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1 INTRODUCTION

This example goes through steps to perform spectral fatigue analysis based on static analysis for
an offshore fixed platform using Sesam software suite. The model file used in this analysis is the

model from Inplace analysis with pile foundation.

2 MODEL MODIFICATION

The model used to perform the Inplace analysis will be modified to include the deterministic wave
load approach in Wajac, pile soil analysis in Sestra and Splice with the spectral fatigue approach in

Framework.

2.1 Importing Model from Inplace Analysis

Open Sesam Manager, name it as Spectral_Fatigue_Static. Then drag GeniE into the work area,
and name is as GeniE_SpecFatStatic. Change GeniE units to kN, m, and delC;

o] < Spectral_Fatigue_Static* - Sesam Manager V6.7-00 - ] X
File Home View Tool ~ | @
A Gt haos B R
= B Y DD E o |
New New N New Open Jobs Save Save Import Import Import Import Export Export Export Run Run Selected
Job GeniE Job HydroD Job Job All S XML ZIP INL S XML ZIP~ Job Activity
New Open Save mport/Export Process ~
Applications * 3 X Quick Start + Spectral_Fatigue_Static* X | Properties + 3 X
=/Control flow Flow Chart v GeniEActivity GeniE_SpecFatStatic
¥ sequence
='Sesam applications
B Framework “ General
e —— Name GeniE_SpecFatStatic
== —— Drag & Drop I Description
B Gensod i
HydroD DatabaseName GeniE_SpecFatStatic
B nstalijac ¥~ Spectral_fatigue_Static A DatabaseStatus New J
Workspace nager\Spectral_fatigue_Static\GeniE_SpecFatStatic\| ..
- Mimosa 0
CmdinputFile - | Edit’
. Pilgen A—
. = - UselocalCmdinputfile v/
BIEWOIK GeniE_Specfatstatic - PreviousCmdinputFile Cleav'
B rretem ImportFile @
B preframe SuperElementNumber 1 -
. Prepost InputMode Interactive
. Presel ProgramVersion Latest In AVM -
. Sestra SelectedLicenses CurvedGeometry FrameCodeCheck PlateCodeChed v
. Splice AdditionalArguments
B stofat CommandLine
B submod 4 Script
- Usfos DisablePreExecuteScript ) |
- Wajac PreExecuteScript r..ﬂEd:tlExeculg
. Xtract DisablePostExecuteScr.. |
=ICustom Message List i PostExecuteScript (=] EdlllExecute‘
A General r 3 [ a0 0 “ Units
|© oEmors |||A 0Waings |||@ 0Messages EnableTolerantModelli... [
Jsimport L 1L JIL J
= User defined Type Description Source ForceUnit KN =
LengthUnit m
TemperatureUnit delC -
. . o . . - =
To launch GeniE, just RMB on GeniE_ SpecFatStatic and click £ Spectral Fatigue_Static 2
Run. A new GeniE workspace is now open.
GeniE_SpecFatStatic ’A-
Rename
Copy

To import the model file Model_SpectralFatigue_Start.gnx into GeniE, go to File > Import >
Workspace (GNX file). The structure will be displayed on the screen as below.
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GeniE_SpecFatStatic.gnx - Genie (DirectX11)
File Edit View Guiding Geometry Structure Loads Mesh &/

D,, New Workspace... Ctrl+N > EMGEHE
& Open Workspace... Ctrl+0O
=] Save Workspace Ctri+S " ud v vty
@ Sesam Insight Uploader =
Close Workspace 3@ i fh X ‘k} A
Default settings for Backup —
Description
Manage Backups
Set Default Workspace Folder... ]
Explore Current Workspace...
Save Graphics As... E
Print Graphics...
Old Save report ...
Save report ...
[ mpot [ Workspace (GNXfile) .

Export > ‘ XML Concept Model ...

Read Command File... Section library ...

2.2 Revise the Model

The model file Model_SpectralFatigue_Start.gnx is used for the inplace analysis. We need to
revise it to make it suitable for the static spectral fatigue analysis.

2.2.1 Revise Hydro Properties and Delete Waves/Currents

The existing Morison coefficients were input for the inplace analysis. They need to be changed as
below for a fatigue analysis.

Flooding | Hydrodynamic Diameter | Conductor Shielding l Element Refinement ] Buoyancy Area ] Marine Growth I Air Drag i
Constant Function afRougl'ness,’szmidmber] Function of Roughness/XC number | By Rule | Morison Global Direction |

(" New (¥ EditExisting [MorisonDiameter1 -

Morison Coefficient Function Table: @2 g# % By | W ciz ¥ cmz
Wember diam| CD (fouled) | CM (fouled) | CD (non-fould CM (pon-fou S iE 7 1400 Dale: 12 i 2020 10,5803

1 0.05m 08 20 05 2.0

2 am 0.8 20 05 2.0 P s e s b

5

4 )

5 20 ]

: g

7 | 8

8 [ £~

9 o
o

10 w1l

T ¢ : 1 1
CM (non-fouled) == | Y & i s

i CD (non-fouled)™—— 15 2 25 3
CD (fouled) —— CM (fouled) - - - Diameter D,D

(o] coa | s |
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Delete the existing waves, currents, and the condition under the Location.

<] | Name | Description — -
[ Current Profiles Folder '_"‘"‘e | Description =3 Environment @ con
[ curentProfie1 Current Profie (1) Current Profies _Folder | BHI A ® con
F7 currentProfile2 Current Profile ¥ CurrentProfilel Current Edit Current Profile... ; Drecﬁons
[ Regular Waves Folder E rrentProfile2 Current | | B Location1
WaveSet1 Edit Regular Wave Set... | [ Regular Waves ]Pr:;pert(es ! | L Ireqer Edit Wave Load Con
Properties... g ormaten [ a {1 Regular Information
Information... OPy { i:J Sol Copy
Paste B Water
Copy £ Current Paste
paste 3 reouer v I
[ Delete. | e— 3 Equipment Rename...
2.2.2  Delete Analysis and Capacity Models
Delete the existing analysis WavePileSoilAnalysis and all capacity models (if any).
2 - 4| | Name E‘_i_l%@ § m ”
{1 Analysis ki WavePleSol B § Cc2_setCC) Create (Update) Members...
ke WavePileSol @ § Cc3_setCritlT Create (Update) Panels...
Activity Monitor... @ & Ccd_setCrit;T_|  Create Joints...
Edit Analysis &1 Environment Add Run...
-9 WavePieSol,  New Loadcase... 20 : Run Al
R WavePieSoli  New Load Combinatior %
() Load Cases =i £ &8 Locationl Code Check Status...
Create Scan Combinati (] Irreguiar Cor
#-{) Capadity Set Active w s Generate Code Check Loads
-2 Environment & % 9 Execute Code Checks
@3 Ar Paste 553 Water Update Members From Structure
{2 Directions 2 wa
8 ﬁ Locationt m ) CurrentProf ~ Update Structure From Members
£ Teommdur Faniks  RENAME... Kl T Set Active

Edit Description...

- |
| Delete (LCEq
Waves and Wave Condition

2.3

Input determanistic wave. To create the waves, go to Environment > Water, RMB click, select
New Regular Wave Set. Name the wave set as WaveSet_Det.

{1 Ar r
{] Directions B! Regular Wave Set ? X
{1 Earthquake Dampin:
g Earthquake Spectra ‘> Namel I WaveSet_Det| I v]
=] Location1
; -{1] Irregular Condit Wave Set Type Height/Amplitude
D-SDOiRegdaCmdm Ovreriod (OWavelength (Frequency 92 O-Height (O Amplitude Q2
=3
i @ Properties... Fil tools
I Re New Current Profile... O Period O Height Ophase  Opirecton i
() Equipmen .
EJ 8 Properties New Frequency Set... Sequence Single value
-] Structure New Phase Set... First value: [ % Value: [ %
S 8 3:‘;:‘-"" Wave Height > Last value: Eox Fil ll Q2
New Regular Wave Set...

Add at least 15 lines by usingy key on the keyboard. Enter five waves for each direction (0 deg,
52 deg, and 90 deg).
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Specify value: G2

Period [s]

Height [m] | Phase [deg] lDirecﬁun [deg]

8.004

Wl |~ |w|b|w|m|=
-
N
b

-
(=]
-
v
'S

..
—
w
&

:

-
W
b

-
™

11.32
12.4

-
W

Cleartablel mel

2.5

E

7.5
10

12
25

5

|75

10

[12
|25
's

|7.5

10

[12

| oK |  cance

c o eoclooe oo o e oo o

0

=

Insert

g8 888K LEKO OO0

| Apply

Create Condition_Det under Locationl, set WaveSet_Det as the Regular wave set, and choose

wave model as Airy.

r
®.! New Wave Load Condition

1O Deterministic Time @2

o]

New Wave Load Condition...

Information

Wave

@2

B Reguisr wave set: <

Direction set:

Frequency set:
Phase set:
Wave height set:
Wave height function:

Assign wave component proper ties
Q2
(O current profie:

(O wind profie:
@ Wave model:  Arry

Fill equal components

D
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3 STATIC ANALYSIS — GENIE

A static analysis is created and performed in GeniE. The analysis includes the Wajac wave load
calculations and the Splice/Sestra static analysis.

3.1 Creating Analysis

A static pile-soil analysis with wave load condition of Condition_Det is created. Uncheck the
option Automatically import global loadcases to exclude all user defined load cases.

<

=
Create Wave Load + Pile Soil Analysis ? X

Name  Analysis_StaticSpectrall

8 Lock concepts after meshing Q=
p Automatically import global Ioadcasesl
Available activities Superelement levels @2

Meshing Top 1

Hull Girder Load Adjuster First 1
Local Analysis

Wave Load Activity

(D Linear Structural Analysis
Tension/Compression Analysis
Indep. Tank Coupling Analysis
Load Results

(D) Earthquake 8 Use Sestra10 2

Wave Load Condition @2
| Condition_Det v

(CJFEM analysis units @2
Length m
Force kN

Temperature  deic

3.2 Meshing Activity

The following meshing options are selected.

B| Mesh activity ? X
Meshing Rules
e
(@ Export beams as members @ First level combinations as BSELL @2
(*) smart load combinations @2 8 Parallelize load application G2
(Jindude loads onmesh  §2 (D Parallelize mesh generation G2
([ write FEM file o
(C) Override Global Superelement Data

Top Superelement Type 1
Superelement Type 1

Mesh Priority <None> W

Mesh Subset

Indude Exdude

Subset <None> v

Forget all existing keep mesh flags Keep mesh of previous subset

Pile boundary condition
Pile Soi Interaction v|@2

Subset <None>

() Element numbers from beam names

(") Node numbers from joint names
(o) o |

DNV — Sesam Example: Static Spectral Fatigue Analysis — www.dnv.com/digital Page 5



DNV

3.3 Editing Wave Loads

RMB click 1.2 — Wave Load Analysis, select Edit Wave Load Analysis.

r ~

B! Activity Monitor ? X
() Journal activity executions
Activity Duration Status Generate Ir
M % 1 - Analysis_StaticSpectral - Analysis 0Os Not Started
M © 1.1-Meshing (Always Regenerate) 0s Not Started
M 1.1.1 - Delete loads 0Os Not Started
M 1.1.2 - Generate loads 0s Not Started
M 1.1.3 - Delete mesh 0s Not Started
M 1.1.4 - Generate mesh Os Not Started
[ 1.2 - Wave Load Analysis, Condition_Det — - -
[ 2 1.3 -Pie Sol Analysis, Condibion_Det Edit Wave Load Analysis... _{[E%%S
M 1.3.1 - Soil (Gensod) 3|ac.ing
m | 1.3.2 - Sestra, Reduction 3|ac
M 1.3.3 - Splice 0s Not Started
[m} 1.3.4 - Sestra, Retracking Os Not Started
™ n 4 A tleadPaadia A Mak Pk d

Deterministic seastates tab

When a wave is passing through the structure, the wave step size is selected as 20 degrees
and the total number of steps is 19. The Buoyancy calculation and Doppler Effect are turned
off. The design load criteria is NoDesignLoads. Wajac will calculate the wave load for each
wave step.

Click Fill all to implement the selected options, and Click Apply to save the inputs and keep

the dialog open.

B! Edit Wave Load Run
‘® B | Run: [Analysis_Staticspectral, v

O Load calaulation (O Added mass and damping only (] Data check only (8 Automatic generation of input fles 92

Wave load condition: | Condition_Det

Addedmassanddamphg Rules Buoyancy Morison Output Spedil options

Ovrhasestep (OTimestep (DSinglestep | |Prepare for gust wind induced fatigue @2
The condition was inconsistent! You must review and press OK to confirm.

Seastates table

F—— o Step length: 20deg [deg] 92
() Maximum base shear INumber of steps: 19
() Maximum overturning moment Current blockage factor: 1
(D Wheeler stretching Q2 \Wave kinematics factor: 1

Buoyancy calauation: | OfF v || |@water depthievel: [0 v e

Doppler Effect: off v 92

Fill all Fill selected
Specify value: @2
Seastate| Period | Direction| Height| Phase| Wave mod.| Order| Current| Wind Stretching Step length [degj Num.steps| Design load | Current b.fac.| Wave k fac.| Water leveis| Doppler Effect] 1.L.C num
1 566s [0deg [25m |0deg |Airy NoStretching 20 deg 19 off oa |1 1 om off 1
2 8004s|0deg |Sm |0 deg |Airy NoStretching 20 deg 19 off oa |1 1 om off 20
3 9.803s|0deg |7.5m |0 deg |Airy NoStretching 20 deg 19 off ignLoa |1 1 om off 39
4 11.32s[0deg  [10m [0 deg [Airy NoStretching 20 deg 19 off oa |1 1 om off S8
5 124s [0deg [12m |0deg |Airy NoStretching 20 deg 19 off oa |1 1 om off 77
(o) o | o

Note: For a static analysis the number of wave steps can be 18 as well.
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e Buoyancy tab

The option Include weight of marine growth is unchecked. Click Apply to save the change and
keep the dialog open.

B | Edit Wave Load Run ? X

® B Run: | Analysis_StaticSpectral. |  Waveload condition: | Condition_Det v|

© Load calculation () Added mass and damping only () Data check only (8 Automatic generation of input files 92

Deterministic seastates Added mass and damping Rules Morison Output Spedial options
Buoyancy forces with non-horizontal water-plane
@2 © Assuming horizontal free surface

@2 (O using actual free surface

End Forces
@2 © Indude end forces for all members (rational method)

@2 (O Exdude end forces for all members (marine method)
@2 (O Indude end forces for non-flooded members only

Indude Buoyancy due to steel area @2
() Indude buoyancy of beams at mudline Q2

I[:] Indude weight of marine growth | 92

e Output tab

The center point at the mudline is selected as the Moment reference point. Click Apply to
save the input.

B ' Edit Wave Load Run ? X

‘®> B Run: ‘Analysis_StaﬁcSpectral. v‘ Wave load condition: ‘Condiﬁon_Det v‘

© Load calculation () Added mass and damping only () Data check only (8 Automatic generation of input files 92

Deterministic seastates Added mass and damping Rules Buoyancy Morison Special options
Global results | Print file Loads interface file

@2

Moment reference point:
Point(0 m,0 m,-124 m)

Generate SIF files

Finally, click OK to close the dialog box. Total 285 wave load cases are created and displayed in
the analysis folder.
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[=-{]] GeniE_SpecFatStatic

B3 Analysis
{7 Activities
i B9 Analysis_StaticSpectral
i) Analysis_StaticSpectral.step(1)
= Analysis_StaticSpectral . step(2)
+- = Analysis_StaticSpectral.step(3)
i i L Analysis_StaticSpectral.step(4)
L0 Load Cases
D Capacity
-{_7] Compartments
=7 Environment

3.4 Editing Splice Soil Analysis

MName

¥ Analysis_StaticSpectral.WLC{15, 10)
¥ Analysis_StaticSpectral.WLC{15, 11)
it Analysis_StaticSpectral. WLC{15, 12)
firid Analysis_StaticSpectral. WLC(15, 13)
firid Analysis_StaticSpectral WLC{15, 14)
¥ Analysis_StaticSpectral. WLC{15, 15)
i Analysis_StaticSpectral. WLC{15, 18)
it Analysis_StaticSpectral. WLC({15, 17)
¥t Analysis_StaticSpectral. WLC(15, 18)
firid Analysis_StaticSpectral WLC{15, 19)

Description

Wave load condition
Wave load condition
Wave load condition
Wave load condition
Wave load condition
Wave load condition
Wave load condition
Wave load condition
Wave load condition
Wave load condition

FEM Loadcase

276
277
273
27
280
281
232
233
284
285

The default options are used in the Splice Soil Analysis. Splice soil analysis analyzes the structure
for all wave load cases and generate beam forces and moments.

3.5 Creating a Set for Fatigue Damage Calculation

A set containing a joint and all beams connected to the joint is created and will be included in the

Framework fatigue damage calculations.

e Select JT176 and all connected beams, see right. Create a set and
name it as Set_Fat. This set will be included in the fatigue analysis in

Framework.

3.6 Executing Analysis

Perform the analysis by clicking Start on ' Actiity Monitor

Activity Monitor dialog box.

The analysis results are stored in the result

file _R1.SIN.

? X

® o

(7] Journal activity executions

Activity Duration Status Generate Input

M % 1 - Analysis_StaticSpectral - Analysis 93s

M@ D 1.1-Meshing (Always Regenerate) 4s Success

M 1.1.1 - Delete loads 0s Success

M 1.1.2 - Generate loads 0Os Success

M 1.1.3 - Delete mesh — Success

M 1.1.4 - Generate mesh 4 Success

M 2: 1.2-Wave Load Analysis, Condition_Det 46s Warnings Yes

M 85 1.3 -Pile Soil Analysis, Condition_Det 43 Yes

) 1.3.1 - Soil (Gensod) 2 Success

m} 1.3.2 - Sestra, Reduction 0s Success

M 1.3.3 - Splice 41s Success

a 1.3.4 - Sestra, Retracking 0Os

M R 1.4-LoadResults 0s Success

Save the model and export it to _repository folder as Model_SpectralFatigue_Done.gnx Export
the results SIN file to _repository folder with the name of StaticSpectral_R1.SIN.
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4 SPECTRAL FATIGUE ANALYSIS - FRAMEWORK
With the results in place, the static spectral fatigue analysis can be run.

First, create an empty text file in _repository folder named Framework_open.jnl. This will be
used to start Framework without any commands and without opening the results file yet, so that
some default settings can be specified first (which are applied to the result file upon opening it).

Drag Framework into the work area, and name it as Framework_SpecFat. In the Framework
activity properties browse to select the CmdinputFile and select the newly created
Framework_open.jnl file in _repository as the input file.

After specifying the command input file, right click Framework activity to run Framework.

Ap) < Spectral_Fatigue_Static* - Sesam Manager V6.7-00 - O X
File Home View Tool ~ @
= B Y B Do E D |
New New New Open Jobs Save Save Import Import Import Import Export Export Export Run Run Selected
Job GeniE Job HydroD Job Job All S XML ZIP INL S XML ZIP~ Job Activity
New Open Save Import/Export Process A

=/Control flow Tree View =) F rkActivity F SpecFat
i Sequence
= Sesam applications
- “ General
> . F F
GeniE ¥ Spectral_fatigue_Static A Name
. Caeod Description | .2
HydroD DatabaseName Framework_SpecFat
DatabaseStatus New v
. Installjac G
. % Workspace nager\Spectral_Fatigue_Static\Framework_Specfat\ ]
imosa 5
. = CmdinputFile ©igue_Static\_repository\Framework_openJNL | - |Edit
ilgen : =
- UseLocalCmdinputFile v
Platework —
Shewor PreviousCmdinputFile |Clear
8 Pretem ResultsFile t tral_R1.SIN
. Preframe . ~ SuperElementNumber
Framework_SpecFat ~
B Prepost SuperElementKey
B Presel InputMode Interactive x
B sestra ProgramVersion 45.0 (64) v
B splice Additional Arguments
Msoe @90 T

4.1 General Input

Before import the result file, global fatigue parameters need to be defined in a new Framework
workspace.
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4.1.1 Fatigue Constants and Global Settings

e Go to Define > Fatigue Constants to
open the dialog for inputting the

global fatigue check options. 21 &l (2mal

e Enter the selections as shown below. Click OK to confirm inputs.

i1 Define Fatigue Constants *

e Go to Define > Near Chord Rule and S Dﬂmmﬂﬂw T

enable the checkbox Use Near Chord. iy 1 Auto chord assign X

Fatigue Constants..

prerRabE INpuUL...
Read concepts...

Read Named Sets...

DNV — Sesam Example: Static Spectral Fatigue Analysis — www.dnv.com/digital Page 10
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NOTE: This will ensure that the chord member and the aligned chord member of a brace do not
change when the structure and its load pattern are subject to a rotation. This is useful when
multiple fatigue analyses are performed on the same model in different states, e.g. when the
model is standing and when the same model is placed horizontally for transportation in another
fatigue analysis. This ensures that the hotspots are the same in both analyses, so that results can
be summed correctly.

* Go to Define > Fatigue Check Weld 5.0 picplay  Plot  Print R
Root and enable the option. Then
fatigue damages will be checked at |
weld root positions for tubular joint I G ¥ Check Weld Root
welds and butt-welds. Fatigue Check Weld Root...

0K I Cancel

Fatigue Damage to File...
Note: The commands DEFINE NEAR-CHOR-RULE and DEFINE FATIGUE-CHECK-WELD-ROOT must
be issued before the result file is read in.

B | Check Weld Root X
Constants...

4.1.2 Importing Result File
Now the result file can be read into Framework.

e Go to File > Open. Click the browse folder button and locate the StaticSpectral_R1.SIN file in
_repository folder, press OK.

Transfer Superelement dialog box is opened. Leave all defaults as is and press OK to start
reading in the results file.

FRAMEWORK _ o x 4 General
Name
Assign Change Create Delete Define Display Plot Print Run Select Set -
o B ! Transfer Superelement X
Interrogate... | B Ope terf X | Superelements
i
Exit 1z File Prefix _Static\_repository\
File Name StaticSpectral Rl =
Select Printer...
Format (+ SIN Direct Access 3 Sueremt e —
Graphics Device :
Code of practice : 4 Load Set LOADS
Fatigue check = D o
Reading from file: Frameyw 0K Cancel I eschiption None |
Closing input file: Frame
oK

Cancel

DNV — Sesam Example: Static Spectral Fatigue Analysis — www.dnv.com/digital Page 11
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e After the file is read in, click Display & . = & %
File Task Asmgn Change Create Delete Define | Display | Piot Print  Run  Select Set
> Member to get the structure |, ... e lm.

bont

displayed. (7] (2] (2w [Memter D)

Code Check Results...
Fatigue Check Fesults..
Shape...

Disgram

Earthquake Spectiurm.
Wave Spreading Function
SN curve..

SN Curve Sorted,

Label

Stabilety,

Presertatzon

Stress Transfer Function

-!'-ﬂti‘-l-l :::‘;:!'1;;'“::’.1:-:!::51:“. 35, ﬂi:’:mlﬁsﬂf I
Your current loadset is._.._-......., : LOADE v
4.1.3  Specifying Task and Analysis
e Define the task by going to Task > Fatigue Check. This [« BEE "
will limit the displayed menu items in Framework to File BB Assign Change Cres

those relevant for a fatigue analysis. View Code Check
cae ec

Fatigue Check L‘é

= Earthquake Check

e Go to Select > Fatigue Check Type > D x ‘
. . Plot Print Run Set
Spectral to define that a spectral fatigue Member et

analysis will be run. Joint Set...
Load Set...

> DETERMINISTIC
DIRECT DETERMINISTIC
STOCHASTIC

None

2 Fatigue Check Type
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4.1.4  Setting Up Print Output

e Go to Set > Print to set Print Options  ° select [Se] view... tiep Pt Option
. . . . C Name...
as shown in the image, define the file e »

- Display... Destination I -
name as . ;- = Drawing... Page Orientation I =
Framework_SpecFat_Joints_Report ol Graph > :

e Page Height 100
. Screen Height 24
3 e
Title... 8.

Name l SpecFat_Joints Repor|

Apply | Cancel

4.2 Fatigue Loads — Wave Scatter Diagrams

Next, the environmental data will be specified and assigned to each wave direction.

e Go to Create > Wave Statistics, input the o \_P [ 1 creve e sutsses
wave scatter diagram. This scatter - T e S =T
diagram will be applied in all three wave (2)(0)a) (x@m] e :“[_D__::"““'ff“'
directions. Input Hs, Tz, & Percentage (%), ::; S @h
and select Include. Repeat to complete e E—
the entire scatter diagram, then click OK. @ﬂ ‘

e Alternatively, the data can be read in via a = - )
command file. Click the Read Command 5 o

Input File button in the toolbar. Select the .l ‘%M

wave_scatter.jnl file from the input files. - E].. T Y
CECAM Recommand |npul§|le [_-p wr W e~ I

NOTE: Make sure that there are no spaces in the path to the input file, otherwise Framework will
fail to read it in.

L] ASSign the wave Spectrum n -I Assign Wave Spectrum Shape }(-
Shape to each wave scatter File Task ange Create Delete Define
View.. He Sartion:. ‘Wave Stabistics Spactium Typs

diagram via Assign > Wave

. 1 Chord » LN+ Pierson Moskowits
Spectrum Shape as Pierson- (2172 istiorm| |

FI " Jonswap
Moskowitz spectrum. Wave Direction Probability...  Benersl Bania
Vaesemte] @ | L " Toaborm
Wave Spreading Function... 1SS0
e Sea States
g
" Past
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e Assign the scatter diagram to
each wave direction. Go to
Assign > Wave Statistic, select
0.0-degree wave direction and
click SCAT wave statistic, press
Apply. Repeat this for waves in
52 and 90 degree directions.

e Click Cancel to close the dialog
box.

e Assign the wave direction
probabilities via Assign > Wave
Direction Probability. Assign a
probability of 0.36 to direction
0 degree, a probability of 0.40
to direction 52 degrees, and a
probability of 0.24 to direction
90 degrees.

e Click Cancel to close the dialog
box.

4.3

File Task ange Create Delete Define wWave Di

View... He
(2112l

|
File Task enge Creste Delete Define

View.. He Saction... I

| m IEI—'. Cherd ; » |

e T e—— ’
Stability..

[ Wave Direction Probabiity... b
Wave Spectrum Shape..

Section...

Chord - » |
srave apEviun napE..

Wave Spreading Function...

Indrvidual Wave...

Joint and Member Selection

B | Assign Statistics X

‘Wave Shatisti

o e T

The joints and members included in the fatigue analysis can be selected before the analysis is
performed. If the set name of joints and members are longer than 8 characters, Framework will
rename them. The naming map is reported in Framework.MLG file.

t SET 8 has name
* Name is CritdT withBraces

* Name S8 will be used

e Go to Select > Joint Set > Set, select the set S8, then

click Only and Close.

longer than
s

8 characters.

Joints

" Joint

" Current
Al

(¢ Set o
" Group

" Line

" Plane

" Volume

B! Joint Set Selection X

" Connected to Member

" With Can
F tub

Only Include I

Exclude | HeIpI

Close |
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Go to Select

and Close.

SCF Related Inputs

> Member Set, select
Connected to Joint option, click Only

Joint Stt
Load Set...
Fatigue Check Type

ﬂ Set  View.. Help B | Member Set Selection

Meriber:
(™ Mambar

Selechon N ame

Jomi Name

e
—

In a fatigue analysis, user needs to define SCF calculation rules for tubular connections and for
butt-welds. If needed local SCFs can be defined for some selection tubular connections and the

selected butt-weld positions.

The following commands are under Assign menu. We only define SCFs for joints in this section.

e Go to Assign > Joint Type, click | *' AsionjintTyee X || W1 Assign Joint Type X

Joint Type and select Loadpath. Select Joint o

This will be assigned to the |, = h‘ ST :::

selected joint set S9 and all =

| JontType.. | Cancel KTT

braces connected to the joints. i 1@ =y, KTK

The defined joint classification ::m"""

rule will be wused in SCF

calculations.

| oK p Cancel |

° Go to Assign > joint Gap and #1 Assign Gap at Joint X 1 Assign Gap at Joint X

make sure that gaps are Select Jont oo

automatically computed based R~ L B .

on the modelled gaps for all — s —

selected joints. [ ox 0 Ao | Cancel
e Go to Assign > Joint Chord 1 Assign Chord Lengths at Joint X f| ®

Length and make sure that the oot Jart o e

calculated chord length from  Chod

Brace Membe _SelectBrace..__|
the model is used as the chord = <
. Chord Length.. p Cancel
length for SCF calculations. ] |Tb ree —
Page 15
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e Go to Assign > SCF > Joint, assign

parametric SCFs according to

Efthymiou to all joints.

4.5 S-N Curve Related Inputs

(K B " SCF distribution X
el
Section P
Brace Name E Select Brace.. his?
SCF " Global
Formula

EFTHYMIOU v
3
0K i Apply | Cancel I

In Framework, user can enter S-N curve related inputs using Assign commands.

The global S-N curve is defined in Fatigue Constants. User is able to define different ones for
some selected joints. User can also specify the S-N curve thickness correction to for the selected

S-N curves.

e Go to Assign > Thickness Correction, select the curve
DNV2010_T and make sure a Standard T-curve is used
for the thickness correction with the reference thickness

set to 32 mm (i.e. 0.032 m). Press Apply and Close.

4.6 Fatigue Analysis for Tubular Connections

SN cuive

DNV2010_F3-AIR ~
DNV2010_F3-SEACP
DNV2010_F3-SEAFC
DNVZO01l0_G-AIR
DNV2010_G-SEACP
DNV2010_G-SEAFC
DNVZ010_G
DNV2010_HS-BMAIR
DNV2010_HS-BMVAM
DNV2010_HS
DNV2010_HS-SERCP
DNV2010_T-AIR
DNV2010 T-SEAFC

DNV2010_T-SEACP
DNV2010_UM-BM
DNV2010 UM-TC ¥

Reference thickness

@
Apply

Close

Thickness conection

" None

o s:andammeo

O Arbitrary

The spectral fatigue damage analysis for tubular connections will now be run. In this example the
tubular connections and members included in set Set_Fat are included in the analysis.
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e Go to Run > Fatigue
Check, name the run as
FT_JT, select members
included in the set
SET_FAT, press OK to run
the analysis.

[}

[ Run Fatigue Check

B Member Selection

After the analysis completed, go to Print > Fatigue Check Results, select the analysis results to

be printed into the listing file for tubular connections included in set SET_FAT.

Run Select Set View.. Help
Member >
Joint
Section
Material

v v v

Database History
Load set
Earthquake Base Loads...
Fatigue Check Type

‘Wave Directions

‘Wave Load Factors

Wave Spreading Function...
‘Wave Statistics...

W Print Fatigue Check Results

B Joint Selection

Tereeeeepenn

The fatigue listing file is located in Framework_SpecFat activity folder. The results are reported as

below.
SPECTRAL fatigue check results
Run: Superelement: Loadset:
FT_JT JACKET LOADS
Priority....: Selected Joints
Usage factor: Above 0.00 SUB PAGE: 2
Joint Brace OQutcome  Damage Life WeldSide Hot SCFrule SCFax SCFipb SCFopb SNcurve
Chord Alpha Symmet DiaBra ThiBra Gap ThiFac QR Cycles
Theta Jtype DiaCho ThiCho LenChe  FixCho SCFaxC SCFax$
JT176 BM167 3.48E-01 3.60E+02 CHORD-SID 7 EFTHYMIOU 6.053 2.500 3.274 DNV2010_T
BM21 180.158 CROWN-SAD 8.00E-01  0.025 0.00E+00 1.216 1.000 5.94E+08
83.385 YT 1.80E400 0.070 6.04E+01 1.000 6.053 4.810
1.22E-01 1.03E+03 BRACE-SID 1 EFTHYMIOU 6.608 2.500 3.982 DNV2010_T
180.158 CROWN-SAD 8.00E-01 0.025 0.00E+00 1.000 1.000 6.00E+08
83.385 YT 1.80E400 0.070 6.04E+01 1.000 4.257 6.608
1.91E-01 6.54E+02 CHORD-ROO 7 EFTHYMIOU 3.632 2.500 2.500 DNV2010_E-AIR
180.158 CROWN-SAD 8.00E-01  0.025 0.00E+00 1.229 1.000 6.11E+08
83.385 YT 1.90E400 0.070 6.04E401 1.000 3.632 2.886
2.40E-01 5.21E+02 BRACE-ROO 7 EFTHYMIOU 2.554 2.500 2.500 DNV2010_F3-AIR
180.158 CROWN-SAD 8.00E-01 0.025 0.00E+00 1.000 1.000 6.22E+08
83.385 YT 1.80E400 0.070 6.04E401 1.000 2.554 3.965
BM182 1.238-02 1.01E+04 BRACE-ROO 4 EFTHYMIOU  2.500 2.500 3.054 DNV2010_F3-AIR
BM21 175,855 CROWN-SAD 1.00E+00 0.030 2.14e-01 1.047 1.000 5.56E+08
84,838 KTT/LPD 1.80E400 0.070 6.04E401 1.000 2.500 2.500
1.30E-02 9.60E+03 CHORD-ROO 19 EFTHYMIOU  2.500 2.500 2.941 DNV2010_F-AIR
175,855 CROWN-SAD 1.00E+00 0.030 2.14e-01 1.294 1.000 5.86E+08
84,838 KTT/LPD 1.90E400 0.070 6.04E401 1.000 2.500 2.500
9.16E-03 1.36E+04 BRACE-SID 1 EFTHYMIOU  3.882 2.500 5.065 DNV2010_T
175,855 CROWN-SAD 1.00E+00 0.030 2.14e-01 1.000 1.000 5.96E+08
84.838 KTT/LPD 1.90E400 0.070 6.04E+01 1.000 3.882 3.882
2.40E-02 5.20E+03 CHORD-SID 1 EFTHYMIOU  4.057 2.500 4.877 DNV2010_T
175.855 CROWN-SAD 1.00E+00 0.030 2.14e-01 1.216 1.000 5.93E+08
84.838 KTT/LPD 1.90E400 0.070 6.04E+01 1.000 4.057 4.057

NOTE: By default S-N curves DNV2010_E-AIR or DNV2010_F-AIR is assigned to the chord root
position based on the brace thickness, and S-N curve DNV2010_F3-AIR is assigned to the brace

root position.
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There are some calculation data, such as tubular connection SCFs, the fatigue check data, and
fatigue check positions, can also be printed. For example, the below command can be used to
print out the details of S-N curves used in each connection and butt-weld position.

PRINT MEMBER FATIGUE-CHECK-POSITIONS

()

Member fatigue check positions

NOMENCLATURE:

Member Name of member

Joint/Po Joint name or position within the member
SecTy Section type

PositionName Name to indentify position
CoorX X coordinate of position
CoorY Y coordinate of position
Coorg Z coordinate of position
LocSpl Location w.r.t.

SNcurve Name of SN curve assigned
Note:

splash zone. AIR-in air; SPL-inside splash zone; SER-below splash zone.

Splash zone UPPER limit is 4_000

Splash zone LOWER limit is -4.000

Member Joint/Po SecTy PositionName CoorX CoorY Coor? LocSpl} SNcurve

BMZ21 JT176 PIPE CHORD-SIDE-0.0000 12.99 9.89 -15.00] SEA | DNV2010 T
JT176 PIPE BRACE-SIDE-0.0000 12.99 9.89 -15.00] SEA | DNV2010 T
JT176 PIPE CHORD-RCCT-0.0000 12.99 9.89 -19.00) SER DNVZ010_F-AIR
JT176 PIPE BRACE-ROOT-0.0000 12.99 9.89 -19.00] SEA | DNV2010 F3-RAIR
0.12 PIPE ROOTSectLEGGRUP-0.1217 12.66 9.63 -15.35) SERZ DNV2010_F37AIR
0.12 PIPE Section-LEGGRUP-0.1217 12.66 9.63 -15.35} SER DNVZ010_D
0.12 PIPE Section-LEGINTR-0.1217 12.66 9.63 -15.35] SEA | DNV2010 D
0.12 PIPE ROOTSectLEGINTR-0.1218 12.66 9.63 -15.35) SEA& DNV2010 F3-AIR
0.90 PIPE ROOTSectLEGINTR-0.5013 10.54 e I 8.04) RIR DNV2010_F37AIR
0.90 PIPE Section-LEGINTR-0.9014 10.54 F03 8.04] AIR DNV2010_D
0.90 PIPE Section-LEGGRUP-0.95014 10.54 T.03 8.04) AIR | DNV2010 D
0.90 PIPE ROOTSectLEGGRUP-0.9014 10.54 W93 §.04] AIR DNV2010_F3—AIR
JT197 PIPE BRACE-ROOT-0.9999 10.27 7.72 11.00} AIR | DNV2010 F3-AIR
JT197 PIPE CHORD-ROOT-0.99%9%9 1027 T2 11.00f AIR DNVZ010_F-AIR
JT197 PIPE BRACE-SIDE-1.0000 10.27 7.72 11.00} AIR | DNV2010 T
JT197 PIPE CHORD-SIDE-1.0000 10.27 7.72 11.00} AIR | DNV2010 T

4.7 Fatigue Analysis for Member Butt-Welds

The fatigue damage analysis can be performed for member butt-welds. In this analysis the butt-
welds on piles are checked.

4.7.1 Pile Selection

e Go to Select > Member Set, select Member and input Pilel for Member (Pile) Name, click
Only to include the selection.

e Input the second pile Pile2 and click Include to add it to the selection.

e Repeat the selection to include Pile3 and Pile4.
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B Member Set Selection W 51 Member Set Selection X I
Mathers e Heane Members Selection Name
[T  tewruimg[a] | © Yo e 2
 Cixtant " Curtent
R Set View... LTRSS C AT T
fcohiers * Brace menbers (@)
Joint Set... @4 |
_ ey Exclude Help Close Only Exclude Help Close

4.7.2  Pile Safety Factor

e To include a different safety factor for pile fatigue checks, to Assign > Fatigue Safety Factor >
Member, assign a fatigue safety factor of 10 to all piles.

Task nge Create Delete Define Display Plot P

B! Assign Safety Factor to Member X
E} Matenal...
et Section... h N NATe ot
o i ' Faligue Safety Factor g
v Luive p - b

SCF >
2 Fatigue Safety Fact 4 /e
Fatigue Safety Factor > Joint... e B -
Fatigue Part Damage > | 0K Ila Apply | Cancel | Show

4.7.3  Set Up Print Output

e Go to Set > Print, set Print Options as - z o AL} Print Options X
below, the listing file name is defined 3 **OEI ,
tun ect View.. Help

Destiation =
as Framework_SpecFat_Piles_Report. Cornmary Name age Oderkah 7
Display... :
Drawing.. Page Height 100 —I
Graph Screen Height 24
Plot... Fils Prafo
* m Name lilplcnt_nun._upoﬂl
Tithe... -
[ ok | hocly | Cancel |
4.7.4  Executing Fatigue Analysis
The fatigue analysis for butt-welds on piles can now be run.
e Go to Run > Fatigue Check, name the run VB st s¢ Ve -
. i B ' Run Fatigue Check X
as FT_PL, press OK to run the analysis. © ratioue Chec.
Run Name on_pq |
Description T |
Select Member...
‘Wave direction o Al
0K q | Apply I Cancel |
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e After the analysis completed,
go to Print > Fatigue Check
Results, select the analysis
results to be printed into the
file.

(=
1

Joint

Section

Material

Chord and Brace...
Load Case...
Mode shape...
Modal Mass...
Force...

Stress...
Acceleration...
Velocity...

Support Reactions...
Displacement...
Deflection...

Run

Code Check Results...

74| Fatigue Check Results...

B! Print Fatigue Check Results X
Run Name
Print

" Joint
Priority " Worst Usage factor

(¢ Selected Members

| SelectMenbes.___|

Range Format

" Below

" Between
Minimum value
[ ok | Apply | Cancel

The fatigue analysis results for pile butt-welds are listed in the file located in Framework_SpecFat

activity folder.

SPECTRAL fatigue check results
Run: Superelement: Loadset:
FT_EL JACKET LOADS
Priority....: Selected Members

Usage factor: Above 0

Member Type Joint/Po Outcome Damage Life
SctNam
PILEl FIPE 763 3.25E-02
PILESCT
0.2¢ 1.29e-03
0.20 [
PIPE 0.20 2.09E-04
PILEIN
0.20 2
1.00E-10
1.00E-10
PIPE 1.00E-10
PILESCT
0.98 1.4
724 1.00E-1

NOTE: By default S-N curve DNV2010_

WeldSide

ROQTSectP
0.15Ts

ROQTSectP
0.15Ts

PILEIN

12 ROOTSectP

0.15Ts

2 BOTH-SIDE

UNIFORM

(X

SUB PAGE:
SCFipb SNcurve
ThiFac
FixCho

F3-AIR is assigned to the butt-weld root position.
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4.8 Framework Analysis Using Manually Created Framework.jnl file

After the above analysis is finished, a journal file, Framework_SpecFat.JNL file is created in the
Framework folder. Copy the file and paste it into _repository folder. Drag a new Framework
activity into the work area, and name it as Framework_SpecFat_2. Choose the file

Framework_SpecFat.JNL from _repository folder as CmdInputFile.

‘ A ] < Spectral_Fatigue_Static* - Sesam Manager V6.7-00 - (m] X
File Home View Tool ~ @
A LEEhoos B R
- b o= L [ Zio S NI s B o B Zi |
New New New Open Jobs Save Save Import Import Import Import Export Export Export Run Run Selected
Job GeniE Job Deer HydroD Job Job All S XML ZIP INL I XML ZIP~ Job Activity
New Open Save Import/Export Process A
Applications v 3 X 3 Start . Spectral_Fatigue_Static* X < » EIGIEINEN v 3 X
=Control flow Flow Chart Tree View i FrameworkActivity Framework_Specfat 2
£ sequence f Spectral_Fatigue_Static A € ) 4
= Sesam applications
" Gonr
GeniE Name Framework_SpecFat_2 :
B o vecrpin | =
HydroD DatabaseName Framework_SpecFat_2
DatabaseStatus New ¥
B installjac
Workspace nager\Spe(traI_Fatlgue_S!anc\Framework_SpecFal_f <
B Mimosa e
& Fice CmdinputFile c\_repository\Framework_SpectralFatigueJNL afdll
d n —
. 9 UselLocalCmdIinputFile v
Pl —
et @ famevoncspecat A previouCrnputie Gea
B Prefem ResultsFile t
. Preframe SuperElementNumber 1
. Prepost SuperElementKey 1
B presel InputMode Interactive N
. Sestra
ProgramVersion 45.0 (64) N
& soiice B Framework Specfat 2 A -
P AdditionalArguments
. Stofat CommandLine
B suomod 4 Scriot

RMB click Framework activity and run it. The same analysis is performed, and the same listing files

will be generated in the analysis folder.

* Spectral_Fatigue > Framework SpecFat_2 v
o Name Type
@ FRAMEWORKMLG MLG File
@ Framework_SpecFat_2.JNL IML File
EI Framework_SpecfFat 2MOD MOD File
g;] Framework_SpecFat_Joints Report.LIS LIS File
E’J Framework_SpecFat_Piles Report.LIS LIS File
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About DNV

We are the independent expert in risk management and quality assurance. Driven by our purpose, to safeguard
life, property and the environment, we empower our customers and their stakeholders with facts and reliable
insights so that critical decisions can be made with confidence. As a trusted voice for many of the world’s most
successful organizations, we use our knowledge to advance safety and performance, set industry benchmarks,
and inspire and invent solutions to tackle global transformations.

Digital Solutions

DNV is a world-leading provider of digital solutions and software applications with focus on the energy, maritime
and healthcare markets. Our solutions are used worldwide to manage risk and performance for wind turbines,
electric grids, pipelines, processing plants, offshore structures, ships, and more. Supported by our domain
knowledge and Veracity assurance platform, we enable companies to digitize and manage business critical
activities in a sustainable, cost-efficient, safe and secure way.



