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Wave impact on columns, platforms 
and FPSOs
>> Research Scientist Csaba Pákozdi
>> Chief Scientist Carl Trygve Stansberg
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MARINTEK is experiencing a rising level of acti vity 
on the esti mati on of hydrodynamic loads from wave 
impacts in high sea states. This includes problems such 
as steep and breaking waves on columns, green water 
and loads on FPSOs, and platf orm negati ve air-gap/
wave-in-deck events. A recent key project on this topic 
was the MARINTEK Wave Impact Loads JIP (2007-
2010), where these topics were addressed and engi-
neering tools with recommendati ons, together with 
bett er knowledge and understanding, were developed. 

The work also benefi ted from the earlier WaveLand JIP 
(2000-2004). Several follow-up studies and applicati ons have 
recently performed, and further research studies will also be 
proposed. Model testi ng sti ll plays an essenti al role in this 
work, due to the very complex and highly nonlinear hydro-

dynamics involved, and various challenges, for example in 
the proper measurement of slamming loads, are currently 
being addressed. Improved engineering tools and the use of 
CFD are also under development. Some recent examples are 
discussed below.

The impact of steep and breaking waves on verti cal struc-
tures in storms is a key issue in the design of wind-turbine 
foundati ons and column-based off shore platf orms. A study 
has been performed on the experimental and numerical 
modelling of nonlinear and breaking waves in fi nite and 
shallow water, using  engineering-type second-order random 
wave modelling as well as CFD tools. An example of CFD 
(VOF) modelling on a mildly sloping bott om is shown in 
Figure 1. Comparisons with experimental results showed 
good agreement on the breaking event in this case; see 
OMAE2012 paper # 83796 for more details.  
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REVIEW 

The laboratory measurement of wave slamming on verti cal 
columns is a challenging topic. Usually, the average pressure 
over a defi ned area (typically 5 -10 m2 full-scale) is measured 
by a force panel connected to a displacement sensor. There 
may be signifi cant local variati ons within the integrati on 
area, as shown in Figure 2, which illustrates a wave-slamming 
measurement using a matrix of 49 local pressure sensors. In 
this parti cular experiment, the pressure matrix was mounted 
on a traditi onal force panel, and the integrated force from 
pressure records was compared with the panel force. The 
fairly good agreement between the two measures can be 
seen in Figure 3. The basic nature of force panel sensors 
results in some dynamic characteristi cs that can lead to 
signifi cant arti fi cial amplifi cati on if the sensors’ own natural  
periods are close to the excitati on period. We usually try 
to reduce this by designing the panels to have high natural 
frequencies. A moderate eff ect of this sort is shown in this 
example, although it can be more pronounced. Techniques 
aimed at improving instrumentati on and the interpretati on 
of such measurements are under conti nuous development. 
Further details can be found in OMAE2012 paper # 83929. 

Green water loads on FPSO’s has been a research topic at 
MARINTEK for more than a decade, and tools, procedures 

and bett er knowledge of the physics involved have been 
developed. One such tool for engineering use is the recently 
updated Kinema3 package, which off ers fast and effi  cient 
nonlinear analysis of green water and loads in random waves 
for early design stages. Recently, studies of the use of CFD in 
this problem have also begun in a current project for Petro-
bras, in which MARINTEK is parti cipati ng in a benchmarking 
trial against various VOF models as well as against systemati c 
model tests. Some initi al results are shown in Figures 4 and 5. 
A parti cular challenge in Brazilian waters is the use of spread 
mooring systems, which mean that large oblique angles and 
beam seas become important. This needs parti cular att en-
ti on in the studies, since many earlier studies have been 
done on weather-vaning turret-moored ships where smaller 
wave heading angles are relevant.

Figure 2. Wave impact on 4.4 x 4.4 m area (full scale) measured by 7x7 point 
pressure matrix. The peak pressure is 4010 kPa, while the average is 2200 kPa.

Figure 3. Impact force signal from force panel (red) vs. integrated results 
from 49 pressure sensors (black). The mounti ng of the pressure sensors 
on the force transducer is also shown.

Wave impact on ....
Cont. from page 1

Figure 4. Centre-axis cross-secti on of water propagati on on deck from 
StarCCM+ 3-D VOF simulati on, using prescribed input conditi ons (relati ve 
wave kinemati cs) from Kinema3, at t=0.10s, 0.15s and 0.20s. (Model scale).

Figure 5. Snapshot of 3-D visualizati on of  VOF simulati on in Fig. 4, t=0.20s. 

Figure 1. VOF reproducti on of breaking wave in shallow water. (Model 
scale).
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Violent fl ows and violent fl uid-structure interacti on 
problems such as wave breaking, sloshing, green water 
and water impact cannot be consistently analysed 
by traditi onal hydrodynamic analysis tools. For this 
purpose, a combinati on of model testi ng and semi-
empirical engineering methods is normally used. 

Euler methods with fully nonlinear descripti ons of the 
hydrodynamics, such as Boundary Element Methods 
(potenti al theory), Reynolds-Averaged Navier-Stokes 
Equati ons (RANSE) and Volume Of Fluid (VOF) methods 
are able to handle complex geometry, but they are not 
fast and robust enough. 

SPH - Smoothed Particle Hydrodynamics 
applied to violent flow problems
>> Research Scientist Csaba Pákozdi

An alternati ve approach to the analysis of such problems is 
the Smoothed Parti cle Hydrodynamics (SPH) method. Unlike 
the Euler-based methods menti oned above, this is treated as 
a Lagrangian method and in principle it is capable of signifi -
cantly reducing processing requirements and thus increasing 
simulati on speed, at least for the complex fl ow descripti on. 
The method is sti ll in the development stage for these appli-
cati ons, but is a promising path for future solvers.

Smoothed parti cle hydrodynamics (SPH) is defi ned as a 
method for obtaining approximate numerical soluti ons of 
fl uid dynamics equati ons by replacing the fl uid with a set of 
parti cles. In other words, the fl uid domain is represented by 
a set of calculati on points. 

The physical properti es, for example the ti me derivati ves 
of mass and velocity on each point, are obtained summing 
weighted contributi ons from the surrounding points. The 
weighti ng functi on is oft en called a “smoothing kernel”. 
These points, also called parti cles, then move with the fl uid. 
SPH is treated as a Lagrangian method by many physicists 
and is frequently used to model free-surface fl ows.

MARINTEK is currently a member of the SINTEF SCORE pro-
ject team (2011-2013), which was set up in order to develop 
a generic professional code and environment for a variety of 
SPH applicati ons.

Figure 1. Breaking waves (source: SINTEF SCORE team)
Figure 3. Green water on FPSO. Left : model basin test. Right: SPH model 
(from Pakozdi et al., OMAE2012-83847).

Figure 2. Sloshing. Left : sloshing tank test. Right: SPH model.
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REVIEW 

In recent years, a number of line breakages have been 
reported on drilling rigs and other fl oati ng units in 
the Norwegian and UK off shore sectors. Among the 
cases in the Norwegian sector can be menti oned in 
parti cular several drilling rigs (Statoil/Tekna Mooring 
Seminar February 2013 in Trondheim), while the UK 
sector has experienced several FPSO mooring failures. 
Most incidents are related to heavy sea states, typically 
corresponding to one-year storms, and in some cases, 
a major direct cause is believed to be overload from 
extreme and steep waves or wave groups. 

There is probably also a combinati on with other unfavourable 
circumstances. Two parti cular rig incidents took place during 
a storm in January 2012 (Figure 1). Figure 2 shows the actual 
measured line tension compared to a simulated tension for 
one of the cases. Preliminary studies initi ated by Statoil have 
been made by MARINTEK, DNV and other parti es. MARINTEK 
and DNV are currently investi gati ng needs for improvements 
in state-of-the-art tools and procedures for determining wave 
loads in high seas, and a follow-up implementati on phase is 
planned as a Joint Industry Project (JIP). Slowly varying wave 
drift  forces in energeti c wave groups where also the eff ects 
of currents is included, have been identi fi ed as one key issue 
that needs to be investi gated, in order to fi nd out to what 
extent this might have led to larger forces and vessel off sets 
than expected.

Wave forces and mooring integrity 
in high seas
>> Chief Scientist Carl Trygve Stansberg

The off shore industry is generally aware that slowly varying 
drift  forces from wave groups can be very important in the 
predicti on of vessel moti ons and resulti ng mooring forces, 
and reasonable esti mates can be obtained using state-of-the-
art analysis tools. However, experience derived from earlier 
studies suggests that the eff ects of high waves and currents 
can contribute signifi cantly to the drift  forces, and such 
eff ects are not easily taken into account. The eff ects of cur-
rents on drift  forces have traditi onally been either ignored, 
esti mated by simple engineering formulae, or empirically 
found from model tests. MARINTEK’s recently developed  
hydrodynamic industry tool, MULDIF-2 (see next page), does 
in fact consistently include such eff ects and will be useful in 
future studies. The eff ects of high waves may be two-fold: in 
general, large wave-frequency vessel moti ons may infl uence 
the drift  forces, while for column-based rigs there are also 
viscous drift  contributi ons. Model tests are essenti al in pre-

Figure 1. Weather map of Europe and the North Atlanti c, 26 January 2012. 
(Source: Statoil)     

Figure  2. Measured (red) and simulated (blue) line tension from rig inci-
dent. Simulati ons are made by MARINTEK with RIFLEX based on measured 
fairlead moti ons. The lower plot is zooming in on the event.

Cont. on page 5
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MARINTEK’s new numerical hydrodynamic analysis 
tool MULDIF-2, which includes a consistent implemen-
tati on of wave-current interacti on in additi on to stand-
ard off shore-industry functi ons, is now being released. 
This industry code development has been carried out 
since 2011 as part of a JIP, and is based upon basic 
research at MARINTEK and NTNU that has conti nued 
for several decades. 

The wave-current interacti on in parti cular is important 
for wave drift  forces, for which it can lead to typically 50% 
increases. Unti l now, however, most industry tools and 
procedures have not included such a consistent wave-current 
functi on, and model tests with empirical adjustments and/or 
simplifi ed engineering procedures have been used. 

At present, features of MULDIF-2 include: 
- 1st-order general potenti al-fl ow hydrodynamic analysis in 

waves, with drift  forces computed by Newman’s approxi-
mati on

- wave-current interacti on with arbitrary angles between 

MULDIF-2: 
multipurpose hydrodynamic analysis tool
>> Chief Scientist Carl Trygve Stansberg
>> Senior Research Scientist Jan Roger Hoff
>> Research Scientist Elin Marita Hermundstad

wave directi on, current directi on and vessel heading, 
using a specifi c wave-current Green functi on formulati on 
based on a forward-speed approach

- single- and multi body hydrodynamic analysis, with drift  
forces from a control-surface (middle-fi eld) formulati on

- Graphical User Interface (GUI) through integrati on into 
the MARINTEK SIMA work bench, linking it smoothly with 
other MARINTEK soft ware (SIMO, RIFLEX, MIMOSA etc.)

An extension of MULDIF-2 to include various practi cal 
nonlinear correcti ons, e.g. for higher sea states, is planned 
for a Phase 2 of the JIP, in additi on to further validati on and 
opti mizati on work. Such nonlinear functi ons will include 
semi-empirical adjustments of viscous eff ects as well as rela-
ti ve wave-structure water elevati on incorporati ng experience 
gained from previous developments (such as WaveLand & 
Wave Impact Loads JIPs).

More details regarding the signifi cance of wave-current infl u-
ence on drift  forces, and the MULDIF-2 numerical implemen-
tati on, will be presented at OMAE2013 – paper #11407, in 
June 2013.

dicti ons for design, and empirical procedures have also been 
suggested, while there is clearly work to be done to improve 
the industry’s knowledge within this fi eld. This work requires 
an evaluati on of state-of-the-art analyti cal tools in relati on 
to actual incidents, as well as bett er insight into underlying 
metocean conditi ons, including the physics of steep waves. 

An example from a model test with a moored FPSO is shown 
in Figure 3, where the eff ects of large wave groups can be 
seen in the form of very high-tension responses with a sig-
nifi cant slow-drift  component, together with a clear amplifi -
cati on of the wave-frequency component. We also observe 
a large increase from 3200kN to 4400kN due to current; this 
increase is largely due to wave-current eff ects on drift  forces, 
since in the case, the line load contributi on from current 
forces alone accounts for only 300kN.

Figure 3.  Example of FPSO model tests: Wave elevati on (upper) and line 
tension (lower), with and without current.

Wave forces and ...
Cont. from page 4
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The MacCulloch oil fi eld lies 250 km north-east of Aber-
deen on the United Kingdom conti nental shelf (UKCS) block 
15/24b. The fi eld was discovered in 1990 and came on-
stream in 1997 using the North Sea Producer FPSO. The fi eld 
has fi ve acti ve wells. MacCulloch was operated by Conoco-
Phillips when the subsea inspecti on was performed.

Many off shore pipelines are required to operate at high 
temperatures and pressures. A temperature rise results in 
thermal expansion of the pipeline. Fricti on forces between 
the pipe and the seabed restrains the pipeline along its 
route, which in turn increase axial stress, with the result that 
buckling may occur. Buckling may have serious consequences 
for the integrity of the pipeline if not properly taken into 
account.

A pipeline will tend to buckle in the directi on of smallest 
resistance. The directi on of the buckle therefore depends 
upon the installati on and pipe confi gurati on:

• In a free span the pipe will buckle downwards
• If it has been installed on the seabed, the pipe will buckle 

sideways
• A buried pipe will tend to buckle upwards

Verti cal buckling of a pipeline is called upheaval buckling, see 
Figure 1. 

Off shore pipelines are buried for various reasons; for exam-
ple, in order to:

• eliminate the risk of trawl gear snagging the pipeline and 
pulling it out of positi on. 

• avoid anchor snagging
• protect the pipeline from dropped objects near installa-

ti ons
• protect it from iceberg scouring
• stabilize pipelines with low submerged weight.

The fl owline at the MacCulloch fi eld was buried. Upheaval 
buckling was observed during a subsea inspecti on in 2010.

The calculated radius of curvature based on the data pro-
vided by the ROV was esti mated to approximately half of the 
minimum bend radius (MBR) allowed for storage defi ned by 
the manufacturer of the pipeline, i.e. the bend was more 
severe than the pipeline design allowed.  

In order to evaluate its operability, the operator requested a 
detailed study of the fl owline. The study had two objecti ves:

• Global analysis: to understand the mechanism of the 
observed upheaval buckling and suggest potenti al rem-
edies to stabilize the fl owline

• Local analysis: Detailed analysis of the cross secti on 
to investi gate the possible eff ect of extreme bending 
beyond minimum bending radius.

Local analysis of a gas flowline subjected 
to upheaval buckling
>> Research Manager Frank Klæbo

In October 2010, a subsea inspecti on of fl owlines on 
the MacCulloch fi eld in the North Sea was performed. 
Several points of upheaval buckling on a fl exible 
fl owline were recorded. These observati ons required 
evaluati on and possibly remedial acti on. A detailed 
study showed that only one of the upheaval buckling 
locati ons was criti cal, since the radius of curvature was 
less than the minimum bending radius (MBR) specifi ed 
for the fl owline by the manufacturer. MARINTEK was 
requested to perform a detailed analysis of the 4 inch 
gas-lift  fl owline, using the esti mated bending radius 
and the current operati ng conditi ons. The objecti ve 
of the study was to investi gate the eff ect of extreme 
bending beyond the minimum bending radius.

Figure 1. Upheaval buckling of a buried pipeline.

Figure 2. Upheaval buckling observed during the subsea inspecti on.

Cont. on page 7
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The global analysis was performed in SIMLA, which is 
MARINTEK’s modelling soft ware package for numerical 
analysis for off shore pipelines in deep waters and hosti le 
environments.

The local model was analysed in MSC.Marc, which is a pow-
erful, general-purpose, nonlinear fi nite element analysis soft -
ware package that accurately simulates the response under 
stati c, dynamic and multi -physics loading scenarios.

A fl exible pipe or fl owline usually consist of several layers.
The most usual layers, and their roles, are:

• Carcass: Provides the pipe with radial support to resist 
external loads (crushing and hydrostati c pressure)

• Pressure sheath: Leak-ti ght barrier
• Pressure armour: Provides the required radial strength to 

resist internal pressure
• Tensile armour: Provides the required axial tensile 

strength capacity
• External plasti c sheath/Outer sheath: Prevents the steel 

wires from coming into direct contact with seawater 
and provides mechanical protecti on for the outer tensile 
armour wire layer. 

The local model of the MacCulloch fl owline was built accord-
ing to the specifi cati on of the fl owline cross-secti on.

The integrity of the fl owline was assumed to be criti cal with 
respect to the conditi on of the carcass. For this reason, the 
carcass was modelled in detail(Figures 6 and 7). 

Figure 3. Secti on of the global model.

Figure 4 (left ). Typical cross-secti on of a fl exible fl owline.
Figure 5 (right). Local fi nite element model

Figure 6. Finite element model of the carcass.

Figure 7. Zoomed plot of the carcass geometry.

Figure 8. Outer tensile armour layer.

Local analysis of a gas ....
Cont. from page 6

The fl owline consists of two helically wound layers of tensile 
armour wires. Both layers are criti cal and were also modelled 
in detail in the FE-model (Figure 8).

The fi nite element model was built on the basis of methods 
developed by 4Subsea AS.

The results of the FM analysis showed that the carcass did 
not collapse at the observed radius of curvature (Figure 
9). However, the analysis indicated that the carcass would 
collapse at a radius of curvature slightly lower (i.e. slightly 
ti ghter bending) than the observed radius of curvature, 
(Figure 10). 

The analysis showed that the stresses in the carcass and 
tensile armour layers were high at the observed radius 
of curvature. The margin to failure was small; the carcass 
material was in the plasti c region, i.e. stresses beyond the 
yield limit, the strain in the pressure and outer sheaths was 
signifi cant, there was high stress in the tensile armour wires, 
etc. If a probabilisti c analysis had been applied to this model, 
the probability of failure would therefore have been high.

The analysis of the local model employed a one-off  loading, 
and cycling loads were not used. The integrity of the pipe 
would probably have deteriorated in the course of ti me due 
to repeated start-up and shutdowns.

Cont. on page 8
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Since 2010, MARINTEK’s Houston offi  ce has been 
conducti ng a theoreti cal and numerical study on the 
feasibility of a proposed acti ve hybrid decomposed 
mooring system (HydeMoor) for model testi ng of off -
shore platf orms in wave basin. 

Due to the dimensional limits of existi ng ocean wave basins 
and the limits on the model scales, it is not practi cal to put a 
scaled model of the complete mooring system of an off shore 
fl oati ng structure in deepwater (>1000m) in an ocean basin. 
Truncated mooring systems have been used. Various types 
of truncated mooring systems have been proposed and 
used. Almost all the truncated systems currently in use are 
of passive types. In a passive system, the porti on beyond the 
ocean basin bott om is truncated and excluded in the model 
testi ng. The truncated system must be carefully designed so 
that it has some “equivalent” behavior close to that of the 
full system. Depending on the objecti ves of a model testi ng, 
there are criteria of “equivalence” between the truncated 
system and the full depth system including (but not lim-
ited to) the mooring system’s 1) stati c sti ff ness, 2) dynamic 
responses, 3) couplings of the mooring system with the 

fl oater and environmental conditi ons, etc. Unfortunately, 
only a very small number of criteria can be met with a pas-
sive system. Most of existi ng passive systems can only have 
the equivalence in the stati c sti ff ness (not even in all the 6 
moti on modes). In many cases, in order to match the overall 
global restoring force/moment characteristi cs, it may not be 
possible to maintain the similarity in geometry of the indi-
vidual mooring lines and risers, not to menti on the dynamic 
similarity. Loss of the geometry and dynamic similarity can 

An Active Hybrid Decomposed Mooring 
System (HydeMoor) for Model Testing of 
Offshore Platforms 
>> Research Manager Yusong Cao

Figure 1. Sketch of the acti ve hybrid testi ng system.

On the basis of the survey data provided by the ROV, 
the results of the analysis and the probability of failure, 
MARINTEK recommended replacing the fl owline, although it 
was made clear that any changes to the survey data would 
aff ect the results and the conclusions drawn. 

Because of the importance of the observed radius of cur-
vature, in early 2012, a more detailed and accurate survey 
was performed on behalf of ConocoPhillips. The primary 
objecti ve of this inspecti on was to accurately determine the 
radius of curvature of the fl ow line at the site of the anom-
aly. The new survey showed that the radius of curvature 
was much larger than esti mated in the fi rst survey (i.e. less 
criti cal). It was even above the defi ned MBR for this fl ow-
line. The new observati ons showed that the requirements 
specifi ed by the fl owline manufacturer were not violated, 
and replacement of the fl owline was not necessary. The 
anomaly will be closely monitored for any developments in 
the future.

Figure 9. Carcass at the observed radius of curvature.

Figure 10. Carcass at a slightly smaller radius of curvature.

Local analysis of a gas ....
Cont. from page 7

Cont. on page  9
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impose a serious concern in scaling the results from the 
model tests to the full scale prototype.

It is possible to maintain the system geometry similarity (and 
thus bett er dynamic similarity) with use of an acti ve type 
truncated system. In an acti ve truncated system, such as 
the acti ve HydeMoor depicted in Figure 1,  the eff ect of the 
cut-off  porti on of a mooring line (simulated by a computer/
numerical simulati on) on the porti on physically tested in the 
ocean basin is applied through an actuator att ached to the 

Figure 2. Synchronizati on of XA and XB.

physical line at the truncati on. The actuator is controlled by 
a controller with proper control algorithm which uses the 
numerical simulati on of the cut-off  porti on and the physical 
measurement of the physical porti on to generate proper con-
trol commands. The interacti on between the two porti ons 
of the line is correctly simulated by the right acti on of the 
actuator, thus simulati ng the full line correctly (maintaining 
the geometry and dynamic similariti es) simultaneously as the 
physical test goes on. 

HydeMoor adapts the domain decompositi on principle 
used in fi nite element methods. In HydeMoor, the full line is 
decomposed into two porti ons (subdomains).  The top of the 
upper porti on is connected to the same fl oater as the full line 
would be (same boundary conditi ons at the top of the full 
line). The connecti on of the full line to the sea fl oor is prop-
erly modeled in the numerical model for the lower porti on of 
the line (same boundary conditi ons at the bott om of the full 
line). The same environment conditi ons the full line is subject 
to is modeled, the upper region in the physical wave basin 
and lower region in the numerical model.  If the moti ons of 
the truncati on points XA and XB (XA being the lower end of 
the porti on in the wave basin and XB the upper end of the 
porti on in the numerical model) is synchronized (i.e. XA = XB ) 
through the actuator applying a load FA on XA.  The reacti on 
load FB (=-FA ) is applied at XB  in the numerical simulati on. 
The synchronizati on ensures that the soluti on of the decom-
posed system is the same as the soluti on of the full-length 
line based on the principle of the domain decompositi on.  In 
our study, a scheme to determine FA was developed and a 
PID controller was used and tuned to achieve the synchroni-
zati on.

The basic concept and working principle of HydeMoor were 
proven and demonstrated through numerical simulati ons 
using Rifl ex.  The results of the simulati ons indicated that as 
long as synchronizati on at the truncati on is achieved within 
a reasonable accuracy, the decomposed soluti on agrees very 
well with the full-length soluti on, which is illustrated here 
with a study case. Figure 2 shows the synchronizati on of the 
truncati on points XA and XB. Figure 3 shows the tension in 
the decomposed lines at the fairlead, the truncati on points 
XA and XB, and the anchor point, as well as the tension in the 
full length line at the corresponding locati ons. As seen, the 
agreement in the tension in the lines between the decom-
posed soluti on and the full length soluti on is excellent. 

Study on the eff ects of actuator’s electro-mechanical inerti a, 
measurement sampling rate, the computer simulati on ti me-
step size, communicati on delay between the physical instru-
ments and the simulati on computer on the performance of 
HydeMoor have started.  Eff ort to prove the concept with 
hardware implementati on was also att empted at MARINTEK 
(Trondheim) and more eff ort is being planned.  

Researchers acti vely involved in this study include Galin Tahchiev, 
Liqing Huang (now with Aker Soluti ons), and Thomas Sauder. Figure 3. Tension in the decomposed lines and the full line.
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PVC3D – Potential Viscous Code
>> Research Scientist Trygve Kristiansen, PhD

PVC3D is a special-purpose code for marine resonance 
problems. Examples are moonpool resonance prob-
lem, ship-by-ship confi gurati ons, LNG carriers moored 
at a terminal and vessel roll. For engineers dealing with 
such problems, the code represents a signifi cant step 
forward. 

Results from a recent proof-of-concept study with 
applicati on to 3D moonpool are given in Figure 1. From 
the fi gure, it is clear that pure potenti al theory, on 
which state-of-the-art industry codes are based upon, 
greatly over predicts the piston-mode amplitude of the 
water inside the moonpool. The results demonstrate 
that PVC3D yields good results.

Beyond state-of-the-art
PVC3D was developed by MARINTEK in 2011. The code 
implements recently developed theory from CeSOS (Centre 
for Ships and Ocean Structures), NTNU. A new method to 
directly combine linear potenti al fl ow theory and Naviér-
Stokes solvers was invented. The method is att racti ve in that 
it has the ability to calculate for both waves and vorti ces in 
combinati on, at low computati onal cost. In problems with 
structures fl oati ng in waves, vortex shedding may be impor-
tant in providing damping at resonance. This is commonly 
referred to as viscous damping.

Viscous model without empirical input
In present industry codes, viscous damping has to be 
included by empirical coeffi  cients. PVC3D requires no empiri-
cal input; the wave fi eld and the vortex shedding that causes 
viscous damping are solved for simultaneously. Examples of 
strong vortex shedding at the inlet of a moonpool as calcu-
lated by PVC3D are illustrated in Figure 2. A moonpool is a 
verti cal opening inside an off shore vessel, used for lowering 
equipment into the sea. 

Low computational effort 
The proof-of-concept study revealed that the computati onal 
ti mes involved were several orders of magnitude shorter 
than needed by conventi onal CFD codes. Furthermore, 
PVC3D is robust and accurate. Short computati onal ti mes 
enable parameter studies, supporti ng for instance moonpool 
design and providing decision support for complex marine 

operati ons. In the example presented in Figure 1, 100 - 200 
simulati ons were performed on a typical work-stati on during 
one day, which is fast enough for parameter studies to be 
performed. Such studies of marine resonance problems have 
not been possible earlier.

Figure 2. Snapshots of fl ow fi eld taken from simulati ons with PVC3D 
illustrati ng the strong vortex shedding at the moonpool inlet that causes 
important viscous damping.

Figure 1. Pure potenti al fl ow theory highly over predicts the piston-mode 
amplitude of the water inside the moonpool at moonpool resonance, 
while the PVC3D results compare well with moonpool resonance experi-
ments. These results are part of a proof-of-concept study for PVC3D. The 
right fi gure is a zoom-in of the left  fi gure.

Figure 3. Recent experiments of a ship with a moonpool exposed to a low 
sea-state, carried out in the Ocean Basin at MARINTEK. Even in low sea-
states, operati ons in the moonpool may become impossible when massive 
resonant piston-mode moti on occurs.
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The Gjøa fi eld lies off shore Florø and is operated by GDF 
SUEZ. The fi eld contains fi ve subsea installati ons and a semi-
submersible platf orm. Producti on started in late 2010. The 
platf orm design emphasied the importance of uti lizing CM 
systems during the operati onal phase.

GDF SUEZ provided operati onal experience for the study, 
with the implementati on of systems for monitoring and 
follow-up on the Gjøa platf orm. The study was carried out 
in the form of a questi onnaire and in-depth interviews of 
personnel responsible for the day-to-day use of the systems. 
The questi onnaire and the interviews focussed on the use 
of each system, and the initi al analysis was therefore related 
to experience of the use of each of the monitoring systems. 
From the perspecti ve of learning and improvement, the gen-
eral experience obtained from the study is just as important. 
The main experiences are:

1. Sharing of informati on – CM soluti ons are to a various 
degree adapted to the IT infrastructure that permits shar-
ing of informati on across the organizati on. CM soluti ons 
that require on-site logon, or where the communicati on 
is not based on a standard interface (e.g. OPC), tend to 
be less successful in an IO perspecti ve.

2. Flexibility – Users require fl exible soluti ons for grouping  
of data streams and displaying results. However, there 
is also a need for a set of standardized data set-ups for 
specifi c personnel categories and disciplines.

3. Make decisions – Many of the CM systems generate large 
quanti ti es of data, which do not necessarily support the 
decision-making. When CM systems are being acquired, 
more emphasis needs to be placed on how the data 
should be processed to support the decision-making 
process.

The challenges of implementi ng CM systems concern both 
technological and organisati onal issues. An important area 
concerns the acti viti es and analysis processes uti lised in the 
process of deciding on which type of CM systems to adopt. 
The conditi on monitoring and diagnosti cs cycle [ref. ISO 
13379-1:2012] can be used as guidance for this process.

Onshore technical support has been an important area of interest for the IO Centre. One of the enablers for 
onshore technical support is the use of conditi on monitoring (CM) for technical systems. The success rate CM is dif-
fi cult to measure, as such informati on tends to be classifi ed. However, through the IO Centre, GDF SUEZ has been 
willing to share the company’s experience of implementi ng CM systems on the Gjøa platf orm.

Figure 1. The Gjøa platf orm (Courtesy of GDF SUEZ)

Figure 2. Conditi on monitoring and diagnosti cs cycle [ref. ISO 13379-
1:2012]

As the conditi on monitoring and diagnosti cs cycle shows, 
there are two disti nct phases related to the implementati on 
of a CM system:

1. The design phase: The analysis processes employed to 
defi ne the measurements that need to be made for the 
conditi on monitoring program.

2. The operati onal phase – The data processing and analy-
ses that must be performed to uti lise the measurements 
or data streams for proacti ve purposes in the operati onal 
phase.

A structured approach to defi ning the type of measurements 
and the data processing is important if the CM system is 
to support the decision-making process. As the study has 
shown, these processes, or their documentati on, may be 
somewhat overlooked. In order to enable decision-making 
from the CM systems, these aspects need att enti on both in 
the design and operati onal phase. 
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