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I ntroduction

In order to extend the life and productivity of@frshore oil and gas platform an new installatias
been proposed to provide a compression unit. Tetieg platform is already extensively occupied,
having been in existence for over 25 years, anehaapproach was required to facilitate the
compression unit. This additional facility is ardéan outside the existing envelope of the platfor
and in line with requirements it must withstandract ship impact of given mass and velocity. I ha
been proposed that a fender system be designedithabsorb the energy from the ship impact
allowing time to facilitate repair of the platforaxtension without the need to stop production ftben
platform.

LS-DYNA has been used to model the platform, tleppsed extension and the fender system to
determine the effects of the ship impact. As wittpeojects the requirements have changed duriag th
investigation and this paper only represents sotieeanvestigation in to suitability and designaof
proposed fender system
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Analysis approach

An existing SESAM model of the platform has be@mstated to create an LS-DYNA model, shown
below, to provide full information on the effectktbe ship impact to the structure. To this the
additional installation will then be added. Thipoe only deals with the effects of the fender dods
not present any results of the platform

The proposed installation consists of a single etdpg of 4.5m diameter which connects directly to
the piles and to the topside of the existing platfoA fender system is to be provided over a lerjth
at least 23m which is the potential strike zon#hefship. Initial requirements were for a 8000Te
vessel, with added mass due to the entrained wedeelling at 2m/s. This gives an initial kinetic
energy of 21.4MJ which is well above the normatfplan ship impact energy requirement of 14MJ.
The ship is represented by a rigid cylinder of 4diameter.

A series of analyses, only a few of which are pnesskhere, were used to develop a fender system tha
would absorb the required energy without imposarge forces elsewhere in the installation.
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Initial analysisresults

A series of 8 analyses are presented here which #f®increased complexity and improvement of the
design. The first analysis considers the impadherplatform leg without any fender system to pdevi
a comparison. The initial configuration is showrthe figures below.

The platform leg is approximately 136m long, 4.5@angeter and 76mm thick. High order thin shell
element have been used for all analyses. The sfkpsthe platform leg and all energy is transddrr
from the ship to the platform leg. The final defe@ghshape and associated plastic strain is shot@in
figure below.

D3PLOT: Na fender PLASTIC_STRAIN
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This amount of deformation and the high strain@eissed would be sufficient to cause collapse ef th
structure and as such a fender system is requiradgorb the energy.
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The design remit was that the main platform legtmesain elastic or undergo minimal surface plastic
strains that would not cause collapse of the airecit must also not transfer high forces to &t of

the structure. An initial design was used to dertrates that this could be possible. Although
impracticable to manufacture, the initial desigowad the improvement that could potentially be
achieved. The figures below show the design detdiich consists of two sets of angled “fins”
between three concentric shells, the final deforsteape and the predicted strains in the platfogn le
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This shows that the strain in the platform leg besn reduced from 6% over a large area to 2.7% over
a much smaller area. To further reduce the stinitise platform leg and to reduce the reactionderc
at the top and bottom of the platform leg the éffex water within the fender were included.
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It is clear that the effects of water will geneyakduce movement of the platform leg, but the mass
damping effect has been excluded from the anasése wave effect will have a significant effest o
the movement of the leg. These wave loading ef@esassessed separately outside this report.

The figures below show the final deformed shapethagredicted strains in platform leg when water
is included in the analysis.
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The plastic strain in the platform leg is now adl®ed surface strain of 0.2% which will not cause
collapse in the leg. In addition the reaction ferobserved at the top and base of the platformardeg
reduced by the introduction of the water in thelygia as energy is dissipated in moving the water.

These simplified analyses were sufficient to prevsdnfidence to the customer that the development

of a water filled fender system could significantigluce the deformation in the platform leg and
decrease the forces applied to the platform.
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Water filled fender analyses

The initial concept was for a repairable or repédote compartmentalised design. This would enable
replacement of smaller sections of the fender gyst¢éhey were to become damaged. The design is
shown in the figure below.

L, L

The fender system is formed from these hollow gamsidrwhich are 1m thick and 2m high. They are
constructed from 12mm thick steel with two holeshia top surface which are designed such that the
amount of water that can flow through them is sttt it will decelerate the ship at a constant.rate
These quadrants are welded around the platforraridgeparated vertically by supports on the top
face to allow the water to flow out between them.

An analysis was completed to show how this desigualevperform when dry and wet and to ensure
that the analysis details were correct before larioldel was created. The initial model consistthode
quadrants placed on top of each other and restt@oeordingly. The empty and water filled analyses
are shown below.
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D3PLOT: M1: Empty fender D3PLOT: M2: Water filled fender
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The final deformed shape for the two analyses laogva below.
D3PLOT: M1: Empty fender D3PLOT: M2: Water filled fender
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It can be seen that the deformation is signifigargtiuced when the effects of the water are incude
Animations of the water filled analysis show thet@vdbeing forced out of the holes during the impact
An analysis with only two quadrants, where the westejected upwards, shows this even more clearly.
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Completefender analysis

The results from the initial water filled fenderadysis provided sufficient confidence to tend thedel
to the complete length required of 23m. The fieliement model is shown below.
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The image on the left shows the full model withdities to two points at the top and centrallyret t
base.

The central image shows a close up of the fend#esyand the 11 sets of four quadrants. Each set of
four quadrants are welded together along the fradtback faces.

The third image shows the internal structure offémeler as the outer face has been removed. Cgeatin
the separate quadrants means that the water igicedtand any failure of a quadrant would not tesul
in complete loss of the water in the fender system.

The intention is that each quadrant would be filiéthe time of installation and fitted with a kting
disk to minimise marine growth. If necessary wétgel monitoring could also be installed but the
system is intended to be as corrosion resistapossible. Minor damage to the fender should natltres
in loss of the water. Subsequent analyses, whigmatrreported here, consider the possibility s¢la
filling system to minimise the amount of monitorireguired.
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The figure below shows the results from a dry feradsembly and the water filled fender assembly.

D3PLOT: M1: Full mods
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As would be expected, the deformation of the whlled fender, shown on the right, is substantially
less than those of the dry fender, shown on the lef
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A cross section at the point of impact shows thatdry fender has completely compressed and damage
is observed in the main platform leg, howeverhim water filled fender system the platform leg
remains undeformed.
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The forces applied to the main platform are alspartant. The truss system that connects the top of
the platform leg to the main platform are represéty rigid ties from the top of the leg to two muisi
which are the free ends of the truss. These caede in the figure below.

DEPLOT: M1: Full model + gravity load + Water filled

The forces are monitored at these points and thpadson between the dry and water filled fender
systems is shown below.
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(M1} - Dry Restraint 1 (nax=8 0732+08, min=-2 1508+08)
(W13 Dry Restraint 2 (max=7 G26e+06, min=-2 0468+06)

(M2 Wet Restraint 1 (max=3 744e+05, min=-4 850e+05)
(M2) : Wet Restraint 2 (max=9.6638+04, min=-i4632+05)

The impact duration for the dry fender (1.1 secdmmuch longer than for the water filled fend@ss(
seconds). The reaction forces at the restraintsigndicantly reduced by the inclusion of the wate
the fender. The dry fender peak reaction forcei8l compared to the water filled fender peak
reaction force of -0.8MN.
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Conclusions

This investigation is part of a major project teid@ and analyse an off-shore installation on an
existing platform. The full details cannot be givamresent as the project is still on going.

The analysis work to date clearly shows the besefiutilising the effects of water in an off-shore
impact scenario and how LS-DYNA can be a valuai in modelling water flow.
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