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Abstract. The most of current fatigue life estimation methods of offshore jacket structures are
based on Miner’s rule. Miner’s rule has always been acknowledged as a simplification that is
easy to use in design where detailed loading history is unknown. However, under random
amplitude loading, Miner's rule might provide incorrect results because of its omission of the
loading sequence effect. Recently, a new damage indicator- based sequential law has been
proposed to capture the loading sequence effect more precisely than the Miner’s rule. As off-
shore steel structures are subjected to variable amplitude loading and the state of the art
methodology available allows us to measure or predict the detailed loading history, it is ad-
visable to utilize the new damage indicator- based sequential law for offshore steel structures.
Therefore, the objective of this study is to propose a sequential law employed new approach
to estimate fatigue life of offshore steel jacket structures. The proposed approach consists
mainly of the predicted stress histories, the recently developed sequential law and a technique
for transferring the partially known S-N curve to a full range curve. Then the proposed ap-
proach is applied to predict fatigue life of an offshore jacket structure as a case study. The
case study consists of 3D-modeling of a jacket platform, wave-structure interaction modeling,
FEM-employed dynamic time history analysis, hot spot stress analysis, a technique for ob-
taining the full range S-N curve and fatigue life estimation based on the newly proposed se-
quential law. Finally, the proposed and the conventional approach’s predicted fatigue lives
are compared to confirm the significance of the new approach.
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1 INTRODUCTION

The demand for exploration and production of oil and gas has grown ever since the early
offshore activities began in the North Sea in the 1960’s. The first steel structures to operate in
the North Sea were transferred from the Gulf of Mexico, where exploration and production
activities had been on going since the 1930’s. Shortly after, it became clear that these struc-
tures were not adequate when operating in more severe weather conditions such as in the
North Sea [1]. Early examples of fatigue damage are found in the “Sedco 135 triangular
semi-submersible drilling rigs operating in the North Sea, as well as the jack-up drilling rig
“Ranger 1 and the infamous “Alexander L. Kielland” platform — capsizing in March of 1980,
leading to the loss of 212 personnel. Though the detail and quality of the fatigue design have
improved since 1975, a significant amount of effort has been directed towards the develop-
ment of structural health monitoring and non-destructive assessment methods of offshore steel
structures in order to keep up with the gradual deterioration of strength due to crack growth,
with the goal of applying design, inspection, maintenance and repair measures — thus ensuring
adequate safety, as well as profitability with respect to using the same structures for further
exploiting of the oil fields [2,3]. Therefore, it is essential highlighting the importance of un-
derstanding the deficiencies of currently available approaches, in order to progress and pro-
pose precise models to prevent similar kinds of future failures and even take measures for life
extension.

The approach for fatigue design and fatigue assessment currently available is based on a
combination of response data found by using the specific loading case (i.e. stress analysis and
stress spectrum), material data describing the fatigue strength based on code provided S-N
curves and a failure criteria which is based on the assumption of a cumulative damage com-
monly expressed by the Palmgren-Miner hypothesis (Miner’s rule). Further, if a crack is de-
tected or the previous loading history is not known, fatigue strength is commonly based on
fracture mechanics analysis (FMA). It is thus safe to say that the Palmgren-Miner rule has and
still is accepted as the damage criteria for fatigue life estimation of offshore steel structures,
and is acknowledged as an approved approximation that is easy to use in fatigue design where
the detailed loading history (loading sequence) is unknown. However, research shows that
under random amplitude loading, Miner's rule might provide incorrect results because of its
inability to precisely capture the loading sequence effect. Similarly, offshore steel structures
are subjected to variable amplitude loading and the state of the art methodology available al-
lows us to measure the detailed loading history to some extent. Recently, a new damage indi-
cator- based sequential law has been proposed to capture the loading sequence more precisely
[4]. The application of this model has not been studied for offshore steel structures. This is the
question of concern in this paper.

Therefore, the objective of this study is to propose a sequential law employed new ap-
proach to estimate fatigue life of offshore steel structures. The proposed approach consists
mainly of the predicted stress histories, the recently developed sequential law and a technique
for transferring the partially known S-N curve to a full range S-N curve. Further, verification
of the proposed approach is conducted by comparing the sequential law predicted damage be-
havior and corresponding fatigue life against the experimentally measured fatigue life and
damage behavior of some materials respectively.

First, the paper presents the proposed approach for fatigue life estimation. Then verifica-
tion of the proposed approach is presented by comparing experimental fatigue lives against
theoretical predictions. Further, the proposed approach is applied to estimate the fatigue life
of an offshore steel jacket structure and obtained fatigue life estimations are compared with
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the estimations obtained by the conventional theory of the Palmgren-Miner hypothesis. Final-
ly the significance and applicability of the proposed approach is discussed.

2 PROPOSED APPROACH

This section presents the new proposed approach for fatigue life estimation of offshore
steel structures. First, the general structural appraisal is presented before introducing the tech-
nique for obtaining the full range S-N curve, and the newly proposed damage indicator se-
quential law.

2.1 Wave-structure interaction and stress history evaluation

The following section presents the method for estimating the wave loads acting on the
jacket legs, through the application of linear wave theory — where the final goal is determina-
tion of hot spot stress history of tubular joints.

Hydrodynamic loads are obtained on the basis of hydrostatics, hydrodynamics and linear
wave theory, which is the core theory of ocean surface waves used in ocean and coastal engi-
neering. This is the simplest wave theory, where wave height is considered to be much small-
er than both the wave length and the water depth, and takes advantage of the linearized
boundary conditions, where waves are considered as regular waves with sinusoidal shape,
propagating with a permanent form. Linear wave theory is approved when assessing long pe-
riod waves generated from distant storms (swell sea) [5]. Each wave has a distinct wavelength
A, wave period T, and wave height H. Application of linear wave theory requires that the fol-
lowing conditions be fulfilled:

e Continuity of mass — the net mass flow into an element equals the mass increase of the
element.

e Based on the constant density of the fluid, the fluid is labeled incompressible.

e Another physical principle when assessing hydrodynamics is considering the water to
be an ideal fluid where no shear forces occur between the particles (in other terms,
consider the fluid to have a frictionless flow). Based on the assumption of non-
rotational flow, the rotation of a water particle around its COG should be equal to zero.

Given that these conditions are present, a potential function ¢ exist such that the partial de-
rivatives of this function with respect to the directions (x, y and z), give the velocities in each
direction. If such a function exists, it is referred to as the velocity potential. Applying a set of
boundary conditions set from physical principles (i.e. bottom condition, wall condition, kine-
matic surface condition and dynamical boundary condition), we are able to define the velocity

potential as expressed in Eq. 1.
&ogcoshk(z + d)

w cosh(kd)

Further, all types of offshore structures other than large floating bodies consist of slender
cylinders — where a slender cylinder is defined as a cylinder of such geometry, which allows
the diameter to be small in comparison with the wavelength (i.e. legs and braces of an off-
shore structure, subsea pipelines, umbilical cables etc.) Wave and current induced loads on
slender members can be obtained from the Morrison’s load formula — consisting of an inertia
force proportional to acceleration and a drag force proportional to the square of velocity [5].
The total force acting on the entire cylinder is as given as:

¢ 3
F(t) = F,(t) + Fp(t) = f fi (z,t)dz + f fo(z, t)dz ?)
—-d -d

o(x,z,t) = cos(wt — kx) 1)

where
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fi=p.(1+C). A1

1
fo =E.p.CD.A.u.|u|

where C, and Cj, are the mass- and drag coefficients respectively. These hydrodynamic co-
efficients are based on experimental data and the relation between these coefficients and the

governing parameters are as follows:
Cyp = CA(Re,Kc:A)

Cp = CD(Re,Kc:A)

The drag term obtained from the Morrison’s load formula is quadratic and 90° out of phase
with respect to the inertia term. One tries to avoid using the complete Morrison equation un-
less it is absolutely necessary. A simple way of doing this is by studying the Keulegan-
Carpenter (K,.), which is a very important parameter for determining the relative importance
of drag versus inertia forces for the case under consideration. Based on this one can determine
whether the drag or inertia force is negligible, whether the drag force can be linearized, or
whether one must use the full Morrison's equation with its nonlinear drag.

In general, given the linear wave theory extrapolation and its corresponding assumptions, it
is further assumed that the wave-induced motions are of the harmonic nature as well, and can
be expressed by a sinusoidal function as in Eq. 3.

u(t) = u,sin(wt) 3
In general, it follows that the dynamic equilibrium equation for a fixed structural member
can be written as:
mit +cr + kr = F(t)

(4)

Notice that the drag term is neither proportional to the wave amplitude, nor harmonic.
Linearization is required given a situation where the drag term can't be neglected. Previous

1
mi + cr + kr = F;(t) + 5P Cp.D. Al u3. sinwt. |sinwt|

. . . 8 ..
research shows that linearization can be given by a constant 3, times an unknown parameter A

[6,7]:
u,, (£) = ugcoswt 5)

A= \/(ua —w.1)% + wi.r?

Where u, is the amplitude of a regular wave's velocity function, and r; and r, are the sine
and cosine response components, respectively. It follows that for a system with small response
amplitudes, the damping term from the drag forces can be neglected (r; = = 0and = u, .
This gives the following linearized dynamic equilibrium equation:

L 1 8
mr+cr+kr=F,(t)+E.p.CD.D.AI.§.u,21.coswt (6)

Should the structural response amplitude become significant, one shall take account for the
relative velocity between the structural member and the water.

A finite element employed time history analysis is conducted with the goal of obtaining the
nominal stress histories of the most critical members. Wave loads described by time history
functions are utilized as input load time history. Fatigue analysis based on S-N data is typical-
ly related to a nominal- or hot spot stress approach. When assessing other types of structural
details (i.e. welding details), the nominal stress range should be modified in order to take ac-
count for the local conditions affecting the stresses at a specific location. The local stress at
this location is expressed by a stress concentration factor multiplied with the nominal stress
(Eq. 7). It is most common that the stress concentration factor results into an amplification of
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the nominal stress. However, there are cases where a stress concentration factor less than 1
can validly exist.
Olocal = SCF. Onominal (7)

Stress concentration factors for different frame elements and the different loading condi-
tions are to be calculated in reference with recommended practice [8], where a huge variety of
equations are presented — defining stress concentration factors for different types of joints un-
der different loading conditions.

Further, nominal stress history output is used for calculating and identifying the hot spot
stress at the crown and saddle points. Furthermore, the hot spot of each structural component
is to be calculated around the circumference of the intersection (Fig. 2), where the highest
value obtained defines the hot spot. Further analysis and fatigue life estimation of the struc-
tural component is based on the corresponding hot spot. Fatigue life estimations of the tubu-
lar members, which are to be presented in Section 4 are based on T-curves with cathodic
protection.

The hot spot of the chord member is to be assessed at three different locations (i.e. brace-
chord intersections with the left hand side brace, middle brace and the right hand side brace —
as sketched in Fig. 1). This means that when assessing the chord, one ends up with having to
evaluate the stresses at eight different points (as shown in Fig. 2), for each of the three inter-
section locations (Fig. 1) — where the highest value obtained identifies the hot spot for the
chord. Else, when assessing each brace, one only looks at the specific brace-chord intersection
place of the corresponding brace. Note that each “stress point” represents its unique stress-
history function.

2.2 Fully known S-N curve

S-N curves are in general obtained from fatigue tests of specimen mainly subjected to axial
and bending loads. The basic design S-N curve can hence be expressed as follows.
log N = loga — mlogAc (8)

However, the regular S-N curve only describes the stress ranges corresponding only to
tens of thousands of failure cycles (i.e. only describes the high cycle fatigue region), hence
they are often labeled as partially known S-N curves [9]. Extending the partially known S-N
curve to a full range curve is therefore of the essence when assessing fatigue based on the
damage-indicator based sequential law. The method for this transformation is mainly based on
Kohout and Vechet Wohler curve modeling technique [10]. A schematic overview of this
technique is presented in Fig. 3.

Where the horizontal line 1 along the ultimate tensile strength is the asymptote s =s, for

the low cycle fatigue region. The horizontal line 2 represents the stress range for the high cy-
cle fatigue region (wheres =s,), while line 3 represents the tangent for the region of finite

life described by equation (or curve) of the partially known S-N curve provided by the design
code. Location B and C show the intersection points of the tangent line 3 with the horizontal
lines 1 and 2. The full range curve is at any given point expressed by the following expression

[9, 10].
=0, (N + B) (9)

where b is the slope of the tangent.
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Fig. 1:Arbitrary KT-joint [8] Fig. 2: Hot spot around the circumference of the intersection [8]
log(o)
A

log(op

0,0) og(N) (0,0) Noww  Niyr N =m) N, log(n)
Fig. 3: Schematic presentation of the full range S-N Fig. 5: Schematic representation of the sequen-
curve modeling technique tial law parameters versus the S-N curve

2.3 Damage indicator based-sequential law

The modern day technology allows us to measure the loading history on most of the exist-
ing civil structures, whether they are onshore or at sea. The sequential law provides an algo-
rithm for properly assessing the fatigue cumulative model — especially under variable loading
conditions, and was developed for the purpose of capturing the loading sequence effect more
precisely [4,10].

A new damage indicator based sequential law is used to obtain more realistic fatigue life
estimation of offshore steel structures. The sequential law provides an algorithm for properly
assessing the fatigue cumulative model — especially under variable loading conditions [4]. The
supposition of this fatigue criterion is that if the physical state of damage is the same — then
fatigue life depend on the loading condition only..

A detailed description of the damage stress model and the definition of damage indicator,
D;, is described in the corresponding paper [9], [10]. Here within, only the concept is summa-
rized with an algorithm for comprehension (see flow chart presentation in Fig. 4). Suppose a
structural component is subjected to an arbitrary stress amplitude or stress range s, for n
number of cycles at load leveli, where N; denotes the fatigue life corresponding tos;. The
residual fatigue life at load level i is obtained from N, - n. The equivalent stress amplitude or
stress range corresponding to the residual fatigue life is denoteds ;,, and is equal to s; for

the first cycle.

Further, the new damage indicator, D;, is then expressed by Eq. 10. It also follows that the
damage indicator is equal to zero at the first cycle given the fact that s =s; at the first cy-
cle.

i)eq >

D =20« "% (10)
: o, — 0,

Where s, is defined by the intercept of the S-N curve with the ordinate at one-quarter of

the first fatigue cycle [9,10]. Furthermore, s, is also commonly known as the ultimate tensile
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strength amplitude or range for rotating bending test-based S-N curves, and it is the ultimate
shear strength amplitude or range for torsional fatigue test-based S-N curves.

The same damage indicator D, is further transformed to the next level, i+1, and the dam-

age equivalent stress at the very same level is derived from the mathematical relation in Eq.
11.

D, = Oiyeq ~ Oi _ O-('i+l)eq —0Oin (11)
Oy — 0 T ]
Further simplifications gives,
o-(Ii+1)eq = Di (O-u _O-i+1) +O_i+1 (12)

Where s ., is the damage equivalent stress at load level i+1 and the corresponding
number of cycles to failure is denoted N,.,,.. Applying an arbitrary stress amplitude or stress

range s, at the level i+1 for n,,,, number of cycles, gives a corresponding residual life as
follows.

Niinr = Ninr —Neisg (13)

4696

----- SN-Curve {m=3)
s 5 N = v 1 i 01 1 o SN-Curve (m=5)
N :N’(,-,R—n,: Residual life g il
‘ = - —Full Range SN-Curve (b=0,20)
4 5w —Full b=
0 (¢4 Damage stress for N number of cycles (from Wahler curve) g Full Range SN-Curve (6=0,33)
[ H
a, -0, 10
_Tlieg ~ i _
D=—"——=D
c,—0;
]
R—— 1 i= it | . ~ =
1.00E+01 1.00E+03 1.00E+05 1.00E+07 1.00E+09 1.00E+11 1.00E+13 1.00E+15

1.00E+17



Redion Kajolli, Sudath C.Siriwardane, Ove T. Gudmestad

The damage stress amplitude or stress range s ., corresponding to N, at load level
i+1, is then obtained from the schematic presentation of the S-N curve in Fig. 3. Furthermore,
the cumulative damage at the very same load level is defined as,

D(i+l) = Tisneg = Fint (14)
O, 0

Similarly, the same procedure is followed until D; is equal to one, where at this point s
becomes equal to the ultimate tensile strength stress amplitude s .

i)eq

3 CASESTUDY

3.1 Considered jacket structure

A previous report on stochastic fatigue analysis of jacket type offshore structures is the
case under consideration [11]. All structural elements of the jacket platform are modeled as
tubular beam elements of steel grade S355. The main dimensions of the steel jacket are 27m x
27m x 62.5m in the global x-, y-, and z-direction respectively. The cross-sectional diameters
and thicknesses are as defined in Table 1. The total mass of the deck is assumed to be 4.8-106
kg [11] and is distributed to the deck plane connections as point loads. The foundation plane
is consisting of four connections modeled as flexible springs of the linear elastic nature.
Spring properties are presented in Table 2. Further, the principles of the design of the steel
jacket are in reference with NORSOK-NO0O4.

3.2 Wave load modeling

The idea is to simulate different waves, obtain the corresponding hydrodynamic loads
based on the theory presented in section 2.1.1 and assign these loads to the jacket model. The
wave simulation is based on a scatter diagram for the Northern North Sea (1973-2001)[12],
which gives a description of the sea state, the probability of the occurrence usually expressed
in the number of observations during a period of time and the expected energy corresponding
to each sea state [6]. Three different wave heights are chose in reference with the previously
mentioned scatter diagram (Table 3), and are assumed to be consecutively generating during
the course of one day. Further, for short-term wave conditions, the sea state is in general as-
sumed to be stationary for an interval of 20 minutes up to 3- or 6- hours [5, 6]. Hence, each
sea state is in this case assumed to be stationary for 3 hours and the wave loads acting on the
platform legs are to be calculated from the maximum wave height . Having obtained the
wave loads for each sea state, we are able to extrapolate and plot time-history functions. The
time-history functions are extrapolated for a 24-hour period, making these functions valid for
one single day. Further, it is assumed that the structure will have this loading history through-
out its service life. Meaning that we now have a simplified simulation of three waves of dif-
ferent wave heights, being generated consecutively after one another during the course of one
single day.

3.3 Finite element analysis

A comprehensive, state-of-the art FEM software for the design and analysis of civil struc-
tures (SAP2000) is used for static design- and dynamic time history analysis of the structure.
In order to ensure adequate static design, several verification steps are taken, amongst them:

* A design-check of the structure is performed in order to ensure that no member ex-
ceeds the capacity given by the design code.

«  Verification that all steel frames pass the stress-capacity ratio.
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Table 3: Cross-sectional data of the frame elements [11] Table 2: Spring properties [11]
Members Diameter [m] Thickness Horizontal stiffness 1.2:10°kN/m
Deck legs 20 [;I(l)n(l)] Vertical stiffness 1.0-10° kN/m
Jacket legs 1.2 16.0 Rotational stiffness 1.2-10° kNmyrad
B in the vertical pl 1.2 16.0
Bzzzz :E th: Ef)rilzc(?ntzla;fme Table 3: Most observed wave heights and the corresponding
Elevation: +5m 0.8 8.0 peak periods [12]
-10m 1.2 14.0 H [m] t, [s]
-30m 1.2 14.0 1.5 9
-30m (diagonals) 1.2 16.0 2.0 9
-50m 1.2 14.0 2.5 9

Furthermore, a dynamic time-history analysis gives the stress distribution of each frame el-
ement, allowing us to identify the two most critical connections, which are singled in Fig. 13,
and are used as reference points. Nominal stresses due to axial load, in-plane and out-of-plane
bending moment for each frame element are plotted as time-history functions. These functions
are used as reference points when determining the stress concentration factors for each struc-
tural component in each connection, and are reference points for hot spot stress history evalu-
ation.

4 FATIGUE LIFE ESTIMATION

4.1 Fatigue life estimation based on the conventional approach

The failure criteria when estimating fatigue life on the basis of the conventional theory of a
linear cumulative damage is commonly expressed by the Palmgren-Miner hypothesis and a
fatigue design factor [8].

ISH N

n;
D:Z—:
£ N;

k
i=1

kp
1
; ni(Ao)™ < o (15)
where
k, —number of stress blocks
FDF — fatigue design factor

Classification of the fatigue design factor is depending on the significance of the structural
component, with emphasis being put on structural integrity and availability for inspection (or
repair). First and foremost, one has to determine whether failure of the structural component
will lead to danger of loss of human lives, environmental pollution and whether there are fi-
nancial consequences. Both NORSOK and Det Norske Veritas provide clear guidelines for
assessing this matter.

Fatigue assessment is based on the deterministic method, which is often considered to be a
simplification of the spectral method. The deterministic approach is applicable when there is a
linear relation between wave loads and the structural response due to these loads. Results of
the fatigue life estimation until crack initiation are presented in the following tables.

Results show that the chord governs the fatigue life of each joint. Hence, the chord in joint
9 will govern the fatigue life of the whole jacket platform — with a fatigue life of 17 years. Fa-
tigue life estimations are based on fatigue design factors of 1 and 3. The “real” fatigue of the
chord will be somewhere between these two parameters. Note that the there is a linear relation
between the results obtained from the Palmgren-Miner theory.
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Table 7: Fatigue life estimation of joint 9

Fatigue Life in Years
Element No. Member FDF=1 FDF=3
o 32 Chord 50 17
s 63 Brace A oo oo
é 13 Brace B oo oo
56 Brace C oo 315
Where members labeled oo, are not subjected to fatigue.
Table 7: Fatigue life estimation of joint 13
Fatigue Life in Years
Element No. Member FDF=1 FDF=3
" 32 Chord 90 30
- 55 Brace A oo oo
'g 19 Brace B oo oo
- 48 Brace C oo 369
Where members labeled oo, are not subjected to fatigue.
Table 7: Fatigue life estimation of joint 9 based on the damage indicator sequential law
Fatigue Life in Years
Element No. Member FDF=1 FDF=3
o 32 Chord 41 13
= 63 Brace A NA NA
z:: 13 Brace B NA NA
56 Brace C NA 261

Table 7: Fatigue life estimation of joint 13 based on the damage indicator sequential law

Fatigue Life in Years
Element No. Member FDF=1 FDF=3
. 32 Chord 74 24
- 55 Brace A NA NA
~§ 19 Brace B NA NA
- 48 Brace C NA 306

4.2 Full range T-curve in sea water with cathodic protection

A technique for defining the full range S-N curve was presented in the previous section.
However, fatigue assessment of tubular members is to be based on T-curves. The design code
T-curve provided by DNV-RP-C203 consists of two different curve slopes. A point in ques-
tion is how to obtain the full range T-curve. A proposed approach is presented in section 3.
First and foremost, the design code given T-curve stretches along the green dotted line all the
way to the intersection with the red curve. It then stretches along the red curve all the way to
interception point s, =1. The intersection between the green and red curve represents change
in the negative inverse slope of the T-curve. The red curve represents the full range of a T-
curve with tangent slope b=0.20. The green curve represents the full range of a T-curve with
tangent slope b=0.33. Both full range curves are obtained from Eq. 9.

A proposed approach is to base the fatigue assessment on the red colour curve. This is be-
cause stress history evaluation shows that the stress ranges for each structural component are
in the high cycle region. Further, the stress ranges for each structural component are in the
region where m=5 (Ds <~83MPa). However, the fatigue testing data of the specimen and the
application of the full range technique would allow us to plot a more accurate full range curve.
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The full range T-curve presented in section 3 is the basis for the sequential law fatigue life
estimations.

4.3 Fatigue life estimation based on the proposed approach

The proposed fatigue approach for uniaxial fatigue is utilized to predict the fatigue life un-
til crack initiation. Fatigue life estimations in this section consist of huge numerical iterations
of the sequential law (2.3), and the associated full range S-N curve. The structural compo-
nents that were proven to not be subjected to fatigue in Section 4.1 are not attended in this
section. Results obtained are presented in Table 6 and 7.

Results show that the chord in joint 9, with a fatigue life of 13 years (for a FDF of 3) re-
mains the governing member both from a local, and global point of view. Further, it is ob-
served that there no longer is a linear relation between the fatigue life where FDF is equal to 1
versus the fatigue life for the case consisting of a FDF of 3. Furthermore, it is observed that
for the case where the FDF is three, results show a reduction of ca. 24% from the Miner's
prediction (consisting of the same FDF).

Results presented in Table 7 show that the chord remains the governing member with re-
spect to local assessment of joint 13. However, joint 9 governs the fatigue life of the jacket
structure. Outputs from the damage indicator based sequential law and the associated full
range S-N curve show a reduction of each structural member somewhere in the range of 17-24%
(depending from one member to another). Even though results show significant deviation, one
should point out that verification results presented in Fig. 12 show cases where the deviations
are of significantly higher amounts.

5 CONCLUSIONS

A new damage indicator based sequential law employed new approach was proposed to es-
timate fatigue life of offshore steel structures. A verification of the new damage model was
conducted by comparing the theoretically predicted damage and fatigue life with experimen-
tally observed damage and fatigue life respectively. The proposed approach was further uti-
lized to estimate the fatigue life of offshore jacket structure as a case study.

The experimental verification reveals that the proposed approach, which consists of a new
damage indicator and a fully known S-N curve modeling technique, provides a more realistic
fatigue life than the Miner’s employed conventional approach. Wave-structure interaction was
reasonably modeled based on linear wave theory and the Morrison’s load formula. Definition
of the sea state was based on a scatter diagram valid for the North Sea. The FEM- employed
time history analysis was conducted to obtain the nominal stress histories of all legs/chords
and braces. Then hot spot stress histories of critical tubular joints were obtained by SCF’s
given in DNV-RP-C203. The DNV-RP-C203 code provided S-N curve of tubular joint was
transferred to a full range S-N curve by applying the proposed technique. Then new damage
indicator based sequential law was applied to estimate the fatigue lives of the identified criti-
cal joints. The fatigue lives were also estimated by employing Miner’s conventional approach.
Comparisons of these fatigue lives show a ~17-24% deviation. This deviation of the remain-
ing fatigue lives highlights the necessity of a proper fatigue theory, which describes the load-
ing sequence effect precisely, and the importance of a reasonably accurate approach to predict
the stress histories. Designing for 20 years of lifetime, a difference of ~25% in fatigue life es-
timation in either direction (~25% less or more), results in a significant amount of years.

Finally, these observations tend to conclude that the application of the damage indicator-
based sequential law is advisable for the evaluation of fatigue lives of offshore jacket struc-
tures. Further verification and comparison between different case studies is recommended for
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future studies in order to ensure the precision of the proposed approach. Future case studies
will be based on more realistic wave measurements and their corresponding sequence.
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