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1 Introduction

This document is about pushover collapse analysis of a jacket using Usfos. The example is run as a job in Sesam
Manager and is named Jacket4Leg_Collapse. Create a new job in Sesam Manager and import the ZIP file. The job is
shown in Figure 1-2 below. Note that this example requires the user to set up and run Usfos from GeniE.

The model is shown in Figure 1-1. Four mass points represent the deck and topside structures on top of the legs. Two
versions of the model are analyzed, first with the model fixed at the bottom of the legs, and secondly with piles and soil.

For the benefit of Usfos the ‘FEM analysis units’ (set when creating an analysis activity) are Sl units (N and m). The
following programs and versions are used: GeniE 8.5.4, Wajac 7.9.0, Usfos 9.0.0, Splice 8.0.0 and Xtract 6.0.2.
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Figure 1-1 Jacket model created in GeniE and analysed in Usfos
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Modelling fixed jacket with mass points only for deck
and running Wajac. Start Usfos from within GeniE.

GeniE_collapse_piled_model A

Modelling piled jacket with mass points only for deck
and running Wajac. Start Usfos from within GeniE.
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Figure 1-2 Sesam Manager workflow shown as ‘Tree View’
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2 Collapse Analysis of Fixed Model

The jacket model is created in GeniE by running the activity GeniE_collapse_fixed_model. The four mass points on top
of the legs represent the deck and topsides. When collapse of the jacket is to be investigated simplified modelling of the
deck and topsides is beneficial for two reasons:

1. The model for non-linear analysis in Usfos is smaller.
2. Potential problems that a fine mesh in the deck structure may cause in Usfos are eliminated.

There are three load cases created in GeniE and by Wajac (run under control by GeniE):
1. Gravity (FEM Loadcase 1)
2. Extreme wave towards north (FEM Loadcase 2)
3. Buoyancy (FEM Loadcase 3)

These are combined as follows:

e  GravPlusBuoy (FEM Loadcase 5) = Gravity factored by 1.2 + Buoyancy factored by 1
e Combined (FEM Loadcase 4) = GravPlusBuoy factored by 1 + Extreme wave towards north factored by 1

The purpose of the combination Combined is only to identify the two loads (load sequences in Usfos) to be analyzed in
Usfos, namely first GravPlusBuoy and then the extreme wave. The FEM Loadcases to analyze in Usfos are, therefore, 5
and 2. (The combination Combined itself will not be analyzed.)

21 Export fixed model and data to Usfos

The model with loads is exported to Usfos format by File | Export | Usfos file. This opens the Export to Usfos dialog
shown in Figure 2-1, the Output tab of the dialog selected. The GeniE analysis activity WaveAnalysis and the load
combination Combined should be selected. Otherwise, the default settings in the dialog are suitable.

Kk Export to Usfos i’

Save in:l GeniE_collapse_fixed_model LI @ ¥ i v

File name: [GeniE_colapse fixed_model wfo fem] =

Save as type: IUsfos Files (* fem) EI Car14cel‘
ushover | Data Checks I

[V Export structural data @2 Prefix of Usfos files: | GeniE_collapse_fixed
[V Export structural loads @2 Select analysis: [ af WaveAnaIysR v| Qe
I Export environmental data §2 Select combination &GCombiney v| Qe
[ Export environmental loads @2 )
- Analysis control: I Pushover v Q2
ke I S o WPSINGE S g VR (DRSS I sl P i NPV g P

Figure 2-1 The ‘Export to Usfos’ dialog, Output tab
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In the Pushover tab of the dialog, see Figure 2-2, select the node at End2 (top end) of Leg1 to be monitored in the
Usfos collapse analysis. The other default settings of the tab are suitable.

"n.

~Static Analysis (CUSFOS)
nLoads nPostStp MxPStp
| 10 | 100 | 0.1

Loadcase | Fact J mx Ld I n Step | mir_‘,l
‘ 1 100 001
100 0.01

 Control Nodes (CNODES)
From

/ Legl

Figure 2-2 The ‘Export to Usfos’ dialog, Pushover tab

In the Data Checks tab of the dialog, see Figure 2-3, keep default settings.

| Use ILLEGAL values in export data checks @2

e e i T ot U
Figure 2-3 The ‘Export to Usfos’ dialog, Data Checks tab

Click Save in the Export to Usfos dialog.

The export to Usfos creates the files:

e  GeniE_collapse_fixed_model_ufo.fem — contains model in Usfos input format (Usfos commands HEAD,
NODE, BEAM, UNITVEC, PIPE, etc.)

e GeniE_collapse_fixed_model_control.fem — contains control data (Usfos commands HEAD, CUSFOS,
CNODES, etc.)
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o Notice that the CUSFOS command refers to load case IDs 5 (GravPlusBuoy ) and 2 (extreme wave).
These are applied in the collapse analysis in this order.

e  GeniE_collapse_fixed_model_ufo_load.fem — contains wave loads computed by Wajac (Usfos commands
HEAD, GRAVITY, NODELOAD and BEAMLOAD)

2.2 Usfos analysis of fixed model
Usfos is started from GeniE by the command Mesh & Analysis | Non-linear Analysis (Usfos).
In the Usfos window opening up:

e Use File | Open USFOS Model File to select the file GeniE_collapse_fixed_model_ufo.fem and see the model
appear in the Usfos window (seen from above). Click the corner of the Navigation Cube to see the model in

isometric view as shown in Figure 2-4.

T GeniE_collapse_fixed_model_ufo.fem - USFOS Graphical User Interface

File Edit Display Verify Results Analysis Window Help
2 m @ x | m £ @O N ¥ @ & & ® & M8 F @ k2 & L L L BH ALK &4 B L o £ & 9 < > F

Master History Plot <CURRENT History Plot> & x

-
>

Results 5%
Results
Results Parts

Element Groups & x

Group ID Group Name

[/] Highlight selected groups

Node Sets 5%

Set ID Set Name
Click cube corner

to see model in
isometric view

Clear Selection
Static case 1/1

Figure 2-4 The Usfos window displaying the model

e Use Analysis | USFOS Analysis Control to select the Control file:
GeniE_collapse_fixed_model_control.fem
and Optional file:
GeniE_collapse_fixed_model_ufo_load.fem

e Edit the Control file by clicking its Edit button:

o Values 1 for the second and third parameters of the CSAVE command involve storing and printing of
every load step.

o Change mxLd on the CUSFOS command for the wave (load case id 2) to 8 as shown in Figure 2-5.
This somewhat unrealistic factor for the wave load is set high to force collapse.
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o Click the Save button to save the edits.

e The output files from Usfos are automatically set to res.out and res.raf, the former is a print file, and the latter
is the binary results file.

T USFOS Analysis Control X
Files
Control: |Wc>rk5paces\Jackets\RunJacket4L@7&llapse\GeniEfcoIIapsejlxedfmodeI\GeniEfoolIapsejxedimodelfcontrol fem ‘
Model: NV\Workspaces\Jackets\Ruanacket‘}Lengollapse\GeniEfcoIIapseflxedfmodel\GeniEfcolIapsefﬁxedfmodelfufo.fem‘ Edit
(Optional) :rorkspa:es\Ja:keb\Run_Ja:keHLeg_Collapse\GeniE_collapse_ﬁxed_model\GeniE_oolIapse_ﬁxed_model_ufo_load fem ‘ Edit
Resuilt: | C:\DNV\Workspaces\Jackets\Run_Jacket4Leg_Collapse\GeniE_collapse_fixed model\res ‘ o
Editors
1: Control 2: Model 3: (Optional)
HERD Model: GeniE collapse_ fixed model ~
Analysis: WaveRnalysis
Exported from GeniE, Date: 17-3-2022, Time: 15:59:6
* restart result print
CSAVE 0 1 1
L nLoads nPostStp mxPStp mxPDis
CUSFOS 10 100 0.1 T
* Load Case Id lFact mxLd nStep minStp
5 0.1 150 100 0.01
2 0.1 100 0.01
" ncnods
CNODES i
X Node Id idof dfact
47 T i
47 2 T V]
< >
Select Font... | Save As... Save Close
Output
Command line: Apply
Output Editors[ | Open *.out file[_| Always on top Memory:200 #"  Run j) Abort Close

Figure 2-5 Select files and increase the wave load factor to force collapse

e Click the Run button to run the Usfos analysis and see that output control data fills the Output pane. When the
run finishes, verify that the text ‘Analysis process terminated normally’ appears.

e Close the USFOS Analysis Control dialog.

2.3 View Usfos results for the fixed model

The results may be examined in Usfos as exemplified in Figure 2-6. The vertical Global load axis in the graph shows
that collapse of the jacket starts at approximately 5.8 times the wave load. From that point the load carrying capacity of
the jacket is reduced while the displacements increase.

The plastic utilization of the members is shown by selecting GLOBAL > ELEMENT > Plastic Utilization. Grab the red
cross in the graph and drag it beyond the maximum load level (or use the spin button beneath the graph). Plastic
deformation can barely be seen for one of the members. Note that the model deformation is not scaled.
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Figure 2-6 Examine analysis results for the fixed jacket
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3 Collapse Analysis of Piled Model

In this version of the jacket model it has a pile-soil foundation rather than being fixed. Otherwise, the model and loads

are the same.

A full structure-pile-soil analysis is run under control of GeniE. |.e. Wajac, Splice (including Gensod) and Sestra are run.

In Sesam Manager, run GeniE_collapse_piled_model activity and this will automatically run the wave pile soil analysis.

3.1 Export piled model and data to Usfos

The model including pile-soil data and loads is exported to Usfos format by File | Export | Usfos file. This opens the
Export to dialog shown in Figure 3-1, the Output tab of the dialog selected. In addition to selecting the analysis activity
WaveAnalysis and the load combination Combined, make sure Export pile-soil data is checked. Otherwise, the default

settings in the dialog are suitable.

:B&p«tto Usfos LI

Savein: | GeniE_collapse_pled_model = @ ¥ £ [E~

* MName = L'] Date modified !vl Type
Backups 28/03/2023 B:18 AM File fc

Cuick access GenieR 28/03/2023 8:18 AM File fi
[ | WaveAnalysis 28/03/2023 B:18 AM File f¢
Desktop

| o |
Libraries

=

KULL2T0012

&4

MNetwork

File name | GeniE_collapse_piled_model_ufo fem - -
Save as type: ‘Usfu:l:&sf’!ernl j Cancel

@ aver | Data Checks |

GenE_coflapse_piled

¥ Expert structural dats ] Prefix of Lisfos files:
W Exportstructurallpads @9

Select analyss: OF WaveAnalysis :J o2
™ Export enviroremental data G2 :
Select combination: :J ol
I Export environmental loads 7'
r i Analysis control: - | e
[ Joint Modeling contral 9%
Usfos Units (FEM Analysts Units)
ected o2 ; Length :
¥ Convert hinges to springs 9% Force N
Spiit Lisfos data: | Altemativel j O» Temperature | delc

Figure 3-1 The ‘Export to Usfos’ dialog, Output tab
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In the Pushover tab of the dialog select, as for the fixed model, see Figure 2-2, the node at End2 (top end) of Leg1 to be
monitored in the Usfos collapse analysis. The other default settings of the tab are suitable.

In the Data Checks tab of the dialog all default settings are OK.

Click Save in the Export to Usfos dialog.

3.2 Usfos analysis of piled model

Start Usfos from GeniE by the command Mesh & Analysis | Non-linear Analysis (Usfos). In the Usfos window opening, go

to File | Open USFOS Model File and select the file GeniE_collapse_piled_model_ufo.fem.

e Use Analysis | USFOS Analysis Control to select the Control file:
GeniE_collapse_piled_model_control.fem
and Optional file:
GeniE_collapse_piled_model_ufo_load.fem

e Edit the Control file by clicking its Edit button:
o Add the LITER command to increase number of iterations per load step to 10 (default 1).

o Change mxLd on the CUSFOS command for the wave (load case id 2) to 8 as shown in Figure 3-2.
This somewhat unrealistic factor for the wave load is set high to force collapse. You can also set
this to 0 to force collapse.

o Click the Save button to save the edits.

e  The output files from Usfos are automatically set to res.out and res.raf.
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T USFOS Analy

Files
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{Dptional}'.|ces‘-,]ackets‘l.Run_Jadﬂ.ethEg_CoIIapse‘l,GeniE_coIIapse _piled_model\GeniE_collapse_piled_model_ufo_load. fem ||_
Result: |C:‘l,DN\l"l,Workspaces‘n,Jackets‘nRun_Jadcetheg_ColIa|:|se‘quniE_mllapsejled_model'ves |I

Editors
1: Contral 21 Model 3: (Optonal)
HE&D Model: CeniE collapse piled model L
Analysis: Waveknalysis
Exported from GeniE, Date: 18-3-2022, Time: 10:11:33
: restart result print
3 a 1 1
LITER 10
® nLoads nPostStp mxEPStp mxPDis
CUSFOS 10 10o a1 L=
i Load Case Id lFact mozla nStep minStp
5 0.1 3R 10d d_01
2 0.1 1400 0_01
" ncnods W
£ >
R

%SelectFont... I Save M...w Close

Qutput

Apply
Close

Command line:

[~ output Editors [_| Open *.out file [ Always on top Memory:

Figure 3-2 Select files and increase the wave load factor to force collapse
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e Click the Run button to run the Usfos analysis and see that output control data fills the Output pane. When the
run finishes, verify that the text ‘Analysis process terminated normally’ appears.

e Close the USFOS Analysis Control dialog.

3.3 View Usfos results for the piled model

The results may be examined in Usfos as exemplified in Figure 3-3. The collapse of the jacket starts at approximately

2.85 times the wave load. From that point the load carrying capacity of the jacket is reduced while the displacements
increase. The results show that plasticity of the pile and soil occur with no plasticity in the jacket itself. This is consistent
with the analysis of the fixed jacket that showed that collapse of the jacket occurs at 5.8 times the wave load.

T res.raf - USFOS Graphical User Interface
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Figure 3-3 Examine analysis results for the piled jacket
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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.

DNV | digital@dnv.com | dnv.com/digital



