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Abstract

Offshore areas are increasingly recognized as the answer to finding resources that are running

out in land. These resources are mainly oil, food and energy. Unfortunately, the distance from shore

where these resources are found is an important variable. In many cases, the distance determines if a

project is feasible or not. Some studies have found that a logistic hub located between a shore base

and a determined project (oil field, wind/wave farm or aquaculture farm) can reduce the operational

costs. A Logistic Platform (LFP) is presented as an alternative to this logistic hub.

The purpose of this thesis is to present a methodology for dimensioning a semi-submersible

platform, which would serve as a logistic hub. Here, we divided the study in three parts. The first part

and second part correspond to the dimensioning of the Top Side and Hull, and the last part is the

verification of the platform´s intact stability criteria. The dimensioning of the Top Side was done using

parameters found in floating platforms called flotels. Similarly, typical Hull arrangements of semi-

submersibles platforms were taken into consideration to develop a mathematical model for the

dimensioning of the Hull. Finally, the evaluation of the intact stability requirements was done.

As conclusion, feasible dimensions for a semi-submersible logistic platform were obtained. The

methodology that has been present can serve as a tool to obtain the main dimensions of a logistic

platform within the first stages of the design spiral.

Offshore – Semisubmersible – Parameters – Design – Logistic - Hub
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Resumo

Soluções offshore são cada vez mais vistas como a resposta para a obtenção de recursos que

estão a se tornar escassos em terra. Tais recursos são principalmente petróleo, alimentos e energia.

Infelizmente, a distância em que esses recursos se encontram constituem uma importante limitação e,

em muitos casos, a distância determina a viabilidade final projeto. Alguns estudos têm mostrado que a

utilização de uma conexão logística entre a base em terra e um determinado destino (campo de

exploração de petróleo, um parque eólico, um parque de ondas ou centro de aquacultura) pode reduzir

os custos operacionais. Uma Plataforma Logística é apresentada como uma alternativa a esse primeira

solução.

O objetivo dessa dissertação é a apresentação de uma metodologia para o dimensionamento

de uma plataforma semi-submersível que serviria como uma conexão logística. O estudo foi dividido

em três partes. A primeira e segunda partes correspondem ao dimensionamento da estrutura superior

e do casco, e a última etapa consiste na verificação do critério de estabilidade intacta para o modelo.

O dimensionamento da estrutura superior foi feito usando parâmetros encontrados para plataformas

flutuantes chamadas flotels. Analogamente, o arranjo típico do casco de plataformas semi-submersíveis

foi tido em consideração para desenvolver um modelo matemático do dimensionamento do casco.

Finalmente, foi feita a avaliação dos requisitos de estabilidade intacta.

Como conclusão, dimensões realistas para o projeto de uma plataforma semi-submersível

foram encontradas. A metodologia proposta pode servir como uma ferramenta para a obtenção das

principais grandezas de uma plataforma logística nos estágios iniciais da espiral de projeto.

Offshore – Semisubmersível – Parâmetros – Projeto – Logístico - Conexão
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Chapter 1 - Introduction

The current global population is above 7 billion people, and it is expected to grow by another 3

billion reaching around 10 billion people by 2050 according to United Nations projections. More

population demands more energy and food. Land and on-shore resources are running out.

Fossil fuels, including coal, oil and natural gas, are currently the primary energy sources in the

world, and this is not likely to change. Oil and gas are extracted from deposits deep underground, and

these deposits are found in increasingly deeper waters and more remote areas. According to Gautier

(2011) it is estimated that 22 % of the oil resources in the world may be located in Arctic regions.

Another big percentage of undiscovered hydrocarbon resources can be found in deep waters. Figure 1

shows the mean estimated undiscovered gas in the Artic region.

Figure 1. Mean estimated undiscovered gas in the Artic region (Gautier, 2009)

In remote areas, logistics is one of the main challenges for the oil companies. The operation is far

from shore and all equipment and resources need to be available at the spot. One cannot afford to

shut down production or drilling for a couple of days to wait for supplies, then projects soon become

unprofitable and might have to be abandoned (Nordbø, 2013).
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Therefore, despite the distance, the flow of people, equipment and resources must be the same

that on-shore oil installations. Nowadays, offshore oil platforms are supplied from shore by platform

supply vessels and helicopters. For some years now, some oil companies have been incorporating semi-

submersible platforms for offshore accommodation called Flotel. These flotel platforms are designed to

operate in harsh environments.

In spite of the economic and technical benefits of burning fossil fuels for energy, the resulting

environmental impact of carbon dioxide emissions has a critical side effect, the greenhouse effect.

Renewable energies are the best option to reduce the environmental damages caused by fossil fuels.

Furthermore, renewable energies are constantly and sustainably replenished. Offshore offers mainly

two kinds of renewable energies with great potential to satisfy worldwide energy demands, the energy

from the wind and the energy from waves. Advances in technology and industry maturity will make

offshore wind/waves increasingly attractive projects.

Optimal wave conditions for energy production are found in medium-high latitudes and in deep

waters (more than 40 m), reaching power densities of 60–70 kW/m. As with waves, most windy areas

are normally found in medium-high latitudes. However, the wind resource is highly affected by local

atmospheric effects. This means that normally the offshore wind resource is present on the west coastal

areas of the northern hemisphere countries and the east coastal areas in the southern hemisphere

(Pérez-Collazo et al., 2015). Offshore wind is the most developed sector among renewable energies.

So far, eighty offshore wind farms have been placed throughout the world, and Europe leads the sector

with seventy (LORC, 2015). Contrary to wind energy, wave energy is still at an early stage of

development.

However, several studies have analysed the advantages of combining offshore wind-farms with

offshore wind-farms. López et al. (2013) found as advantages the reduction of zero-power output hours,

reduction of the inter-hour variability and facilitation of grid integration.

Food shortage is another aspect that we need to consider for the growing population. According

to the Food and Agriculture Organization of the United Nations (FAO), aquaculture has the potential to

produce the fish needed to meet that demand, but its development must occur in a regulated,

environmentally and socially responsible way. Population is mostly concentrated in coastal urban areas,

thus, space in the coast is limited (see Table 1) and, more often than not, already over-exploited.  By

the same token, the water conditions are not the best for the growing of fish. For these reasons, offshore

aquaculture could potentially reduce environmental impacts as well as disease, and improve fish

performance.

A multi-use platform can help plan the multi-use of ocean space for energy extraction and

aquaculture for a better exploitation of the resources saving time, effort and costs. This platform can be

placed between shore and any of the offshore platforms explained above, with the design and facilities

for people, spare parts and special equipment to attend routine maintenance. It would contribute to

reduce the response time to any circumstance such as emergencies on oil platforms, blackouts of

wind/wave farm devices and any other problem in fish farming. A multi-use platform is a platform which
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can simultaneously support several activities of different nature. For instance, a platform that supports,

at the same time, a fish farm and a wind farm. On the other hand, a Logistic Floating Platform (LFP) is

meant to support a specific activity only.

Table 1. Examples of Human Use of Ocean Space.

Note. Retrieved from Intergovernmental Oceanographic Commission and the Man and the Bio- sphere
Programme (2006)

A multi-use platform, would without a doubt, make the different offshore planned projects a

reality, since it reduces the transportation costs for people and materials, enhances the living conditions

for the people and increases the availability of the different platforms. Platforms’ operations /productions

availability improves given the fact that the weather conditions window for maintenance issues becomes

larger.

Few studies explicitly addressed the importance of the multi-use platform in offshore operations.

At the moment, there are no multi-use platform placed in the world. Only Europe has been developing

some projects with the previously mentioned characteristics. These projects are the Off-shore

Renewable Energy Conversion platforms - Coordination Action (ORECCA), the MARINA project, the

Tropos Project, the Mermaid Project, and the H2OCEAN Project. These projects are financed by the

European Commission.

Throughout this study, several parameters were identified to help dimension a multi-use

platform. The main characteristics or variables identified that can define the functionalities and capacities

of a multi-use platform are:

 Supply and demand at the installations (in an oil platform),

 Number of visits needed by the offshore installations during a period,

 LFP lifting capability,

 Crew and number of people per shift (in an oil platform),

 Rotation frequency of a crew (in an oil platform),
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 Number of people that can perform the maintenance tasks (for renewable energies and

aquaculture installations),

 Failure rates of the different elements (for renewable energies and aquaculture installations),

 Main maintenance activities (for renewable energies and aquaculture installations),

 Transport means to perform the maintenance tasks (for renewable energies and aquaculture

installations).

Concerning renewable energies and aquaculture installations in offshore conditions, it was

found that the logistic requirements are another transportation issue to be addressed. Therefore, the

logistics requirements of an offshore oil field were considered as the main driver to dimension a logistic

platform.

The aim of this thesis is to present an alternative way to design a Logistic Floating Platform

(LFP) for an offshore oil field. For this purpose, the main characteristics of existing logistics were

compiled; the functionalities associated with the intended operation were analysed; the main design

parameters associated with their functionalities were identified; an alternative platform layout was

generated; and finally, the main dimensions and configurations of the platform semi-submersible hull

form were defined and analysed.

The thesis is structured as follows: Chapter 2 presents the state of the art related to the main

characteristics of the different platforms that the LFP can serve. These characteristics are oriented to

define the functionalities of the LFP; Chapter 3 shows the main logistic issues that must be considered

in the design of the LFP; in Chapter 4 the Top Side and the mathematical model is developed; and

Chapter 5 provides the results. Conclusions are finally drawn in Chapter 6.
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3. Chapter 2 - Overview

The literature review aimed to identify the main characteristics or the variables that can define

the functionalities of a multi-use platform. Therefore, a detailed literature review of multi-use platform

projects, offshore wind/wave farms, offshore fish farming and oil industry is presented.

3.1. Multi-use platforms projects

Few studies were found about multi-use platforms. The majority of the information was found in

projects of the European Commission to respond to Europe's employment, competitiveness and quality

of life needs.

The Off-shore Renewable Energy Conversion platforms - Coordination Action (ORECCA) and

MARINA were the first two projects of the European Commission. The first project has developed a

roadmap for research activities in the context of offshore renewable energy (EC, 2011). The second

project is the first EU supported research effort to study combined offshore renewable energy systems

(MARINA, 2013). The H2OCEAN, TROPOS and MERMAID projects were funded under the Seventh

Framework Programme for Research and Technological Development of the European Commission.

They share the same concept and are oriented to develop a design of a multi-use platform chiefly for

renewable energies, aquaculture and transport.

MARINA has established criteria for generating, assessing and evaluating combined concepts

for wind & ocean energy utilisation, it has also produced an atlas for the combined offshore renewable

energy resources, and a wide set of system design, modelling and optimization tools.

H2OCEAN is a project aimed at developing an innovative design for multi-use open-sea

platform. Wind and wave power will be harvested and part of the energy will be used for multiple

applications on-site, including the conversion of energy into hydrogen that can be stored and shipped

to shore as green energy, and a multi-trophic aquaculture farm. The unique feature of the H2OCEAN

concept, lies in the novel approach for the transmission of offshore-generated renewable electrical

energy through hydrogen (EC, 2016).

The TROPOS Project aims at developing a floating modular multi-use platform system for use

in deep waters, oriented for energy extraction, aquaculture and platform related transport with an initial

geographic focus on the Mediterranean, Tropical and Sub-Tropical regions (EC, 2015b).



16

Figure 2. H2OCEAN concept (EC, 2016)

The MERMAID project will also develop concepts for the next generation of offshore platforms

which can be used for multiple purposes. The project does not envisage building new platforms, but will

theoretically examine new concepts, such as combining structures for energy extraction, aquaculture

and platform related transport (EC, 2015a).

Finally, Zanuttigh et al. (2016) present a new methodology for the design of a Multi-use offshore

platform based on technical, environmental, social and economic criteria. The methodology consists of

four steps: a pre-screening phase; a preliminary design for the alternative schemes based on the

identified maritime uses; a ranking phase; and a preliminary design of the multi-use platform selected.

Figure 3. Synthesis of the four-steps methodology (Zanuttigh et al., 2016)
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3.2. Wind energy

Winds are generated by complex mechanisms involving the rotation of the Earth, the heat

capacity of the sun, the cooling effect of the oceans and polar ice caps, temperature gradients between

land and sea, and the physical effects of mountains and other obstacles. Wind energy is generated by

converting wind currents into other forms of energy using wind turbines. Wind turbines convert the force

of the wind into a torque (rotational force), which is then used to propel an electric generator to create

electricity. Wind energy power stations (known as wind farms) commonly aggregate the output of

multiple wind turbines, through a central connection point, to the electricity grid. Across the world, there

are both on-shore (on land) and off-shore (out to sea) wind energy projects (ARENA, 2016).

Offshore wind speeds are higher than coastal wind speeds at sea level. Ten kilometres from

the shore, speeds may be 25% higher than at the coast. Offshore winds are more consistent and less

turbulent than the onshore winds. These reasons and the fact that the wind is an unending resource

made wind energy an attractive option to replace fossil fuels. Wind energy is the most developed among

the renewable energies. Eighty offshore wind farms have already been placed throughout the world,

and Europe leads the sector with seventy (LORC, 2015).

Figure 4. Typical wind turbine power output with steady wind speed (WindPower Program, 2015)

Figure 4 shows a sketch of how the power output from a wind turbine varies with steady wind

speed. Cut-in speed is the speed at which the turbine first starts to rotate and generate (typically between

3 and 4 m/s). Rated power output is the limit to the generator output (depends on rotor diameter). Rated

output wind speed is the wind speed at which rated power output is reached (typically between 12 and

17 m/s). Cut-out speed is the speed limit where there is a risk of damage to the rotor.

The research in this segment was focused on the maintenance of the turbines within a wind

farm because it was considered one of the main elements that can help the design of a Logistic Floating

Platform (LFP). Shafiee (2015) considers the logistic management of the maintenance as a crucial task
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within a wind farm because a delay to perform a required maintenance affects the wind farm availability.

According to the European Wind Energy Association (EWEA), operation and maintenance costs (O&M)

account for around one-third of the life cycle cost of an offshore wind farm. Therefore, it is imperative to

implement the needed strategies to perform the O&M at low costs to get a significant price reduction of

the energy from wind farms.

Hofmann & Sperstad (2013) describe the methods and functionalities of a decision support tool

(Norwegian offshore wind cost and benefit model – NOWIcob) that simulates the operational phase of

an offshore wind farm with all maintenance activities and costs. In the model maintenance tasks can be

assigned to each component, and three general types of maintenance tasks are used: Time-based,

corrective and condition-based maintenance. The time needed for performing a maintenance task

depends on several factors. Figure 5 shows the time used for performing maintenance activities.

Figure 5. Time used for performing maintenance activities (Hofmann & Sperstad, 2013)

Shafiee (2015) also divides the maintenance into three echelons: the strategic, tactical and

operational. These echelons involve the decision-making and could appropriately identify and address

the key issues in maintenance logistics of offshore wind farms. In his work, the strategic decision was

identified as the most influential element on the profitability of offshore wind farms. Figure 6 shows the

logistic maintenance organization for the offshore wind energy industry.
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Figure 6. Maintenance logistics organization for the offshore wind energy industry (Shafiee, 2015)

Others documents present different maintenance strategies, for instance, Nnadili (2009) present

in their work three types of strategies: calendar based maintenance, unplanned corrective maintenance

and condition based maintenance. Gundegjerde & Halvorsen (2012) consider only two types of

strategies: preventive and corrective maintenance. But, both documents agree on the relevance of the

definition of an adequate maintenance strategy to reduce O&M costs.

To maximise the availability of a wind farm, Dalgic et al. (2015) propose in their article a

mothership concept to be included in the O&M fleet. This mothership avoids spending time between

onshore and offshore wind farm for maintenance tasks and reduces the fuel costs. Therefore, the

reaction time to attend failures is successfully reduced, and the performance of maintenance tasks,

within a given weather window, is optimized. They developed a model of an offshore wind farm that

allows the identification of favourable operating strategies for offshore wind O&M fleets.

Gundegjerde & Halvorsen (2012) highlight in their thesis the importance of an optimal fleet size

and mix for O&M on one or several offshore wind farms because it can impact directly the O&M costs.

The definition of the fleet size depends highly on the preventive strategy.

Nnadili (2009) in his work highlighted the importance of using floating structures to support the

wind turbines. Castro-Santos & Diaz-Casas (2015) listed the wide variety of technical developments of

floating offshore wind turbines. Zountouridou et al. (2015) present the feasibility study of offshore floating

wind park in deep waters. Gundegjerde & Halvorsen (2012) also consider very important a mothership

or platform located near to wind farms in the fleet size composition.

There is already a substation operating within wind farm Global Tech I, which has been built in

the German North Sea. The wind farm is located approximately 140 kilometres from shore. This
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substation is manned by 37 people and serves as the logistical base for service and maintenance teams.

According to information of the website Global Tech I (2015) “The substation can be compared to a self-

sufficient small town.” This means that amenities such as fresh and waste water treatment, a hotel

operation, a hospital with paramedics and telemedicine devices as well as a “fire brigade” and a

helicopter landing pad - complete with refuelling station – should be available.

Rodrigues et al. (2015) analyse the trends of the main key characteristics of the European

Offshore Wind Farm Projects such as installed capacity, area and number of turbines, distance to shore,

water depth, costs, energy production and transmission technology. As a special remark, over the years,

the average distance to shore of the projects has increased. For instance, the average distance to shore

has increased from 25 km in 2013 to 42 km in 2015.

Annual failure rates and mean time to repair must be considered as the basis to determine the

quantity of visits that an offshore installation needs during a specific period. The information was

summarized by Troldborg & Sørensen (2014), see Figure 7 and Figure 8.

Figure 7. Reliability characteristics for different subassemblies in the WMEP programme (Faulstich, S.,
Hahn, B., Tavner, 2011)
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Figure 8. Development of the failure rate with time of operation. (Faulstich, S., Hahn, B., Tavner, 2011)

Gundegjerde & Halvorsen (2012) also refer the data collected by (WMEP) and add that “some

preventive maintenance strategies suggest 1-2 visits to each turbine every year. The preventive

maintenance operations generally take 1-2 days per turbine, and normally require 2 maintenance

personnel transported to the turbine by either a vessel or a helicopter”. The ways to access the wind

farm are dictated mainly by wave height as shown in Table 2.

Table 2. Summary of Current Access Limits for Offshore Maintenance Activities

  





    

    

    

    

    

    



    

    

Note. Retrieved from (O’Connor, Lewis, & Dalton, 2013b)

The total downtime per failure can be minimized using the logistic floating structures increasing

the availability of the system, which cannot be observed in the typical process, see Figure 9 and Figure

10.
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Figure 9. Factors influencing the downtime after a failure occurs (process without logistic floating
structure). (Gundegjerde & Halvorsen, 2012)

Figure 10. Factors influencing the downtime after a failure occurs (process with logistic floating
structure) (Gundegjerde & Halvorsen, 2012)

Therefore, we can conclude that floating structures will become the technology that will

increasingly move the wind farms to deeper waters.

3.3. Wave energy

Another renewable energy that has great potential to be produced offshore is the energy from

the waves. Compared to a global electricity production of 19,855 TWh in 2007,  the global wave power

resource in deep water (i.e. 100 m or more) is estimated to be ~ 8,000–80,000 TWh, according to the

WEC - World Energy Council (2010).

The devices used to convert the energy are called Wave Energy Converters (WEC). However,

unlike the wind energy ones, these devices are still at a prototype testing stage. Although some countries

have programs to develop this renewable energy, the WEC have been tested offshore in just a few

places in the world (Guanche et al. 2015)

Tiron et al. (2015) through a sketch of the six devices they manage to represent the various

working principles and locations, ranging from the shoreline (Limpet) to the far offshore (Pelamis), see

Figure 11 .

Failure
Time to wait for

weather
window

Inspection and
repair time

Total downtime per failure
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The maintenance is also an issue to take into consideration. The locations where the WEC are

placed are usually subject to rough sea conditions. According to Wolfram (2006), these may at times

not be accessible, neither by boat nor by helicopter, due to the high waves and high winds present in

the regions where the WEC will be deployed. By the same token, and according to O’Connor et al.

(2013b), fast onsite repair or device recovery must be possible in order to ensure high availability of

offshore renewables. As the weather window to attend any failure is small, preventive maintenance must

be planned carefully to reduce corrective maintenance and breakdowns.

Figure 11. Schematic of the various WEC technologies and their proposed locations (Tiron et al., 2015)

O’Connor et al. (2013a) conclude that WECs displayed in locations with adverse accessibility

and availability increased the O&M costs. Accessibility may be defined as the percentage of the time

during which the device could be accessed for maintenance purposes (Guanche et al., 2015). It depends

on the met-ocean conditions, the type of device and on the type of vessel used for the operations.

Accessibility affects the O&M operations and thus the availability (percentage of time that a WEC is

ready to produce electricity).
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The relevance of weather windows and waiting periods on maintenance operations is analysed

by Guanche et al. (2015). They only consider corrective maintenance in their study, where the

maintenance team has to perform the required operations as soon as a weather window is available.

Although the wave conditions can be forecasted, Mackay et al. (2010) consider that the

uncertainty in availability of the WEC is the most difficult to quantify. Thies et al. (2012) present two

reasons to justify that statement “(i) it is difficult to predict failures for a new technology; (ii) the

operational experience is scarce.” They conclude that the uncertainty of component failure rates can be

reduced through the application of the Bayesian method to improve the confidence in system reliability

estimates for emerging technologies.

In contrast, Astariz & Iglesias (2015) summarize in Table 3, the failure rate associated to the

power take-off system and power transmission subsystems, from information taken from (Denton, 2006)

and (P R Thies, Flinn, & Smith, 2009).

Table 3. Failure Rate of the Power Take-Off System and Power Transmission Subsystems

Note. Retrieved from (Astariz & Iglesias, 2015).

Regarding costs, Astariz & Iglesias (2015) and Deane et al. ( 2012) conclude that wave energy

is more expensive than any non-renewable energy and also than most renewable ones, but considering

its potential the reduction in costs with economies of scale is expected to take place. Therefore, investors

could obtain profits and promoters could operate with market prices similar to other energies.

As offshore wave energy is still in its infancy, no information was found in the literature review

about the quantity of people that have to carry out the maintenance tasks, frequency of the programmed

maintenance activities and failure rates of the different elements.

Finally, a deep study about wave energy is presented López et al. (2013). The suitable locations

for exploiting this resource, description of the variety of wave devices and the different stages of energy

conversion are showed clearly. Nevertheless, issues related with maintenance are not covered.
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3.4. Aquaculture

Ryan (2004) in his work estimated that marine finfish aquaculture production will need to

increase more than 200% by 2030 (in the Atlantic region from 1.35 million tons to 4.5 million tons and

in the Pacific region from 1.65 million tons to 5.5 million tons) to meet projected world demands.

Technological advances have made it possible to consider moving aquaculture activities far away from

shore, to increase the productivity and to find better conditions to husbandry the fishes. Likewise,

offshore aquaculture methods are more environmentally friendly than inshore aquaculture (Benetti et

al., 2010).

Offshore aquaculture is performed on sites that are subject to ocean waves. Benetti et al. (2010)

enumerate the benefits that offshore aquaculture provide: (1) overall reduction in conflicts with other

users and in objections from adjacent landowners, (2) avoidance of the ecological carrying capacity

limitations of inshore waters, (3) access to larger volumes of high- quality water for finfish or filter feeding

organisms, (4) reduction of overall ecological impacts, (5) possible reduction of regulatory and permit

requirements, and (6) ability to culture high-value, open ocean species.

Ryan (2004) also devised a classification system for sea aquaculture based on the sea state

spectrum. In his words, “Traditional surface-based cages might be deemed suitable for Class 1 and

Class 2 and probably Class 3 sites, with submersible cages or other novel technologies being preferred

for the most extreme conditions characteristic of Class 4 and Class 5 sites”, see Figure 12. The

Norwegian government has also introduced a new classification system based on the significant wave

height, see Figure 13.

Figure 12. Cage types likely to be found in sites of Classes 1 to 4. (Ryan, 2004)
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Figure 13. Norwegian Aquaculture site classification scheme. (Ryan, 2004)

The selection of the site for the aquaculture farm must be done carefully, after assessing several

parameters related to infrastructure, topography, bathymetry, meteorology, annual ranges of water

quality parameters, environmental and biological information and the legal framework (Benetti et al.,

2010).

The use of submerged systems has become common in open sea areas. They represent some

advantages over the surface systems, for instance, the water temperature is steadier, cleaning of the

cages is not as frequent as those on the surface, and storm effects are avoided. The big inconvenient

is the high investment required to implement it (Vielma & Kankainen, 2013).

Concerning maintenance, Epsilon Aquaculture (2006) and Bostock et al., (2008) highlight the

importance of building the different elements of the offshore fish farm infrastructure with stronger

materials and of higher specification than a fish farm of inshore conditions. Furthermore, the

maintenance activities considered as routine inshore may be different onshore, the operation failure

must be minimized. Depending on the nature of the maintenance tasks, one might resort to divers or

ROV’s to perform repairs or replacements in situ, or retrieval and surface or land-based maintenance

(Epsilon Aquaculture, 2006).

Benetti et al. (2010) and Bostock et al. (2008) bring attention to the relevance of the

infrastructure support and logistics for any open ocean aquaculture farm. They also discuss the

importance of assessing the situation of the people that are going to carry out the maintenance activities.

Even Bostock et al. (2008) mention that SCUBA divers are often involved in regular maintenance

operations.

The accessibility to the offshore fish farm will often be difficult if not impossible. For that reason,

Ryan (2004) considers essential to have highly specialized, remote control and monitoring capabilities

via innovative telemetry systems as an important component of the operating methodology. “In

particular, it must be feasible to feed and observe the fish regardless of whether staff are present on

site. Large feed storage capacity will also be an essential feature”. Ryan (2004) and Bostock et al. (2008)

mention among the different cages designs the semi-submerged structures highlighting the concept

promoted by Spanish shipbuilding company, IZAR FENE for offshore aquaculture. This concept involves

a large semi-submerged platform and a giant cage net that “hangs beneath the platform while on deck
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there are hatchery and rearing facilities for juvenile fish” see Figure 14 and Figure 15. However, we did

not find specifications for this semi-submerged platform.

Figure 14. Semi-submersible platform. Izar Fene, Spain. (Ryan, 2004)

Figure 15. Semi-submersible platform. Izar Fene, Spain. (Bostock et al., 2008)

In a fish farm, monitoring and measuring are carried out automatically and remotely, using

remotely operated underwater vehicles (ROV’s), cameras and sensors (Epsilon Aquaculture, 2006;

Ryan, 2004; Vielma & Kankainen, 2013). There are two main activities during the husbandry of the fish,

one is the feeding and the other is the harvesting. In onshore conditions the feeding is carried out through

a floating barge daily, but in offshore conditions the situation is quite different. Ryan (2004) suggests

dispensing feed to each cage automatically, through long-term feed storage capacity. This storage

facility has the shape of a feed barge. There are three types of feed barges (ship type barge, the concrete
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box and concrete cylinders), but according to the Irish Sea Fisheries Board (BIM), the concrete cylinder

would be more suitable for the more exposed sites. Feed is delivered to the fish through compressed

air via a hose from the feed barge. The feeding rate is controlled by a computer located in the feed

barge.

Figure 16. Fish farm in offshore conditions (AKVA Group, 2015)

Conventional methods (fish-pumps or brailers) to harvest the fish are inappropriate in offshore

conditions, because fish can suffer damage. As a solution, Ryan (2004) proposes transferring live fish

to a sheltered inshore site during favourable weather through a wellboat using an intermediary transfer

cage. Fish would be harvested over an 11-month period.

Maintenance tasks can be done by divers or ROV’s. Repairs or replacements can be carried

out in situ or in land, depending on the depth and nature of the activity (Epsilon Aquaculture, 2006).

Information about failure rates of containments and mooring systems was not found.

The model offshore farm described by Ryan (2004) has an annual production of 10,000 tonnes,

and an annual feed requirement of approximately 12,000 tonnes. There are 10 40,000 m³ cages and

the feeding rate is 45 tonnes per day. If we take salmon as a reference, with a density of feed of 650

kg/m³, then the storage capacity could be estimated.

In the literature review no information was found about of the quantity of people that have to

carry out the maintenance tasks, frequency of the programmed maintenance activities and failure rates

of the different fish farm elements.

3.5. Offshore Oil Industry

Offshore oil production has been developed for more than six decades. Advancements in

technology have allowed to move the operation to deeper waters in harsh environments, where reserves

are increasingly being found. There are four types of structures/facilities used in deeper water of the oil

industry: Floating Production Storage and Offloading (FPSO) vessel, Tension Leg Platform (TLP), Spars

and Production plus Semi-Submersibles, see Figure 17. Currently, approximately 240 floating offshore

structures are in operation throughout the world.



29

Figure 17. Floating offshore oil structures. Source (MODEC, 2015)

Subsea systems also are becoming increasingly important facilities in the production of oil and

gas. In the four decades since the first systems were installed, more than 1,000 subsea wells have been

completed worldwide. Two thirds of these are still in service. The chief configurations include single-

satellite wells, which employ subsea trees on an individual guide base, subsea trees on steel-template

structures with production manifolds and clustered well systems (e.g. single-satellite wells connected to

a nearby subsea production manifold). All of these configurations are usually connected to platforms,

floating production and storage vessels, or even to the shore (OffshoreBook, 2010).

Figure 18. Subsea installations. Source (OffshoreBook, 2010)

To improve the conditions of the people that are working in offshore structures, a new concept

started to gain force, the accommodation floating structure called “Flotel”, which means float + hotel.

These flotels are semi-submersibles structures that offer a suitable solution for offshore accommodation,

loaded with amenities needed to spend great days away from home.

The accommodation vessels are normally positioned in connection with the production rig and the

two are regularly united by a gangway. Personnel can then move between the units using the
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gangway even in harsh sea conditions. On board cranes are used in order to lift and transport

equipment along with spare parts. These operations are possible due to the advanced DP system

(Jonsson & Holmström, 2015).

Dynamic positioning (DP) is a computer-controlled system to automatically maintain a vessel's

position and heading by using its own propellers and thrusters. In the research, three major actors were

found in the accommodation vessels segment: Prosafe, Floatel Int. and Axis offshore, see Figure 19.

Prosafe Floatel Int. Axis offshore

Figure 19. Major actors in the accommodations vessels segment

Offshore installations require a regular supply flow of goods and spare parts to keep its

continuous operation, it is also one of the largest cost elements in the upstream chain. The supply is

usually done by a fleet of Offshore Supply Vessels through weekly voyages, sometimes installations

must be visited more than once. This supply can become a complex logistic problem considering the

weather conditions, the distance between land and offshore platforms and the number of offshore

installations that need to be visited (usually, offshore installations are located in clusters).

Supply logistics from land depot to offshore installations is an issue that has been object of

study by several authors. The determination of the optimal fleet composition of offshore supply vessels

and their corresponding weekly voyages and schedules is a supply vessel planning problem for

Halvorsen-Weare et al. (2012). Uglane et al. (2012) present an operational optimization model aimed at

daily route planning, which requires short runtimes. Nordbø (2013) in its work addressed the supply

vessel planning problem providing an interesting solution, having two bulk ships, or similar, converted

that will stock up on supplies, when at shore, and then stay in the field for a period of time and act as a

floating storage unit, switching with the other vessel when it runs out of supplies, see Figure 20. The

properties that supply vessels should have to attend offshore installations can be seen in (Aas et al.,

2009).
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Figure 20. A solution for supply vessel planning problem (Nordbø, 2013)

The planning problem also involves the transportation of the crews. The helicopter is one of the

means of transport used for that purpose. The helicopter is very efficient regarding speed and safety but

has some disadvantages such as the high operation costs, capacity and autonomy. Therefore, it is

imperative to make an excellent planning of its use. Hermeto et al. (2014) present an optimization model

for crew transport logistics network planning, organized into four macro- activities (routing, flight

scheduling, fleet sizing and network planning) on three decision-making levels (operational, tactical and

strategic).

Current model for crew transportation (2001) Proposal model for crew transportation (2020)

Figure 21. Proposal model for crew transportation. (Vilameá, E., Morerira, M., Loureiro, 2011)

To reduce the crew transportation costs, increase the modal flexibility and the operational

safety, Vilameá et al. (2011) provide a new model. Maritime and Aerial transportation are mixed, as

shown in Figure 21, to be applied in the Brazilian Pre-Salt Province, with an installation of one or more
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logistic units (called hubs), capable of accommodating people, supporting the helicopter operations and

providing medical assistance in emergency cases.

The characteristics and variables identified in this industry, which can define the functionalities

and capacities of a Logistic Floating Platform, are presented in the next Chapter.

3.6. Overview summary

In summary, the literature review has shown:

 The offshore wave energy and offshore aquaculture industries are still in their infancy.

Therefore, there is not enough information about the quantity of people that have to carry out

the maintenance tasks, frequency of the programmed maintenance activities and failure rates

of the different elements.

 There are fewer conflicts with other activities in offshore conditions.

 If the different issues (oil – renewable energies – aquaculture) are integrated in a single system,

the operating costs (OPEX) can be minimized.

 A logistic offshore platform will play an important role in the availability of the different systems,

as it avoids having to move between offshore installations and land support so frequently. The

whole weather window can be used only for maintenance tasks.
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4. Chapter 3 - Logistic Issues

In this Chapter, the main characteristics or variables identified of the offshore oil industry and

that can define the functionalities and capacities of a Logistic Floating Platform to support offshore

operations are presented.

4.1. Supply and Demand at Oil Installations

Supply and demand at oil installations is a good start to determine the storage capacity of the

LFP. No exact value was found in the literature review. Supply and demand is always variable. Bottema

et al. (2015) state that a certain level of uncertainty is always to be expected. The uncertainties regarding

demand are characterized by uncertain volumes, even if production installations tend to register a more

predictable demand.

Table 4. Supply and Demand of an Oil Platform for a One-Week Period

   


   

   

   

   

   

   

   

   

   

Note. Retrieved from (Nordbø, 2013)

The weekly demand during drilling exploration, when the demand is highest, can be seen in

Table 4. The peak column shows the average value plus 50% to handle peak demands. The conversion

factor from getting from tons to square meters for deck cargo is 0.56 [ton/m²] (Nordbø, 2013). The supply

of the different materials depends directly on the Platform Supply Vessels’ (PSV) capacity. Normally,

deck capacities for vessels vary from about 600 to 1100 m², while bulk capacities oscillate between

4000 to 8000 tons (Halvorsen-Weare et al., 2012).
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4.2. Transfer of Crew and Cargo

4.2.1. Crew transfer

Regarding the risks of transferring people from the vessel to the offshore installations, there are

some solutions to minimize them. One possible solution is the bridge proposed by Ampelmann

Company. The system uses six hydraulic cylinders to hold the bridge geostationary making it possible

for people to walk safely from a moving ship to another ship or to a platform, see Figure 22 (Ampelmann,

2016). Another solution is the crane transfer device called Frog developed by Reflex Marine. Frogs are

rigid capsules with different capacities and high transfer rates, see Figure 23 (Reflex Marine, 2016).

Figure 22. Ampelmann bridge E-Type (Ampelmann, 2016)

FrogXT4 FrogXT6 FrogXT10

Figure 23. Frog transfer devices (Reflex Marine, 2016)
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4.2.2. Cargo Transfer

Deck cargo is transferred from the deck of the vessel to the deck of the platform through the

use of cranes mounted on the installations, and bulk is pumped from the tanks on the supply vessel to

tanks on-board the platforms. Deck cargo is usually packed in special containers, skips (for waste and

similar) or baskets (Bottema et al., 2015). In general, offshore installations have a limited storage

capacity, therefore, a good planning is important to avoid a shortage of supplies or a build-up of return

cargo.

4.2.3. Offshore containers

Containers are also used in the offshore industry, but they are slightly different from the standard

containers (defined by the International Standards Organization). According to the International Maritime

Organization definition, an offshore container is a “portable unit, specially designed for repeated use in

the transport of goods or equipment to, from or between fixed and/or floating offshore installations and

ships”. There are three categories of offshore containers, as defined by the European Committee for

Standardization (CEN): Offshore freight containers, offshore service containers and offshore waste skip,

see Figure 24.

Offshore freight containers Offshore services containers Offshore waste skip

Figure 24. Categories of offshore containers according to European Committee for Standardization (CEN).
(Lloyd’s Register, 2014)

Most offshore containers are designed to accommodate a specific piece of equipment, and for

this reason do not fit into the categories of ISO containers (Lloyd’s Register, 2014).

4.3. Transport means

Crew transportation is another important issue, there are two types of transport means used for

this purpose: helicopter and vessel. Each one presents advantages and disadvantages, see Table 5.
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Table 5. Comparison between Helicopter and Vessel

  

  

  

  

  

  

  

As was seen in Section 2.5, an interesting alternative provided by Vilameá et al. (2011) to reduce

transport costs is to mix the maritime and aerial transportation. The longer distances are covered by

maritime means (e.g. from land base to LFP) and shorter distances by aerial means (e.g. from LFP to

oil installations) as shown in Figure 25.

Figure 25. Maritime and aerial transportation. (Vilameá, E., Morerira, M., Loureiro, 2011)

The helicopter is an important element within any offshore system, either to perform a

maintenance task or to transport people between two points. In the literature review, the helicopter

SIKORSKI S-92 was found to be the most used in the offshore segment. The main characteristics of the

helicopter are shown in Table 6 and Table 7.

Figure 26. Sikorski S-92 (Cougar, 2015)
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Table 6. Aircraft Dimensions - Sikorski S-92

Note. Retrieved from the Sikorski S-92 catalogue

Table 7. Operational Characteristics - Sikorski S-92

  

  

  

  

  

  

  

  

  

  

  

  

Note. Retrieved from the Sikorski S-92 catalogue

4.4. Crew in an Oil Platform

In an offshore oil rig, operations never stop. To ensure 24 hours of continuous work during the

day, there are two crews: one day-time crew (shift 1) and a night-time crew (shift 2). The day shift

normally covers the period from 07.00 to 19.00 hours; the night-shift covers the remaining hours. Usually
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in Europe the crews rotate every fifteen days. Each crew’s  time-off depends on the country, for instance,

in the UK the standard is 2 weeks and in Norway 4 weeks (HSE, 2010). Table 8 shows a typical

personnel complement for a jack up on a mobile offshore drilling unit (MODU).

Table 8. Typical MODU Personnel Complement for a Jackup

Note. Retrieved from (PetroWiki, 2015)
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According to estimations by Triepke (2016), the quantity of people required on a rig to engage

in normal drilling activities, is shown in Figure 27. He also suggests:

Supervisory roles include maintenance, drilling and marine supervisors all the way up to the offshore

installation managers (OIMs are responsible for executing the drilling plan and everything/everyone

on the rig). Specialized staff include vessel support, drillers, subsea engineers, and electricians.

Crew includes entry level staff, maintenance and IT staff, and mechanics.

Figure 27. Typical offshore drilling rig crew requirements (Triepke, 2016)
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5. Chapter 4 – Logistic Floating Platform

The dimensioning of the Logistic Floating Platform was done through parameters found in the

accommodation platforms called “Flotels”. These Flotels were the platforms that we considered more

appropriate to use as a reference. Except for the Semi-Submersible Flotel Axis Nova, the information

found regarding Flotels is very general.

The typical configuration of a semisubmersible is compound by a deck (commonly designated

by Top Side), multiple columns, pontoons and bracing (Chakrabarti, 2005). The Top Side is where

accommodation and equipment are located. Columns and pontoons provide the stability and buoyancy

needed for the normal operation of the platform. Bracing serves structural functions to provide global

strength to the platform. In Figure 28 we can see the four main elements of a semisubmersible.

Figure 28. Semi-submersible sectional arrangements. (Chakrabarti, 2005)

In this Chapter, a hypothetical scenario was created in order to establish the main parameters

needed for the dimensioning of the Logistic Floating Platform (LFP). Afterwards, the dimensioning of the

Top Side and hull platform is defined.
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5.1. Hypothetical Scenario

The hypothetical scenario consists of a production field of one billion barrels of proven

recoverable oil reserves. The oil reservoir occupies an area of 300 km² approximately. The oil field is

located 220 km from shore. The oil production is made by two semi-submersible platforms which send

the oil through 25 km of pipelines of 12 in to a pumping station, and they are 16 km apart. The platforms

are moored with 16 lines, four at each corner and they are designed to receive the risers from the

manifolds. The subsea system has two manifolds for gathering/distributing various fluid streams. Figure

24 and Figure 29 show a general layout of the oil field.

Figure 29. Hypothetical Scenario - Distance from shore

Figure 30. Hypothetical Scenario - Vertical Configuration Platforms

Table 9 shows the main characteristics of the production platforms:
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Table 9. Production Platform Characteristics

 

 

 

 

 

 

 

 

 



 

 

 

 

Below, we present a summary of the characteristics of the oil field:

 Depth: 1.800 [m]

 Total production: 200.000 [bpd]

 Production platforms: 02 semi-submersibles

 Distance to shore: 1220 [km]

 Significant wave height: 6.2 [m]

 Highest wave: 10.44 [m]

 Wave period: 15.8 [sec]

 Current: 1.8 [m/s]

 Wind: 16 [m/s]

 Total production wells: 20

 Total injection wells: 12

 Hydrocarbon: Oil

 Flow from wells ~2,000 t/h

 Production strategy: water injection
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Considering the distance from shore to the oil field, and as explained before, an LFP would help

to reduce the operational costs of the production platforms. The idea is to place an LFP 160 km from

the land base and between the production platforms as shown in Figure 31.

Figure 31. Hypothetical Scenario - Place suggested for the LFP

5.2. Top side

The Top Side consists of eight decks, from down to up: lower deck, mezzanine deck, level

A/main deck, level B, level C, level E, and level F. The first two decks have the same dimensions of the

LFP (breadth and length). The remaining decks have the appearance of a ship superstructure and are

located aft of the LFP. In front of the superstructure, there is a clear working deck to support the cargo

handling operations of the two production platforms.

The accommodation areas were used as a starting point for the distribution of the spaces, which

were then calculated resorting to percentages obtained from flotel platforms. Consequently, the three

first decks accommodate a small number of bedrooms as well as the equipment areas, crew service

areas, crew social areas, and the recreational ones. Level B and C were used for crew accommodations

and for the hospital. Level D was reserved for areas to support aerial operations, such as, the

communication room, the waiting room, the fire-fighting room, etc. On Level E we find the hangar, the

helideck and the first level of the bridge. Finally, the second level of the bridge is located on level F.

The distribution of the Top Side’s enclosed spaces was done obeying to the criteria of

segregation by nature and adjacency to spaces with similar functions. For instance, the provision stores

and messes are close to the galley on the same deck. To dimension the Top Side of the LFP, the

following steps were followed:

 Consolidation of the main characteristics of the semi-submersible platforms called flotels.
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 Establishing the different percentages (machinery spaces, recreational spaces, rooms, galley,

corridors, etc.) in the closed spaces with the available information.

 Determination of the quantity of crew and passengers that the LFP is going to support. This

parameter was chosen as the starting point to the dimensioning of the platform.

 The area needed for bedrooms on the main deck was used to get the total area of this deck and

the dimensions of the length and breadth of the LFP.

 Distribution of the different spaces and functional areas.

 Definition of the LFP capacity required to support two production platforms (areas and volumes)

according to the hypothetical scenario.

 Estimation of the light weight and centre of gravity of the Top Side.

 Dimensioning of the helideck.

5.2.1. Platforms called “Flotels”

Given the fact that the “Flotels” universe is quite small, only two types of platforms: (barge and

semisubmersible) were analysed. The semisubmersible platforms were used as the main resource of

information to infer the main characteristics that the LFP should have. However, the barge platforms

were very useful to complement the information related with closed areas, due the high detail of the

general arrangement plans. Table 10 shows the analysed platforms.

Table 10. “Flotels” Semi-Submersible and Barge Platforms Analysed

   

   

   

   

   

   

   

   

   

   

Safe Boreas Semi-submersible Guinevere Barge

Safe Lancia Semi-submersible Olympia Barge

Safe Regency Semi-submersible Venture Barge

Safe Scandinavia Semi-submersible
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5.2.2. Estimation of closed areas

Table 11 shows the consolidation of the information pertaining to the proportions of the different

closed areas. ‘Recreational areas’ include the gym, sauna, cinema, library, mess rooms, etc. The

required areas consist of corridors, stairs, workshops, engine areas, galley, hospital, etc. Other areas

refer to client offices, client workshop and ship offices. ’Rooms’ refer to the areas destined to the rooms

of crew and passengers.

Table 11. Proportions of the Closed Areas

    

    

    

    

    

    

    

    

    

Note. (Rec.A) Recreational areas. (Req.A) Required areas. (OA) Other areas. (Rooms) Crew Rooms

Although the LFP does not have propulsion engines, there are areas of the machinery space

that need to be estimated. Table 12 shows the areas that were considered. Once again, values obtained

from similar platforms were used as reference.

Table 12. Functional Areas Considered for the Machinery Space
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Room HVCA
Deck

V
HVCA f m

Heigh
( 1 )
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Galley HVCA
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V
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Heigh ( 2 )
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2
R oom F M W T ota lF M W f C rew m     ( 3 )

2
R o o m G T T o ta lG T f C re w m     ( 4 )

2
R o o m S W p T o ta lS W P f C re w m     ( 5 )

2
R o o m F C D e ckF C f A re a m     ( 6 )

2
R oom B oile r D eckB o ile r f A rea m     ( 7 )

Where,

2 H V C A  a rea  com partm en tR oomH V C A m   

2 H V C A  a rea  fo r the  ga lleyG alleyH V C A m   

2 F re sh  m a k e r w a te r ro o m  a re aR o o mF M W m   

2 G a rb a g e  tre a tm e n t a re aR o o mG T m   

2 S e w a g e  p la n t a re aR o o mS W P m   

2 F ire  co n tro l ro o m  a re aR o o mF C m   

2 B o ile r ro o m  a re aR o o mB o ile r m   

The f is a value obtained from the Flotels platforms analysed. Ratios vary according to their

function, see Figure 32.


Total volume closed spaces

HVCA Room volumeHVCAf 
Galley HVCA room

Cooled storage roomGHVCAf


Total

Fresh maker wa
Crew

ter room
FMWf 

Total

Garbage treatme
Cre

nt room
wGTf


Total

Sewage roo
C ew

m
rSWf 

Fire control room
Deck areaFCf


Boiler room
Deck areaBoilerf

Figure 32. Factors for sizing machinery spaces

The remaining areas were assumed from a platform with similar crew capacity and without

Dynamic Positioning System.
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5.2.3. People

Quantity

The LFP must have the adequate facilities to provide the minimum services established by the

International Labor Organization Conventions as it pertains to crew accommodation. For our case, the

LFP must provide accommodation for its crew and the crew of the two semi-submersible production

platforms.

According to the hypothetical scenario, each semi-submersible platform has a crew of 200

people divided in two shifts, see Table 13. The categories of the crew were estimated regarding the

proportions shown in Figure 27 .

Table 13. Crew of Each Platform





  

    

    

     

The determination of the minimum safe manning of the LFP was estimated considering the

Resolution A.890 (1999) of the International Maritime Organization (IMO) which is based on the

performance of the functions at the appropriate level(s) of responsibility, see Table 14.

Table 14. LFP Crew

   

   

   

   

   

   

   

   

   

   

   

   

   

   

Note. (Sup) Supervisory. (Spe) Specialized. (Crew) Crew.
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The categorization of the crew was performed due to the fact that some crew members,

according to their position, must be accommodated in either a single or a double room (ILO, 2006).

People accommodation

The rotation frequency of the crews was not considered for the LFP design and should be

addressed as a transport problem. Therefore, the LFP was designed to provide accommodation for a

maximum of 482 people. Table 15 shows the Area Bedroom destined for the crew. Each room has its

respective W.C. with an area of 2.4 [m²]. The total required number of bedrooms can be seen in Table

16.

Table 15. Area Bedroom for People

  

  

  

  

  

Table 16. Required Bed Rooms

    

    

    

    

    

The distribution of the rooms by decks was made considering the information submitted in Table

16. The result of this distribution can be seen in Table 17.

Table 17. Distribution of Rooms By Deck
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5.2.4. Main deck dimensions

As explained before, the percentage of the area occupied by rooms on the main deck was used

to obtain the dimensions of the main deck. The results are shown in Table 18. The main deck dimensions

were assumed to be the length overall (LOA) and breath overall (BOA) of the LFP.

Table 18. Main Deck Dimensions

  

      

      

      

      

      



Where:



 1 2

Length
Breadth

L
B
L L L




1

2

 Closed area Length
 Open area Length

L
L

5.2.5. Definition of the LFP capacity required to support two production platforms

One of the considerations assumed for the dimensioning of the LFP was that it should have the

capacity to receive, handle and store the logistic elements required for the two production platforms for

a one-week period. In Table 19, we can see the values considered.

Table 19. Elements Required for the Two Production Platforms for a One-Week Period

   

   

   

   

   

   

Note. Adapted from (Nordbø, 2013)

5.2.6. Top Side light weight estimation

The light weight of the Top Side was estimated considering the following:
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 The weight of the decks as a function of their area. A unit factor of 0.125 ton/m2 was used and

20% - 30% of the total decks weight  was added as a global strength element (Chakrabarti,

2005), see Table 20.

 The weight of the indoor equipment and outfitting as a function of their compartment area, see

Table 21.

 The weight of the outdoor equipment such as cranes, windlasses, helicopter, and free fall boats,

etc. These weights were taken directly from catalogues.

Table 20. Total Weight of the Decks

   

   

   

   

   

   

   

   

   

   

   

   

Table 21. Unit Values to Estimate the Weight of Accommodation/Work/Machinery Spaces
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5.2.7. Dimensioning of the Helideck

Within its facilities, the LFP must have the suitable installations for operations with helicopters.

Usually, helicopters are used in offshore platforms for logistics and emergency support.  In logistics for

moving people to and from their workplaces. The emergency support can consist of medical evacuations

or search and rescue operations (SAR). Therefore, the helideck must be correctly designed.

During the dimensioning of the helideck the following aspects were considered:

 The safe landing area (SLA) required

 Helideck location on the installation

 Helideck air gap

The safe landing area (SLA) must have at least the suitable diameter (D) for the largest (overall

length) and heaviest helicopter that the helideck will accommodate. For the purpose of this study, the

dimensions of the helicopter most used in the offshore segment were considered, the SIKORSKI S-92.

Therefore, the SLA diameter for the SIKORSKI S-92 must be at least 20.88 [m], see Table 6.

In Semi-Submersibles platforms, the helideck is usually found at one corner of the main deck,

directly above one of the buoyancy columns and adjacent to the bridge / accommodation. In this way,

the windlasses and winches that control the anchoring system will be placed directly below the helideck

HSE (2011). The approach/departure sector should be no less than 210°, to provide an adequate

landing, overshoot and take-off paths, free of obstruction and should intersect the periphery of the SLA,

see Figure 33.

Figure 33. Example of a coincident SLA and ‘D’ circle extending to the boundary of the helideck structure
(HSE, 2010)

An hangar and an adjacent parking area were considered for the helicopter. The nature of the

LFP implies that offshore-based helicopters must be standing by at all times. A hangar offers operational

flexibility, it allows for the helideck to be available for another helicopter in case the main helicopter
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becomes unserviceable and has to shut down. Moreover, a hangar also offers protection for the

helicopter against harsh environmental conditions.

In Figure 34, we can see an example of a helicopter deck arrangement that ABS (2014) provides

in its guide for Helicopters Decks and Facilities.

Figure 34. Example of Helicopter Deck Arrangement (ABS Rules)

Following the recommendations of the HSE (2011), an air gap clearance between the helideck

and the superstructure beneath was considered. This air gap avoids severe wind conditions, in Figure

35 we can see a sketch showing the flow passing under the helideck and clean flow over. An air gap of

three meters was considered.

Figure 35. Sketch showing the flow passing under the helideck and clean flow over (HSE, 2010)
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5.2.8. Selection of the crew transfer equipment

In order to have a high volume of crew transfers from the vessel to the LFP and excellent levels

of protection, the FROG XT-10 device was selected. The FROG XT-10 can be used with the LFP cranes,

and its versatility allows for it to be used between different platforms. The vessel must employ its

Dynamic Positioning System while the crew transfers are being carried out. Figure 36 shows the

capacity of the FROG XT-10.

Figure 36. FROG XT-10 capacity (Reflex Marine, 2016)

According to Brittan et al. (2009) this crew transfer system was being used in Angola at the

time), achieving 21,000 transfers without incidents. They also suggest using two capsules in tandem to

increase the transfer rate. The study that they presented is based on the FROG-9 where the increment

of passengers transferred per hour was 62%.

5.3. Project of the Hull

In the semisubmersible platforms, three main types of modes/conditions are considered: transit,

operational and survival. In the transit condition, the pontoons are almost completely submerged,

therefore, the bigger water plane area provides the needed stability to move the platform from one side

to the other. In the operational condition, the platform reaches the maximum draft ensuring the platform’s

required motion response. In the survival condition, the air gap is increased to avoid slamming of waves

into the deck structure during extreme weather (Gallala, 2013). Air gap is the vertical clearance between

the deck and the water in still water conditions, and it should be 5 ft plus the 90% of the highest crest

wave, according to ABS Rules and the API Codes (Chakrabarti, 2005). The different conditions are

achieved through ballasting/deballasting tanks that are usually placed in the pontoons.

In the “Flotel” platforms analysed, were only found 4 and 6–column twin pontoon arrangements

with horizontal bracing. Therefore, we have focused on these type of configurations. As the dimensions

and weight of the Top Side were already estimated in Chapter 5, the next step is to calculate the
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structure that can support it. Figure 37 shows the usual configurations for pontoon and columns, the

number of columns depends mainly on stability requirements and motion response.

4-Column square 6 – Column twin pontoon 4-and-4 Column twin pontoon

Figure 37. Semi-submersible pontoon arrangements. Modified (Chakrabarti, 2005)

A mathematical model was created to find one of the possible solution for the dimensions of the

columns and pontoons. The bracing was estimated as a function of the pontoons and columns weights

in an optimization procedure. The mathematical model was developed in Excel© and the Solver was

used for the optimization.

Thus, it was necessary to define the objective function, the design variables, parameters

(relevant data for the problem) and the constraints. Following, the description of the mathematical model

is presented.

5.3.1. Mathematical model

The mathematical model was formulated considering the survival condition of the platform.

Stability and motion response are then verified for the other two conditions (transit and operational).

Likewise, a platform in full load condition was considered, which means that all crew members and

passengers are on board with their belongings at the time. Furthermore, consumables (provisions, fresh

water and fuel) are at 100% capacity.

Assumptions

Some assumptions were done in order to formulate the problem mathematically.

Pontoon and columns arrangement

A 4-column twin pontoon arrangement with horizontal bracing was the configuration adopted in

the mathematical model. Furthermore, as a simplifying assumption they have a rectangular section area.

Coordinate system

In Figure 38 is shown the coordinate system applied in the mathematical formulation.
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Figure 38. Coordinate system applied in the mathematical formulation. (Gallala, 2013)

Decision variables

The main dimensions of the columns and pontoons were used as decision variables in the

mathematical model, see Figure 39.

Figure 39. Decision variables. Modified (Gallala, 2013)

Where:

 Pontoon lengthLp  Column lengthLc

 Pontoon heightHp  Column heightHc



56

 Pontoon breadthBp Column breadthBc 

 Distance between pontoonsdp Distance between columnsdc 

Objective

As the mathematical model was formulated for survival condition, the minimum quantity of

ballast was chosen as the target value. Two reasons were mainly considered: the minimum air gap

needed and the equilibrium between the buoyancy of the platform and its own weight.

Ballast Hull Top Side VariableW W W W     ( 8 )

Where:

  Minimum ballast weight required [ton]BallastW

 Displacement [ton] 

 Top Side weight  [ton]Top SideW 

Variable load weight [ton]VariableW 

 Hull weight [ton]HullW 

The displacement was calculated as:

                2 4 (p p p c c survival p swL H B L B T H ( 9 )

Where:

3 Sea water density [ton/m ]sw 

 = Survival draft [m]survivalT

The WHull was calculated in function of the hull’s area using the values suggested by Chakrabarti

(2005): 30 lb/ft2 for columns and 70 lb/ft2 for pontoons. Taking into consideration the structural strength

that the columns and pontoons must have, the internal subdivision for damaged stability as well as some

pumping equipment, which is typically placed in the pontoons, a margin of 30% of the columns’ weight

and a margin of 40% of the pontoons’ weight were added to final hull weight.

Hull p c BracingW W W W   ( 10 )
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_ _(2 (( 2) (4 )) )p p p p p factor p p addedW B H L B W W         ( 11 )

_ _((2 (( 2) (4 )) ) 40%)p added p p p p factor pW B H L B W         ( 12 )

_ _(4 ((2 ) (2 ) ( 2)) )c c c c c c c factor c c addedW H B H L B L W W            ( 13 )

_ _((4 ((2 ) (2 ) ( 2)) ) 30%)c added c c c c c c factor cW H B H L B L W            ( 14 )

   5%Bracing p cW W W ( 15 )

Where:

Pontoons weight [ton]pW 

Columns weight [ton]cW 

2 2
_ 70 / 0.29 /factor pW lb ft ton m       

2 2
_ 30 / 0.12 /factor pW lb ft ton m       

Top SideW and VariableW were estimated in Section 4.2.

Constraints

To ensure a feasible result were defined the following constraints according to:

 Stability

 Motion

 Air gap

 Geometrical constraints (Pontoons and columns)

Stability

Metacentric height (GM) is the main driver of stability, it must always be positive to provide

stability. However, a high GM value should be avoided because it leads to uncomfortable rolling periods

and to increased response and accelerations (Gallala, 2013). Chakrabarti (2005) suggests values

between 12 ft and 15 ft for the GM survival draft. Similarly, he recommends that the GM should be higher

than 15 ft in operational conditions.

Usually, the moorings are hung from the keel in semisubmersible platforms. According to

Chakrabarti (2005), this benefits the stability and should not be included in stability calculations.

The metacentric height was estimated through the following equations:
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    effectGM KB BM KG FS ( 16 )

Where:

  Vertical distance from keel to buoyancy center [m]KB

  Vertical distance from buoyancy center to metancenter [m]BM

  Vertical distance from keel to gravity centerKG

  Free surface effect [m]effectFS

The KB was estimated through the equation:

1

1

N
i ii

N
ii

kb x
KB 









 ( 17 )

Where:

  Vertical distance from the keel to the buoyancy center of submerged partikb i m

3 Volumen of submerged parti i m    

 pontoons and columnsi 

  32p p p pV L H B m      
( 18 )

34 ( )c c c survival pV L B T H m       
( 19 )

 
2

p
p

H
kb m

( 20 )

 
2

survival p
c p

T H
kb H m

 
  

 
( 21 )

BM is the metacentric radius and its magnitude is calculated through the formula:

 xxI
BM m

 ( 22 )

2
3 4( 4) 4

2
1

12
p

xx c c c c

d
L B L BI m

                    



   ( 23 )

3
p cV V m     

( 24 )
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4Second moment of with reference the x axisxx w mI A   

3Submerged volume m    

2Waterplane areawA m   

The KG was calculated through the expression:

 1

1

N
i ii

N
ii

kg xW
KG m

W




 
 ( 25 )

Where:

  Vertical distance from the keel to the center of gravity of partikg i m

  Weight of partiW i ton

 Pontoons, columns, Top Side and variable loadi 

Therefore, the following were the constraints formulated:

 12GM ft ( 26 )

 15GM ft ( 27 )

Motion

The natural period and the response amplitude operator (RAO) identify the motion

characteristics of a vessel. The RAOs are defined as amplitude response per unit wave amplitude where

amplitude response would correspond to heave, roll and pitch depending upon which motion is to be

considered (Sengupta & Chatterjee, 1986). Sengupta & Chatterjee (1986) recommend the period of

heave to be longer than 18 to 20 seconds, while roll and pitch natural periods should be longer 25 to 30

seconds. Chakrabarti (2005) also states that a good design will result in heave periods between 25 and

30 seconds. Therefore, for periods above those values the peak in the RAO falls outside the energy

peak in the wave spectrum and  will seriously reduce the probability of resonance behaviour (Gallala,

2013). For semisubmersible platforms the motion characteristics is dominated mainly by heave

(Chakrabarti, 2005; Gallala, 2013). Thus, the heave period (THeave) was considered a constraint, in the

mathematical model the THeave must reach values above of 21 sec. Roll and pitch can be controlled with

smaller values of GM (Gallala, 2013), see equations ( 29) and ( 30). Heave, roll and pitch periods can

be computed as follows:
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2
Heave

Heave

T
Wn


 ( 28 )

2
Pitch

Pitch

T
Wn


 ( 29 )

2
Roll

Roll

T
Wn


 ( 30 )

W n is the natural frequency and is calculated as follows:

.sw w
Heave

add

g A
Wn

m
 


  ( 31 )

2
_

sw L
Pitch

Pitch add p

g GM
Wn

r I
    


   ( 32 )

2
_r

sw T
Roll

Roll add

g GM
Wn

r I
    


   ( 33 )

Where:

2Gravitational force /g m s   

  Added mass in heaveaddm ton

4
_ Added moment of inertia in pitchadd pI m   

 The radius of gyration in pitchpitchr m

4
_r Added moment of inertia in rolladdI m   

 The radius of gyration in rollrollr m

Considering that our hull has a rectangular cross section form, the strip theory is suited to

calculate the added mass in heave trough the following equations (Gallala, 2013):

2
2

4
pD

add sw

B
m k      ( 34 )

2
3

2
p pD

add sw

B L
m k  


    ( 35 )
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Where:

2 Two dimensional added mass for strip of one meter lengthD
addm 

 3 Total added mass in heaveD
addm ton

 Added mass coefficientk 

The added mass coefficient comes from empirical studies and is dependent on the breadth

height ratio of the pontoon, see Figure 40.

Figure 40. Analytical added mass coefficient for two-dimensional bodies (DNV, 2010)

Air gap

The air gap is an important parameter because the wave slamming into the deck structure can

be reduced. However, excessive air gap must be avoided, Chakrabarti (2005) remarks:

Excessive air gap raises the centre of gravity and thereby impairs the payload performance.

Determination of the effective airgap should consider the relative motions of the vessel. For large,

long period waves, a semi will tend to rise and fall synchronously with the waves, possibly as much

as 20% of the wave height (single amplitude). To recognise this, in initial design, it can be

conservatively assumed that the semi rises 10% of the wave height. Then, setting the calm water

deck height at 5 ft plus 90% of the extreme crest elevation should suffice.

Therefore, in our mathematical model the air gap should be:

   90% 5wAirgap H ft   ( 36 )

Where:

 
   

10.44  from hypothetical scenario (highest wave)

5 1.5
wH m

ft m
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Hence,

 11Airgap m ( 37 )

Geometrical constraints (Pontoons and columns)

To obtain a feasible solution, some geometrical constraints were formulated for columns and

pontoons. Therefore, intervals (upper and lower limits) were defined for their length, breadth and height

dimensions. The intervals were defined considering typical ratios and configurations of semisubmersible

platforms of twin pontoon arrangements.

1. Pontoons:

In the case of pontoons, the following constraints were established:

 Maximum distance between pontoons and maximum pL length: usually the pontoons

are inside the main deck dimensions, therefore:

( )p OA pd B B  ( 38 )

p OAL L ( 39 )

Where:

  Breadth overallOAB

  Length overallOAL

 Maximum p

p

B
H

ratio and minimum p

p

B

H
ratio, usually the pB is higher than pH .

2p

p

B
H

 ( 40 )

1p

p

B
H

 ( 41 )

2. Columns:

For columns were also established some constraints as we can see below:

 Maximum distance between columns: regarding that in 4-column twin pontoon

arrangements, the columns are not placed in the extreme of the pontoons. Therefore,

it was necessary to formulate a constraint which ensures the maximum distance where

the columns can be placed.
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 0.85c p cd L L   ( 42 )

 Maximum c

c

B
L

ratio and minimum c

c

B
L

ratio, usually cL is higher than cB

1.0c

c

B
L

 ( 43 )

0.6c

c

B
L

 ( 44 )

 Maximum breadth of the columns: a constraint was also formulated to ensure that the

columns will have less breadth than the pontoons.

 0.95c pB B  ( 45 )
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6. Chapter 5 – Results and Discussion

In this chapter we present the results from the Top Side and the mathematical model are presented.

By the same token, the intact stability criteria of the Logistic Floating Platform were verified. As mentioned

before, the Solver application was used to find a solution for the dimensions of columns and pontoons, and

the general reduced gradient (GRG) algorithm was the method used to find the solution. The general reduced

gradient (GRG) is an efficient nonlinear optimization algorithm. The Solver was run several times looking as a

means to find / looking to find the solution’s convergence.

6.1. Top Side – Results

In Section 4.2, it was presented the methodology followed in order to find the dimensions of the

different spaces and the weight unit values used to estimate the platform ‘s weights. Summarizing, the total

Top Side light weight estimated was 9,450 ton (6,111 ton corresponding to structure and 3,339 ton to

equipment), and the variable load was estimated to be 6,286 ton at its maximum capacity. The longitudinal

position of the centre of gravity calculated was 58.26 m from the AP. The vertical position of the gravity centre

depends on the height of the columns and pontoons. This information was the main input of the mathematical

model employed to find the hull dimensions capable of supporting them. Usually, the displacement is a primary

determinant of size and proportions (Chakrabarti, 2005), however, through the methodology used the size was

the starting point to find the displacement.

For a better understanding of the distributions of the spaces, the general arrangement of the Top Side

is presented in Appendix D.

6.2. Mathematical model - Results

The Solver application found a solution for the mathematical model taking into account all parameters

and constraints, see Table 22.

Table 22. Variables Solution
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The pontoon length and distance between pontoons are both close to their maximum established limit,

as are the column breadth and the BC/LC ratio. This means that the inertia moment of the water-plane area

was optimized improving the stability characteristics of the platform.

The remaining characteristics of the LFP, which depend on the hull dimensions and hull arrangement,

can be seen in Table 23.

Table 23. Final Platform Characteristics




  

   

   

   

   

   

   

   

Note. N.E: Not evaluated.

6.3. Intact Stability

To determine if after having performed all calculations, the final result will be a feasible answer to the

problem created in the hypothetical scenario, in terms of stability, the intact stability of the platform was

checked.

According to the International Code On Intact Stability (IMO, 2008), the stability requirements for

general semi-submersible platforms are:

 The area under the righting moment curve to the second intercept or down-flooding angle,

whichever is less, should be not less than 30% in excess of the area under the wind heeling

moment curve to the same limiting angle.

 The righting moment curve should be positive over the entire range of angles from upright to

the second intercept.

Figure 41 shows the curve of the righting moment and the typical the curve of heeling moment.



66

Figure 41. Righting moment and heeling moment curves (DNV, 2011)

The Intact Stability Code (IMO, 2008) also establishes that wind forces should be considered from any

relative direction to the unit, as should the value of the wind velocity for offshore service. The wind velocity

should be 36 m/s (70 knots) for normal operating conditions, and 51.5 m/s (100 knots) for severe storm

conditions. Moreover, the platform was assumed to be floating free of mooring restraints. The stability

requirements should be checked for mainly two modes/conditions: for operational condition and for severe

storm condition.  For the purpose of this study, the intact stability criteria were verified for the three previously

explained calculated conditions (transit, survival and operational). The variations of the payload on board of

the platform were not considered as load conditions, seeing that these variations can be compensated with

ballast, ensuring the desired draft at all times.

The intact stability was verified using the software Autohydro©. It is comprised of two main modules:

Modelmaker and Autohydro. The geometry of the platform and of the ballast tanks was created using the

module ModelMaker and the model was stored as Geometry File (GF). The considered geometry of the ballast

tanks is the required one to obtain the desired draft for the conditions established in this study. Afterwards, the

stability requirements for the intact stability were verified using the module Autohydro. The run file editor was

used to organize the commands for each load condition.

Figure 42, Figure 43 and Figure 44 show the LFP in equilibrium for each condition.  The values

calculated with the mathematical model, and through the module Autohydro, are the same for the transit

condition. For survival and operational conditions, there are small differences in the draft and the metacentric

height. This can be explained by the difficulty to accurately design the ballast tanks as to store the exact

quantity of ballast. Therefore, the final quantity of ballast obtained is also slightly different.
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Figure 42. LFP in equilibrium – Transit Condition

Figure 43. LFP in equilibrium – Survival Condition

Figure 44. LFP in equilibrium – Operational Condition

In order to verify the stability requirements mentioned before, a wind velocity of 100 [knots] for the

survival condition, and one of 50 knots for operational and transit conditions were considered. The most

unfavourable wind direction was assumed, from port to starboard. By default, Autohydro© uses a drag

coefficient (CD) of 1.2 and the wind force is applied at 10 meters above the sea level.

Figure 45. LFP disturbed by wind from port at 50 knots – Transit Condition



68

Table 24. LFP Status Transit Condition

     

     

     

     

     

Note. Wind Velocity = 50.0 knots from port, CD= 1.200

The LFP complies with the intact stability criteria for the transit condition. A wind velocity of 50 knots

was considered, see Figure 45 and Table 24. Moreover, the platform was checked for wind velocities of 70

and 100 knots. In both cases, the stability requirements were met for this condition.

Details of the calculations can be seen in Appendix A.

Figure 46. LFP disturbed by wind from port at 98 knots – Survival Condition

Table 25. LFP Status Survival Condition

     

     

     

     

     

Note. Wind Velocity = 98.0 knots from port, CD= 1.200

In survival condition the LFP only complies with the stability requirements when the wind velocity is

inferior to 98 knots, see Figure 46 and Table 25. Nevertheless, this value represents a good approximation for

the initial design spiral. The stability requirements can be met in the next stage of the design. There are several

ways to improve the stability of the platform. One approach is to increase the water-plane area (Gallala, 2013).

This could be done increasing the column dimensions or the number of columns, which would increase the

weight of the platform. Another approach is to increase the distance between the pontoons and columns. Such
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an approach may increase the dimensions of the main deck, which would also increase the overall weight of

the platform. The last approach will be discarded as the dimensions of the main deck is one of constraints of

the mathematical model.

Details of righting arms and heeling arms for the survival condition can be seen in Appendix B.

Figure 47. LFP disturbed by wind from port at 70 knots – Operational Condition

Table 26. LFP Status Operational Condition

     

     

     

     

     

Note. Wind Velocity = 70.0 knots from port, CD= 1.200

Details of righting arms and heeling arms for the operational condition can be seen in Appendix C

6.4. Freeboard

Due to the hull form of the semisubmersibles, the freeboard calculation in accordance with the

provisions of the Load Line Convention is impracticable (IACS, 2012). However, according to IACS “… the

minimum freeboard of each column stabilized unit should be determined by meeting the applicable

requirements for: a) the strength of unit’s structure; b) the minimum clearance between passing wave crests

and deck structure and; c) intact and damage stability requirements”.

Taking into consideration that the strength of the LFP´s structure and the damage stability were not

evaluated, the freeboard was not determined in this step of the design spiral.
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7. Conclusions

The main motivation for starting this project was to provide an overview of the design parameters

which would help to design a multi-use semisubmersible platform. Without a doubt, a multi-use platform is a

good alternative to support offshore activities. A multi-use platform can help to decrease the response times

for attending fails of any component within an offshore system, while the down time per failure is also reduced.

The crew welfare is another factor that would be improved, thus enhancing the performance of the people and,

by the same token, the productivity.

At present, the main logistic requirements for renewable energies and aquaculture installations in

offshore conditions have already been identified. However, these logistic requirements offer weak design

parameters for the designing of a multi-use/logistic platform, thus constituting a transportation problem yet to

be addressed. On the other hand, the logistics requirements to guide the dimensioning of a multi-use/logistic

platform were found in the offshore oil industry. Therefore, the design of the logistic semisubmersible platform

was based on this industrial segment.

In the present thesis, a methodology for dimensioning a logistic semisubmersible platform for an

offshore Oil & Gas Production Field is presented. The dimensioning and space distribution of the Top Side are

described, taking the accommodation areas for the crew as starting point. Finally, a mathematical model was

implemented to determine the main dimensions of the hull.

The mathematical model was developed for a four-column arrangement with rectangular transversal

section of columns and pontoons. However, it can be adjusted for other hull arrangements with different column

and pontoons geometries.

Nonetheless, the design parameters for the logistic floating platform were identified. If the data

available on logistic semisubmersible platforms were more comprehensive, it is likely that these design

parameters could be improved. Similarly, the lower and upper limits of the constraints might be more accurately

defined. However, and as previously explained, some assumptions have been made throughout this study in

order to find a feasible solution.

The methodology was implemented with positive results. The transit and operational conditions met

the stability requirements. Although the survival condition failed to meet the intact stability criteria, it did so by

only 98%, which is a good starting point for the first stage of the design spiral.
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Appendix A – Stability Evaluation in the Transit Condition

Residual Righting Arms vs Heel Angle
Heel Angle

(deg)
Trim Angle

(deg)
Origin Depth

(m)
Residual Arm

(m)
Area

(m-Rad)
Notes

0.13s 1.47a 5.580 0.000 0.000
5.13s 2.31a 6.461 8.332 0.364

10.13s 2.33a 8.215 11.569 1.269
15.13s 2.63a 9.779 14.784 2.419
20.13s 4.68a 10.354 16.814 3.806
25.13s 11.34a 9.269 12.914 5.147
30.13s 18.23a 8.227 8.278 6.077
35.13s 22.76a 7.890 4.805 6.639
40.13s 26.33a 7.572 1.896 6.927
45.13s 29.25a 7.142 -0.596 6.981 RaZero
50.13s 31.60a 6.592 -2.725 6.833
55.13s 33.46a 5.970 -4.566 6.513
60.13s 34.94a 5.291 -6.192 6.042

Note:
Residual Righting Arms shown above are in excess of the wind heeling arms derived from the projected wind plane at
each heel angle, assuming a wind from port at 50.0 knots.

Limit Min/Max Actual Margin Pass
(1) Absolute Area Ratio from 0.00 deg to RAzero >1.300 9.654 8.354 Yes
(2) RA Ratio at RAzero >0.900 14.942 15.602 Yes
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Appendix B – Stability Evaluation in the Survival Condition

Residual Righting Arms vs Heel Angle
Heel Angle

(deg)
Trim Angle

(deg)
Origin Depth

(m)
Residual Arm

(m)
Area

(m-Rad)
Notes

13.40s 0.00 14.824 0.000 0.000 Equil
17.37s 0.00 15.786 1.011 0.035
18.40s 0.00 16.214 0.933 0.052
23.40s 0.00 18.699 -0.646 0.083 RaZero
28.40s 0.00 21.071 -2.179 -0.040
33.40s 0.00 23.292 -3.643 -0.295
38.40s 0.00 25.342 -5.050 -0.675
43.40s 0.00 27.204 -6.379 -1.174
48.40s 0.00 28.863 -7.634 -1.786
53.40s 0.00 30.307 -8.837 -2.505
58.40s 0.00 31.522 -9.937 -3.325
63.40s 0.00 32.466 -10.906 -4.235
68.40s 0.00 33.071 -11.749 -5.225
73.40s 0.00 33.322 -12.456 -6.282

Note:
Residual Righting Arms shown above are in excess of the wind heeling arms derived from the projected wind plane at
each heel angle, assuming a wind from port at 98.0 knots.

Limit Min/Max Actual Margin Pass
(1) Absolute Area Ratio from 0.00 deg to RAzero >1.300 1.430 0.130 Yes
(2) RA Ratio at RAzero >0.900 1.690 0.877 Yes

Righting Arms vs. Heel - RESOLUTION MSC.267 (85)
Heel angle (Degrees)
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Appendix C – Stability Evaluation in the Operational Condition

Operational Condition

Residual Righting Arms vs Heel Angle
Heel Angle

(deg)
Trim Angle

(deg)
Origin Depth

(m)
Residual Arm

(m)
Area

(m-Rad)
Notes

3.03s 0.00 19.029 0.000 0.000 Equil
8.03s 0.00 18.869 0.319 0.014

13.03s 0.00 18.762 0.582 0.054
18.03s 0.00 20.885 -0.674 0.061 RaZero
23.03s 0.00 23.078 -2.045 -0.057
28.03s 0.00 25.095 -3.379 -0.294
33.03s 0.00 26.921 -4.680 -0.646
38.03s 0.00 28.543 -5.937 -1.110
43.03s 0.00 29.991 -7.133 -1.680
48.03s 0.00 31.322 -8.239 -2.352
53.03s 0.00 32.468 -9.265 -3.116
58.03s 0.00 33.396 -10.197 -3.966
63.03s 0.00 34.089 -10.994 -4.892

Note:
Residual Righting Arms shown above are in excess of the wind heeling arms derived from the projected wind plane
at each heel angle, assuming a wind from port at 50.0 knots.

Limit Min/Max Actual Margin Pass
(1) Absolute Area Ratio from 0.00 deg to RAzero >1.300 1.727 0.427 Yes
(2) RA Ratio at RAzero >0.900 2.049 1.276 Yes

Righting Arms vs. Heel - RESOLUTION MSC.267 (85)
Heel angle (Degrees)

A
r
m
s

i
n

m

0.0s 10.0s 20.0s 30.0s 40.0s 50.0s 60.0s

-10.0

-5.0

0.0

Righting Arm
Heeling Arm
R. Area / 10
Equilibrium



79

Appendix 2D Drawings

Appendix D - Drawing 1- Profile and Transversal view

Appendix D - Drawing 2 – General arrangement “Lower Deck”

Appendix D - Drawing 3 – General arrangement “Mezzanine Deck”

Appendix D - Drawing 4 – General arrangement “Level A / Main Deck”

Appendix D - Drawing 5 – General arrangement “Level B and C”

Appendix D - Drawing 6 – General arrangement “Level D, E and F”
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