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ABSTRACT

During reverse installation for executing platform decommissioning and removal projects, heavy modules
such as the topside of an offshore platform are cut off their substructures and lifted back on the deck of crane
vessels or onto cargo barges. To assure that the modules are placed on the intended location and to prevent
the modules from moving during transportation, a guide and bumper system is used.

During set-down, it is possible that the module bumps into one of the guides. The relative motions between
the vessel and the barge can cause significant impulse loads when the module and guide make contact. To
prevent the module from being damaged, bumpers are welded onto the module to protect the module during
the contact phase. Both the guide and bumpers are designed to only deform elastically and to cope with
the expected impulse loads. the designs are based on internal standard criteria that state that the guide and
bumper system will be designed for a maximum horizontal load that is 10% of the designed weight of the
lifted module. During the design state, this load is statically applied on the weakest spot of the guide and
bumper system. In reality, the loads are not applied statically but dynamically and it is still unknown how to
correctly estimate the magnitude of the impact.The estimated loads might differ from the actual loads due
to unaccounted forms of energy transfer that occur during the impact, such as the rotation of the module,
motions of the bumper and guides or deformations in the guides and bumpers.

To analyze the energy transfer during impact and to say something about the magnitude of the impact an
experiment was conducted with a model. The model consists of two standard steel guides clamped to steel
plates and a squared module with a bumper that with the motions of a pendulum. The module is pulled back
to amagnet, from where it is let go to hit both the guides once, after which the module is pulled back again. The
impact location on the guides and bumpers is enclosed with sensors that measure the potential energy in the
form of strain and the kinetic energy in the form of accelerations. The sensors are situated so that they enclose
the energy flow in every possible direction. For each of the enclosed segments, an energy balance was set-up.
The guides were tested as a guide with an inclined brace and as a simple cantilever beam. A number of case
studies were tested to analyze the energy transfer as a result of impulse loads and to estimate the magnitude of
the loads; impact location on the guides, bumper height of the module (at the CoG of the module, above and
below), weight of the module, deviation of the module and different damping materials around the guides. The
energy balance comprises of the external energy that enters the segment, which should be equal to the energy
flux, the energy that exits or enters the segment through the cross-section of its boundaries, the energy rate of
the segment and the energy that is dissipated. Both the externally applied load which was needed to calculate
the external energy that enters the system, as well as the rotational velocity that was needed to determine the
energy flux, are computed with an analytical model.

This model compares the response of a unit load of 1 to the responses of the experiment. The difference
between the two is computed as the applied load on the system. The computed energy balance shows the
energy flow through the structure as a result of the impulse load. From the results, it is possible to conclude
that the impulse loads in this experiment can be assumed to be linear elastic. Based on these experiments a
more accurate description of impulse loads can be used as an input for models, for both duration and shape.
The second one is that based on these experiments, at least 97% of the energy is transfered back into motions
of the module, the effect of energy transfer in a linear elastic response has little to no effect on the magnitude
of the loads.
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2]
2]

4

Xvii

ABBREVATIONS






INTRODUCTION

1.1. INTRODUCTION

Heerema Marine Contractors (HMC) is a world leading marine construction company for the oil and gas
industry and specializes in design, transportation, installation and removal of all types of fixed and floating
offshore structures, subsea pipelines and infrastructures in shallow and deep water. HMC offers turnkey
platform decommissioning and removal services with the world’s largest crane vessels: semi-submersible
crane vessel (SSCV) Thialf and the Sleipnir (currently under construction in Jurong Shipyard, Singapore) and
Deepwater Construction vessels (DCV) Balder and Aegir (monohull).

Due to the aging of offshore oil and gas facilities, there is a rapid increase in the demand for removal of offshore
facilities. Over 600 facilities are expected to be decommissioned in the next 5 years with 2000 more to follow
through the year 2040 [11].

Reverse installation has been the main method for executing platform decommissioning and removal projects:
Heavy modules such as the topside of an offshore platform are cut off their substructures and lifted back
on the deck of crane vessels or onto cargo barges. These modules can weight up to 43,000 tonnes [13]. To
assure that the modules are placed on the intended location and to prevent the modules from moving during
transportation, a guide and bumper system is used. During the set down of the modules, the modules are
carefully lowered to the correct position which is demarcated by guides.
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Figure 1.1: Example of reverse installation module on barge with guides

Due to the motions of the crane vessel and the cargo barge, it is possible that the module bumps into one of
the guides. The relative motions between the vessel and the barge can cause considerable impulse loads when
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the module and guide make contact. To prevent the module from being damaged (see figure 1.2), bumpers are
welded onto the module to protect the module during the contact phase.

Figure 1.2: Example of damaged bumper

The Guide and bumper system is normally designed as a set of horizontal steel beams welded on the lifted
module (purple arrow in figure 1.1) that makes impact onto a set of vertical steel beams (the green arrow in
1.1) that are welded onto a barge that serves as the new site of the module. In this thesis, the guide will always
be the beam mounted onto the barge and the bumper will be the beam welded onto the module.

1.2. PROBLEM DEFINITION

Both the guide and bumper are designed to only deform elastically. To ensure that the guides and bumpers are
designed to cope with impulse loads that result from the contact between guides and bumpers, the designs of
the guides and bumpers are based on internal standard criteria [4]. These standard criteria state that the guide
and bumper system will be designed for a maximum horizontal load that is 10% of the designed weight of the
lifted module. This load is statically applied on the weakest spot of the guide and bumper system (often the
top of the guide and the center of the bumper).

The subject of guides and bumpers is a well researched subject. PJ. Maas showed in 2006 that both the design
where only elastic deformation is allowed and the high stiffness of the currently used guides at HMC, increase
the impulse loads. He also showed that the LiFSiM models inaccurately predict impulse loads if damping is
taken into account[10]. Both PJ. Maas and Pistidda [2] investigated the SC-251[4] guidelines of HMC for guides
and bumpers assuming static loading, E. de Boer described in 2012 that the peak forces are highly dependent
on the stiffness and damping of the guides and bumpers and that the upper segment of the peak forces is
caused by the bouncing of a module between guides[5]. He compared the displacement of a guide with static
stiffness to the displacement of a guide with dynamic stiffness and concluded that the dynamic calculations
consistently show a larger deformation at the upper part of the guide. The loads on guides can therefore not be
assumed to be quasi-static. In 2013 N.P. Autar found, using a finite element model, that the force time history
shows great resemblance with a half sine pulse load and that the forcing frequency is much lower compared
to the first natural frequency and that the dynamic problem therefore can be simplified to a static one[3]. He
also concluded that impulse load reduces once rotations of the module are taken into account and that the
location of impact has a great influence on the magnitude of the impulse load due to the change in stiffness.
Nevertheless it is still unknown how to correctly estimate the magnitude of the impulse loads.The calculated
loads might differ from the actual loads due to unaccounted forms of energy transfer that occur during the
impact, such as the rotation of the module [3].

This gives the following research question:
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What is the effect of energy transfer between guides and bumpers on the magnitude of the impulse loads during
offshore set-down?

To solve this question, the guide and bumper system during the set-down of an offshore platform will be
analyzed. The following step is to design a model that has resemblance to the collision between guides a
lifted module to conduct an experiment and to see how energy is transfered during the impact between guides
and bumpers. The experiment will be compared with a finite element model (FEM) to validate the results and
the models. Based on these results a recommendation will follow.

1.3. CURRENT SITUATION

HMC uses a combination of two computer programs to determine the dimensions of the guide and bumper
system and compute the loads during impact between guides and bumpers; Bentley SACS and either Orcaflex
or LifSim. Since this research only focuses on the structural dynamic behavior of the guides and bumpers and
the motions of the vessel and barge will not be taken into account, Orcaflex and LifSim will not be discussed
any further in this report.

1.3.1. BENTLEY SACS

SACS is an integrated finite element structural analysis program. It is a program that provides in design,
fabrication, installation, operations, and maintenance of offshore structures.

One of the functions of Bentley SACS at HMC is to determine the behavior of steel guides and bumpers as a
reaction to static forces. The stiffness of the guide and bumper system is determined by applying 10% of the
designed weight of the module as a static load to different locations on the guide and bumper system. The
resulting stiffness is used as in input in the computer program Orcaflex or LifSim to determine the motions
and reactions of the whole process including the motions of the barge and vessel.

1.4. SCOPE AND OBJECTIVE

This master thesis study focuses on energy transfer between guides and bumpers and the effect of this energy
transfer on the magnitude of impulse loads. In this thesis only the elastic deformation of the guide and bumper
will be taken into account since the guides and bumpers at HMC are designed to only deform elastically. The
energy transfer will be computed by doing a scaled experiment, where a module with bumper will hit against
two guides. The difference in potential and kinetic energy of the module before and after the impulse load
will be analyzed and compared to the energy that has been transferred in the form of strains and accelerations
in the guides and bumpers. Since the module will only hit the guides horizontally, friction is negligible in this
experiment and will therefore not be taken into account. The results will be used to analyze the energy transfer,
to compare the standard coefficient of restitution (CoR) of steel to the measured values and to estimate the
magnitude of the pulse loads.

1.5. THESIS STRUCTURE

The literature that was used for this research will be discussed in chapter 2. In chapter 3 the design of the
experiment will be discussed, this will be followed by the model analyses of the experiment in chapter 4. Here
the expected values of the experiment will be discussed. Based on these results, the sensors to measure the
strains and accelerations and their locations on the structures will be determined. This, the equipment that
was used for the experiments and the measurements will be discussed in chapter 5. In chapter 6, the results
will be shown, the energy transfer; the magnitude of the impulse loads and the energy loss during the collision
between guides and bumpers. The conclusions and recommendations will be discussed in chapter 7 and the
discussion follows in chapter ?2.






LITERATURE STUDY

In this chapter the preliminary research of the thesis will be discussed. The first step (2.1) was to investigate
the currently used guide and bumper system of HMC. After this, the different possible forms of energy transfer
will be discussed in section 2.2. The theory of impact loads and the chosen values for the impulse load in this
research will be discussed in section 2.3.The use of the rod-theory and the bending of a beam will be shortly
discussed in section 2.5. The last step of the preliminary research is the coefficient of restitution and this will
be discussed in section 2.6.

2.1. GUIDE AND BUMPERS

At HMC there is a standard criteria for Engineering design of Guides and bumpers ([4]). The relevant
information for this research will be discussed in this section. At HMC there are three different guidance system
types which are generally used for lift operations. For the installation of topside modules supported from one
side (hang-off modules) onto base support arrangements, a horizontal cow-horn bumper and a vertical guide
system are preferred. Since the goal of this research is to conduct a scaled experiment, the guide system will

be a simplified version of the most simple guide system; the vertical guide and horizontal bumper system. A
schematic view of this system is shown in figure 2.1.

Arrangement and Load Application:
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Figure 2.1: A schematic view of the vertical guide and horizontal bumper system

2.1.1. DIMENSIONS GUIDE SYSTEM

Normally the dimensions for a vertical guide and horizontal bumper system are:
Height Guide=3.0-4.5 m
Length Bumper =3.0 m
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But the guides and bumpers should allow for the topside movements that are discussed in the section below
and they should allow for the incoming topside to be moved into position 3 meters above major obstacles.
After comparing 44 guide designs, the average guides have a length of 3.0-3.5 m with the first brace at % of the
height of the guide with a slope of approximately 40°.

2.1.2. TOPSIDE MOVEMENTS

The guide and bumper system have to be designed such that no other part of the topside than the supports or
bumpers will make contact with the guide or other parts of the structure. The movement of the module should
satisfy the following criteria for the three axes:

Vertical movement = +0.75m
Longitudinal movement = +1.50m
Transverse movement = +150m

Further cases with regard to tilt and rotation of the topside shall also be included, these are:
Longitudinal tilt = 4%
Transverse tilt = 4%
Plan rotation 4%

The plan rotation limit is only applicable when the topside has been orientated close to its final position.

+0.75m

SIXV TYALHEA

~0.75m

TOPSIDE MOVEMENT CRITERIA
FOR
GUIDE AND BUMPER DESIGN

Figure 2.2: Topsides Movement criteria for Guide and Bumper Design (SC-251)

2.1.3. IMPACT LOADS
The primary impact loads for which the guides and bumpers are designed, are based on the following criteria:
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Fh = 10 % of topside design weight
Fv = 1% oftopside design weight (applied along vertical face)
Fl = 1% oftopside design weight (applied along vertical face)

2.1.4. CONCLUSION

During the offshore set-down of a heavy module, the movement of the module may not be larger than 1.50
m and the module cannot rotate more than 4 % . The guides need to be designed for a maximum horizontal
static load of 10% of the dry weight of the module, and should allow the topside to be moved into a position, 3
meters above major obstacles on the new site of the module.

2.2. POSSIBLE CAUSES FOR ENERGY TRANSFER DURING SET-DOWN

This research focuses on the effect of energy transfer between steel structures. Therefore it is important to
discuss the possible causes for energy transfer during set-down. After a number of internal discussions at
HMC and literature research, the following list of possible forms for energy transfers was set-up;

¢ Plastic local deformation guide/bumper

¢ Elastic local deformation guide/bumper/module
* Vibrations through guide/bumper/module
 Design (flexibility) guide/bumper

¢ Friction between guide and bumper

¢ Friction of rotation around hinge of crane

* Mass of guide/bumper

 Location guide/bumper

* Rotation of module horizontally

* Rotation of module vertically

* Motions of the crane ship/barge

* Human factor

Of this list, the horizontal and vertical rotation of the module are already taken into account in the currently
used models at HMC, as well as the motions of the crane ship/barge. Therefor these will not be taken into
the scope of this research. The human factor will not be taken into account since this will be an entirely
different research by itself and this research only focuses on the structural behavior of the guides and bumpers.
Currently the guides and bumpers at HMC are designed to only deform elastically. This means that the
experiment for this research will be designed in a similar way where plastic deformation will not be assumed
to occur. In the experiment the loads will be applied horizontally on the the guides and bumpers and thus the
friction will be assumed to be so small that they can be neglected. No measurement equipment will be used
to analyze the friction during the collision. The experiment will be conducted without the use of a hinge. The
module will hang from the ceiling through two holes where the friction is so small that it can be assumed to
be zero. This will be tested by the displacement of the module in its stationary position before and after the
collision. A previous research on the location of the impact on guides and bumpers was conducted at HMC
by PJ.Maas in 2006 ([10]). In this research the impact was only applied statically, therefore the location of the
impact on the guides and bumpers will be taken into account since the results might differ due to the static
versus dynamic analyses or due to the model versus experimental analyses. This leaves the following causes
of energy transfer that will be analyzed during this research;

¢ Elastic local deformation guide/bumper/module
* Vibrations through guide/bumper/module

* Design (