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Abstract

The crane is one of the production support facilities on the offshore platform. During operation, it
receives a large load, both from the environment and the crane’s operational load, so the crane’s
strength and operational safety need to be maintained. Cyclic loading can cause the crane structure to
experience fatigue. This evidence shows the importance of analyzing the crane pedestal. How much the
load affects the fatigue life of the structure. A previous study on the crane loading effect on the Floating
Production Storage and Offloading (FPSO) was provided as a comparison. Local fatigue analysis was
performed on the pedestal crane using the Finite Element Method (MEH) and ANSYS Workbench 19.1
software. The validation stage was carried out by comparing the value of the reaction force, moment,
and maximum equivalent stress (Von-Mises) on the crane pedestal between the simulation results and
hand-calculation. Furthermore, a static simulation was carried out to obtain the stress value as the
basis for cyclic loading. A dynamic simulation was carried out based on the stress obtained from the
static simulation to determine the structure’s critical point and fatigue life. The fatigue analysis was
carried out based on the Palmgren-Miner Theory. It is found that the load that has the most significant
influence on crane pedestal fatigue is the operational load with a contribution of 80.7%, wind load of
19.3%, and wave load of 0%. The minimum estimated fatigue life of the crane pedestal structure is
96.5 years or close to 5 times the design life. Compared to the crane in the FPSO in previous studies,
the most significant difference lies in the contribution of wave loads, where the wave load on the FPSO
has the most considerable contribution to crane structure fatigue (97.8%).

Keywords: Fatigue life analysis, finite element method, offshore fixed platform, pedestal-mounted

crane

1. Introduction

Offshore structures have developed a lot with dif-
ferent development objectives [[1]. One of the offshore
structures currently operating in Indonesia is a wellhead
type fixed offshore platform in the Madura Strait, which
is operated by Husky-CNOOC Madura Limited (HCML).
This platform produces crude oil using wells as the outlet
for crude oil and gas and injection wells to inject water.
This pavilion is located offshore in the Madura Strait, East
Java. The platform was installed at a depth of about 316.4
feet measured from the mean sea level.

In operation, fixed offshore platforms are subject
to significant loads from the surrounding environment.
Therefore, the fatigue analysis of offshore buildings and
the supporting equipment components therein is essential
to be carried out. The crane that is used as a material
transfer tool is one of the facilities on the offshore plat-
form that has a significant enough chance of experiencing
fatigue, so it is necessary to maintain its structural strength
so that it is safe during operation. The crane used on the
platform can be seen in Figure
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In this study, a crane pedestal fatigue due to environ-
mental and operational loads on a fixed offshore platform
was carried out and the influence of each load on the struc-
ture’s fatigue life. In addition, the effect of loading on the
fatigue life of offshore platform cranes is also compared
to that of previously studied FPSO cranes.

Structural analysis was carried out on the crane
pedestal structure with the help of ANSYS Workbench
19.1 software based on FEM [2] and Palmgren-Miner The-
ory for the calculation of fatigue life.

Figure 1. Pedestal crane on a fixed offshore platform.
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2. Research Methodology

2.1. Structural Model

The specifications and configurations of the analyzed
crane pedestal cylinders [3]], can be seen in Table [1]and
Table [2| Figure 2| shows the pedestal crane configuration.

or from the data contained in the relevant drawing [3] [4]].
The properties of the materials used for the design are
shown in Table [3] and Table [4l

Table 1. Pedestal crane specification.

The crane and the beam on the deck that acts as a clamp Type Fixed Length Box Boom
for the crane pedestal are modeled as in Figure [3| Only Cylinder Crane
Pedest'all 'and top ring modeling were u;e'd, igporing the Operating Weight 27.5 ton
ﬁvg existing beams. The bougdary condition given to the Safe Working Load 5 ton
object being analyzed was fixed support on the top of
the crane pedestal’s top ring. The boundary conditions in Ler.lgth 16.490 m
modeling can be seen in Figure [4 Height 9.673 m (up to boom)
2.9 Material Maximum Work Radius 13.7m
. ) Minimum Work Radius 3.1m
Steel and other structural materials were determined om lif 9
according to standard Structural Materials Specifications Design life 0 years
oD,
. -
Table 2. Geometry and property of cylinder material crane pedestal " m | h,
NS WAL
Cylinder I I 101 PX/ ------ —1
Outer Diameter (OD) 1.04 m 1.04mto1.41m 141 m
Thickness (t) 31.75 mm 31.75 mm 31.75 mm I h,
Height (h) 3.05m 0.55m 0.50 m ¢
1
Modulus of elasticity 29,733 ksi Platform main deck
Steel density 490.00 lb/ft? = .
Pedestal yield stress 50 ksi Lﬂ-l

A

Figure 3. Geometry modeling of crane pedestal.

200 4100 )

00

Figure 2. Crane pedestal config-
uration.

0.000

0500

Figure 4. Fixed support boundary conditions on the top
ring pedestal base.
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Table 3. Material properties for design.

Material Property Value
Density 8.653E-09 ton/mm?
Modulus of elasticity 206,843 MPa
Shear modulus 76,923 MPa
Steel ) .
Poisson’s ration 0.3
Coefficient of thermal expansion 1.17E-5/°C

Design yield strength

Type I (Mild Steel) — 248 MPa
Type II (High Stength Steel) — 345 MPa

Table 4. Allowable stress based on the number
of cycles.

Number of Loading Cycles Allowable Stress

From To Range (MPa)
20,000 100,000 193
100,000 500,000 110
500,000 2,000,000 69

Over 2,000,000 48

Max Eq. Stress v.s Process Time (Nodes Based)

— 134.00
©
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w
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Figure 5. Convergence test results as a function of the num-
ber of the nodes.

Table 5. Wind loading condition.

Load Condition 9 10 11 12 13
Wind speed (m/s) 5.5 8 10 13.9 17.3
Fas.08 (N) 80.15 169.95 309.6 512.12 794.21
Fa4.63 (N) 17.06 36.15 65.82 108.93 168.85
Fas5.13 (N) 17.9 37.95 69.17 114.54 177.44
Mpoom (Nm) 2,560 5,422 9,880 16,351 25,342
Fpoom (N) 384.26 814.04 1,483 2,455 3,805
Fselfweight (N) 231E+03 231E+03 231E+03 231E+03 231E+03
Mielfweight (Nm) 1.543E4+06 1.543E4+06 1.543E4+06 1.543E4+06 1.543E+06
Cycle (Hours) 70,720 88,860 14,380 1,260 60

2.3. Meshing

The convergence test was done by comparing the
meshing results using the span angle coarse and medium.
After the results of each test were obtained, the two were
compared by sorting the number of nodes. Then, the
meshing with the smallest number of nodes was selected
at the point where the object’s equivalent stress began to
converge. The method used is Hex Dominant with Adap-
tive size function and Fine relevance center. The results
of the tests can be seen in Figure [5| The final meshing
method used medium span angle and element size of 50
mm, with the total number of nodes of 53,607 or total

number of cells of 10,236 and the average mesh metrics
was 0.68039. Calculation of the effect of cumulative dam-
age on platforms using the S-N curve for tubular joints
[51, regardless of the corrosion effects.

2.4. Loading Condition

The input of wind loading in ANSYS Workbench 19.1
software is the axial force due to self-weight, wind force,
and moment due to wind force. Input to the software can
be seen in Figure [l The wind loading conditions with
variations in wind speed based on crane pedestal elevation
and boom is obtained as in Table

The operational loading input on ANSYS Workbench
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19.1 software is an axial force due to self-weight and mo-
ment due to crane lifting force. The input parameter to
the software can be seen in Figure [7] The operational

. F Silinder I1l: 64046 M
. M tomen boorm: 315,78 M.m

. F Terpusat boorm: 137491

. Auial selfueight: 82900 M

. Marren selfweight: 5.521% +005 M.m

(b) Top view

Figure 6. Wind loading input on the crane.

Table 6. Operational Loading Condition.

loading conditions with variations in the working radius
of the boom in conditions without and with crane lifting
loads is shown in Table[6l

(a) Side view

[
0250

(b) Top view

Figure 7. Operational loading input on the crane.

Load Condition Load (Ton) Radius (m) . Forcsa (,N) . Momefl FNm) Cycle
Without Lifting Load Without Lifting Load
1 31 231,695 1,543,297 518,400
2 6 231,695 1,543,297 518,400
3 10 231,695 1,543,297 518,400
4 13.7 231,695 1,543,297 518,400
10 With Lifting Load With Lifting Load
5 31 329,795 1,847,407 518,400
6 6 329,795 2,131,897 518,400
7 10 329,795 2,524,297 518,400
8 13.7 329,795 2,887,267 518,400
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3. Result and Discussion
3.1. Wave Load

In operation, the platform is subjected to loads from
sea waves. Several design criteria must be met to ensure
the platform’s structural integrity and serviceability, such
as local and global deflections in the horizontal and verti-
cal directions [13]], as shown in Table 7| For the relevance
of this study, the criterion that needs to be considered is
the global deflection of the platform to the horizontal on
the leg.

When a crane is placed on a mobile structure, it can
experience inclination. The movement of the structure
where the crane is anchored causes the crane base to ex-
perience two rotational motion modes, namely heel, and
trim. Both of these movements cause a moment of inertia
that acts on the crane base and can be calculated using
the equation M = I x «, where « is the amount of accel-
eration at the crane base. The two modes of rotational
motion are illustrated as in Figure

Analysis of simulation results with the help of off-
shore structure analysis software (SACS) conducted by the
company shows that the maximum deflection that occurs
due to working loads, including environmental loads such
as ocean waves, is 4.07" (= 102.16mm) [3]]. The deflec-
tion that occurred in the B2 leg of the bridge resulted in a
vertical inclination of 0.054. The deflection is described

Figure 8. Inclination direction of crane based on fixed
platform.

in Figure [9}

Meanwhile, according to API, the value of horizontal
acceleration due to crane inclination varies depending on
the placement of the crane. Horizontal crane acceleration
as in [5], can be seen in Table 8| The platform is fixed
with an inclination angle that does not exceed 0.5° in
the heel and trim direction, accelerated by 0.0 ft/s?, as
required by API-2C. Thus, it can be concluded that there
is no moment of inertia that occurs on the crane base due
to the movement of the platform. This indicates that the
wave load results in the possibility of movement on the
offshore-fixed platform and the contribution of the loading
to the reduction of the platform’s jacket leg fatigue life but
does not have a significant effect on the crane pedestal
fatigue life. So that in this study, the simulated loading
was only wind and operational loads.

Table 7. Offshore platform deflection limit.

Component Deflection Limit

Legs/columns The maximum horizontal/lateral
deflection from the mudline to the
top of the platform structure is the
maximum sway with a height of
H/200.

Crane Pedestal The maximum tilt angle is not
more than 0.5°.

Working Point

EL (+) 36-9"

Maximum Lateral Deflection is 4.07"
Joint 1 734L

Elevation : (+) 369"

Location :Leg B2

Loadcase : 4407

EL (-) 316"

Figure 9. Maximum lateral deflection.

Table 8. Horizontal acceleration and inclination angle based on where the crane is placed [6].

Crane Static

Crane Dynamic

Crane mounted on: Inclination Angle (°) Horizontal Acceleration (g)
Heel Trim
Fixed Platform 0.5 0.5 0.0

Tension Leg Platform (TLP) 0.5 0.5 0.007 x H;y >0.03
Spar 0.5 0.5 0.007xHg;4 >0.03
Semisubmersible 1.5 1.5 0.007xH,;4 >0.03

Drillship 2.5 0.007x (Hg;y)'* >0.03

FPSO 2.5 1 0.007x (Hg;y)'! >0.03
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3.2. Wind Load

Static analysis was carried out by finding the Equiva-
lent (Von-Mises) stress value at each wind speed according
to load conditions 9 to 13, where one wind speed at four
different elevations is considered to occur at the same
time. An example of static simulation results with the
greatest Equivalent (Von-Mises) stress value, namely at
the highest wind speed (17.3 m/s), can be seen in Figure
The static simulation results at each wind speed are
presented in Table[9]

Furthermore, a dynamic simulation was carried out
to find the value of life and damage with a predetermined
cycle according to the Table. The type of loading used is
Zero-Based, and can be seen in Figure An example of
dynamic simulation results with the largest damage value

1.054167e8
9.035715e7
75207637
6.02381e7
45178387
3.011805:7
1.509853e7
4.820051 Min

Figure 10. The equivalent (Von-Mises) stress value at
wind speed 17.3 m/s

A: Static Structural
Life

Type: Life
1/23/2010 2:02 PM

4.036e10 Max
1464210

0.900 ¢my

4.3881e6 Min

(a) Minimum life value

and the smallest fatigue life, namely at a wind speed of
8 m/s, can be seen in Figure The dynamic simula-
tion results at each wind speed are presented in Table
Dynamic calculations showed that the total damage ratio
due to crane wind loads at five different wind speeds is
0.039944.

Table 9. Static simulation results of wind loading.

Wind speed Maximum Equivalent
(m/s) (von-Mises) Stress (Pa)
5.5 1.355216E+08
8.0 1.355229E+08
10.8 1.355251E+08
13.9 1.355291E+08
17.3 1.355357E+08

Constant Amplitude Load
Zero-Based

15
0.8

-0.8

-1.5

Figure 11. Zero-Based type loading

A; Static Structural
Damage

Type: Damage
142342019 2:04 PM

0.02025 Max
B ToTs

Q.015751
0.013501

. 0.011251

. 0.0090013
0.0067515
0.0045018
0.002252
2.2017e-6 Min

0.900(m)

(b) Maximum damage

Figure 12. At wind speed of 8 m/s.

Table 10. Dynamic simulation results of wind loading.

Wind speed (m/s) ni Minimum Life (Ni) Maximum Damage (ni/Ni)
5.5 70,720 4.3882E+06 1.6116E-02
8 88,860 4.3881E+06 2.0250E-02
10.8 14,380 4.3879E4+06 3.2772E-03
13.9 1,260 4.3875E+06 2.8718E-04
17.3 60 4.3868E+06 1.3677E-05
Total 3.9944E-02
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3.3. Operational Load

In a static simulation of operational loading, a min-
imum and maximum stress value are required from two
different loading conditions, namely maximum equivalent
(Von-Mises) stress when the crane is not loaded as mini-
mum stress, and maximum equivalent (Von-Mises) stress
when the crane lifts the load of 10 Tons as the maximum
stress, because the type of loading used is ratio.

The maximum equivalent (Von-Mises) value of the
crane without load based on the static simulation results
can be seen in Figure Whereas an example of static
simulation results with the largest Maximum Equivalent
(Von-Mises) value, namely when lifting a maximum load
of 10 tons with the largest radius of 13.7 m, is shown in
Figure[14] The static simulation results for each radius are
presented in Table

A: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) St
Unit: Pa

Tirne: 1
1/23/2019 2:21 P

1.3552e8 Max

1.5058e7

Figure 13. Equivalent (von-Mises) stress without load.

Furthermore, a dynamic simulation was carried out
to find the value of life and damage with a predetermined
cycle according to Table The type of loading used is
the ratio. The type of loading ratio (R = 0.8297) on the
Fatigue Tool can be seen in Figure

This ratio is then used in dynamic simulations to
calculate life and damage using the crane loading condi-
tions to lift the maximum load. Each ratio was used under
four loading conditions with different radii, according to
the minimum and maximum stresses in the radius. An
example of dynamic simulation results with the smallest
life value and the most significant damage, namely at the
largest radius (13.7 m), can be seen in Figure[16] The dy-
namic simulation results for each radius are presented in
Table The dynamic simulation results showed that the
total ratio of cumulative damage due to crane operating
loads at four different radii is 0.16722.

A: Static Structural
Equivalent Stress
Type: Equivalent (van-Mi
Unit: Pa

Time: 1

172372019 2:24 PM

2.5136e8 Max

0.900(m}

5.5857e7
2.7929e7

Figure 14. Equivalent (von-Mises) maximum load stress
at a radius of 13.7 m.

Table 11. Static simulation result of operational loading.

Maximum Equivalent (von-Mises)

Maximum Equivalent (von-Mises)

Radius (m) Stress (Pa) without load Stress (Pa) with load
3.1 1.3552E+08 1.6333E+08
6 1.3552E+08 1.8741E+08
10 1.3552E+08 2.2063E+08
13.7 1.3552E+08 2.5136E+08

Constant Amplitude Load
Ratio

Figure 15. Type of loading ratio (R = 0.8297).
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A: Static Structural
Life

Type: Life
1/23/2019 2:30PM

4.0365¢15 Max
87901e14
1.9142e14
4.1685¢13
L aorreen
1 1 areens
L 23048011
L azrasern
] 2onsen

0.900 (rm}

(a) Minimum life value

A: Static Structural
Damage

Type: Darnage
142342019 230 PM

0.00011661 Max

0.00070365

9.0698=-5
TAiMe-5
L] 6.4784e-5
o 5.1827e-5
. 3.887e-5
L 2.5914e-5
1.2957e-5
1.2843e-10 Min

0,900 {rn

(b) Maximum damage

Figure 16. Dynamic simulation result at radius of 13.7 m.

Table 12. Dynamic simulation result

Radius (m) Ratio ni (cycle/year) Ni (Min Life) ni/Ni (Max Damage)
3.1 0.82973 581,400 4.4455E+09 1.1661E-04
6 0.72312 581,400 1.7790E+08 2.9140E-03
10 0.61424 581,400 1.2848E+07 4.0349E-02
13.7 0.53915 581,400 4.1860E+06 1.2384E-01
Total 1.6722E-01
Table 13. Total fatigue analysis results. Table 14. The percentage of the contribution of loading to
the fatigue of the crane pedestal structure.
Cumulative Damage Ratio 0.20716
. . Load Contribution
Fatigue Life 96.54 years
Wave 0%
Safety Factor 4.827 Wind 19.3%
Operational 80.7%

3.4. Total Fatigue Analysis

After obtaining the damage ratio due to each wave,
wind, and operational loading, the three damage ratios
were added to get the total cumulative damage ratio. Then
from the damage ratio, the fatigue life and safety factor
were obtained.

The results of the total fatigue analysis are presented
in Table The fixed platform has a design life of 20
years. Based on API RP2A, the platform’s design life taking
into account the safety factor 5.0 is 100 years. Based on
the calculation results obtained in this study, the crane is
feasible to operate because it has a fatigue life approach-
ing the fatigue life of a fixed platform, which is 96.54
years.

3.5. Contribution of Loading

The effect of each load on the fatigue life of the crane
pedestal is known from the analysis. The magnitude of
the effect of the load is presented in Table Based on
the simulation results, it was found that the fatigue that
occurs in the crane pedestal structure due to cyclic loads
are most influenced by operational loads, which is 80.7%,
followed by wind loads of 19.3%, and wave loads have

no significant effect on the fatigue of the crane pedestal
structure at fixed platform.

3.6. Comparison of Fatigue Analysis Results

Table [15|shows the comparison of data and loading
analysis between crane manufacturing design limitations
on a fixed platform as the object of the current study,
actual crane loading, and previous research with crane
research objects in Floating Production, Storage, and Of-
floading (FPSO).

While the comparison of the results of the analysis
between the crane on a fixed platform as the object of the
current study with the crane at the FPSO as the object of
previous research is presented in Table

The most significant difference between the results
of the analysis between the current study and previous
research lies in wave loads contribution. The last study
shows that the wave load on the FPSO had the most signif-
icant contribution to the crane structure fatigue (97.8%).
In wind and operational loading, the difference between
the previous research and this study is due to the differ-
ence in wind speed in the fixed platform area and oper-
ating FPSO, the size and weight of each crane, and the
lifting load and the number of cycles.
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Table 15. Data comparison and crane loading analysis.

Parameter

Fixed platform
design limitation

Fixed platform
Current study

FPSO Previous
research [7]]

Design life

Effect of wave loads on
the object of research

Wind Speed

Force due to wind load
Lift load

Axial force due to oper-
ational load

Moment due to opera-

20 Years

The inclination angle
does not exceed 0.5°

Crane operating wind
speed 28.3 m/s

Max 31,000 N
SWL 5 Ton
Max 370,000 N

Max 3,200,000 Nm

20 Years

The inclination angle is
0.054° and the acceler-
ation is 0.0 m/s>

28.11 m/s

3,804.57 N
10 Ton (SF=2.0)
329,795 N

2,887,267 Nm

30 Years

Acceleration 1,456 m/s? in
heave direction and 3,389
rad/s? in roll direction

14.08 m/s

1,456.25 N
50 Ton
2,953,352 N

2,448,580 Nm

tional load

Table 16. Comparison of analysis results.

Analysis Result Fixed platform FPSO [7]
Damage ratio due to wave load 0.00 0.269
Damage ratio due to wind load 0.03994 7.22E-10
Damage ratio due to operational load 0.16722 0.00593
Total cumulative damage ratio 0.20716 0.2749
Estimated fatigue life 96.54 Years 109.309 Years
Safety Factor 4.827 3.644
Contribution of wave loads to structural fatigue 0% 97.8%
Contribution of wind loads to structural fatigue 19.3% 0.000000263%
Contribution of operational loads to structural fatigue 80.7% 2.2%

4. Conclusion

Based on the analysis that has been done, the fol-
lowing conclusions can be drawn. Loads that affect the
fatigue life of crane pedestals on fixed platforms are sorted
from those that have the most significant influence is op-
erating loads and wind loads. The wave load only affects
the fixed platform, but the movement that occurs on the
platform does not significantly affect the fatigue of the
crane pedestal structure.

The contribution of the effect of each loading to the
fatigue that occurs in the crane pedestal structure is the
operational load of 80.7%, the wind load of 19.3%, and
the wave load of 0%. The minimum estimated fatigue life
of the crane pedestal structure is 96.54 years or close to
5 times the design life, under the fixed platform’s design
with the safety factor (SF) = 5.0.
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