K ; 7 ! 3.36%0E+03
2206 2180 -5.520 1,338 2.3337E+03 1.9 (3 ] 17004803
-2.366 2180 ~5.520 1320 26193E+03 10 9.0 : 4 Z3RBE+ 03
<2300 : 2180 5520 | 1330 : 19065E+03 i 10 0.0 i 4.7113E+03
-1.360 2,186 | -5.520 1520 322036453 : ¥ g j 5 1065E+43
-2.208 ! 1180 -5.570 ! 1328 . 3.5153E+03 IR : I : 533278+

Y 2180 -5.520 : 1.330 ; 3TBA4E+ED : 10 : 130 SS656EF03
-2.260 2.180 : -5.520 | 1320 4 0B66E+ 23 : ¥ i 14.0 : 6.4027E+03
-2.200 j 2,180 : 5520 . 132 : 4.3762E+03 16 ; 150 | BR47EE+E3
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£ (kFR) & kP ] go, (k) &y Eilai) Fy, (i) 2 idegi | ¢ (m) ., (kN)
2.200 2180 : “£530 |33 45698ET 10 : 6.0 73871k 04
2300 318G 5520 1320 494765403 [ [EX; FETGE+0
2300 T1R0 -5.520 1330 $2779E+03 ) o 8.0503E+03
-1.260 7150 -5.330 1320 553205403 io 90 B 5157E+03
7260 2150 K330 1.530 S T960EF03 e 6.0 £ 5075 +08
2290 2180 5515 1320 6.0848E+03 1D IR $.3987E+03
3,100 1180 4340 1340 ST3E0 20 3.0 1.1492E+03
3,100 2160 &340 1340 1.0504E+63 i 49 1 7310E+03
3100 2160 4350 1340 1.4607E+03 20 38 121465+
3700 Ti60 4330 1340 1 T6RTE+03 24 6.0 TETHOE+3
3100 2160 4340 T 1345 TORT 26403 ] 74 313785503
5108 2150 \ 4,340 1340 238536403 70 3] 136455+03
N 2160 4340 T340 26RROEDD i EX 3.5908E+03
3100 2160 4340 1340 29GI8E 63 %9 100 444536483
3,108 2160 & 340 1340 33040543 16 11D 489695 +03
3100 Fi68 4340 i 1340 3 3554E+09 0 1.6 S3300EAG
3760 7180 230 1340 IERABELOS X1 130 STBEAEV
-3.108 1160 434G 1340 419386+ 03 70 145 s iseiEra
-3.160 2160 434D 1.346 449648 +03 2 159 : S AAA0E+03
3100 2160 4340 1346 STESOE+1I 26 16.6 0514503
3100 2160 4340 1340 3 9943E+03 29 70 TAGZIEH03
BT 2160 4340 1340 5368701 0 1%,0 T9I65ET a3
3100 2160 L4340 1.340 5 6630503 18 1.0 B 2B7OR+03
3106 2160 4340 1340 5.967RE+03 20 0.0 E697RE+0
3300 T160 4340 1340 €2410E+03 20 216 3. 1IRIE+D]
3100 2.160 4330 1340 6.5268E+04 i F7x) 9 6130E+03
3100 2186 4,340 1.340 581295+03 2.0 230 9 9BRAE+05
3,100 7160 4340 i 340 ; FmRIE+03 2.0 240 103755504
-4 900 2340 3160 1360 434876 02 34 30 8 7643E+02
.00 7140 3160 360 ! 10330E+03 i 43 1 4651E+03
-4.000 2145 3160 : 1360 i 1 A750E+03 30 50 1.0030E+03
5000 2140 -3.160 1.360 : 1.8056E+03 if : [ 2 4888E+03
4000 PRET) : 3160 : 1368 2TIRREY03 ! 30 : 70 T 9I96E+03
4000 2140 3060 : 1350 TA5T4E 03 ig i8 IR
4000 1140 “3.160 : 1346 : 376908+ (3 36 ; 49 39951ER03
4,000 Z.140 3,160 ; 1360 I0THEVES k) [LY; 426076+03
4,000 2140 SAi60 1360 : 3386703 : 39 K 46367504
4,000 2,140 3166 1360 1 3.6988E+03 : 30 110 : S.0773E+03
4,008 2136 ; 23750 1.360 : 3URIAELTI i 34 110 3 5.53G9E+03 :
A500 FREN ] 23160 1,360 : £ 3008EY03 30 146 SHEETR ;
-4.000 F140 -3.150 1369 : 46076E+03 35 150 63645E+03
4,008 1140 3160 138 49766E 03 ip 160 5 TEIREG3
4000 2146 3180 17360 521558403 EY) 170 T 2276E+03
4000 2140 -3.368 1360 3.5141E+03 30 186 760815463
~4.000 2140 3,160 1,360 STTEIEA 30 190 204208403
4,000 2140 -3.160 1360 61013603 30 %00 8.43336+03
<A.00D 2148 KN 1360 6,361 0E+03 3t 730 8.0400E+03
4000 2140 -3.160 1360 66490503 30 2.0 93362503
4,000 7140 3160 ] 1.360 643RDELD3 35 : 35 $6804E+63 :
8500 7140 3166 1360 F2310E+03 35 ; 340 100704
4000 2,148 3180 1350 7 5571E+3 i £ 158 1O6L0E+54
4000 7140 3160 1366 7 E560E+03 : 30 360 e Y]
-4.000 Tian : -3.160 1.360 L EiiGEod ] 30 FEx : INEL I
-4.900 2120 : 17980 1389 : 538SPE02 : 40 36 5.3249E+07
-4.960 2120 : -1.980 138D 1077IE+G3 4.0 i 4.0 : 123G E+03
4900 2126 1980 1380 1 SORTELG3 : 40 50 ; 1.7900E+03
25000 2730 KT 1380 TB5I0E+ 0 40 : 6.0 LT TAETGE
4960 7130 E -1.580 1.380 FIRETEND a3 : 7o T )
-4.000 2130 -1980 1380 : 25157E+03 40 : 8.0 C T T3S52EA0)
-3.900 2130 -1, 980 130 : I RSS0E 03 46 EY) 33715E+03
2000 2126 1988 138 : 3316778403 40 169 401076403
4,500 3134 1980 : 1 350 : 1 498RE+03 i 1.0 T A 463sER 03
4500 313 L1980 1380 TE030E05 9 120 T RAYSERY
4,560 7130 TR HET A1736E+03 40 i1 3275603
4,000 2120 [980 1.38% d43a6E+03 a5 T 5.7055F4 03
4560 7130 .1.9%8 1380 47048403 40 150 609406403
4,900 23120 1580 1380 49977E 03 a9 160 6 5259503
) PAED) -1.980 1380 S A64RES 03 40 176 6.9233E+03
4,900 71 3980 1380 SE6TIR63 A 180 T TAINREL
5900 2126 ) 1386 3970653 40 153 ‘ 7 7698E T3 :
4360 7130 -1.080 1 380 6 1RIET03 { 20 : 70.0 L BITORELET !
-4.960 1130 -1980 : | 3E) : 6.3899E+03 : 40 : BT I T
4,500 113 1Ok i3 G879IEL0T ' 43 : 331 T o uhiE+m
A 000 3120 1,980 : 1350 : 7 1956E+61 : i ; 35 S.ADGEED3
3360 7130 JE 1386 7 AREOE Y : 20 : 345 R Ty )
3300 : 1120 -i.5%8 : 1386 : TIRATETGE Eh) LY ’ UO31iEY 04
4,560 ] 1120 : -1.980 1380 : KOBI9E 03 : 40 1 Ba7TIE
4,908 : 2126 i 1980 : TARG B 35| SE+03 : i 1.107aE~ga
-4,900 313 : KT 1380 8 3574E+03 iy 1, 1339E+0a
4900 3130 <1984 - 1386 28206503 : 1t : U1RS9E+ D4
5860 1108 “ORGD ) a08 1 SSATEV 03 58 3% T 34SRE<03
3860 2100 Y 1400 VSIATEST 50 [ TOE+G3
-5.800 7100 G300 1400 23720E+03 56 70 2 4ERIE+ 03
5300 2168 -6.800 1406 25973803 i 2] 292045103
-5.800 FAIT 0860 Va0 293736400 L1 v 333736403
(5860 Ti50 5 860 1.4k 323436403 1) 16,0 3TEIGEA03
5 ER 7150 8 R0G 1400 3 5T4TELG3 54 i 430570
S 800 1100 : G300 1400 IRTCAEL0Y 3g iie 46334503
5860 2100 : 0,800 1 406 : S 3195EL G £6 130 S GI6TERGD
-5 800 7100 : L300 : 1400 : 4 S096E+03 : ig 140 ‘ 551206+ 0%
-5.800 i 21100 ; 5,800 | 1450 AB274E+ ‘ 59 150 ; 3.8620E+02
-5.800 2100 -oRa0 : L) 5 1469F+ G4 ‘ 50 166 626535+64
S EhD LT S gon [T : SATiEESE] 5B : a O T
5800 pA[TY 0,800 : 1 AGG S TAIGEH03 : 56 : £ A EY )
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£ (e} Ky (kPalm) 5 kP2 Ko (kP a/m) Fap k1Y) % {deg} £{m) Kems (BN)
~3.808 2100 - B0 1468 £03338+03 54 2.3 T5416E103
-5.800 2100 0580 1400 6. 3375E403 38 a8 T.3528E+03
-5.800 z1oe -B.300 1400 6.6489E+ 03 30 PR B3750E+01
-5.800 2100 <0860 1.406 £9634E+03 36 pra 87317803
-5.800 2.100 -0.B0G 1400 T2I554E4+03 540 39 S2381E+03
-5 BOO 2100 -2.800 1400 7.3492E+03 58 246 9.6012E+43
-5.800 2160 3,800 1408 T8447EHD3 5.0 250 8.9685E+03
-5 800 i <808 1406 B.1425E+03 5.0 6.9 LO3938+04
+5.800 2100 -4.800 1.400 244248403 50 7.9 1 B7S0E+04
5. 800 2400 ~0.800 1400 8 7140E+03 58 8.0 1121 7E+04
~5.800 2100 -(.B00 1.400 S0I75E+03 30 220 113905404
-3.8300 2190 ~0.800 1400 3.3647E+ 13 5.0 0 { 195BE+04
-5.804 2100 -3.808 1400 F6428E+03 350 319 1.2425E+04
-5.B00 2100 -0.840 1400 $.5224E+0)3 8 ne LIBGIE+04
-6.700 1080 380 470 1.9922F+03 60 60 } B220E+03 .
&, TN 2080 ik 1.428 LAWTE+D3 6.0 78 22689401
-6.500 2080 £.380 1420 ZI0J8E+() 50 %0 2.71355+03
5,760 2080 0.380 1428 30387E+03 6.4 kis 31392E+03
5700 2080 3,389 1430 3313403 6.0 9.6 3.5450E+03
6. 700 1.080 G.380 1.420 3.6820E+03 &0 [N 3842842
-0.700 2.680 #3580 1420 A0065E+33 6.0 12.9 440688403
=6.700 2.080 G380 1420 $.29865+03 80 13.0 4 8900E+03
-6.70¢ 208G 0.389 1420 4.6510E+03 5.4 146 5.2455F+03
-£.700 2.080 §.3%0 1.420 4.9741E+03 &0 150 5.6065E+03
«6.700 2.089 0,386 1420 3.2684E+01 6.0 60 G.O06T0E+03
-6.700 2.080 $.380 1420 S.5719E+03 6.0 17.0 SATIE+03
5700 2080 0380 b4Z0 5.9030E+03 80 18.G 6.8G25E+03
-6.740 2080 0380 1.420 £.2109E+43 60 120 7.3149E+03
-6.700 2080 0.38¢ 1.426 6.5471E+03 &0 6.4 681 4E+63
5. 700 2.080 §.380 1.420 87791 E+83 6.0 1.0 BGST9ETD3
-5.700 1.080 0380 £.420 T7.0949E+03 648 e BATRIE+D3
-6.10¢ 2080 £330 1470 FIRRAE+DY 6.0 23.0 B.OI83E+03
-6.700 .080 0.380 1.420 T.IH30E+03 (34 240 929106403
-6.700 2080 0.380 1420 B OGT6E+02 a0 15.0 9.5543E+03
5. T4 2.080 4380 1420 B.3070E+(3 6.8 260 LEI94E+04
5,700 1.08¢ 0.380 1.420 £ 58008+03 69 275 1.G569E+04
-5.700 2080 £.380 | 420 §ERINE+03 60 280 1.0648E+04
6. 700 1088 0.38¢ 1.420 9.1840E+03 2] 98 1.1257E+04
-5.760 2080 0380 1430 i 9 5363E+03 6.0 o 17348404
5. 700 2.080 0.380 1420 : 9.8166E+03 6.8 e L2110E+04
-6 700 2480 B3RO 1.420 1. GOR4E+04 5.0 32.0 1.2483E+84
-6. 760 2.080 £.380 1.420 1.04i1E+804 61 330 12881 E+04
6. 700 2080 0.380 1.420 1. 1060E+04 6.0 339 13672E+04
-7.660 2660 1.360 1.440 24T3TE+03 2.0 78 20621E+03
-1 606 2.060 1560 i440 2BIB0E+03 40 8o 2.3051E+03
-7.600 2060 1560 1440 3.1 505E+03 19 &0 29173E+03
-7.600 2.060 1.560 1.440 3.50326+83 7.0 0 3.34BBE+03
-7.600 2.080 1.560 1440 I REIGE+0D 7.6 119 3, 7552E+23
~7.660 2.660 1.560 144D 4.1306E+53 7. 124 4. 1484E+03
<7608 2060 1360 1.440 4,441 4E+03 40 i34 4.3936E+03
-1.400 2060 1560 1.440 4.7805E+03 o 14.0 35.0679E+03
~7.604 2.060 1.560 1.440 ] 5.1250E+83 10 50 5.4209E4+03
-1.660 2.060 1.560 }.440 3. 4145E+01 : T 159 5 8I54E+03
-7.600 2660 1380 1440 569430403 70 17.0 £213GE+03
-7.600 2060 1560 : 1440 6.03245+03 78 i 18.¢ G.0Z92E+03 i
-7.600 2060 1580 : L.440 6341 {E+03 7. ! 18.0 7.0074E+03 i
-7.600 2060 1.560 1.443 6.6793E+8Y - 10 0.0 TAZSIEHD3
<1608 2060 1.56¢ 1446 6.9870E+03 ki 2i90 7H024E+02
-7.600 2060 1.560 1.440 7.2280E+03 10 2.0 8.258TE+(3
-1.600 2.060 1360 440 7. 5485E+03 78 238 8.688RE+03
-7.600 2080 L5368 1.440 7E452E+03 10 24.0 2.0143E4+03
-7.600 2460 1.580 1.440 8 1438E+03 ie 2540 9.3819E+03
~7.600 2080 1.560 1.440 B.4442E403 T8 2640 S39161E+03
-71.6060 2660 1.560 1.440 8. 7465E+03 7.0 210 LO228E+B4
-7.600 2.060 13580 1440 204778403 .0 B0 LOG0BE+04
~7.60¢ 2.060 1560 1440 ©.4304E+03 78 200 1.1000E+04
~1.600 2860 1.560 1.440 5. TORIE+D3 1o 300 1.1 4B3E+D4
~7.600 1060 1.560 1.440 9,991 TE+03 TG IR 1.1781E+04
-7.600 2,060 1.5608 1.440 1.0300E+04 70 N 1.Z1B6E+D4 ;
7.660 2.060 1.560 TA40 1 0382E+04 7 318 LT
-7.608 2060 1560 1440 1.0871E+D4 748 4.6 £.3000E+04
-7.800 2.06¢ 1 560 1. 445 1 1230E+04 70 kX H L3SG3E+04
~7.600 2080 1.560 1.440 1.1525E+0a 7.0 36.8 1IRVIE+DY
-1.660 2080 1560 144G 1181 SE+04 7.4 379 | 14135E+04
-8.500 2640 H 2740 1468 Z968IE+00 B.C ¢ B0 ; 2.2766E+G3
-2.500 2040 i a0 1460 Ty AMEELEY B &0 27812E+03
-%.500 2 040 : 2740 H 1460 : 36200E+03 8.0 : la.0 31317E+03
8. 500 24840 : LT Laea 1G818E+D3 B : g : 35215E+03
-B.3G8 2040 : 4 : 1.460 4. 2644F+03 2] iz 39824E+83
8.560 2048 2740 L) : 450355403 50 [EX:] 43608403
& 508 2540 2346 1460 ARBOGET(S 50 i40 ATIERE
-B. 50 1.040 27 H 1468 : RISHIE+L 84 15.4 A19378+03
-8 560 2,040 2740 1480 i 35291E+03 20 16,6 5 5TATEHOR
-8.508 2840 2740 1.460 S ERIZE+D3 20 17, S.9867E+03
~B. 3G 2040 2,740 1.460 6.1 5RO+ 28 B0 6.36956+0%
B 500 2048 2.740 1480 6. 357T7E+0) ) 198 6.7500E-03
-8 X 20640 31740 1460 SBI2TE+ R 0.4 ZITTEA0
-§.500 2.040 2740 i 460 : *1A0EFG3 88 2. i TS8TTE43
-5.500 2440 2740 : 1.460 TASITEHD] L5 2.0 FHIIEF3
-8.560 2040 3340 : {460 7 T7I8E403 34 : 3.0 ; BIRTAEHD3
-B.500 2040 2748 : 1.468 BI1047E+03 ‘ B 2440 BTIEE03
8,300 2,840 7740 : 1468 8510 E+03 i 8.0 : 259 D 2478E+03
8300 2.040 2748 i 1460 H £5360E+03 : 53 ! 26.0 25739E+03
-&.300 204b : 2740 3460 : B9410E+I3 : 89 7o )
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£ KFPaj £y (kPaimy fey (kPa) ke, (kPaim) Fgp (D) 4 {degy Z (t} Ko (KN}
8500 2649 T4l 1480 914256403 F3] 28,5 LEMSE+DA
8550 2040 174 1450 963445403 20 298 10657E+84
8586 3046 2748 1460 S5 1G7E+03 80 30.8 1114iE+0s
E.300 2840 3740 1.460 T B325E+04 E.0 3L0 3 1465E+04
8500 1040 274 1450 U047 7E+04 88 316 1, 86 SE+04
500 2.040 2740 | 460 LOT50E+04 20 XX 1.2283F+04
8,560 2046 2746 1460 11078E+04 20 340 §.2686E+04
2500 2,040 1740 1.450 LE361EC04 86 350 1.3110E+04
-£.500 2540 7749 1.450 1 1615E+94 80 360 XY
! -§.560 3.040 2540 1,460 [3057E+04 ; 80 : 510 : 138365504
i 5.50¢ j 2046 4R 1460 ; 1.2283E+64 80 ECE ! R
i -£.500 2.640 2740 i 1450 1.2539E+04 85 - 36 : 1 A594E+04
; 9,460 2.020¢ ' 31535 1.450 35B1IE+03 %0 : 9.0 2 AT0EY03
i -9.400 2830 3976 1.480 3B0IGE+63 55 00 29651 E+G3
5,400 1020 3320 1480 431196E+01 90 115 : 3.31986+63
-3.400 2530 31535 T4BD i 4 A714E+03 29 128 ; 3 FRE0
-9.360 1478 i 3550 S i 47485 E+03 B kY] : 413615+
9,400 2020 : 3936 AR S1IBIE+G 94 40 45165E+03
-8, 400 ] : 3920 [ 549708403 50 159 42338E01
5 408 3520 3520 1480 STHE3 74 ; 15.9 5544803
9460 2820 3530 1480 6.0083E+03 LY 78 3. 734RE+03
5406 2.030 3530 1,480 634675403 [ 1] 5.1 182E+03
5 400 2620 3.930 1480 6.6874E+03 9.0 12.5 6. 4080E+03
-9.400 2020 1535 1480 6 5632E+03 940 20,6 SERIETD3
2400 2020 3930 1480 T IB65E+05 90 30 F3R06E+03
- 400 2020 : 18 1480 : T8106E4 63 9e 2.0 771386403
5450 1830 : 3970 1489 : 79361503 9.0 239 30073601
5400 2030 3670 450 § 26536403 9.8 24,0 8 480RE+ 03
5460 2020 3.870 1480 BS697E+03 20 258 887326403
B -5.40¢ 2020 : 3920 1 480 8R7ITE+03 96 26.0 9.2845E+03
5480 2520 3330 : 1480 9 2004E+03 90 778 SEMiETE
-5.400 2.020 3520 : 1480 9.5207E+03 30 : 8.0 1.0046E+04
9,460 2036 35720 : 1.480 i 9 RT3 03 2.0 : 9.0 1538 SE+04
5,306 7020 1630 : 1,486 : THTI0E+G4 5.6 : 300 1O8R3E 64
5460 Toi0 3920 1.480 1 0540E+04 9.5 : ET] 11261E+04 ;
-5.400 2.620 3920 1480 }.O830E+04 9.8 329 1.1636E+64
-9.400 2.026 1530 1480 1.0993E+04 90 330 1 2038E+04
9460 2820 3926 1480 11378E+04 5.0 340 1.2364E+04
G0 2,020 3920 1.480 1.1364E+04 96 358 1 27R9E+0A
-5 300 2020 3930 1480 1 I944E+04 94 360 131T3E+04
-9.409 2.020 191 i.480 1|7 EE3E+Dd 90 370 136485104
5,460 2.0%6 3930 1 480 1.2490E+04 50 : B 1.3972E+04
-9.406 D) 3920 1.480 1.2783E+4 [ ; 309 1,4796E+04
400 2.620 3920 1.480 1. 3040E+04 9.0 460 1.4732E+04
-10.300 2.000 5150 1,500 4371 4E+03 i 110 3 1016E+01
16300 2,000 3100 1.566 463636+03 15,0 126 1ABETER0S
-10.300 2,000 5106 i.500 i A9T0SE+G3 ; 10.6 130 3.8935E+03
-18.300 2.000 S500 1,509 : S3070E+03 ; 12.6 140 : 43699403
-10.308 ! 2.000 510 ; ] S.SATIE~ 03 i0d 1ig : 485736503
-19.300 2,000 s1b0 : 1.500 SS208E+03 16.9 16.0 SiT0RETey
-16.306 2000 5106 : 1.500 6.2230E+03 : 10.0 H 156 : SA934ERG
6300 2000 : 5100 1,500 : § SBAGE +03 1 108 iga S 8TR0ET03
163508 3600 5100 1 500 : 683855403 : 190 159 & 2B1RE+03
-10.300 2.000 5100 1.500 T1199E+03 : 100 ‘ 20,6 6.644BE+03
-18.300 2.006 5160 I 500 T4387E+ 03 16.0 : 210 ; TOIISEA G
10300 2.000 LN 1500 TIRICE+ D X 220 7 A1E3E+03 ;
50300 2600 S1t0 1.500 811345403 146 739 TBIISEL0Y” T
10300 7600 5 HE E500 B 44706+03 0.8 240 82063603 :
-10.360 2,008 5100 1.500 8778BE 04 16,9 256 B5998E+03
-10.300 2000 5,100 1568 9.0583E+03 10.0 5.0 5.0132E+03
-10.300 2,000 §i0o 1.500 93700E+03 10.0 270 eAiER0d
-16:300 2.600 5100 1,500 9.62575483 180 D 9. 73a2E+03
10300 2066 5150 1.580 } 601 5E+04 0.0 9.0 10231604
{ 16300 2.900 5106 1500 eI E+04 16.0 30.6 103536+ 04
-10.300 200 5. 108 1,360 T.0618E+04 100 310 1.0R83E+ 04
-1B300 2080 sice : 1500 LOSGRE+04 : 10.6 : 320 : 113935404
-16.300 2.600 5108 ! 1500 TI214E+04 : 150 : FEY] STV IT2AEGA
-{0.380 2000 5100 : 1500 1.1502E+04 g 343 . 1.2041E+D4
“18.300 2,066 S100 : 1.500 1151 7EE 1) 350 : 1 2496104
10,300 2060 : 5106 ' 1586 {2173Ev04 0.0 380 12808504
16,300 2000 s1060 1.500 1.2467E+64 185 : 70 133446404
iy 16300 2.600 i 5180 1360 : 1 I788E+ 04 0.8 : 38D 1 3581E+54 :
-10.300 2.000 5.100 L300 1 3147E+04 0.0 390 13907EsDd
-10.300 2,060 S106 1.508 134436404 : 185 487 LA4SSERDS
110 1583 6280 1536 53309503 : 1 135G IETI0E6E :
Fiz00 1550 : 280 1,520 S511RE+GA 1.6 140 4.0562E+03
A 1980 : 6280 1.520 S8IIELDT il ) 44T24E+83
-11.200 1980 6.280 1.52¢ 6.1533E+03 ) 150 AB3IEDY
-11.260 1.886 §.280 1530 6ALLIE+D3 119 175 $2391E+03
31206 1983 £.280 1.520 6. 7200E+03 1.6 : 186 55234E4 61
“iL.200 1980 §280 1330 S9953E+ 53 e B : [ H s
L350 1680 : £.380 1570 7 36HBEC () [$X] o] : . 3904503
-11.200 1.980 ! 6,280 1520 : 7 7213E+03 ite 216 STMIERDE
11,200 1.980 : 6280 1520 i 3.0514E+43 g N TI34RE=03
-11.260 : 9B 5.280 [ H §4164E+03 : e : 330 : TSR
11 200 195D 6280 i 15720 £ EIGRE+0D 1 e 385 : TH64IELE
L0 1588 £ 250 1500 : Eo4isEend ; [ : L] i £ 37T E 8]
1200 : 1980 6380 : 15% G2 TRSE+03 : ita i 760 8 7734E403
-11.200 1980 : 6780 1.520 550456403 ! o : 270 91631E0S
11200 3980 6.280 i 1.520 9 9026E-03 : 1o W 9 4385E+03
11208 1880 : 6280 1.520 : 1A210E+0d e : 295 : S.8356E4EY
T 1.980 : 6250 185 : 1 Dd3RE~ G4 [ : 304 : 10338804 :
; ) 1580 : &% : EFS | GR43E+ 04 ite EIN LOSEIEY D4
L 11900 1 988 4280 : 1520 : R : 11a 320 : TABI9E+04
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DET NORSKE VERITAS

P k, (kP 5y, (hP3} Gy | ¥ B00) 4 (deg) tom) o THI0)
<11 208 1988 5.380 1520 H 11AIDE-04 tLa 336 i HAASE+04
~11.200 1.980 £.280 1320 LIT3IE+G4 1.8 3.0 i 1786E+04
-11.200 1.980 £.280 1520 13013E+04 (154 35.0 1095 E+04
~11 200 1.980 6.280 1,528 1.244CE+34 ii.0 36.0 1.25438+04
-11.200 1.980 6.236 1.520 1.2732E+64 iie e 1 I8T0E+ 04
-1 200 1.986 6282 1526 1.2089E+04 11.0 8.0 1.33235+04
-1 306 1.980 6.280 1.526 132436464 11.0 3.0 1.3652E+54
11200 1.980 & 280 1.520 1. 35425+ 1.0 439 1.4110E+04
-12.100 1.960 7460 1.540 6.1 58RE+0D 12.0 154 4.2365E+03
<3700 1.660 7.460 1 540 6.401 1 E+03 12.6 1134 AS{TTEAD3
-12.10¢ 196G 7.460 1.340 £ 69BIE+03 12.0 17.0 5.0827E+03
+12.100 1.960 1460 1.540 £.9989E+03 128 189 5.387iE+02
~12.100 1 860 7450 1.540 TI630E+03 12.6 184 5IT1ZE+03
+i2.109 1.950 T.480 1540 7.5960E+03 2.0 04 6.1 501 E+03
-12.100 1880 7460 £.540 TRIBAETDI 120 8 6 5665EH03
-12.190 1860 7460 1.540 2 I36AE+A3 12.9 2.8 65534E+83
-12100 1 95 7460 1.540 EATISETGS 128 kil TAMTE{S )
-12.400 1260 7460 1.540 SR162E+03 129 4.8 7EBIEHIE
-12.308 1.969 7480 1.540 9 iRHE+3 124 254 £ 1014E+03
-12.10 1.960 7.460 340 9 4BOREFGI 124 6.0 41468403
~12.1080 1560 7 466 546 $RIBGE+G3 2.4 e B E326E4E3
-12.100 1560 7.460 340 1.0226H+04 120 78.0 9.31661E+G3
+12.100 1.960 7.480 1540 1.0545E+64 12,0 8.9 S6620E+02
-12.100 1.966 7.ASG §.540 1.076TE+04 12.0 360 2 9980E+0)
-12.100 1.96¢ 7.460 1,540 1.1052E+04 12.0 39 1.0333E:+04
-12.10¢ 1960 7.460 1.540 1.133RE+04 12.6 Er ) | 0656E+04
-12.100 1.860 7468 1.540 L163TE+94 2.0 o 1.1G56E+04
+12.100 1860 2460 1,540 L1945E+94 128 3440 1.1 428E+04
-12.180 1950 7460 1.540 122336404 12.0 330 1. IRT4E+D4
-12. 100 1.960 7460 1.548 2523604 12.0 36.0 1. 2208E+04
-12.108 1960 7.460 1.540 I 2OR6E+04 12.9 318 1.2547E+04
+12.3100 1.960 7450 1.540 1.32438+04 120 B0 1 29BRE+04
-12.100 1,260 7.46G 1.540 1,3531E+04 1249 300 $A331E+04
+12.100 1.960 7460 1.540 1.3833E+04 2.0 400 1AT91EH04
-13.000 1.940 B.640 1.56¢ TOFISEXQ3 13.0 17.0 4.7576E+33
-33.00¢ 1.94¢ B.640 1.560 7.26GAE+02 13.0 18.0 $.1405E+(3
-33.008 1940 8.640 1.560 7.5313E+03 13.6 19.9 5.5243E+03
-13.006 1.940 8.640 1.560 THPOEHDS 13.¢ WH 5911 7E+03
-13.000 1540 8.640 1560 B1BT9E+DG 138 PR 6.3182E+03
-13.600 1248 8640 1350 & 4395E+83 13.0 220 6.641FE+83
413,600 1.940 R.640 1.560 B.7723E+03 130 3.0 7.050RE+0D
-13.000 1.949 2640 1,560 902078403 129 4.0 7.3902E+03
-13.000 1840 8.640 1.560 9,362 1E+03 130 254 7.7TB4E+03
-13.000 1.940 8.640 1.560 2. 7022E+63 134 26.0 R IH06E+03
-13.800 1.94¢ B.640 1.560 L.O0 AF+(4 130 Py 8.5368E+03
-13.900 1,046 8.640 1.36G 1.0329E+04 13.0 8.0 BR74LE+QY .
~£3.000 1.940 #.640 1.360 1.0644E+04 13.0 9.9 9.2723E+03
-13.000 1.940 £.640 1.560 1.G04E+04 1ag 300 96581 E403
313,000 1540 %640 1350 (NI 13,0 39 LO03AE+0
~13.00¢ 1840 8.649 1560 L LS0IEADA 130 32.0 1.03GKE+D4
-13.000 1.949 2640 1.560 §.2054E-+04 13.0 33.0 1 BEOSE+04
-13.600 1940 £.640 i.360 1.23148+04 130 34.0 1.11398+04
-13.000 1.940 8.640 1.560 1.2475E+04 139 330 £ 14R2E+04
-13.000 940 B.640 1.580 1.2790E+G4 138 3.0 1.193GE+04
-13.000 1340 8.640 1.360 1.30#9E+04 130 370 §.23IBSE+D4
-13 400 1.940 8.640 136G 1.33B3E+ 04 13.0 o 1.2635E+04
~13.000 1.940 B.640 1560 1.3822E+04 138 80 1.2565E+04
-13.060 1940 £.640 1560 1. 408B4E+04 1ae 40.9 1.3425E+04
-13.90G 1.520 9.820 1,589 . 23TIEHUS 14.0 20.9 5.6480E+03
-13.900 15280 9320 1580 £.5071E+03 14.0 210 6.0972E+03
-13.900 1920 9820 i.580 B.7S53E+03 14.0 220 6 3764E+03
-13.9%0 1.920 8820 1.380 9.11558+03 140 iy & TETTIE(S
-1 3.900 1.920 93826 1.580 433736403 340 4.0 TITTTEHES
-13 900 1920 9 8320 1.58¢ G IG7SE+C3 i4.0 250 7. S5130E+02
RER 1.920 539 1 586 9.9182E+03 14.0 26.0 7936SE+O3
~13.90¢ 1920 $.820 1.380 1.023:E+34 14.0 7.9 82769E+03
-313.900 1520 9.820 1580 LGSTTE+D4 4.6 B4 8.6153E+03
-13.500 1520 5820 1580 } GHO4E+04 14.0 20 8.9480E+03
-13.500 1.920 9830 1580 §. 12128404 149 300 9.3778E+03
+13.900 1920 U820 1.580 $3531E+04 1440 3.8 9 7I36EF03
~13.900 1520 9.82¢ 1,580 1.1852E+04 1440 326 F01S1E+G4
-13.900 1920 9.820 1.580 1 216BE+G4 4.0 330 $04R6E+G4 ¢
-13300 1.920 R0 1.580 1.2428E+G4 i40 34.0 1.0820E+04
~}3.900 1.920 S50 1580 1.27556+04 148 359 1.1266E+D4
-13.90¢ 1930 8.B20 1,380 1 308IE+84 14.¢ 36 1.1600E+04
-13.900 1978 9.820 1,580 1 3336E+04 146 174 1.1944E+04
~13.900 1928 9820 1.580 1 37RZEHDA i4.0 38.0 1.2318E+04
-13.500 1920 2830 1.580 1.4074E+04 14.9 39.0 1 2540E+04
-13.900 1.920 0.R2G 1.380 1. 4376E+04 1448 408 $3903E+04
-14.800 1506 11.00¢ 1,606 ¢ 2465403 159 pri 5.1 TOEE+D3
-14.300 1.960 11.608 1.600 9.4830E+03 15.0 34 £,4053E+03
~14B00 1906 11.000 1.60¢ 9.8525E+03 158 144 6,90G0E+03
-4 B0 1500 11.000 1600 9.9320E+03 130 250 7241 SE+03
-34.800 1.900 11800 1.608 1.8276E 4 150 %0 TEEI0EF03
14,800 1.900 11900 1600 1 0623E+04 150 e SO016E+03

] -14 800 1200 11 000 1 &00 T DROIE+(4 159 PRy 2.3402E+03
-14.800 1900 11.008 1600 1.1 148E+84 150 %0 BEFEHEADD
14800 1960 11,608 1660 V143K 150 K GiOSRE+D3
-14 800 1.900 11,600 1.600 {1 TREE+04 15.0 3.0 9 44726403
-14.300 1900 11.600 1.606 [ 2HG9E+04 15.0 no 6 3713E+G3
-14BG6 1008 1000 .60k L239RE+04 150 3.6 1.G216E+D4
-14 B0 1.90¢ 11.000 1600 1.2725E+04 150 A8 L0551 EHG i
-14 BT 1.500 Ao 1600 3 30465704 150 358 1ORITES(4
-14 800 1.900 11000 1600 1 3370E+04 150 3.0 $.3263E+04
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DET NORSKE VERITAS

5, {kPa#} &, (kPaim) Sy, (KPR} Ky . (RP#mE) ’i‘” (ki3 G e 2 e} i B s TN
-14.808 1900 11.900 1.600 LIAGIDE+04 150 a9 L1595E+04
-14 800 § 50 L1006 5t 1. 39258+04 150 8.0 i 204%E+04
~14.806 1.900 1009 160G 1.4363E+04 i50 3.4 123918404
-14.800 1.900 11.060 }.600 1 4668E-+04 i59 40.G LTIOE0
-3.556 2306 5700 1.300 S5436E+02 $0 a0 1.G534E+03
-3 350 2200 -6.700 1.300 E31BTEHD 09 4.0 L6652E+03
<3550 2200 +6.760 1,306 1. 1BR3E+43 Q0.6 50 2.1703E+03

+3.550 1.200 5700 1.300 15181 E+03 46 65 2.6IGIEHD3
-3 450 2200 -6.700 1.300 LBIZSE+OD 8g 10 3.1064E+03
-3.550 1260 -5.796 1300 20968E+03 0.6 3.0 35607E+G3
-3.350 2290 -6 10 1.300 2411 4E+03 6.0 90 40233E+03
-3 550 2,200 -6.768 L350 27141E+03 49 19.¢ 4.43828+03
-2.550 2200 -6.7G9 1360 3.0000E+83 2.0 118 4.898TE+03
-3.550 2266 «6.700 1.300 327476403 a0 120 5.33503E+03
-3.550 1200 6. 700 1.36¢ 3.5637E+03 134 idg S181TE+D3
-3.558 i) -6.706 1.300 3BITIE+03 oo 149 6.2261E+03
-3.550 2200 -8, 700 1300 A 1230E+G3 G0 159 $B680E+03
-3.530 1290 =570 1.300 A 405%E+03 e 6.0 F0919E+01
-3.55¢ 2.200 -6,790 1300 4.6926E+63 &0 1.0 T5210E+G3
-3.550 2,200 -6 700 1.3680 500268+03 a4 18.6 29541 8+03
-3.550 2,208 -6 708 1.350 S 2578E+03 2.0 18.¢ B A836E+03
-3.550 2.200 «6.7G0 1 300 SATTIEHDS 0.0 20.0 83761 E+03
+3.550 2200 -6.700 1.300 3 B373EA03 0.0 pafl] 8.2706E+03
-5.804 2200 -6.700 1300 S.BOISESO2 o 44 1.0352E+03
-5.860 2.280 -5.10¢ 1.300 $.0574E+02 o.e 3 L6511E+03
=35.800 2290 ~5.700 1.300 1.3309E+83 G0 8.0 2.1666E+03
-5.80C 2,200 6,730 1390 P8473E+03 0.0 10 26204E+02
-5.80¢ 2,200 +6.700 1300 19307E+03 0.0 EG 30983E+03
~5.800 2200 &, T4 1.350 2.33578+03 840 4.6 353738403
-5.800 2.20¢ £.700 1300 152318403 9.4 106 400285403
-5.800 2.200 -5.768 1306 218274E+03 9.0 1.6 4.43698+03
+5.800 2200 -6.760 1,308 3.1i37E+43 0.0 120 4 BROBE+03
-3.800 2.200 ~6.700 1360 3,401 7E403 0.g 13.0 5.332BEH03
~5.800 2200 -4.700 1.360 3. 7692E+03 o0 449 5.7914E+03
-5.B00 2.200 -5.70¢ 1.300 A 9MAEFDL 154 158 6.2085E+03
-3.800 2.200 =6.700 1300 4.29631+03 a1 160 6.6582E+03
-3.800 2.200 -6.700 1300 4.5872E+03 6.0 17.0 7.0822E+03
-5.800 2200 -6.700 1,360 4 R654E+53 0.0 180 751336403
-5.800 2.200 6. 700 13860 516385203 a0 19.6 F9216E+63
-3.800 22060 -6.708 1.300 34275803 9.0 0.0 RI6035+03
-5.808 2200 6700 1.300 5. 7141E+03 248 210 8.7750E+03
-5.800 z.200 -6.7¢0 1.300 G003 7EHG3 0.0 20 S 2730E+03
-3.869 2200 5. 760 1.36¢ 6.2757E+03 0.6 30 9.6666E-+03
-B.050 2.260 6700 1.380 SIGEHIE+02 Lo 5.0 1.0234E+03
-8.G50 2.200 6108 1.300 1.0334E+03 6.0 4 L6133E+03
-8.050 2.200 -5.106 1308 . A476E+02 4.0 74 21485 F+03
-8.050 2.200 -6.200 1300 L7551 E+03 0.0 80 2.6253E+03
-B.0S0 2200 -6.700 1.3 1061 TE+GL [t 9.0 30B32E+03
-B.050 2,200 -6.700 1.380 23TI3ET03 6.0 6.0 3.33B0E+0G2
-5.650 2200 -6. 700 1,300 ZEGISERDS 0.4 LG 4.0033E+53
-8.050 2260 -6.704 1.300 2.9646E+03 44 124 4 4]165E+03
-8.050 2200 -6.708 1306 325128403 4.4 130 487825+03
+B.050 2200 -6. 7G4 1.300 3.553TE+3 9.9 14.0 533085403
-8.050 2200 -6.7¢0 1300 3.8616E403 0.0 150 3. 76426403
-B.630 1200 -6.760 1.360 4.1 343E+03 oo 80 6.2007E+D3
-8.G50 2200 6. 700 1.360 4421 46+03 0.8 £70 6.6305E+03
-8.050 2.200 5. 700 1300 4 7137E+03 .0 18.0 7.0770E+03
-8.050 2200 -6. 706 1300 A49933E+03 &0 1%.0 7.5074E+03
-$.05¢ 2200 6,700 1300 5.2938E+01 0.8 50 73{30E+03
-B.85¢ 2.200 -6.750 .30 5.5806E8+03 0.0 2.0 2.33520E+03
-B.950 2200 -6.700 L300 S5.868TE+83 0.0 22.0 R.7IRIE+GI
-8.850 2208 -6.700 1.360 6.1634E+03 0.0 230 9.2636E+03
-B.050 2.200 -8, 700 1300 6.4404E+03 0.4 24.0 96BREE+G
-8.050 .200 6. 700 1.300 ¢.72015+03 a8 25.0 100825+
-16.300 2200 -6,704 1304 SA4T9E]2 a0 6.0 B.8598E+07
-10.300 2200 -6.700 1.300 11Z935E+03 940 70 1.3985E+03
-10.300 2200 6. 760 1.300 15370E+03 2.0 8.0 2.1356E+03
-18.300 2208 -5.760 1.300 JBSATE4D3 0.0 9.0 2.6139E+03
19,300 2240 -6. 700 1.300 21 TBE+03 734 0.3 30BIHOE+DD
15300 2,400 6,766 1300 ZAB3TESDS B Tl TSIETEFIE
-10.300 1200 -5.780 1.300 1I9ILE+03 Lo 129 39825E+03
-30.300 2.200 5, MG 1300 3A05E+03 4.8 139 4 4149E+03
-10.300 2.200 -5 700 1300 3.3984E+03 e 14.0 4. B56BE+03
10,300 2,200 6,700 1,389 3.6976E+03 0.0 15.0 5.3086F=03
~1G.300 2208 -6, 700 1.30¢ 3.9ReGE+(3 0.0 156.0 S762TEAU3
-18.300 2200 -6.700 1.308 4.2943E+03 0.0 170 6.2048E-03
-14.300 2.200 -6.700 1.300 4. 59055403 0.6 i8¢ S5 EE+03
+10.309 2200 8,700 1.300 4RTI9E+03 oo %0 FR48TE+G2
-10.308 3200 6,700 1.300 S 1788E+D3 6.0 .0 7.4754E403
-16.300 20 -6, 764 1.300 $4780E+03 8.0 210 TH081E+G3
+10.300 i) -6.700 1.300 3 TI3BE+03 .8 2.0 ¥3174E+03
~14.300 2280 6, TG0 1,360 6.0205E+03 44 3.0 BIIIAE+03
-13,360 pvlii] -6, 760 1.300 6,299TE+G3 20 4.6 §.2537E+(3
18300 2200 67700 1.360 i 6 S8 SE403 258 S67RIEF(3
-16.300 2200 -6 708 1300 SREROE+0D 4 1.0071E+04
~10.300 2.200 -65.760 L3R 7.2044E+03 2748 1 G429E+04
-10.30¢ 2.200 5.0 1.3 7.4971E403 P 1.6858E+04
~1E550 1200 -6.100 1308 7 300RE+C2 78 9.7659E+92
-12.5356 2360 5. 700 1.300 1.2883E+03 30 1.6036E+03
“12.350 2.700 6,700 3% § GATIER Y 95 EXFEH R
-12.550 2200 &, 708 1.30¢ 19MIELGD 46 Rea 2ADISE+0
=12.550 2260 6708 1,308 13014E+03 0.0 1.8 30628E+03
-12.558 2.260 6.0 1.360 261635+03 0.c i2.¢ 3.5020E+03
-12.550 2208 5,700 1300 25216E+0) 0.0 13g 39BCE+G3
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DET NORSKE VERITAS

%, kP &, (kKPa/m) sy, tkEa) 4,, (KPaivm) ¥y (00 4 {deg 1 (my B k)
17350 3200 5,700 1,360 S0 E53 [ 10 338455403
is% 3200 5700 1306 3,52465+03 ] 166 48SISEADD
1255 7.300 6,706 300 IRITGEH0T &5 6.0 5303TENG
12,550 7200 5700 1300 4 1435E+03 G 176 5.7587E+63
12550 T3 6730 1300 A A4ROE+ D3 (X} g% 5 1694E+03
12,550 2900 -€.350 1300 47V71E+03 Gl L) 5.61665+03
12350 7300 6708 1300 5.0085E+03 [ 06,0 T DA TE 5
12,55 3200 4,760 1,360 §E375E08 00 21.0 T AGRGE G5
EIRLT) 3308 6,760 1,300 S6262E+03 00 230 TEo61E+08
32,550 1360 5700 1300 SREOIE+03 [H] FEX] 8 3096E+03
13556 Z300 5700 135 6 I096E+ 03 [E T ETAE 08
-12.550 1356 5700 1300 549386405 3.0 350 92431E+03
17,550 2300 6,700 1300 6, 2800E+ 03 [ F4 $ 6EIE+T3
-12.550 2200 6708 360 7 0165E+03 6 270 1.0059E+04
12550 2.200 6,700 1300 729645+ 03 [ 280 195456408
57,558 PR 6,700 1300 305501 [l EEX! {0941 E+04
MR T 5,900 ) G49535+07 (X Fi3 EIBRIET 02
1A RN 3300 6.0 1300 T A364E+03 LY 55 15810503
“14.850 2260 6.990 1300 | 7095+ 03 50 0.0 T1iieEim
14800 3200 5,700 1360 31 IRAETDS i1 iia 2590300
-14.800 2.200 46,700 1,366 24567603 60 2.0 3.0576E+03
34300 3200 6,360 1,360 FFS0E 61 G 130 N T
i 800 2300 -5.960 1300 SHRTIETE 00 14.0 35601 E+03
T4 800 3300 5,70 1350 33941E+03 09 150 S3P0EEL03
14,800 2200 6700 1300 367TRIEH03 a5 6.0 483585403
14800 7,780 6,790 1300 EX ) 59 170 $IR6RE+0D
STAEH 2950 6300 1300 4283 TEADA 40 £ 3 T441EV03
14,800 7200 8,708 1300 4.5546E+03 [ 19.0 61ZI8E+ 03
14,800 2200 8700 1306 ABBSTE0D [iT] 260 6.5053E+03
CTARGG 2,260 8,760 1300 S1TERE+GS 6.0 2.0 7031 SE+04
14 500 2300 6.0 1300 SARTIET0S .0 2.0 7361 4E+05
14800 300 6,700 1300 $BASE03 0.0 pEX) FROS3EFG
TARG0 3360 -6.700 RN 503735+ 03 L] T4 830675+03
TAE00 PR 6,700 1300 637335403 (Y 753 ¥ 1988403
14,800 3.200 6,700 1300 56599603 40 350 9 1365E+03
-14.800 2.200 -6.700 1366 604895+ 03 (X 70 9 GALOE+HDD
34800 2200 $.760 1300 7.1808E+03 X 280 1 0037E+ 04
EYET 7.306 6.760 1,300 TATI4E+08 X} 258 163368+ 04
CEA800 3200 6,700 1360 TRIT4ER .0 360 1.0919E+04
“T4.800 2200 5,708 1385 8 03485+33 X)) 310 113586704
1,300 2130 -6.700 1300 467748102 0.6 70 D01 7E+03
-1.300 23150 5,700 1300 7 A039E403 [H) ag 1 63IE+03
-1.305 PRE] 6,700 1.300 L6 T7E+03 LX) 4t JisTE
~1.360 1% 6700 1306 13571603 Y] 50 3 3930E+03
-1.360 2150 6,700 13060 1 6495E+D3 00 6.0 3 G366EH13
1,300 2150 6700 1306 1.9335E+03 X 70 JARISE+03
-1.300 2150 -6.700 : 1306 237716403 o0 &4 39371E+03
1300 2150 26,760 : 1300 % SO46E+ (3 [l 39 43417E+03
“1.300 3156 6,700 1300 FES0IE e 00 1.0 FHITECYS
<1300 2150 6,700 1380 30953E+03 0.0 1.6 § 33566463
11,300 2150 6,700 1360 313901E+03 0.4 136 $6621E+03
NET) 31 Z6.700 1300 T E500E03 a4 134 609515403
1365 2150 6,700 1350 3.9424F+03 LY 146 § SO36E+03
1,300 1180 6,700 1306 42160E+03 80 150 658426703
1,360 2150 6700 1306 45074403 1) i6.0 7.365E+03
-1.300 2.150 : 6,308 1300 478575403 0.0 1740 TIEAREHDD
1,300 7150 : 6,700 1.300 § 56535403 0.6 (£ B 16ABE+ 03
-1.300 7156 5500 1300 SIZRIEAG3 [ 5.9 B SERREDE
130 3100 -6.760 138 s53aiE02 i 20 S 78] 6E+00
-1 300 2108 -6.700 R T QATRERDT 0.0 30 1 §700E+03
1300 2100 &0 } 300 99257502 (1] A0 207556403
.1.300 2100 5700 130 R 0.0 50 151935+03
1A6H Ti0d 6,700 1300 1 6205E+03 EH] 6.0 3983850
1,360 2100 6700 1306 1 H6ZEY O3 8p 7 TIRTRE0D
1360 21180 € 900 1300 21794E+03 [ B0 N
1,360 3100 -6.700 1360 2 46753 : 06 : kX CTAAssE )
-1.300 7100 6,700 1 306 : 3 g5 03 ! ¥ 104 3.GE4TEL 03
-1.30G 2100 -6.700 1.300 3.0651E+03 Gh iLg S0FERES
1300 2100 6,70 : 1360 335346503 G 16 55334E03
-1.300 2168 -6.700 1308 A.S9ROE+0D3 [ kR SO9EVDS
21,300 2166 5 qo0 1300 SETREESDI [l : 148 £ 3SERE+03
-1.300 pAL 6700 ) : 416315+ 03 90 : 15,6 STEATEROY
1300 166 6,700 1300 : A 4373E+ 63 H 04 166 TS EER03
1300 2100 -6 700 1360 470STE+03 : [ 17,6 T 56436403
1,360 2300 5700 1.300 $GZ0RE+ 03 (Y] 6 T 98245403
“Ta00 3160 5.700) 1308 ST Y] 198 §3776ET
-1.300 2100 6.700 1300 S 56366403 Y] 0 & FIARELQT
1.3 7.650 ~6.708) 1,300 4 30EIE+T ag 9 45355+ 02
L6 2050 6,700 7300 6.8 55RE+DT a0 | 33635403
R 2.650 6,760 1 360 93810k+02 00 3G0ESEL 0
1,300 2050 6,760 1380 1 30296408 [ pRLES) T
30 7050 8.700 i 1300 1 561EE 63 [ 2 STIEL
1380 205 5700 ) } REROE+03 T 33639E+03
~1.300 7050 6,700 i 1300 11508+ 6. 37229E+ 03
1,360 2850 6700 Y] : 3 4635EL5 06 A1265E+03
1,300 255 6300 ) 2.73328+03 0 354436+ 03
1,360 1050 6740 : 1350 3 B046E T3 ) 49686 0Y
1360 7080 -6 700 : 1308 IIR04EV T 0.6 SETGOE=03
1360 205 B 6,700 1300 336336+03 () S TOIAE+03
-1.300 2650 6700 [ ARALIE+03 55 61830540
-1 300 : 2850 6,900 1,308 : 11295 a4 6059840
300 : 1550 6,760 1,380 43904E+03 99 £0855ER03
<1390 - 2050 6,700 1300 A5 F6RE O3 : [ FAPY4ETE
1,300 : 2.0 -6.700 i 360 95T SEE ! (%] TITIAEAT
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DET NORSKE VERITAS

% (P3) ky (kPaimy oy (P} ke, (kPaim} Fo R0} & (deg) zomi_ | Rogas (1)
-1.300 2050 -5.700 i300 3 20R1E+03 2.8 50 8.1654E+03
~1.300 2650 -6, 700 £.3a90 5.4848E+03 2.8 200 8.5562E+0%
-1.300 2.600 6. 760 1300 AGRTIE+ 02 0.f 24 $.0581 407
~1.H0 2.000 -6.700 1.300 6 STIRETOR L2y EL 1.4783E+03
-1,300 2.000 6,708 1,300 2.3238E+02 0.0 A0 1 9486E+03
-1.300 2800 -6.700 1.360 1 .2656E+03 0.0 50 Z3841E+03
-1.300 Z.000 -6.760 1.300 1.5608E+03 0.0 66 2.7976E+G3
~1.369 2000 -6, 706 1.300 1B3SSEHG 0.9 T8 22135E+03
-1.360 2.000 -6.70G 1304 Z.H159E+03 4.0 8.0 36213E+03
-1 308 2,600 -6.700 30 2.4176E+03 94 9.0 4.0177E+03
-1.30¢ 2.000 -6.700 1.300 2.6818E+03 2.0 0.9 442246403
-1.300 2000 -6.768 136G 2.9730E+03 L0 110 4 B35E+03
~1.360 1000 -6.760 1300 J2295E+03 i34 i2.0 5.2528E+03
-1.360 0% -5.760 1.300 3498EHG3 2.0 13g 5.6204E+3
-1.300 2600 «4.706 L300 3BOITELQR 8.0 4.6 6£.0444E+03
-1.300 2,640 6. TG L300 £07988+03 4.0 150 6.4304E+03
-1.30 2000 -6.100 1304 43501E+03 84 4.0 £ B2IRE+03
-1.360 2060 -5.790 1300 4.6295E+03 a8 140 7.1863E+83
-1.300 2.060 -6.708 1306 489651 E+43 a8 8y 15716E+03
-1.300 2.000 6. 766 1,306 5.1712E+03 G4 9.9 1494603
-1.308 2000 -5, H0 1300 5.4464E+03 40 00 2 32R4E+03
-1,360 2.00a -5, 780 1,360 S.I02iE+01 0.0 210 87593E+01
-1.360 1.950 -5, 706 1.300 4.2137E+52 0.0 .0 BE769E402
-1.300 1,830 -5.700 1300 £.3736E+02 g8 e L427IE+03
-1.30G 1.850 -6.700 1300 B9S4IE+02 84 4.0 1.8983E+03
-1.300 1950 -6.700 1300 1.2380E+03 20 5.0 2.3108E+03
~£.390 1.95¢ 6. 710 L. 300 L5297E+03 00 8.0 LNITEHD3
-1.300 1.936 -6.700 L300 119546403 ks 7 3 1228E+03
~1.390 1.950 -6, 700 1360 2.0995E+03 6.3 20 38221E+03
-1.300 1850 -6. 700 1.300 237036400 6.0 9.9 3S0TEE+QD
-1.360 1930 -6.760 1,300 25429E+03 0.0 106 $.3000E+03
-L3G0 395 -6.700 1.300 2.9153E+483 0.0 1.6 4.79TE+G3
-1.360 1950 -6.700 1.300 3319218+03 04 120 S.09938+03
-1.300 1.550 -5.700 1.300 34TME+03 8.0 138 5.4915E+03
-1.30¢ 1.850 6. 70 3.300 3. 7436E+03 8.0 4.0 SRTIEHD
+1.300 1950 ~6.700 1.390 AGI69E+03 0.0 15.0 6.2504E+83
-1.380 1950 -6.700 1.360 4.2921E+03 0.6 16.9 6.635]1E+03
-1.300 1.930 ~5.700 1.300 4 55R1E+D3 0.0 179 5.9997E+03
-1.300 1350 -6.708 1.360 4.8227E+03 oe 18.0 7.3666E+03
-1.300 1.950 0. 760 1360 5.0880E+03 5.0 15,0 7.B31BE+G3
-1.360 $950 6,760 1.360 S A0 2E+G2 0.0 w00 22074E+03
-1.360 1950 -6.760 1.300 S 633BE+ER 0.0 21.0 B.5279E+01
-1.300 1.450 +5.700 1300 3 9089E+03 4.0 2.0 8.9070E+03
-1.306 1.800 -5.70G 1308 4.04605-+02 0.0 20 8.33656+02
-1 306G 1.900 -6.706 13a0 G.0871E+02 8.0 30 1 AB3E+03
-1.300 1.900 6. 700 1.300 8 798REH02 a0 4.0 1.8342E+03
~1.300 1.960 -6 700 1.300 | . 20RQE+(3 uc 3¢ 1237TEHR
-1.300 1.900 6704 1 300 1.500BE+03 0.0 4.0 26449E+03
-1.308 1.300 6,700 1,300 1. 7653k 0.0 7.4 A0307E+03
-1.350 900 ~B. 704 130G 2,062 76403 a6 248 342GTE+03
-1.300 1900 -6.760 1.360 23302E+03 8.0 29 3B012E+03
-1.300 1,900 -6.700 1.300 26081 E+03 00 160 4.1B68E+03
~1.300 1800 -6.700 1.300 2.8683E+03 0.0 110 4 5705E+03
-1.300 1890 «6.700 130 314158403 0.0 12.¢ 4.9628E+02
~1.300 1.500 -6, 100 13080 143228403 44 130 43481E+03
-i.300 1 500 6. 78 1350 LEBSBE+03 9.9 4.0 S7195E+03
-1 MG 1900 6,700 §300 39556E+03 0.0 5.0 6,0887E+03
-1.300 1.90G 6. 790 1.300 4.2467E+03 0.0 HA 6.4426E+03
-1.300 1.900 6. 700 L3063 4 52436403 oD 17.8 6.8221E+03
-1.300 1.960 -6.700 1308 4. TREQE+(3 oo 18.0 7.1B13E+H33
-1.300 1.900 -6, 704 1.306 5.0547E+03 G0 189 7.5432E403
-1.360 1.900 -6.708 1300 5.3019E+05 124 0649 THTRAEHDY
-1.380 1.900 -6.700 1300 $.5718E+03 00 e B 2510E+03
-1.300 1900 4,700 1.30¢ 5.R681E+03 0.0 220 R AGGOE+O3
-1.300 1.908 5. 00 1,360 §.1206E+03 0.0 230 2.0124E+02
-1. 308 2.280 -3.750 1300 LAS9TSELQ2 0.0 2.0 $0410E+G1
-1.300 2200 -3.750 1.308 3.1229E+82 00 ig 1.6826E+0)
-1.30G 2.200 «3.75¢ 1.300 1.3396E+03 8.9 4.0 21901E+G3
-1.300 2,200 -3.750 P30 1EST9E+(] a0 50 TESER 0
-1.360 2.200 -3.750 1390 19609803 949 8.0 3.1220E+03
~1.300 2.200 ~3.750 100 2.26745+03 20 7.6 3.5604E+03
-1.300 2200 -3.150 1300 2.3353E+03 00 240 4.0235E+03
-1.304 2268 -3.750 1.300 2.8676E+03 40 2.9 4.43588E+03
-1.30¢ 2260 -3.750 1,306 3.1485E+83 oG 1.0 49620E+03
-1.308 2200 -3.75% §.300 3.4429E403 [ 1.8 S335IEHA3
-1.360 2200 -3.759 1.300 3.7443E+83 Jeged 129 SBIGTEHR
1,300 Z.200 -3.750 1368 4.03B80E+03 2] 139 $245TE+D3
«1.300 2200 -3.750 1.300 43GT9E+03 o i4.9 SH720E403
-1.30G 2208 -3 750 1.300 46328E+03 a0 150 TO0ROE O3
-1.30¢ 2280 -3.750 1.300 4,900 5E+03 0p 160 7 SATREHDT
-1.300 1.200 -3.750 P35 S.1858E+03 0.4 17.0 7961 RESO3
-1.300 2.200 ~3. 750 1300 5488 E+G2 85 180 RIT2IE+03
-1.300 2300 -3.730 1380 S7574E+03 124 8. & 7RSSEHY
~1.33¢ 2200 -3756 i3 $02S6E+03 0.8 W0 9.1994E403
-1.308 229 3750 1,300 631938+ ag 24 GE7anE=03
-1.300 2.200 0800 1300 7.52038+02 2 LG41%E+03
-1.300 230 0890 1300 L7380+ 03 g 1.6826E+03
-1.300 2260 -0.308 1300 _LEIM8ELG) i) 48 11901E+63
21368 1360 800 1300 193356 +43 og 50 263456403
-1.360 23200 4804 1,300 2.2567E+03 0 6.0 3 1220E+03
+1.360 2208 -G.830 1,300 257T1E+Q3 4.0 78 3.5604E+03
~1.360 1200 L5800 1.300 2gR14E+03 o0 R o ADISSE+D3
~1.300 ] -0.8¢0 1.300 3 IBEIEHO3 .o 9.0 4 4388E+03
-1 30 ysi] ~0.800 1,308 3 40H6E+03 o6 ne 48070E+03
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DET NORSKE VERITAS

5 &iPa) Ky (kP ulin; 4y (kPa) Kor (KPaI; Fop (KM} 4 (deg) T {om) Reonme (KN}
-1.368 2280 3,800 1.300 AT806EHG3 44 i1 338518403
-1.369 2.300 1 8O0 1.306 A4.0990E4 403 5.8 8 SRIBTE+DR
-1.360 1200 -£.804 1308 4.3688E+83 Gn jER] £.2457E+03
-1.30¢ 2200 -0.8040 1360 4.6TI6E+0 0.6 4.0 §.6726E+03
~1.300 2200 -0 860 1300 4967SE+03 i3] 15.0 FOIRGELGI
=130 2.200 0800 I 1] 326458403 0.0 16.5 752785403
1,300 2.280 -0.800 1359 556226403 4.0 178 7983 BE+03
-1.360 2290 -0.830 1.300 2 864BE+03 84 18.0 8.3722E+03
~1.360 2.300 -3.800 1.300 6.1448E+03 239 940 BIRISEHOS
~1.30G 2,260 -0, 8040 1.360 6,4287E+83 0.0 209 B 1994+
-1.300 2.260 -0.8G0 1,306 6. 7129E+03 6.6 210 35T40E+G3
-1.300 2.200 D800 i300 TOMSE+R] 00 2.0 E0101E+04
~1.360 220 <0800 1.300 129108+03 0.9 230 LES31EH)4
<1360 2200 -(3.850 1300 FSSTIE+0Y 0.4 24.0 1.0891E+04
-1.300 2206 L1150 1.300 1.6051E+03 29 30 L6826E+03
-1.30¢ 2.206 2150 1.30¢ 1.9602E483 9.0 448 215G1E+03
=130 2200 i 1360 2.259BE03 (129 38 2.5345E+03
-1.301 2200 2150 1.300 2581 8E+01 [y 54 3.1220E+03
-1.30 s 4] 2150 1300 ZEM3E+03 6.8 18 3A5604E+02
+1.360 2200 2130 300 324358483 42 8¢ 402858+63
=160 2200 2.150 1.380 3 3447E+03 48 8.0 4 438RE+03
+1.300 2.200 2150 1.3060 1ESZEE+3 4.4 14,0 450208403
-1.300 2300 2.150 1.30¢ 4.1316E+03 49 1.0 SASSIEH03
«£.300 2280 2.150 130G 4 5G1E+03 9.0 20 SBIGYEHG3
-1.300 2200 2,15 1.308 4.7321E+03 0.0 139 £.3457E+03
~1.300 2200 2.156 1300 S0480E+03 G0 14.0 $6720E+03
-1.300 2.300 2150 1300 S.3476E+03 80 150 7O9ROEH(Y
-1.308 2,200 2150 1304 SAZ26E403 e.o jo.¢ T3278E+03
-1.3060 2200 1is8 £.300 S5.94248+03 0.0 17.8 7.961RE+03
-1.3840 2.200 13130 1.300 6208 5E+03 448 180 8.3722E+03
~1.300 2.200 2159 1360 6.4939E+03 48 9.0 878356403
-1.300 2280 2156 1360 6 TRIQE+T3 00 200 9.1994E+03
-i.300 2280 .15 1.300 7.0765E+03 0.0 Fai] 8.6740E+03
-1.300 2200 2.15¢ 1300 7.3882E+03 6.6 2.4 1.010E+04
-1.300 2.200 4130 1,300 7854GE+03 6.6 230 1O531E+G4
-1.300 2.2 2.150 1.300 795028+03 G0 24.0 $ OBGIE+G4
-1.300 2200 2150 £.300 8.2204E+03 10 25.0 EIRSE+G4
-1.300 2,200 1Li%0 1300 £ S207E+03 0.0 26.0 Li7938+04
-1.30¢ 2.200 510 1.300 2.3334E+03 0.4 490 2. 1901E+03
-1.300 2.200 5100 1.300 2.64R83E+D3 o4 5.0 265456403
-1.300 2208 5100 1300 2. 9568E+03 0.0 5.0 3 1220E+03
-1.300 2.200 S.100 1360 3.2703E+03 0.0 18 3.56B4E+D3
-1.300 2200 5106 1.300 3 SERGE+(0 o0 h:41] A402535E+03
-1.300 1% 5150 1300 3R9I6E+03 4.0 99 A.A58BE+03
-1.360 2280 3100 1300 £20015+03 0.0 8.0 4 302GE+03
-1.360 2200 3100 1300 4£.5336E+03 0.0 iLe 5.3551E+3
-1.300 2200 3100 300 4BOSIE+03 0.0 126 S.BI07EH0Y
-1 306 2,200 5.408 1300 SIQI6E+03 8.0 13.4 24578403
-3 2.20¢ 5100 1.300 S4051E+03 4.0 14.0 6.6TZ0E+03
-1.300 2.200 5.100 1,300 573 AE+03 2.0 5.0 T.0980E+03
~1.300 2.200 5100 1.360 6.0395E+03 00 i5.0 7.5278E+03
-1.300 2200 3100 1.300 6.3233E+03 a9 7.0 T.9618E+03
1,300 2.200 5.100 1.300 6. 581BE+00 0.0 184 837226403
-1.360 2,208 5100 1308 6.9564E+03 0.0 149 8 7R55E+(3
+1.360 1200 5100 1.300 T1902E+63 [+ 20.0 2.1994E+03
-1.360 2200 5.1 1308 1£853E+03 ¢0 218 9.5740E+03
~1.300 2.200 3300 £.300 2245403 0.0 226 1.0101E+D4
-1.30¢ 2.200 5.1 L300 8.1480E+03 0.0 236 1.0531E+04
-1 38 2.200 5108 1.30¢ 24229E+03 a.0 4.0 LOESIE+04
-1.300 2206 5100 1.30¢ B.7ZRIE+03 44 5.0 1. 1383E+04
-1.300 2.200 5100 1.0 5.B039E+OY 9.0 6.0 1.1793E+04
-1.300 2300 5100 1.360 9. 28IDE+03 0.0 7.0 1.2160E4+04
-1.300 2200 3100 1.300 9.5632E+-(03 60 284 1.2668E+04
-1.304 238 5108 1.3040 9 B4T6E+03 i5] 280 1.3682E+04
-1.3G0 2.299 8030 1.300 3.0680E+03 12 30 2.6545E+43
-1.380 2.200 BUS0 i.300 33627E+G3 oe 60 312208403
-1.3¢0 2.200 8.050 1300 JH604E+03 0.8 7.0 3.5604E+03
+1.300 2200 £.050 1300 39849E+D3 0.4 X0 4.82535E+03
-1.300 2.200 8,050 1300 £2967E+03 0.0 4.0 4 4SBEE+G3
-L30 2200 8050 130G 4.6972E+03 0.0 186 £9020E+GY
-1 340 2.286 208 1.304 4 HOZ6E+03 40 1149 SASSIE+C3
-1.300 2.206 £.030 1.360 L 1978E+03 44 128 SEIGTE+CR
~1.300 2200 2030 1360 33154E+93 2440 130 6.2457E+03
~1.300 Z300 BO50 1.300 5.7790E+0% a8 4.0 GE7IHE+03
-1.308 2200 803G 1.380 6.1 153E+03 0.0 isd T.0980E+03
-1.309 12300 8.050 1363 £.4259E+03 0.0 168 7.5278E+03
+1.300 2.200 B0 1300 87183E+03 2y 17. 798IBE+D3
-1.300 2200 3450 1308 $9750E+03 0.8 18.0 8.3722E+03
-1.300 2200 2050 1309 T2I07E+G3 0.4 19.9 B IRSSE4D3
-1.300 2,200 205 1300 750428 +03 i3 00 9.1994E403
-1.300 2,200 B.O5) 1356 TEAIE+D) 4.0 216 25740E+03
-1.300 2.260 8050 1300 BASGIELDY 0.0 220 1910E+04
1,300 2208 G50 1300 E4716E+403 o0 30 10531604
~1.300 2200 B050 1380 8 TTT4E+03 60 4.0 10891 E+04
g PRI P 1360 BORAIEL03 'y 258 PRELL
1300 2200 EIE 1300 Geatbras a4 38 [T HAEGA
1,360 7260 805 1308 S 340SETD3 Ty e [3T8PE 6
-1.360 2209 RO 1308 9.B97IE+D3 a8 e 541 126688 +04
-1.360 2208 843G 1,350 LOIBIE+04 04 R L30B2E+04
<1300 1200 8050 §.308 §0470E+04 an 30.0 1.3422E+04
-1.300 2300 11.000 1300 3GA24E+ a0 54 6485803
-1.300 2200 11.008 1.300 383428403 Gn 4.4 3120E+03
~1.300 2200 11.000 1308 4 HI2IELG3 &0 75 3,5604E+83
-1.300 a0 11000 1.360 4 43398+03 G.e 1] 402558403
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5, (kfa) &, (kia/m) £, ChPa) k., (kPaim) F g SN g idegt | 7 (m) B oy (BN}
L300 2360 11000 1300 48937E+ 03 on : 30 & ASBREFGY
L300 73200 11008 1300 SHTiEeny 04 0.0 4R020E403
-1.300 2206 13000 300 $3017E+03 g 6 SASHIE+E3
-1.308 3200 11000 1355 S637IE 04 a0 120 $§I07E+ 03
1300 3350 i1 800 1300 $9703E+03 o 130 6 2457E+03
-1.360 1200 11,008 1300 62407603 a4 140 6.6 0E+63
C1.360 3306 11068 1300 635063 B+03 o0 Y] 7 DSROE+D3
-1.300 2260 11,000 1,300 SRISIE+0I (1] 160 7 527RE+03
-1.300 2206 11.000 1360 ToulsE+ed o0 17.0 7961 BE+03
1340 3366 11060 1,360 T RIOGE 01 [1] 185 [Egp il
“L300 2200 11.008 1300 FT0STET03 i) 190 & TBs4E0
-1.300 F¥E 1000 1.300 793BSE+H3 () 300 G 19945+03
1369 2700 11800 1.306 8 2409503 94 710 9.6 740E+03
-1.360 3300 11,000 1360 851705 0e pi) 1.0101E+4
-1, 300 7.360 11,068 10 ERII4E+03 ¥ 730 T G53iE+04
300 7200 11,660 1300 S 1327E+GE 0.0 340 TORSIE+04
+1.300 2206 11.006 1,300 Q41255+ .6 250 1 13RSE+D4
EET 3200 11650 1300 972508403 08 260 T 1793E-04
L300 7208 11,008 i 300  §97s9E+Dd [ 170 1 71605+04
-L.300 7200 {1.000 1350 1 5330E+04 [ 280 1 26585464
1,360 1200 1000 1300 1 0344E+ 04 [ 200 T I0RIE 04
1368 2350 11.000 1300 | BE3AE+DA Y] E] TIA375+ 04
~1.360 3300 11008 1.300 1.I090E+04 29 310 139435504
-1.300 7,260 6700 1350 48713507 04 X 1.0419E+03
-1.300 1.200 6700 1350 75950k 02 0.0 18 1.68265+03
+1.300 2200 6708 1350 : 1 OT06E+TR [ 49 2 1801E+53
30 2200 6,700 1330 1 4239E+ 63 0.0 55 26545E+03
1300 7200 6,700 1330 {72584 (X} 60 3 1220E+03
-1.300 2200 6,700 1350 26152E+03 [ i 3.5604E+03
-1.300 1790 -6.700 1330 T 31496403 [h) 80 402558403
-1.308 2358 6,700 3% 2.6476E+03 LX) 90 4 45RRELGT
1,368 7300 -6.700 1350 T G3IRE+G3 a0 180 450705+ 03
-1.360 2.200 -5.708 1330 32199E+03 ) i1 335515403
1360 3300 6700 i35 3 3667E03 1] 20 $R107EY03
1300 2.200 6700 1,330 3.7BISEFD} i) : ixn 6.2457TE+D3
-1.300 2206 -6.700 1350 : 40TI6E+GY i1 140 6 6720E+03
-1.300 2200 6,700 1.350 : A 3607E O3 (Y] 150 7.0988E+83
-1.300 7306 6700 1350 344075+ 63 [ 160 7 5378E+03
-1.300 2300 -6.700 3% 9530kl [ 170 7 O6IRE+D3
-1.300 2200 5700 1359 SIEIRECY [ 180 R3THIE+03
-1.300 1300 -6.700 L) $5340E+03 : 00 196 ! £ 7B5SE+03
-1.308 2200 -6.700 1.350 SE4BIE+D3 o0 20.6 9 TOUAEFG3
-1.368 2306 -6 700 - 1400 48159E+07 91 26 1041 9E+03
-1.300 2200 -6.700 1.400 TieT1E02 09 3w 1.6826E+03
-1.360 2.200 -6.700 1400 1 0880E+03 00 40 2 1901E+03
1,306 3360 6,700 1,460 1 4637E+03 [i¥i] 50 T 6545E+03
17360 3200 6 70D 1.400 1.76676+0} 00 6.0 3 1250EY03
-1.300 2300 6. 700 1,460 7 A654E1 03 o 74 3.5504E+03
1,300 2200 -6.700 1.400 Ta0i5E+63 [ 20 40255E+03
-1.300 7200 6,760 1400 7.705E+03 [ EX 4 45R8F+ 63
“1.300 2300 6,700 i 400 ZORROE03 (X 100 A 9EI0E+3
~1.300 7300 6,960 1 400 3 ITREET 03 (X3 V1.0 EEECH ST
-1.300 120 6,700 §.400 15BZRE+03 0.0 129 SHIGTE+03
-1.300 2200 -6.700 1,490 : 3E7STEL03 X (k1] £2457TE+0
-1.300 2100 6,700 1.400 ‘ 41894E+03 pYi 146 6.6720F+03
-1.300 1350 6,708 1.400 436836403 6.0 15.6 7 0980E+G3
-1.300 2200 5700 1400 47T B3 a0 60 F52TRET G
1366 37300 167750 1400 SOEIE-DS 0 el TOSIRE+G3
1360 2300 5,700 1.480 5.3590E+03 o 180 §I1T2E+03
-1.300 2.200 6,700 1400 : $.6945E+03 : 05 B o ; § 7ESSE+03
-1.300 1360 : ~6.700 1400 TS SuasEL Ty : i 26,5 9 [994E+03
L300 2200 : -8.700 1400 6591 3E+03 i [ 20 9 6T40E+03
~1.300 2300 S 1.a%) A T0G6E4 G2 1] 20 1.0419E+03
1,300 2200 £.700 : 1450 T 6I0AE+ 0] G0 3D 1 6RIAE+3
-1.300 2200 26700 : 1450 1 107RETR3 0.8 49 218015403
1,300 2200 -6.760 1450 }ARYIEGT 0.0 50 3 E54SE+03
-1.300 1700 -6,760 1450 CEI1TEA O3 [ &0 31720E+03
<1308 30 6,00 1450 2.11626+03 0.0 7 3.3604E+03 :
1,308 2500 ~6.700 % S ASToEY 03 : 0.0 38 A0253E+03
-1.300 7300 5 o0 1.450 3. 743RE4 03 R X A ASRREFTY
1,300 2700 5,760 1450 3.0450E+83 bE] 0.8 A 9020503
-1.360 3200 -5.700 1.450 33EISE+D3 a0 14 SAREIE+GE
-1.360 1700 -6.700 1 450 I6TIE03 ¥} : X)) SEIDTE+DY
1,360 3300 6,700 1430 FORTRESDR 00 : 130 : § 7457E+03
1300 22060 -6 700 1450 : 4 IRIIEO3 53 i 140 §6T70E+03
-1.300 1260 : : 435046E+03 Y] : ] : TEOROES 03
-3.300 7360 4904FE+03 50 6.0 : 7 5378E03
1,300 1200 SII67E+03 : i) 70 : Fo5IRE 03
“1.300 T300 S SaREL o : ] 180 : 4T3+
1300 1200 SEIGIE+LT : 05 199 8 TR55E+03
1300 2200 6758 ERE Ly : [ 360 §1egaETes
1300 AN -5, 700 S A4 EVGT : i 2h 9.6540E+ 53
L300 320 A 60 67121 E+03 [T 76 LOIBIETD4
1300 2300 8 760 : 4.7534E+01 [ 20 1 0a19E+D3
1,300 7300 6 760 1 500 [ 766608502 [ it UGHISE03
L300 170 6,750 1500 TTTLIR6E DY i 0.0 44 2 190EE+03
<1,300 2209 5. 760 1500 1 5338E+03 [y 5o ZHISEHDS
1300 1200 T e Tspo | RABSE+03 : 0.0 6.4 31220E+03
CLaGh 2208 -6.700 1.560 21RE9E+H03 ; 0.0 1) 35604E+D3
-1.368 2200 -4.70¢ 1.580 236336443 a8 8.0 402552400
-1.300 : 1200 -6.700 1,500 : 2 BO7SE03 09 op A ASESE+0]
-1 360 1260 : 8,700 [ 2S8R0 G ; 108 19020E+03
-1.300 7200 : 6 70 I 3 AA0AES05 09 : 110 SA551E03
-1.300 2708 ‘ 6700 1500 376408403 : i) : 120 SRIOTEFD3
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5 {kPw iy (Pl sus (KPR} by P Fay (k4 &, {deg) 2 fm oy BN i
1,306 2260 -5, 700 1300 ADRISE+03 [ 130 6 2457E+01
1360 237 6. 700 1358 AJBSRE+0L a8 140 68 TIEHD
-1.300 1200 6,700 [T ASHIEEHEY [ 158 7 O98IELD
-1.309 F00 5. 700 1500 56128E+ 03 (1] {2 FATRECD3
1360 300 676 1500 SAZSEFDS [ ) 7.9618E+03
1360 220 -6.700 1,550 SETEREN 0N a9 ) 2ITIEDD
-1.300 2.200 -6.700 1.560 S9T9OE+03 90 190 ¥7B55ET 01
130G 2.200 6750 1.506 6.I855E+03 1 260 91994E+03 |
“1300 2366 6700 1,500 6.5955E+03 [ 210 SETA0E+E3
L300 2200 £700 1 500 SERITEH [ FA) 10101 E+04
-1.300 2300 5960 1300 TESIGEL 02 6.0 336 1053154
1360 2300 5700 £ 500 FATOE03 90 740 1.0881E+05
-1.300 2.200 6,700 1.5%0 A33R7E+02 90 230 15419E+03
-1.306 2260 6,700 5% T6TRIE+D 9.0 30 1 5826F+03
1300 2200 6990 1.550 115226403 i) 40 TIMGIEFG
1360 2300 6700 13% 1.5686E+03 [ 55 TEASER G
1,308 23700 & 700 1350 13053+ [ &0 3 1220
-1.368 7206 6,760 1550 PRI N o0 78 3 5604F+03
130D 2208 6. 766 135 255238703 1] B 6 40255E+03
1,300 2300 -6,700 135 28847503 9 95 4 4388E03
<1300 1300 6700 1.550 TIRES 03 90 i 48020E+03
1300 336G 6,700 1330 1.5261E+03 [ 119 SISSIE+E
-1.308 2200 6790 1.550 3B6I0E03 o6 120 LRIGTERD
-1.300 2300 6700 1350 4. ES4E+ (2 0.6 30 5245TE+D3
-1.300 T300 -6.700 1550 450466463 &0 140 §.6720E+03
1368 2200 6,760 1550 RIGTE+ET 0.0 156 7 G9ROE+0]
-1.308 2206 6.700 1550 5 1389E+03 00 160 7 SITRE+G3
1300 2300 5,700 1550 5 4518E+D3 oa 170 7OEIRE03
+1.300 2.200 5,700 1550 SRISSEADY [ 120 £ 3733E+03
-1.300 2200 ~6.700 1550 6 1355E+03 a0 190 F.7855E+03
1300 2266 ) 13550 6 4386E+03 G0 269 3.1994E+03
-1.300 2200 700 1,530 6.752RE+03 49 210 9.6TAGE 03
-1.300 300 6708 1,550 7.0487E403 [ 210 1.0191E+04
NEL 3500 ) 1,536 736735103 [T PER] 1L.B33 1504
-1.300 7300 6700 1,550 7734E+03 0.0 243 10891 E+04
1360 7300 -6.760 1.550 8.0246E+03 [T} 50 1.138SE+04
1300 2200 6,700 1.600 477615+02 00 2.0 1 G419E+03
-1.300 2300 6.700 1,600 FI91 TE+ 02 LY 30 1.6B26E+03
-1.300 2.200 -5.700 1.600 1. 1744E+03 [ 40 21501E+03
<1360 1306 -6.700 1.600 T 8093E+83 a4 58 2.6545E+03
1,340 2460 5 700 1.600 94E3E+a3 [ ¥ 31220E+03
-1.300 2360 6700 1606 2.2798E503 %) 70 1 3604E+ 5
-1.300 2.200 6,700 1660 261056403 [ wo 10353E+03
-1.300 27200 6908 1,600 29479E+03 00 90 4 458REF03
1agh 1300 6,700 1.600 32TRAELGL [T 19.0 4.3020E+03
1300 7350 6700 1500 301465+ 03 0.0 110 53551E08
1300 2.200 6.700 1600 TOSTAEL (3 8.0 120 5.81076+03
-1.300 2.200 -6.706 1600 43853E+03 [ 130 534575403
-1.300 2.200 -6.700 600 44767E+03 a0 140 6.6720E+ 03
130 2300 6,700 1660 AS465E+03 a0 s 7 DSEGE+03
-1.300 7200 570 1.600 5 270RE+03 [ 6.0 75TRE+03
1330 7300 -&.700 1600 560G1EYG3 [ 174 T951RE+0A
-1.300 2300 6708 1600 S.05RAE+03 00 180 ; 8372E+03
1,306 33 -6.708 1,600 62729E+03 [ [ : g TRISEF D3
-1.308 1300 -6.700 1.600 € 5909E+G1 60 20.6 9.1994E+03
1,360 2200 -6.509 1500 SIIO1E+GT [0 210 3 6740E+ 03
1,360 3300 -6.700 1600 TEIOE0A 0.0 20 1.0I0TE+04
-1.300 1.300 6,700 1800 T EI48E-03 0.0 30 TGsiiErod
-1.300 2200 6,700 1 600 TSIRIEFGI 94 uap : 1.0R31E+04
1300 23060 -6 700 1600 8227RC+03 %] 350 11385E+04
-1.300 2,200 -6.700 1500 g5H06E+03 ir] 260 117936404
-1.300 2.20G 6,700 1.360 48138E+07 2.5 20 LOTCLE+03
1,300 7200 6700 1300 T ARSIESDY 25 34 : 1 Te04E+04
L1300 2200 & 708 1308 1.0575E403 e 30 : 3 I036E+03
-1.308 2200 6,700 1.308 1 IBIRE+03 23 53 2 SE8RES03
130D 2200 -6.700 1,306 14 771E+08 75 6.0 1I37EAG
-1.360 2700 6. 700 1300 1 3619E+0 2.5 T T ST4E+GL
“1aph 1200 5 700 1300 12ABSE403 25 f 4B3RE-M)
1,360 2709 & 760 12300 2.5385E+03 73 98 T4GTIE 03
1360 2300 6,700 1300 IRITEE pA] 100 4SDRREC03
1,300 2.200 5,700 1300 14525403 13 i S3SS9E+03
-1,300 1200 6,700 1,300 14346E+03 73 120 5 T693E+03
130D 7200 .700 1.300 IFTTIEAR 73 130 §.2356E+83
1300 2.200 £.700 U300 A0T6EA3 ¥s 140 6.69835+03
-1.300 3,306 08 1300 476596403 I3 59 T18TRADS
-1.308 3306 €700 1300 4 62335403 2% 160 BB AT
“1.308 : 2300 6700 1380 182 TEL03 1s N 798TIEROD
-T.a6 : 3300 0 1300 S 1B63E+03 75 150 : S3TRIE
-1.300 2700 6,708 1360 491351+02 50 ) T147GE+G1
-1.3060 2708 6700 1360 7 ARSEE+02 56 i LI3SIE+GR
1360 1200 -6.760 1300 PR 54 iy 2235356
1300 3300 -6.700 1380 TAGIREVEY i8 ih ZH930ETER
-1.300 2700 6,700 5300 1 $77IE+BY 60 3.1584E+01
B 1360 8 od 1360 {GAIGES(3 ! 1§757E+03
-1.300 2200 6,700 1300 27485E+03 5.6 LDAOE-03
~1.300 : 223 5700 1300 253835403 ! 94 : 4492803
1,300 2300 6,700 1300 TREIIENGY X K] : AgEval
-1.300 2200 -6.706 1300 T1462E403 3h Y : EXL L
“T.300 7360 6700 1300 T AAAgEr03 50 120 STIAE+D)
-1.360 2200 -6.700 1360 37177E03 50 8 T0ETAY
“1abd 3300 6700 1360 4.0676E+03 LE) 6 65316403
1360 1700 6,700 1360 476595+03 55 ; TO7IEED3
1300 2200 5 T00 1300 AS43ECGD 5g 153 : EEL ISR
-1,300 ; 2.200 670D 1300 4821 7E+01 50 7o FIIEAE+G
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1, (dfa) o Gdamy 1, PR Ky, (iPaim) Fa (K 4 (deg) | z {my R ou (kN
~1.380 2,200 : 5.5 130G 5 1063E+23 50 : 1848 B 4368E+03
~1.360 2,200 -6 74 1300 4.2136E+02 A A8 1.23610+83
-L30 220G -5.708 1,360 2485 E+2 15 38 1 RGIFE+G
-.300 2,200 -5. 730 1300 10525403 15 490 ! TIT60EH0D
-1.300 2200 -6.700 1,300 1.3838E+03 15 50 27274842
-1.30 2200 5. 700 1.300 187T1E+03 1.5 a0 116338403
-1.300 v i «5, 0t 1300 1.9619E+03 75 78 3 622BE+03
+1,300 2200 -6.700 1300 2I485E+03 75 &0 4.0842E+03
-1.300 2200 -6.790 1.300 2.5385E4+03 7.5 2.0 4.5253E+02
<1300 2.200 -6.700 300 2.8222E4+03 2. 18.0 496836403
-1.300 22006 -6.700 300 3.1462E+03 75 154 3.3654E+03
-1.300 2200 -6.700 350 3 A446E+03 2, 119 S BO64E+03
-£.300 2200 ~6.700 1,300 ATTIEG 15 13.0 6.3120E+03
~1.300 il -6.794 1308 A9076E+03 7.5 140 6. 7136E+03
-1.3609 22% -5.708 1.300 £ 2659E+03 1. 130 TITI0EG3
-1.308 2280 -5, 700 1.300 4 5433E+03 7. 166 TIT43E+03
-1.360 2.200 ~6.700 1300 AR TE03 13 17 7.88I3E+03
+1.360 2.200 -6. 700 1,360 5 1O63E+03 7.5 180 RIRTIEHOD
-1.300 2280 -6 704 1.300 4.2135E482 G40 ] 1 3209E+03
-1 300 2260 -8, 100 1.360 TARS1E+02 HiA) 3 1.BEESES03
-1.300 2200 -6, 760 1.3060 1.0323E-03 180 A0 2.3390F+03
-1.300 2200 «5.760 13060 13838603 180 50 2762 1E+03
«1.360 2208 -5.700 1300 186771E+G3 10.6 8.0 32117E+03
-1.300 i) -6.10G 1300 1.9619E+03 10.6 70 166458403
-1.308 2200 -5, 103 1.300 2.24855+03 14.0 o 4 11BTEHG3
-1.300 2.200 -6.700 1300 ZS385E+0) 19.0 a8 4.3331E+03
-1.300 2.200 ~6.780 1.300 2BZ32E+03 00 4.0 4.9961E+03
-1.300 2.200 -6. 700 1.30¢ 31462E+03 09 110 5 4032E+03
-1.300 2200 5. 700 j.30 3.4445E+03 jiR] 120 5.8809E4+83
-1 300 2200 -§.768 1308 37V TTEAG3 O 138 6.I060E+03
-1.300 2300 -b.760 1.360 40676E+03 14.0 150 §.7273E+03
-1.3a0 2200 -6. 700 1.300 4. 2659E+03 140 158 T1S2E+63
-1.300 2108 -6, 700 1.300 4.5433E+(3 10.8 150 5724E+03
-1.300 2200 -6.705 1300 48217E+03 10.3 | 424 7.9948E+03
-1.308 2.208 ~5. 708 1.300 S1063E+63 10.0 180 3 4198E+03
-1,300 2.300 -6.700 1300 AQ136E+02 12.5 23 H 1 41BSE+(3
-1.360 2200 -6.100 1,350 TABSIE+02 12.5 g 19401 E+03
-1.300 ; 2,200 -6.700 1.300 1 .G525E+03 H 123 40 23885E+03
1,308 2,280 -6, 700 1,300 | 3R3BE+03 2.5 38 2831 2E+03
+1.300 22060 -6.700 1300 1677 1E+03 i2.5 6.0 3.2746E+03
-1.300 2200 -6.760 1,368 1 96I9E+03 12.3 7.0 i 3. 7078E+03
-}.380 2.200 -6, 760 ; 1.300 2. 24B3E+(3 12.5 8.0 4.1 434E+03
-1,300 2300 -6, 760 1,360 2.5385E+03 : 125 949 4.5727E+03
-1.300 2,208 -6, 700 1308 2RI2IE+( 12.5 1249 SOG55E+03
-1,300 2,200 6,700 1.308 3.1462E+03 125 1.9 54377E+03
-1.300 2.200 -6.700 1300 3 4446E+03 12.5 120 33694E+03
-1.360 2.200 6,700 13080 3 7117E+03 12.5 130 5301 FE+03
-1.300 2.200 «6. 700 ) 4.0876E+(3 12.5 140 6. 7401 E+D3
+1.300 2.200 -6. 780 +.300 4 2659E+03 12.5 150 7 1948E+03
<1300 200G -6. 700 1.300 4 $433E+03 i2.3 1.0 THREG
-130 2200 -6 700 1300 4821 TEH3 i2.5 17.4 BO1R4E+03
-1.300 2200 -6.700 1.30¢ S 1063E+03 (13 180 B.4526E+03
-£.300 2,260 -6.700 1.300 4.9 36E+02 154 2.0 1. 510SE+03
-1.300 23200 ~6.700 1360 74851 E4+02 1590 3.0 2.6179E+03
-1.300 2200 -6. 7iH) 1.300 1.0525E<03 150 40 2 4465E+03
-L3W 1200 -6.7G0 1.300 1 3R3IREF0D 15.0 54 2BTEIED3
-1.304 2H ~6.760 1,300 16771E+03 150 54 3.3386E+03
-1.300 2208 -5. 700 1300 1.961SE+03 15.0 740 37539E+03
-1.300 2.290 -5.700 1,308 2 24B5E+03 i3.0 80 4.2300E+05
-1.3060 2200 -5. 706 §300 25385E+83 15.¢ 98 45442E+03
-1.3G0 2.3200 4,708 1,300 2RI27E+03 15.0 10.0 30932E+D3
-1.300 2.200 6,700 H 1,300 1 3452E+03 15.0 : 1o H 5.4803E+03
-1.300 2.200 -6, 780 3 1.30¢ : 14446E+03 : 15.0 : 133 S9I8TEHR3
-1.300 1160 6. 7030 1.300 3TVTTE+03 : i5.¢ : 13e 4§ 3856E+03
-§.300 2200 -6.700 1300 A GOTGEH)A 150 14.8 5. TRIREHGR
-1 330 2200 -6 700 1300 4.2659E+03 150 15.8 71826548
-1.300 2.200 6,700 1.300 4.5433E+03 15.0 180 T70998408
-1.300 2.200 -6. 708 1.360 4.821 FE+83 50 178 ELID35E+G3 H
-1.300 2200 ~6. 700 1.380 5. 1063E+403 5.9 8.0 RAURTE(3
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Drr NORSKE VERITAS

Appendix D

Shear Strength Data

D.1  Measured Shear'Strength Data
Input file to REGRESS2. Measured intact and remoulded shear strength at considered location.

Depth Intact shear | Remid. shear
{m} strength (kPa)| strength (kPa)
1 6 0.5
3 9.5 1.5
5 10 2
7 21 3
9 14.5 3
11 20 3
13 21 4
15 30 6.4
15 29 4
16 34 9
16 28 55
17 44 19
18 40 27
19 42 21
20 36 18
21 44 18
22 49 30
23 53 24
24 48 27
25 54 38
26 58 30
27 62 36
2 55 30
29 62 31
29 63 27
31 72 31
31 69 28
33 70 39
34 81 38
36 80 39
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D.2  Modelied Shear Strength

Output file to REGRESS2. Computed mean values, standard deviations and correlation
coefficient matrix for the four intercept values and gradients for the intact and remoulded trend
lines, in addition to standard deviation and correlation coefficient for the residuals.

TROLL DATA
Applied in Probabilistic Analysis

X ARD Y ARE CORRELATED AND VARY LINEARLY WITH DEPTH 2

H

Al + A2 *
A3 + A4 * 2

X
Y

[

CONSTANT STANDARD DEVIATION OF RESIDUALS WITH DEPTH

MAXIMUM LIKELIHOOD ESTIMATOR FOR Al~Ad4:
Al= -0,.6684E+01
A2= 0.1314E+01
A3= -0,1302E+01
Ad4= 0.2225E+01

STANDARD DEVIATIONS FOR Al-Ad:
D{Al)= 0.2354E+01
D(A2)= 0.1061E+00
D(A3)= 0.1786E+01
D(A4)= 0.8047E-01

C.o0.V. FOR Al-Ad:
CoV(Al)= -0.3522E+00
CoV({A2)= O0.8074E~01
CoV(A3)= -0.1372E+01
CoV{A4)= 0.3616E-01

COVARIANCE MATRIX FOR Ali-A4:

0.554E+01 ~0.226E+00 0.183E+01 ~0.748E~01
-0.226E+00 0.112E~-01 -0.748E~01 0.372E-02
0.183E+01 ~0.748E-01 0.319E+01 -0.130E+0¢
-0.748E-0D1 0.372E-02 -~0.130E+00 0.648E~0Q2

CORRELATION MATRIX FOR Al-A4:

1.0000 ~0.9071 0.4355 -0.395%0
~0.9071 1.0000 ~0.3950 0.4355%
0.4355 ~0.3950 1.6000 =-0.8071
~0.3950 0.4355 -0.9071 1.000C

STANDARD DEVIATIONS OF RESIDUALS:

ST.DEV. IN RES.(X)s 0.543E+01

ST.DEV. IN RES.(Y¥)= 0.412E+01

CORR. COEF. BETWEEN RESIDUALS = 0.435E+00
- 000 -
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UPDATED ESTIMATES FOR THE FAILURE PROBABILITY AFTER
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Appendix E  Updated Estimates for the Failure Probability After Installation

After installation, more information about the system is available than at the design stage. E.g, if
the installation was logged measured actual penetration depth or drag length of the anchor could
be available. This one-site information, accounting for possible measurement uncertainties and
uncertainty associated with the determining the actual drag length prior to start of penetration of
anchor, can be utilised in modifying the estimated characteristic anchor resistance K., and
thereby the annual failure probability due to an extreme line tension.

The reliability formulations made have been defined such that it is simple to account for the
additional information in the estimation of the annual failure probability. The additional
information about the drag length and/or penetration depth is included in the formulation through
conditioning, applying Bayesian updating,

The reliability formulation accounting for additional information about penetration depth and
drag length after installation reads,

PF :P(g(x) $O!‘,"”pmm' Mzmeas :Ondi-pred _d;‘-meas :O) (El)

where the limit state function g(x) is given by equation 4.10.

The predicted penetration depth (z,.s) and drag length (d; yreq) are given directly from the
response surface function, Equations (5.1) and (5.2). The predicted penetration depth, the drag
length and the anchor resistance are directly available through the modelled response surface, as
cmb-pendep, cmb-drglen and cmb-hold, respectively in the PROBAN input file.

The measured penetration depth (Z,.q,) and the measured drag length (di.ne.s) are equal to the
measured values, modelled as stochastic if the measurements are associated with uncertainty. If,
e.g. there is uncertainty as to how long the anchor dragged prior to start of penetration, this must
be accounted for in the modelling since there is only the drag after penetration that is represented
in the response surface. The updating event for drag length is then formulated as,

Gy s G, e = Drsiing o )= 0 (E.2)

i-pred
where dbediing.in is the estimated drag length for the anchor to get sufficient embedment (bedding-
in) to start the actual penetration, typically associated with large uncertainty.

i~meqay

The formulations for updating of the estimated annual failure probability after installation are
included here to show that such an updating is possible to carry out applying probabilistic
methods. Such an updating could be of interest, . g. if the anchor installation operation was not
accomplished as initially planned, or if the anchor system 1s to be upgraded to higher design
loads during operation, (e.g. due to new mooring configurations or more harsh environmental

conditions).

- 000 -
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Appendix ¥ DWA PROBAN Runs

% DWA Il PROJECT, Report TR-205, Pilat Reliabiity Anaiysis of a Fiuke Anchor
%--input file for DIGIN runs applied in report DNV Rep.No 98-3034, rev. 01,

% Espen Cramer, 26/1 98

%

%-—-Definition of input variables i
%
% Define uncertainty to the prediceted linear trend line for shear capacity i

CREATE VARIABLE s 0 'Remouided shear strength trend intercept (kPay DISTRIBUTION Normal Mean-StD -6.68 2.35
CREATE VARIABLE k_r ‘Remoulded shear strength gradient (kPa/m)' DISTRIBUTION Normai Mean-5tD 1.314 0.10681
CREATE VARIABLE s_ti0 ‘Intact shear strength trend intercept (kPa) DISTRIBUTION Normal Mean-StD -1.30 1.78
CREATE VARIABLE k_i 'Intact shear strength gradient (kPa/m)’ DISTRIBUTION Normal Mean-StD 2,225 0.0805

%

% Define residuals arround the trend line
%

GREATE VARIABLE e_r 'Residuals remoulded shear strength (kPa/m)’  DISTRIBUTION Normat Mean-5t0 0.0 543 |
CREATE VARIABLE e_| ‘Residuals intact shear strength (kPa/m)’ DISTRIBUTION Normal Mean-StD 0.0 4.17
%

% Define Correlation Matrix for trend line and residuals

%

% Trend line; : ;
ASSIGN CORRELATION { ONLY s Ok r )} BASIC -0.907
ASSIGN CORRELATION { ONLY s _HOk_i ) BASIC -0.807
% Residuals
ASSIGN CORRELATION { ONLY e re i }BASIC 0.435
% Trend lines
ASSIGN CORRELATION { ONLY s W0 s_ti0 ) BASIC 0.435
ASSIGN CORRELATION { ONLY k_r ¥_i )BASIC 0.435
ASSIGN CORRELATION { ONLY s rOk_i ) BASIC -0.385
ASSIGN CORRELATION ( ONLY s HOk_r )} BASIC -0.395
%

% Define acting shear-strength intercept

%

CREATE VARIABLE s_r0 'Residuals intact shear strength (kPa/my  FUNCTION SUM (s_tr0e_r)

CREATE VARIABLE s_i0 'Residuals intact shear strength (kPa/m)’  FUNCTION SUM (s_tiD e_i)

%

% Define influence of Loading Rate and Degradation

%

%Equivalent number of stress cycles

CREATE VARIABLE Neq ‘Equivalent number of cycles' DISTRIBUTION Weibull Mean-StD-Laow 3.16 1.61 0.25
%Loading rage and degradatin facter for b=0.7 |
CREATE VARIABLE dum1 "1 B212°N"(-0.0883) FUNCTION POWER Neq -0.0883 !
CREATE VARIABLE u07fcy ‘One-way cyclic stress for b=0.7' FUNCTION Product {1.5212 dum?) :
%influence of b={0.6-0.8) on loading rate and degradation factor

CREATE VARIABLE b ‘'Rate of average stress’ DISTRIBUTION Uniform Limits 0.6 0.8

CREATE VARIABLE b2  'b*b' FUNCTION Product {b b}

CREATE VARIABLE Xb  “Influence of b different fram 0.7" FUNCTION Linear-Comb {-0.3831 b2 0.2299 b 1.0268 1.0)
%

%influence of modeliing uncertainty on Ufcy for given Neq and b

CREATE VARIABLE Xfcy "Modeiling uncert on curve' DISTRIBUTION Normat Mean-StD 1.0 0.025

%

CREATE VARIABLE u_foy 'One-way cychc stress’ FUNCTION Product {(Xfoy Xb uG7fey) :
o :
% Define modelling uncertainty on DIGIN Computations

%

CREATE VARIABLE u_hold "Model uncertainty on holding capacity DISTRIBUTION Normal Mean-StD 1.0 0.15
CREATE VARIABLE u_pendep ‘Mode uncertainty on penetration depth’ DISTRIBUTION Normal Mean-5tD 1.0 0.18
CREATE VARIABLE u_drglen 'Model uncertainty on drag length' DISTRIBUTION Normal Mean-StD 1.0 0.15

%

% Annual extreme applied tension (kNj
%
CREATE VARIABLE |_e ‘Estimated annual extreme tension (kN DISTRIBUTION Weibull Alp-Beta-Low 120.0 0.6 1300.0

%
% Define modelling uncertainty on applied annual extreme tension

!CREATE VARIABLE u_le 'Modelling uncertainty on annual tension' DISTRIBUTION Normal Mean-CoV 10018
?REATE VARIABLE anni_tension 'Applied annual extreme tension with model uncert’  FUNCTION PROD (u_le|_e)
22 Define Uplift angle under annual extreme tension

gGREATﬁ VARIABLE theta_e 'Uplift angle (deg) FIXED 0.0

22 Define Installation tension {kN)
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%

CREATE VARIABLE 1_} ‘instaflation tension {kNy FIXED 35000
% :

% Computed variables from response surface function

% fun{1) = cmb-pendep : Penetration depth

% fun{2) = cmb-drglen : Drag length

% fun(3) = cmb-hold : Holding capacity

%

CREATE VARIABLE omb "Vector of installation results from interface’
FUNCTION geternb
0 kisrkr |itheta e
15 22 2213 1 0
40 01 40 01 10000 50
311
40.0 200.0 100000
%
% Combined halding capacity
%
CREATE VARIABLE hoid_fcy 'Molding capacity with cyclic effect’ FUNCTION product {only cmb-hold u_foy )
%

CREATE VARIABLE hold_inc 'Increase in holding power after installation’ FUNCTION Difference hold_foy |
%

CREATE VARIABLE hold_cap "Total hold capacity ' FUNCTICN Linear-Comb (only u_hold hold_ine 1_11.0)
%

% Account for uncertainty on Drag Length and Holding Capacity

%

CREATE VARIABLE pendep ‘penetration depth’ FUNCTION PRODUCT (u_pendep cmb-pendep)
CREATE VARIABLE drglen 'drag length’ FUNCTION PRODUCT {u_drgien cmb-drglen)
%

% Defines threshold values for determination of Cummutative distributions
%

CREATE VARIABLE hold_t ‘Holding capacity threshold’ FIXED 6000.0
CREATE VARIABLE pendep_t 'Penetration depth threshold' FIXED 15.0
CREATE VARIABLE drglen_t ‘Drag length threshold FIXED 60.0

%

% Limit state function for holding capacity:
CREATE VARIABLE lim_failure ‘Limit state for annual Pf: drag’ FUNCTION Difference  hold_cap annl_tension
%

% Limit state function for determination of cummulative distributions

% includs modeiling uncertainty in hoiding capacity only

%

CREATE VARIABLE cum_pendep "Limit state penetraticn depth’  FUNCTION Difference cmb-pendep pendep_t
%

CREATE VARIABLE cum_drgien 'Limit state penetration depth’  FUNCTION Difference cmb-drglen drglen_t

%
CREATE VARIABLE cum_hold 'Limit state holding capacity ' FUNCTION Difference hotd_cap hold_t
%

%--Definition of events
%

CREATE EVENT Pf-annual ‘Pf annual: drag of anchor SINGLE lim_failure < 0.0
CREATE EVENT Cum-pendep "Cum dist penetration depth’ SINGLE cum_pendep < 0.0
CREATE EVENT Cume-drglen 'Cum dist drag length’ SINGLE cum_drgien < 0.0
CREATE EVENT Cum-hold 'Cum dist for hold capacity’ SINGLE cum_hold < 0.0

%
%--Settings
ABBIGN STARTING-POINT VARIABLE {_e 6000.0

%

% Extension of work:

% Include varlables for updating based on measured drag length or penetration depth

% Define measured penetration depth or drag length

CREATE VARIABLE mes-pendep 'measured actual depth’ DISTRIBUTION NCRMAL MEAN-COV 20.0 .05
CREATE VARIABLE mes-drglen ‘measured actual drag’ DISTRIBUTION NORMAL MEAN-COV 80.00.10

% Define measured event,

CREATE VARIABLE upd-pendep ‘actual depth’ FUNCTION DIFFERENCE pendep mes-pendep

CREATE VARIABLE upd-drglen 'actual depth’ FUNCTION DIFFERENCE drglen mes-drglen

CREATE EVENT Mes-pendep 'depth equal measured depth’ SINGLE upd-pendep = 0.0

CREATE EVENT Mes-drglen 'drag length equal measured length' SINGLE upd-drgien = 0.0

% Define conditinal events accounting for the measured values

CREATE EVENT Upd-Pf-pendep 'Updated PF from depth measurment' CONDITIONED Pf-annual Mes-pendep
i CREATE EVENT Upd-Pi-drglen ‘Updated PF from drag measurment’ CONDITIONED Pf-annual Mes-drglen

-olo -
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Appendix G:  DWA Result File from PROBAN.
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****************************)\‘***************)\c‘k****t******

PROBAN

General Purpose Probabilistic Analysis Program

% 4 % »
* OF ¥ % %

****'k****************‘k*******'k***************************

Marketing and Support by DNV Sesam

Program id : 4.2~-01 Computer : sundu

Release date : 9-0C7T-1996 Impl. update :

Access time : 28-JAN-1998 10:20:01 Operating system : 3unOS 5.5.1 Generi
User id t espen CPU id : 0008584856

Aceocount : 1031116 Installation ! DNV titanic

Copyright DET NORSKE VERITAS SESAM AS, P.O.Box 300, N-1322 Hovik, Norway

FORM/SORM ANALYSIS SUB PAGE:

! Probability of i Pf-annual ¢
! Pf annual: drag of anchor |
! Analysis method : FORM !
b e o e e e it e e +
FORM Probability: 4.60647E~05
FORM Reliability index: 3.9104
Importance factors
Variable Importance
l e 86.0
ImpGroup-2 6.6
u le 4.7
u_hold 1.5
Neg c.5
ImpGroup~1 0.3
Xfecy 0.2
b 0.2
ImpGroup-1 : Kk i k r s_tiQ s_tro
ImpGroup~2 : e i e r
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Linearization point

Variable Type Value Prob

u_le Normal 1.127652148E+00 0.802819 +

1 e Weibull 5.839475976E+03 0.999856 44+

theta e Constant 0.GO00C0O000E+Q0

Xfey Normal 9.961390508E-01 0.438632 =~

u_hold Normal 9.270632018E~-01 0.3133%7 -

1 i Constant 3.500000000E+03

b Uniform 7.122260342E-01 0.561130 +

Neg Weibull 3.4262845208+00 0.610339 +

k i Normal 2,224712164E+00 0.498574 -

k r Normal 1.3037140118+00 0.461385 -~

s _tio0 Normal -~1.2965262308+00 0.500779 +

8_tr0 Normal ~6,310348574E400 0.562495 +

e i Normal ~5.428451097E-02 0.494744 ~

e r Normal 4.894396035E+00 0.816302 +

8 10 Sum -1.350810741E+00

8 ro Sum ~1.415952539E+00

annl_ tension Product 6.584897625E+03

b2 Product 5.072659238E~01

duml Power 8.969641628E-01

cmb getomb 1.019056234E+01
3.245315507E+01
5.042387487E+03

Xb Linear~Comb 9.962071899E-01

ul7foy Product 1.364461884E+00

u fecy Product 1.354038603E+00C

hold fey Product ©.827587306E+03

hold inc Difference 3.327587306E+03

hold cap Linesar—-Comb 6.584883742E+03

lim failure Difference -1.388294505E~-02

-p0o -
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