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ABSTRACT In Indonesian waters with an average water depth of less

Many oil and gas platforms in Indonesian waters, both those still
operating and those that have passed the operating life limit
(expired), experience subsidence events, especially in the jacket
platform structure. Subsidence around these platforms is caused
by massive oil and gas exploitation in producing hydrocarbon
reservoirs. This phenomenon poses a risk due to intolerable wave
loads, where the waves increase the risk of structural failure,
which can impact platform operations. Changes in seabed
conditions due to subsidence will also affect the cyclical wave
loads received by the platform jacket structure. In this Final
Project, the author will analyze the residual fatigue life of the
Jjacket platform structure due to subsidence. This Final Project
research aims to analyze the effect of subsidence on the fatigue life
of the jacket platform structure. Tests were carried out using
cumulative damage and fracture mechanics methods to predict the
failure time of the components reviewed in the jacket platform
structure under non-subsidence conditions and when subsidence
occurs. The analysis results show that the fatigue life of the
structure will be reduced when subsidence occurs. With the
cumulative damage method, the fatigue life value of the non-
subsidence condition is 279 years, while the residual fatigue life of
the structure in the subsidence condition is 59 years. Meanwhile,
using the fracture mechanics method, the value of the fatigue life
of the non-subsidence condition is 76 years, and the residual
fatigue life of the structure in the subsidence condition is 41 years.
These results show a significant decrease in the fatigue life of the
structure.

Keywords: Jacket Platform, Fatigue, Subsidence, Cumulative
Damage, Fracture Mechanics

1. INTRODUCTION

Petroleum has become a necessity of life, with more than 85
million barrels of petroleum products consumed daily. To
meet this huge demand for fossil fuels, petroleum companies
are constantly searching for unexplored reserves on the
earth. One of the most attractive sources is the ocean, which
covers almost three-quarters of the earth's surface. Hence,
these companies came up with the idea of constructing
offshore structures to explore these precious treasures.

than 400 m, many offshore structures are used, namely fixed
platform structures such as jacket platforms. Many oil and
gas platforms operating or have passed the operating life
limit (expired) experience subsidence events in Indonesian
waters [1]. Subsidence around the platform occurs due to the
massive exploitation of oil and gas in hydrocarbon
reservoirs that are in production [2].

The subsidence that occurs on the platform will cause a
reduction in the production period. If it has reached a certain
stage of subsidence, the safety factor of the platform
structure will be affected by the increase in MWL [3]. One
of the significant effects of subsidence is to increase the
overturning moment at the base of the jacket. This is
because, in addition to the increasing wave force, the
distance from the center of force to the mud line increases
as subsidence increases [4]. Further subsidence rates will
lead to intolerable risks and wave loads where waves
occurring on the deck will cause a high level of increased
risk of structural failure that can affect platform operations
[3].

Fatigue failure in an offshore structure most often occurs
when the structure is exposed to environmental loads,
especially cyclical wave loads [S]. Changes in soil
conditions due to subsidence will affect the cyclical wave
loads received by the jacket platform structure. This
research will analyze the residual fatigue life of the jacket
platform structure due to subsidence.

2. THEORY

2.1 Subsidence

Subsidence is a decline that occurs globally in a land. This
land subsidence is a process of land subsidence movement
based on a certain datum [6]. Structural subsidence
problems are mainly caused by subgrade deformation. The
compressive deformation of soil is non-linear and unstable
because the composition is very complex, and the soil will
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shift under a vertical load [7]. The effects of subsidence on
the integrity of the jacket globally are as follows [8]:

a. movement of the piles concerning each other; b. high
compressive forces within the lowermost jacket frame; c.
rotation of the lowermost part of the jacket leg and
consequent rotation of the pile sleeve cluster and the top of
the pile; d. higher bending stresses in the pile due to the
rotational effect of the top of the pile; e. more uneven
distribution of the pile axial load within each pile group
(push-pull effect within the pile group, resulting in increased
pile axial design load); f. higher pile capacity and higher pile
axial stiffness, due to higher soil friction generated between
the pile surface and the surrounding soil; g. relatively larger
upward vertical soil displacements and strains due to higher
soil displacements and strains; and higher pile capacity and
higher pile axial stiffness due to higher soil friction
generated between the pile face and the surrounding soil; g.
relatively larger upward vertical soil displacements and
strains along the pile (equivalent to the Poisson effect) of
about 60 mm.
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Figure 1. Illustration of subsidence in jacket platform [9]

2.2 In-place Analysis

The in-place analysis is used to examine platform structure
failure modes when in-service. In-place analysis aims to
ensure that the structure can withstand loads during
operation, either gravity or environmental. The approach to
in-place analysis is a static analysis approach, namely
analysis when the structure is static or not affected by time
under operating loading conditions (environmental loads
with a return period of 1 year) and storms (environmental
loads with a return period of 100 years). In the in-place
analysis, it is necessary to consider UC < 1 as the maximum
allowable limit for the structure. Unity check (UC) is the
ratio between the actual stress of the structure and the
allowable stress with the following Equation 1.

uc = Oact

)

Oanl

2.3 Tubular Joint

The jacket structure consists of cylindrical or tubular
members, which consist of two different types of members:
main members (chord) and branch members (brace). The
primary purpose of the tubular joint is to support the jacket
in resisting lateral and vertical loads. The loads received by
the jacket will be transferred to the tubular joint. At this
tubular joint location, critical points occur along with

repeated loading. Tubular joints are classified as K, X, and
Y types based on their geometric arrangement.

According to API RP 2A-WSD 21st edition, tubular
joints are arranged with the configuration and shape
parameters, as shown in Figure 2 below.

© = Brace angle (measured from chord)
g = Gap, in. (mm)

t = Brace thicknass, in. (mm)

T = Chord thicknass, in. (mm]

d = Brace diameter, in. (mm)

D= Chord diamater, in, (mm)
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Figure 2. Tubular joint configuration parameters [10]

2.4 Fatigue Analysis
Fatigue analysis can be performed using two methods,
deterministic and spectral. The deterministic method is used
for structures that are not sensitive to dynamic forces, where
all waves have a long period to reach the peak of the
structure's transfer function. The sea state is discretized in
relatively few discrete (deterministic) waves to determine
the stress range values. The structure's response to these
discrete waves is then calculated with or without dynamic
effects. On the other hand, the spectral method uses a
statistical approach to calculating fatigue damage in
structures subjected to dynamic loading with many stress
cycles. The spectral method uses wave spectra and transfer
functions. Transfer function defines the ratio of cyclical
stress range to wave height as a function of frequency. The
following are the parameters used in fatigue analysis:

1) S-N Curve

The S-N curve represents the empirically determined

relationship between stress range and number of failure

cycles. S-N curves describe the characteristics of

commonly used fatigue tests on materials subjected to

repeated loading of the same magnitude.

2) Palmgren-Miner’s Rule

Fatigue failures are mainly caused by environmental

loads, such as waves. The stresses caused by these loads

are ever-changing and random in magnitude, so their

amplitude varies. This rule allows fatigue damage to be

calculated at several different load amplitudes. The

fatigue concept is the basis of the Palmgren-Miner

cumulative failure law, expressed in Equation 2 below.
Napplied;

_ N
D=2 Nresisted; @

Where,

D = the damage magnitude in 1 year

N = number of stress range group divisions

Napplied; = cycles in the working stress range
Nresisted; = cycles at the permissible stress range
3) Stress Concentration Factor (SCF)

SCF is the ratio between the highest stress at a position
in the joint, namely hot-spot stress, and the nominal stress
in the brace [11]. The value of the stress concentration
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factor is influenced by the geometry of the tubular joint,
the type of tubular joint, and the loading type received.
Accurately determining the stress concentration factor
value is essential for predicting fatigue life. The following
is Equation 3 to determine the SCF value.

Uhotspot

SCF = —2°P% 3)

Onominal

2.3 Hot-Spot Stress

Hot-spot stress is when a particular area or point on the
structure experiences a significant increase in load or stress
compared to other areas or points around it. This increase in
load or stress can occur due to various factors, such as
excessive loads, design errors, or load distribution
imbalances. This hot-spot stress occurs at the weld toe
location, considering the SCF caused by the discontinuity of
the structure, which allows for cracking of the tubular joint.

computed total
stress

reference points
structural stress

\ / / stress on surface

F

T T
— % S ot spit 2—.

Figure 3. Hot-spot stress

2.4 Fracture Mechanics

Fracture mechanics is a method to analyze the fracture
behavior of a structural joint by focusing on a specific area
locally. This analysis is performed on tubular joints that will,
are or have already experienced cracking. The fracture
mechanics process involves several stages, such as crack
initiation, crack propagation, and, eventually, a crack that
can lead to structural failure (final fracture).

2.5 Stress Intensity Factor

The stress intensity factor (SIF) is one of the parameters that
need to be considered in the crack failure approach using the
fracture toughness method. The SIF value is also a
parameter to predict the fatigue life of the structure. SIF is a
function of stress, geometry, and crack size. The SIF value
can be determined through the following Equation 4.

K= f(g)o-nomm 4)
Where,
K = stress intensity factor (ksi\/in)
a = initial crack depth
Gnom = nominal stress
flo) = correction function for dimension and crack
geometry and position
2.6 Crack Propagation

Structural failure caused by cracking begins with the
appearance of an initial crack. This stage marks the

beginning of the failure process. The crack then propagates
due to shear stress (microcrack growth stage) until it
becomes a large crack affected by tensile stress (macro crack
growth stage). This process continues until the component
can no longer withstand the working stresses and finally
breaks (final fracture). The Paris-Erdogan law in Equation 5
below can calculate the crack rate when propagation occurs.

da
— m
oy = CAK™) ©)
Where,
da/dN = crack propagation rate (mm/cycle)
AK = stress intensity factor range

C and m = crack growth parameters

2.6 Fracture Mechanics - Fatigue Life Analysis

The fracture mechanics method's fatigue life is obtained
by integrating the Paris-Erdogan law of crack propagation
shown in Equation 6 below.

4  da 6
o CRK™ (6)
where,
ag = initial crack depth
ar = final crack depth
N = number of cycles
AK = SIF range

C and m = material constants

3. METHODOLOGY

3.1 Literature Review

This research begins with searching and studying references
such as books, codes, previous Final Project reports from the
Department of Ocean Engineering, and journals that have
the same or similar topics. This process is carried out to
support the theories used by the author in solving the
problems discussed in this research.

3.2 General Data

The data required are jacket platform structure data,
environmental data, loading data, and soil data on the jacket
platform structure. Information about the data will be
explained as follows.

Table 1. Environment data

Return Wind Speed  Max Wave Max Wave
Period (mph) Height (ft) Period (sec)
1-year 38 18 7.3
100-year 63 324 9.8
Table 2. Platform data
Parameter Description
Type Wellhead Platform
Installation Year 1986

Number & Dimension 4 (42” for jacket; 36” for deck)
Leg

Number & Dimension 4 (36”)

Pile
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®
Elevation Jacket: critical local analysis joint.
EL. (+) 10* - 0” (Jacket 2) Modeling and Input of Critical Tubular Joint Loading &
Walkway) Boundary Conditions
EL. () 22: i O Critical tubular joint modeling is done with the help of
gi 8 gg 8 (Mudmat ANS'Y.S Workbench software. Loads and .boundary
Framing) conditions on the tubular joint are input according to the
Deck: global analysis results. This is done to determine the

EL. (+) 76’ - 6” (Helideck)

EL. (+) 58’ - 6” (Main Deck)

EL. (+) 38’ - 0” (Cellar Deck)
EL. (+) 29’ - 6 (Wellhead Deck)
EL. (+) 27’ - 0" (Sub-Cellar Deck)

3.3 Platform Jacket Structure Model

The jacket platform structure is modeled according to the
data obtained using SACS software. The structure is given
loadings such as dead load, live load, equipment load, and
environment load. To validate the model, the weight of the
modeled jacket platform structure must be equalized with
the weight of the original structure.

3.4 In-place Analysis

Perform an in-place analysis of the structure to get a unity
check (UC) joint and member and determine the ability of
the jacket platform structure to accept loads. The analysis is
carried out in all directions to see which direction causes the
structure to experience the most critical conditions before
and after subsidence. This analysis is an approach to
knowing the safe limit of the structure when subsidence
occurs at each depth variation per one meter, validation with
the condition that the UC value < 1.

3.5 Fatigue Analysis — Cumulative Damage

Calculation of fatigue life using cumulative damage method

assisted by SACS software. Calculations are carried out

under both non-subsidence and subsidence conditions. The

following are the steps in the cumulative damage method

fatigue analysis:

1) Calculation of Natural Period for Non-Subsidence &
Subsidence Condition

2) Wave Event Occurrence Input

3) Stress Concentration Factor (SCF) Calculation with
SACS Software

3.6 Fatigue Analysis — Fracture Mechanics
Fatigue life is also calculated using the fracture mechanics
method by modeling tubular joints with low fatigue life
values and modeling cracks based on hot-spot stress with
analysis using ANSYS software. The following are the
stages in the fatigue analysis of the fracture mechanics
method:
1) Determination of Critical Tubular Joint Location in Non-
Subsidence & Subsidence Condition
Determining the critical tubular joint location is based on
the results of the cumulative damage method fatigue
analysis. The joint with the lowest fatigue life will be the

location of the maximum stress reference point (hot-spot
stress) on the tubular joint to be modeled as cracked.
3) Modeling of Semi-Elliptical Crack

Surface crack modeling with semi-elliptical type is
carried out based on the maximum stress location, assuming
that the crack depth value and crack length value are by the
ABS: Guide for Fatigue Assessment of Offshore Structures.
4) Stress Intensity Factor (SIF) Calculation

Calculation of the SIF value is done using ANSYS after
modelling the crack with the addition of crack length so that
different SIF values are obtained. This SIF value is used to
calculate the crack propagation rate, then validated with
manual calculation.
5) Crack Propagation Calculation

The crack propagation rate is calculated manually using
the Paris-Erdogan Law equation.

3.8 Fatigue Life Calculation

Calculate the fatigue life using a comparison of two methods,
namely cumulative damage (global analysis) and fracture
mechanics (local analysis), under non-subsidence and
subsidence conditions.

4. RESULTS

4.1 Structure Modeling and Validation

The jacket platform structure is modelled using SACS
software based on existing reference data. Next, the
structural model was validated against the data in the
platform report. The validation used is the Mean Absolute
Percentage Error (MAPE) parameter with an error tolerance
limit of 5%.

Table 3. Model Validation

Weight of Structure Error (%)
Data SACS
3160.03 3107.85 1.65

Based on Table 3, the error value has met the tolerance
limit of less than 5%. Thus, the structural model can be said
to be valid and has presented the actual structure so that it
can continue the next stage of analysis.

4.2 In-place Analysis

The inplace analysis was conducted for eight loading
directions, including 0°, 45°, 90°, 135°, 180°, 225°, 270°,
and 315°. In this in-place analysis, variations of subsidence
occurrence under 100-years storm conditions with a depth
of subsidence of one meter to four meters were performed.
In this analysis, member stress checks were carried out in
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[
each loading direction and subsidence condition per meter.
The analysis obtained shows that the most critical loading
direction occurs in the 0° direction, with the UC value in
each subsidence condition as follows. y

/ J |
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Figure 4. Critical Member

Table 4. Stress Check Member
Member Max UC - Subsidence [-Z] (m)
0 1 2 3 4
107-205 0.69 066 0.63 077 0.68

Table 4 shows that subsidence influences the UC member

value; the UC value increases when the structure
experiences subsidence events with a decrease in depth of
three meters from the initial condition.
In the in-place analysis, a joint punching shear check was
also carried out to determine the critical joint on the
structure's jacket leg. The 12 tubular joints for each
elevation of the jacket leg are reviewed under non-
subsidence conditions, and the variations in subsidence per
meter are as follows.

Figure 6. Critical Tubular Joint

Table 5. Joint Punching Shear Stress Check
Max UC - Subsidence [-Z] (m)
0 1 2 3 4
201 0.594 0.573 0.555 0.683 0.62
203 0.484 0.503 0.464 0.549 0.434
205 0.636 0.599 0.568 0.678 0.612
207 0.65 0.582 0.531 0.529 0.503
301 0.351 0.309 0.288 0.299 0.271
303 0.385 0.374 0.363 0.452 0.415
305 0.349 0.331 0.31 0.321 0.296
307 0.382 0.368 0.354 0.527 0.491
401 0.325 0.342 0.326 0.479 0.447
403 0.592 0.608 0.593 0.889 0.851
405 0.655 0.653 0.637 0.733 0.703
407 0.291 0.309 0.312 0.369 0.353
From Table 5, the critical joint occurring on the jacket leg is
at joint 403 at EL (+) 10 ft, which is the connection between
the jacket and the deck leg. The UC (Utilization Coefficient)
of this joint increases when there is a subsidence of 3 meters.
This is due to changes in environmental loads from waves
and currents affecting the area between the topside and the
jacket leg. The results of this joint punching shear check will
form the basis for assuming the maximum subsidence depth.

Joint

4.2 Fatigue Analysis - Cumulative Damage Method
In analyzing fatigue using the cumulative damage method,
the natural period value is first analyzed through dynamic
structural analysis using the dynamic extract mode shape
feature in the SACS software. This is done to determine
whether the fatigue analysis will be performed using a
deterministic or spectral approach. The following table
presents the natural periods of the structure under both non-
subsidence and subsidence conditions.

Table 6. Structure Natural Period
Non-Subsidence

1.71 seconds

Subsidence

1.69 seconds

Based on Table 6, since the period values are less than three
seconds, the method used for the global fatigue analysis is
deterministic fatigue. In the structural analysis, the structure
is subjected to environmental loads, specifically cyclic wave
loads, with the angle of attack as shown in Figure 9 below.
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Figure 7. Wave Directions

In this study, fatigue life analysis is conducted by reviewing
the main joints on the jacket structure as shown in the figure.
The analysis is performed using the Palmgren-Miner
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hypothesis of linear cumulative damage and the appropriate
S-N curve to predict fatigue life using the WIT curve as
provided in the API RP 2A-WSD. The fatigue analysis is
carried out with the help of SACS software to determine the
fatigue life values for each tubular joint of the platform
structure. The lowest fatigue life value is used to identify the
critical tubular joint.

Juint 203
Sesvice Life Non-Subsidence: 279 tahun
Service Life Subsidence: 59 tabua

Figure 8. Tubular Joint with the Lowest Fatigue Life

From the analysis, it is found that the lowest fatigue life
value is located at tubular joint 203. The author performed a
geometric parameter validation for tubular joint 203 to
ensure that the SCF values used to calculate the fatigue life
are sufficiently accurate. Validation was conducted
according to the parameters used for tubular joints based on
the validity range parameters proposed by Efthymiou. The
primary parameters, as shown in Figure 2, and the derived
parameters include the diameter ratio (= d/D), the thickness
ratio (t = t/T), the gap-to-diameter ratio ({ = g/D), the chord
slenderness ratio (y = D/2T), the length-to-diameter ratio (a

=2L/D), and
| , [
7
y.
F : — | —] B2
Nk
N
‘ M1 J¢ Y

Figure 9. Tubular Joint 203

Below is the validation performed with the parameter
ranges according to Efthymiou.

Parameter Utama Parameter Turunan
[ukaran [satuan Jokura] Parameter | Nilai_ |Rentang Batas| Ket | Parameter | Nili [Rentang Bata Ket
C1-B3 (KT Joint) By | 043 [ OK | W | 4 Lok |
cea PR T B | 043 0K w | oK
Lo | 16 | o [ w | B [ |08 | 02spst [0k ] 1w | 1| 0ses [k ]
Do 4 o an | o By | 062 [ OK | T | W [ OK |
Towe | 15 | i fa | 207 | i Bys | 038 0K v | W OK
EETE R w | 0n Lo ] w | 6 Lok |
4 s [ n W [ 2 [ n w | 03 Lok | w | 6 Lok |
4 05 in e 1 in T w | 042 | 02<esl | OK | 3 (g5 6 4<asd0 | OK |
MEE e | o0 | © T | 067 Lok | o | 6 Lok |
&1 - fnas 1628 | in T | 025 0K Oy 6 0K
C1- B2 (TJoint) C1-B5 (Y Joint) [ 0 0K By | 89.93 0K
W | = W | |« W | 0 [Cok | by | 0293 [ox |
o | os | oW w o | m | ¢ [ @ | 0m | 0ssc [0k | 0 [ 0, | 509 | <0< | oK |
| 2% W | s | - G | 039 [0k | U | 646° [Tox |
w0 g. G | 0 [ ok | By | 8029° 0K

Figure 10. Tubular Joint Parameter Validations

It was found that the derived parameters of tubular joint
203 under review fall within the validity range parameters
defined by Efthymiou, indicating that the calculated fatigue

life values can be considered sufficiently accurate.

4.3 Fatigue Analysis - Fracture Mechanics Method
After conducting a global fatigue analysis (cumulative
damage), a local fatigue analysis is also performed using the
Linear Elastic Fracture Mechanics (LEFM) method. This
method involves analyzing the fracture behaviour of a
tubular joint with parameters including the SIF and crack
propagation rate. By determining these two parameters, the
fatigue life can be calculated.

Based on the results of the global analysis, the tubular joint
with the lowest fatigue life (tubular joint 203), will be
geometrically modelled using ANSYS software for further
local analysis. Boundary conditions are applied to
accurately represent the real conditions, with a fixed support
in the chord member, and the analysis focuses on the
connection between the chord and the brace. In addition to
boundary conditions, loads are applied to each brace,
including axial forces, in-plane bending (IPB), and out-of-
plane bending (OPB).

Table 7. Loading on Tubular Joint
Non-Subsidence Subsidence
Member  Axial IPB OPB Axial IPB OPB
(Ibfy  (bfin) (Ibfin) (b))  (Ibfin) (Ibfin)

Bl -41534 43667 -39203 -47840 51568 -34444
B2 -26863 -41606 22573 -37578 -65533 42026
B3 122319 -252523 229113 154869 -359901 288721
B4 -138666 -737142 5898 -186077 -938884 -42534
B5 -5959 -33664 84953 -10349 -40651 140905

B4 (105 - 203)

4 s

Figure 11. Local Analysis:i/lodeiwénd Boundaries Condition

A mesh is applied to the model, and the sensitivity of the
meshing is analyzed by reviewing stress probes at consistent
locations to achieve accurate and stable stress distribution.

Figure 12. Model Mesh
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Mesh Sensitivity
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Figure 13. Mesh Sensitivity

From the graph, it is observed that the stress distribution

becomes stable at a mesh size of 0.75 in. Therefore, this
mesh size is used for further analysis.
In modeling the crack, the initial crack location is
determined based on the maximum stress concentration
(hot-spot stress). Maximum stress analysis is performed
with the loads applied under both non-subsidence and
subsidence conditions. The location of the maximum stress
is found at the saddle brace connection between brace 4 and
the chord.

Non-Subsidence: 140.78 MPa
Subsidence: 175,41 MPa

Figure 14. Maximum Stress

At the initial crack location, a surface crack will be
modeled with a semi-elliptical shape. The assumed initial
crack depth (ag) is 0.5 mm [12]. With a crack depth-to-length
ratio (a/2c) of 0.15 and 0.2, the crack length (2¢) will be
adjusted according to this ratio.

Figure 15. Crack Model

Crack modeling is performed from an initial crack depth
(ao) of 0.5 mm until it reaches the critical crack depth (ac)
of 38.1 mm (1.5 in), which is equal to the wall thickness of
the chord. The output of the crack modeling is the Stress
Intensity Factor (SIF), is calculated with an incremental
crack growth of 0.5 mm from the initial crack to the final

crack depth. In this study, the crack analysis mode used is
Mode I with example analysis results provided as follows.

Figure 16. SIF Analysis Result

The numerically obtained SIF values are then validated
manually by using Equation 7 for surface crack as follows.

K, =1120 /n%MK (7

where the value of Mk (back free surface correction factor)
can be determined using Equation 8 as follows.

M =1.0+12 (% ~05) ®)

where the value of Q (front free surface correction factor)

can be determined using Equation 9 as follows [13]:
1.65

a
Q=1+ 1.464 (C) ©9)
With the maximum stress at the initial crack location being
115.57 MPa (non-subsidence) and 152.01 MPa
(subsidence), the SIF values can be calculated and validated

as shown in the following table.

Table 8. SIF Values

Condition Crack Ratio SIF (MPaVmm) Error
(al2¢) Manual  ANSYS (%)

Non- 0.15 148.09 153.76 3.82
Subsidence 0.2 141.05 149.01 5.65
Subsidence 0.15 194.79 186.94 4.03
0.2 185.52 183.44 1.13

Since the error is less than 10%, the SIF values can be
considered valid. The fatigue life of the structure can be
determined by the crack propagation rate. The crack
propagation rate for ASTM A36 steel can be calculated
using Equation 10 as follows.

da
oy = 36X 10710(AK;)3? (10)

From the crack propagation rate, the fatigue life can be
calculated by determining the number of cycles until failure
as described by Equation 6. The number of cycles
experienced is shown as follows.
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Figure 17. Number df Cyc es 7f0r Non-Subsidence Condition

Figure 18. Number of Cycles for Subsidence Condition
The results of the fatigue life for the structure under non-
subsidence and subsidence conditions can be seen in the

following table.

Table 9. Fatigue Life Using Fracture Mechanics Method

- L. Value
Condition Description a2 =015 a2e=02
Cycle Number 280471701 514961030
Non-Subsidence Number of Waves 6750000 6750000
Fatigue Life (years) 42 76
Cycle Number 146968082 278228655
Subsidence Number of Waves 6750000 6750000
Fatigue Life (Years) 22 41

Table 10. Fatigue Life Comparation
Fatigue Life (Years)

Condition Cumulative Fracture Mechanics
Damage a/2c=0.15 a/2c=0.2

Non-Subsidence 279 42 76

Subsidence 59 22 41

From Table 10, it is observed that the fatigue life
significantly decreases when subsidence events occur on the
jacket platform. The effect of the crack ratio on the obtained
fatigue life shows that as the crack ratio increases, the
fatigue life also increases.

5. CONCLUSIONS

From the analysis and discussion conducted, it can be
concluded that the unity check (UC) values increase with
subsidence at a depth of three meters. The critical member
is identified as the jacket vertical bracing, which has a UC
value of 0.77, while the most critical tubular joint is at the
connection between the jacket and the deck leg, with a UC
value of 0.889. This increase is attributed to changes in
environmental loads caused by waves and currents
impacting the area between the topside and the jacket leg
due to subsidence.

The critical tubular joint identified is joint 203 based on
cumulative damage fatigue analysis, with a fatigue life of
279 years (non-subsidence) and a residual fatigue life is 59
years (subsidence). Additionally, fracture mechanics fatigue
analysis shows a fatigue life of 42 years (a/2c=0.15) and 76
years (a/2¢=0.2) under non-subsidence conditions. Under
subsidence, the residual fatigue life is 22 years (a/2¢=0.15)
and 41 years (a/2c=0.15). These findings indicate a
significant decrease in the structure’s fatigue life in the event
of subsidence. All references cited in the text are listed
sequentially in the reference list at the end of the paper.
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