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Abstract 

This thesis treats the historical development of the marine industry worldwide and its relation to 
risk analysis during the 60 year period of 1950 to 2010. The relation between the two is found 
through analysis of what risks connect the two and drive the development of technology and 
legislation during different time periods. There is little to no previous research on this particular 
subject particularly using a risk perspective of complex systems. 

To do this it became necessary to write a summary of the development of the maritime industry 
in technological and legislative terms, in modern time, while at the same time revealing clear 
insights in how this development works. The summary is based on a wide variety of different 
sources, and therefore gives a reasonably accurate description of the development given the 
period and scope looked at. 

Generalizing the development is found to be that risks force legislative changes, and that 
technological development is sometimes responsible for causing the risks. That said, many 
technological developments also help reduce overall risk. 

The major conclusion drawn is that when a risk is acknowledged there is a conscious effort made 
to minimize or eliminate it, which in turn is a development, a system change of sorts that might 
have generated new risks.  Overall the evolution of the maritime industry has led to a system that 
is resilient towards risks, yet that still responds to risks actively and often rather efficiently once 
they become apparent. 
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Introduction 

Purpose 

The purpose of this thesis is to investigate how risks have affected the development within and of 
the marine industry.  The idea is to attempt to achieve an overview of the correlation between 
development and the risks the marine industry has faced from roughly the 1950s until 2010 as 
well as how this has changed throughout the period. 

 

Research questions 

An attempt will be made at determining which trends can be seen in the development of the 
industry. Part of this will be done by attempting to discern which the governing forces that drive 
the development for suitable periods from the 1950s until today. Furthermore, these forces 
should be discussed as to whether they are characteristic to most history for the time periods they 
describe. Considering that the relative importance of risks is likely seen differently during the 
different time periods the governing forces are expected to vary between periods. This will most 
likely show in what changes are made to the governing conventions and other legislation for 
each period. Attempts should also be made to discern the order of importance of different risk 
perspectives during each period. This should be seen as an attempt to understand risk analysis in 
a current as well as historical perspective. Essentially: 

 

• How are and how have risks been treated and addressed during the period 1950-2010? 

• How have risks affected the development of legislation during the period 1950-2010? 

• How do risks affect the technological development during the period 1950-2010? 

• What can be said about the interaction between technological development and 
legislative development? 

 

I expect that it will be possible to see trends in the development and that these will turn out to be 
generally characteristic of their time. For example, a focus on protection of nature is likely to be 
visible during the 1960s, seeing as this was a large topic in the western world at the time. 
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Theory 

Naval nomenclature 

It might be helpful to give a short list of terms that will occur in the thesis as well as some of the 
commonly used abbreviations that I will use. Readers may be familiar with some or all of them; 
however for the sake of clarity I feel that they should be presented in a section of their own. In 
alphabetical order: 

Displacement – A measure of how much water the vessel displaces. Effectively how much 
buoyancy the vessel requires and supplies for a given load out. This is the combined weight of 
the deadweight and the lightweight. 

dwt – Deadweight tonnage, this is the total amount of weight the ship can carry in the form of 
cargo and supplies when sailing at its design draft 

FEU – Forty foot Equivalent Unit, the volume necessary to contain a twenty foot standardized 
container 

Heel - A measure of how tilted the vessel is from the vertical position, the angle from the current 
tilt to the vessel’s intended vertical position.  

IMCO – International Maritime Consultative Organization (Later IMO, renamed 1982) 

IMO – International Maritime Organization (Formerly IMCO, renamed 1982) 

lwt – Lightweight tonnage, basically this is the ship’s own weight disregarding any consumable 
supplies 

MARPOL – International Convention for the Prevention of Pollution From Ships 

MSC – Martime Safety Committee, a subdivision of IMO 

OILPOL – International Convention for the Prevention of Pollution of the Sea by Oil 

SOLAS – International Convention for the Safety Of Life At Sea 

TEU – Twenty foot Equivalent Unit, the volume necessary to contain a twenty foot standardized 
container 

Trim – A measure of how tilted the vessel is longitudinally, normally measured in units of 
length. For example if trim is 1 m at the bow it means that the bow is 1 m below the average 
draft. 

 

A brief description of Naval Architecture 

The craft known as naval architecture is an interdisciplinary trade. It draws upon fluid 
mechanics, structural mechanics, signal analysis and many others. The reason is simple. The goal 
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of naval architecture is, once a need for a marine vessel or structure of some sort is identified, to 
develop a working solution to satisfy this need.1 

Assume an oil rig is the problem at hand. Then a suitable shape dependent on constraints such as 
required size, maximum allowable draft, working environment etc. must be developed. This then 
has to be realized structurally without becoming too heavy since it is a floating device. Costs 
during production must be kept reasonable as well. When at sea drilling for oil, the oil rig needs 
to be stable even during harsh weather, and has to give its crew living quarters apart from the 
working areas. In a sense, the more aspects covered in the design, the better the end result. To 
make the best possible end result, a multitude of different engineering disciplines must be 
employed. 

An important aspect of naval architecture is response analysis of a ship for a given sea state. The 
sea state is basically the weather conditions at sea; as such it includes waves and wind 
conditions. For most ships however, unless they are sailing vessels, wind conditions are of minor 
importance. Instead it becomes more important to know how the ship will behave when 
subjected to waves.2 

Naturally short wavelength will not affect a large ship very much. When the wave size is 
increased however the waves will affect the ship more and more. Consider a ship of roughly the 
same length as a wave; the ship can then have either the bow or the aft at the wave crest while 
the opposite end is in the trough. The ship will obviously respond to this sloping water surface. 
Compared to short wavelengths, where there are multiple crests supporting the ship along its 
length, the longer wavelengths have greater impact.3 

If with this in mind the reader imagines the ship at sea, the ship itself will move more than 
simply moving with the waves. This is because the ship itself is subject to forces from the waves, 
and that the ship has inertia. Simply put the ship is rocked by the waves, but the response is slow 
as with a heavy pendulum. The pendulum doesn’t immediately change trajectory direction just 
because it encounters some resistance. 

Since the ship is not rocked under controlled conditions when at sea, it becomes important to 
know how the ship will behave when in different sea conditions. When the ship is designed, 
therefore it is exceedingly important to make sure that the ship is stable even when in rough seas. 
Because of this normally a linear analysis is done where a probability distribution of waves for 
the given sea state is multiplied with the transfer function constituted by the relation between 
driving wave frequency and amplitude of the respective motions in the 6 degrees of freedom the 
ship has. Mathematically, this is done by modeling the ship and calculating its equations of 
motion, then taking the problem into Fourier space and there identifying the transfer function. 
The probability spectra of wave frequencies for a given wave height can be measured 
experimentally, or a suitable function which describes a known wave spectra may be used.4 

Together the spectra and the transfer function factors produce the product of the response 
probabilities, which is compared to some sort of requirements the ship is intended to fulfill. If the 



Risk analysis and naval architecture in the period 1950-2010 

 

 7 

requirements are not fulfilled, modifications of some sort must be made to the ship. Because of 
this, response analysis is often done early in the ship design phase, and is then continuously 
updated throughout the design process to verify that the requirements are fulfilled even as the 
design is made more detailed. 5 

Once a ship shape fulfilling the response requirements has been decided, structural design 
begins. The ship hull has to be strong enough to withstand the environment it will be used in. As 
such, this modeling is as important or perhaps more important than the ship being at all safe to 
sail. I claim this because if the ship is unable to hold together it doesn’t matter at all how 
sensitive it is to waves, or even if it would float with the right side up, unless it will hold 
together. In any case both aspects are necessary to build a ship from scratch that will be safe at 
sea. 

Hull design is an iterative process that takes ship motions, ship drag and structural integrity into 
account. The longer the process is allowed to take, the more iteration can be made, although at 
diminishing returns as the hull becomes more and more optimal given the chosen general shape 
and requirements. Even propeller, engine choice and transmission is considered for the hull 
designs since it is necessary to know which components will be placed in the ship if the center of 
gravity and weight distribution is to be known. More or less every item of note on board will be 
included in these calculations.6 

Today much of the design process is done with computer aid, since it is much faster to perform 
calculations on a computer than it is to do them by hand. Because of this, computer aid allows 
greater design evaluation before the ship is assembled, or even before it is ordered. Upon 
completion of the structural design, the design is converted into blueprints, in this conversion 
some structural members will be scaled up to meet the part dimensions available on the market. 
As a result, parts of the ship should end up sturdier than necessary. Likely this will be checked 
against the design criterion to make sure the increments will not conflict with the initial design 
purpose. The blueprints themselves are handed over to the contractor in charge of building the 
ship.7 

 The word’s shipping is a large business. An incredible amount of money is involved in the 
turnover worldwide. Since most shipping companies are part of the worldwide market, and 
generally most countries do not have all that many big shipping companies, these also have large 
turnovers each. There are large profits to be made in the shipping industry because it is the most 
economic means of transport available and grows more important as land based transport nears 
the choke point. Roads are utilizing their potential to the maximum and air traffic simply is too 
expensive to be a viable choice for most goods. 8 

The shipping companies supply transport services and thrive off the increasing demand of them. 
However, a shipping company requires vessels capable of carrying out the transport services. 
Therefore a shipping company ordinarily will perform a business case investigation to determine 
if there is a market for a new ship. If there is, benchmark requirements will be set. These 
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requirements are often handed to a designer or team of designers, naval architects, who are to 
come up with a ship design that fulfills the requirements set. For the ship to be considered 
seaworthy in its finished state, it will have to meet the requirements of the nation it will be 
flagged in.9 

Normally this would require it to be of a certain class. Class is a system used to determine which 
ships are allowed to sail where. Most countries back this system and have come to rely on it. 
There is a multitude of classification societies and organizations that approve ships as fulfilling 
the requirements to be of certain class.10 

At this point, it may be beneficial to describe what a classification society is. In essence, a 
classification society is an organization of sufficient renown to be trusted to make a judgment on 
behalf of a country whether or not a vessel is to be allowed to sail under their flag. This is 
perhaps a crude description. However, as classification societies themselves are of marginal 
importance in this context, it is a sufficient explanation of their position. Most classification 
societies also tend to provide consulting services to make it easier for companies to make sure 
their designs will comply with the requirements the classification society has on the ship type in 
question.11 

Once the design is finished and approved by the company and classification society, an order is 
placed in a shipbuilder’s order book. The shipbuilder will then acquisition the necessary 
materials and assembles them into a ship. Often a single design will be used to build several 
ships, these are then considered sister ships.12 

 

Risk analysis applied to the maritime sector 

Throughout all means of business, the notion of risk is acknowledged. There is a simple reason 
for this. The benefit has to be greater than the risks involved if the business is to last and be 
successful. As such, if one is able to determine risks and assess them, then one has an edge in 
one’s dealings. 

Any maritime business is subjected to numerous risks at any one time. When thinking of 
maritime business risks, at least I immediately consider maritime accidents. These are however 
not the only risks concerning a maritime business. Naturally they are possibly the greatest risk to 
human life in the business sector, but hostile overtaking is probably a greater economic risk than 
a naval accident in the marine business sector.13 This is an example of a key aspect to risk 
analysis. Risk is dependent on perspective: 

The risks perceived by one actor may be the exact same risks perceived by another, yet they may 
be of different magnitude and even different kinds of risk.14 

To illustrate further, consider a looming naval disaster where a ship might be lost at sea. To any 
passengers, the disaster constitutes a rather imminent threat to their health. However, to the stock 
holders in the company owning the ship, it is an economic risk. To the captain of the ship, apart 
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from being a health risk, it might also be an economic risk since he might lose his job (provided 
he survives the accident) due to being considered responsible for the accident. To nature, the ship 
accident may be an environmental risk as any oil or other provisions in it as well as the ship itself 
may be hazardous materials that can potentially cause damage to the surrounding eco system. It 
is easy to go further even with such a loosely defined theoretical case. Because of this, it is 
necessary to keep in mind at all times what risk is considered, and by whom it is considered. 15 

To further complicate things, some risks can be quantified as probabilities whilst others cannot. 
For technical components it is possible to through mostly theoretical (albeit with empirical basis) 
means calculate the probability of a component failing, or a component’s expected lifetime. This 
is important in technological risk analysis where the only concern is how prone a component is 
to failure. The relative value of risk in this case is easy to understand, but in more complex cases 
where the importance of risks may be different due to the subjective nature of how risks are 
perceived.16 

Even when dealing with technological risk analysis all is well as long as the components are 
simple and may be idealized as constituting the entire system by themselves. As soon as the 
system grows beyond a certain point in complexity however, it will no longer be possible to 
analyze every possible means of failure within any reasonable amount of time. Some systems 
may also exhibit dependence on parameters outside of the intended system itself in such ways 
that they cannot be idealized.17 

Consider for example an oil platform. The mechanical processes within it are well understood, as 
are the fluid mechanics governing the flows in the hydraulics systems. Input and output of raw 
materials, exhaust and energy consumption are all quantifiable. As a technical system it is so far 
possible to calculate failures of components. Because of this, much work is done to optimize 
components and even systems where technological causes are governing. The improvements and 
their results are fairly accurately predictable. 

The risk of natural disasters affecting the oil platform is with today’s science not quantifiable. It 
can however be estimated from historical data. The damage a disaster may also be estimated. 
However the uncertainty of these estimations is fairly unknown. Normally natural disasters 
would not be considered extensively though, as they are fairly rare occurrences. For some natural 
disasters it is possible to develop early warning systems that can be used to avoid damage to the 
platform. There is still little we can do directly about natural disasters, even if attempts are made 
to control and predict them, fortunately being rare this has never been a large hindrance. 
Commonly they are considered “force majeure” occurrences, occurrences over which the 
affected have no control. Similarly to natural disasters, there are wars and the like which fall into 
the force majeure category.18 

Force majeure has the interesting property that it scales with the system it is applied unto. Some 
circumstances which to a smaller system is a force majeure, when a larger system is subjected to 
the same the very same circumstance is not a force majeure. Wars is one such occurrence, to a 
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company or person it would constitute a prime example of a force majeure whilst to a country it 
might not (the country could very well be the instigator of the war). 

The oil platform requires people to perform business. People however are known to cause 
unexpected interactions when placed in any system. By default, people must be considered 
unpredictable because they are in themselves complex systems that are not well understood. In 
most cases under a given set of circumstances, a person will respond expectedly. However, the 
same person has a small chance of responding differently at another time given the same 
circumstances. This is presuming that circumstances are understood loosely, not as in every 
aspect of everything is uniquely specified. Complicating risks even further, a complex system is 
subject to failures because of unexpected dependencies or coupling between the components 
within it. One failure may result in a failure later in the event chain, in which case the failure 
chain is linear. Similarly where one or more failures together cause a failure elsewhere in an 
unexpected way can be considered a system effect.19 

The above can be illustrated further by applying it to the following examples: The bus being late 
and the corresponding result of you being late can be seen as a linear interaction. If however it is 
raining and you wear a raincoat and the bus is late, because of this your raincoat gets wet as you 
wait around for the late bus. When you get home you hang the raincoat next to your ordinary 
jacket which in turn gets wet. Then the jacket being wet is a complex interaction result of the bus 
being late. It is seemingly an unrelated effect but still it is coupled with the bus being late. 

This division into complex systems, linear systems and what can be considered a system effect 
will to some extent be of value in the analysis and subsequent conclusions. Looking at maritime 
operations, each ship can be considered a system in itself. It is then largely a technical system to 
some extent maintained by the crew. Many accidents involving a single ship seem to be caused 
mainly by human error resulting in some sort of system failure.20 

There are directly linear interaction accidents as well, but largely these are more easily averted or 
are the direct result of misuse of equipment. Such accidents are however fairly rare. A long 
history of maritime operations and knowledge shows that being at sea is a risky undertaking. 
This history stems back thousands of years and appears to have hardened most mariners to 
accept risk where necessary or sufficiently profitable, but not expose themselves to it 
unnecessarily. It can be speculated that the long maritime history has helped mariners identify 
and learn to avoid many of the linear failure chains. As ships become more and more complex 
and since not all aspects of ship motion are perfectly understood, complex interaction accidents 
would be more likely to become prominent.21 

If more than one ship is involved in an accident it is commonly a collision. While these are only 
a small part of the total amount of accidents, they are in some ways more interesting to look at.  
The complexity of a system configuration increases once you have two independently complex 
systems interact. Having mentioned complexity at several times a definition is in order. A good 
means of defining complexity is to let a system with more unintended means of interaction be 
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more complex than a more predictable system.22 

Problems arise because a single ship is governed by its captain. If there are two ships meeting 
each other then neither captain is of higher rank. Both ships will thus act individually. If either of 
them does something unexpected, they may collide or force an evasive maneuver that could 
cause either to run aground. Most meeting events do not cause any unexpected behavior since the 
long history of shipping has resulted in an international “seaman code” which governs how ships 
should act in every situation. 

Still, collisions do occur, and the reason why is that they are complex systems. Even if all 
crewmembers act correctly on both ships, system interactions may still cause an accident because 
something in the system may fail. Each crewmember is a separate person and will have their own 
interpretation of the situation. Even so if the entire crew has the same impression, it is not 
necessarily the same impression as the other ship has. Thus if the crew act correctly upon how 
they have perceived a situation, this might still conflict with the actions of another actor who has 
understood the situation differently. 23 

 

Method 

As it is impossible to cover every innovation and accident through half a century, this thesis will 
focus on a limited scope of events that served to impact the art of naval architecture through risk 
analysis. However, these events are chosen in a way to attempt to cover the entire time span to an 
as large extent as possible as well as to give the best possible coverage of innovation provided 
the sources used. I found it useful to rely a lot on the conventions regulating the shipping 
industry as these are meant for the technology and practices prevalent during the time they were 
adopted. Because they provide an easily accessible window to the shipping industry and more 
importantly are well documented they became most of the primary source material I chose to 
use. 

Quite possibly this is not the conventional way of writing history, however to me it feels more 
natural to take this approach. It makes it possible to cover a fairly long time span whilst still 
remaining concise enough to be a thesis rather than a full fledged book. There may be a 
weakness in this, since the material covered is not all inclusive it could be argued that the sample 
size is too small to be reliable. Since there are no complete studies that cover everything, that 
should not be an issue, all historical interpretations are in some way limited in what they cover. 
In this case the span and events covered I consider to give a satisfactory description for the 
purposes of answering the questions asked. 
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Previous research 

There is a veritable ocean of publications pertaining to the marine industry. However most of the 
different work on contemporary marine technology is either technical reports or mostly 
encyclopedia style popular science, which is not necessarily bad but it tends to provide few 
research additions. It can however be a good source of purely factual data, whereupon some 
minor conclusions can be based. 

There is also a fair amount of financial research done on the marine industry. This type of 
research is not very interested in providing a historical overview as much as it is analyzing the 
financial development. 

Similarly there is substantial work on risk analysis and risk management, albeit little of it takes a 
historical standpoint other than to provide support for the theory presented. Perhaps the most 
relevant risk theory to this thesis is the Perrowian theory of complex systems. This thesis applies 
a complex system standpoint on the development of marine industry.  

In total there does not seem to be much, if any, macroscopic historical account of the marine 
industry’s development in modern time. In particular, there is to my knowledge no such research 
which considers the development of the marine industry risk response process from a complex 
system perspective.  

 

Sources 

The sources have been chosen from various fields of science in order to manage to give an as 
wide perspective as possible of the overview of the development of the marine industry through 
half a century. It is expected that much of the development will be driven by reactive responses 
to accidents. Hence it becomes useful to consider major accidents that were given a lot of 
attention, both in media as well as by international organizations. 

I chose to go to the original documents and documentation from the organizations and people 
that work with accidents, international conventions and marine technology primarily. To give the 
analysis further depth this is supplemented this with secondary sources that cover socioeconomic 
aspects. This is necessary because society, technology and legislation are all interconnected and 
affected by risks, and when one changes as do the others. The entire process is dynamic and thus 
has to take as many aspects into account as possible. 

 

Source criticism 

A suitable means of getting some support for the validity of information obtained is to cross 
check it against what one already knows about the treated subject. If the reader of the 
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information knows nothing of the subject it is best to also check with at least one other source, 
but the more cross checks that can be made, the more reliable the information can be considered.  

It’s important to keep in mind that while much of the information available in some subjects 
tends to be mostly correct the same is not necessarily true for more disputed contents. The editor 
of any source edits it for a reason, and that reason is normally to convey a message of some kind. 
The writer wishes the reader to learn of something and believe it to be true. If the purpose is to 
forward one perspective of a disputed subject then the article is likely to be skewed. For this 
reason some sources will often provide a very narrow overview.  

Some sources deal with very complex subjects that the general populace neither as a rule 
understand, nor in many cases even know of. Such sources tend to be somewhat reliable as they 
are generally provided by someone with a deep understanding of the subject. Still, the source 
may be skewed depending on the disposition of the writer. For subjects such as mathematics 
where a problem will normally result in a specific conclusion or where the conclusion depends 
on the assumptions made, and that these conclusions infallibly result in the same conclusion 
regardless who makes them then there is very low risk of articles being skewed. Furthermore in 
that specific case it is possible to verify the contents with relative ease. 

Other subjects however, such as those of hot political discussion subjects or where different 
organizations have different points of view. A prime example of this is environmental questions, 
especially questions pertaining to nuclear power or climate change. These subjects can 
conceivably be used as battlegrounds of opinions where different actors will edit their articles to 
reinforce their own opinion or position while downplaying evidence contrary to their respective 
opinion or position. If the author is English it is likely that the article will reflect the most 
common position of the ordinary English person with an interest in the subject. 

Occasionally this person is a professional within the subject, at other times they are amateurs. 
Neither of these words however actually gives a good idea of how competent the person is within 
the field. A good rule of thumb in any event is that if the source is well written, has good sources 
itself or other suitable means of traceability, and an easily traceable argumentation then just like 
other sources with these properties can be trusted. This is assuming the reader is sufficiently 
familiar with the subject to be able to determine when something does not comply with previous 
knowledge of the subject. In very general terms any source compliant with the above can be a 
good source, and other sources can be used provided the weaknesses within them are known and 
dealt with. 

Much of the source material used is primary sources. I felt this was necessary due to the quite 
specific questions the thesis attempts to answer. It also mixes well with the secondary sources 
used as it validates them as well as provides information that the secondary sources do not. 

Much of the historical accounts are largely focused on individuals. Most likely this is due to 
them being historical works being aimed at a broader audience than more niche texts. There is 
also a somewhat distinct lack of thorough sources on exactly what was changed when in a 
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general historical account of shipbuilding. Possibly this may be because ships are very large and 
complex machines so that it is difficult to have a wide enough overview of all that has changed 
over extended periods of time. Furthermore much of the information pertaining to a certain ship 
can be considered a trade secret since the owner of a vessel doesn’t want his customers to know 
how much profit he makes lest they ask for a lower price. Freely available information on the 
costs of operating specific vessels would also make many ships less desirable to hire than others, 
because of that shipowners do not want their entire ship data freely available. 

Of the sources used the ones I feel are the more trustworthy are the German sources narrowly 
followed by the British official documents. In particular since Wikipedia is used as a source it is 
of worth to consider the implications of this.  

Wikipedia is an online resource, editable by its users. Due to Wikipedia being editable there is 
little very ensuring the validity of its contents; hence information retrieved from Wikipedia 
should be treated with care. It would however be silly to disregard information simply because it 
is written on Wikipedia since that it is written there is no guarantee it is false. 

In many cases however the articles on Wikipedia are fairly accurate due to the sheer number of 
users resulting in some of them having knowledge of the articles. These people then tend to 
correct the incorrect entries to the best of their ability. As a result some of the articles come to 
reflect the general academic perspective of whatever subject is concerned. 

Overall the author is of the belief that for the purposes of this thesis the used Wikipedia articles, 
at the time of them being retrieved, contained accurate information with regards to the questions 
requiring answers. Supporting this is that what is described in the articles that were used does 
agree with both previous knowledge of the treated subjects and with the other sources discussing 
the subjects that were available. The reason Wikipedia is chosen as the source however is 
because it gave the best overview of the matter. There is no reason to have a reference to 300 
pages worth of book, if the same useful information is available in a fraction of that amount of 
text. Encyclopedias can in some cases also provide this type of overview but not necessarily with 
the same richness as a good Wikipedia article. The reason is of course the same as that which 
makes Wikipedia a hazardous source; the users can edit it. 

 

Disposition 

The marine industry development history is divided into suitable periods which then constitute 
the different chapters. Within each such chapter the most important events and changes are 
presented. Overall the disposition tries to keep to a chronological ordering. 
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On the author 

As the author I strive to be objective but this is impeded by the fact that any opinion or expressed 
thought is inherently subjective. I have a background as a student at a technical university and 
have studied physics and mathematics extensively. As a result I will probably be more inclined 
to think of risks from my own point of view than a different author might. As such I write this as 
an engineering physics student with an interest in risk analysis, risk management and history. 

I believe this can be strength just as much as it can be weakness when it comes to writing. I 
expect some of what is written in this thesis to be affected somewhat by my background, but I 
still hope that it is useful to the reader. As long as this is known to the reader it should be 
possible to filter what I present to better conform to how the reader would present the subject 
differently. 

My background makes it more natural for me to see risks from a technical perspective. I believe 
that this results in me being more inclined to value risks and solutions in a pragmatic way. I 
interpret this as a sign that I am a fairly pragmatic person, and I know that I am most content and 
feel that I understand something the best when I have verified it for myself. This probably 
influenced my preferred source choices since I will have a tendency to go directly to the legal 
documents rather than use secondary sources for my understanding. Also, having studied to 
become a naval architect, I am more at home working with documents published by 
organizations I know have long existed in the field.  

All in all I believe that this influence will serve to set this thesis apart from how someone else 
would have written on the same subject. That is how my background coloring my perception 
becomes strength. 

 

 



Risk analysis and naval architecture in the period 1950-2010 

 

 16 

A brief description of the maritime industry during the first half 

of the 20th century 

Background 

With the sinking of the Titanic in 1914, of which the news spread as wildfire across the western 
society, attention was drawn to the lack of safety aboard naval vessels. This came to result in a 
conference which yielded the first SOLAS (Safety Of Life At Sea) convention, which had strict 
minimum requirements of safety. The convention dealt primarily with construction restrictions, 
fire protection, life-saving appliances, navigational safety and standards for radio 
communication. As these subjects and the name implies, the focus was on preserving human life. 
While it was only signed by five countries it was still a major step in the right direction, because 
the signing countries constituted a noticeable part of the world fleet.24 

By 1929 it was felt that additions were necessary, and SOLAS was updated in the second 
SOLAS convention. Particularly collisions at sea were revised, and regulations for how to better 
deal with and prevent collisions at sea were added. While SOLAS was not the only convention 
passed, it is one of the most important. A multitude of conferences were held on different 
subjects pertaining to the marine industry.25 The reason behind this of course is that overseas 
shipping is international business and even the most nationalistic countries have to adapt to this, 
and as such the shipping goes more smoothly if all involved can cooperate. The conventions 
form the basis of this cooperation as they lay down common agreements on how the subjects of 
the convention are meant to be done. 

The Second World War stressed the economies of many countries. Many countries altered their 
industries due to this. One particular field of industry that made remarkable progress, much 
owing to innovations or technology transitions largely caused by the demand of cheaper and 
better military equipment, is the marine industry. A good example is the transition from riveted 
to welded hulls. The initial reason for the transition was that it was cheaper and faster in the 
production to weld the hulls than to rivet them.26 A pleasant side effect however was that the 
welded hulls were considerably smoother than the riveted ones, thus reducing the surface drag 
that the ship hulls encountered. 

For well over a century, there have been attempts at creating some sort of organized structure to 
the different regulations between countries. By the mid 20th century multiple organizations or 
institutions had been founded internationally, yet none of them were to persist for much longer 
than to solve the crisis for which they were convened. Eventually this culminated in the United 
Nations Maritime Conference of 1948, held by at the time new founded United Nations, during 
which the Convention for the Establishment of an Inter-Governmental Maritime Consultative 
Organization (IMCO) (E-CONF.4-61) (17) was passed.27 This drew upon the fact that when the 
United Nations was established the organization was founded in such a way that it should found 



Risk analysis and naval architecture in the period 1950-2010 

 

 17 

further subsidiary specialized organizations where necessary. IMCO was a result of the need for 
an organization specialized on the maritime aspect of international cooperation.28 

However, there was lack of support from the nations who were heavily invested in highly 
affected sectors of shipping. They were doubtful of the benefits of an international organization, 
which meant it would take ten years until the convention would enter into force.29 That said, 
IMCO was not idle during this time, however it did not have as much influence as it would in its 
later stages. 

The same year the United Kingdom hosted a third SOLAS conference, as the convention from 
back in 1929 had become outdated, due to advances in technology and science. During the 
conference a third SOLAS convention was passed, taking into account the advances in 
technology and incorporating them into regulations of greater detail than the previous generation 
of conventions had done.30 Especially bulkhead division requirements and stability criteria were 
new additions.  

Similarly to the transition from riveted hulls of ships to that of welded hulls, the birth of IMCO 
as an organization would come to impact the shipping and its supporting industries majorly up 
until today. Thus the birth of IMCO would come to be the internationally organizational 
counterpart to the leap in technology that welded hulls were to global shipping. 

Worldwide there was a multitude of classification societies, the large ones founded in the 18th 
and 19th centuries still existing to this day. Examples would be the European companies DNV 
(Det Norske Veritas), Lloyd's Register of Shipping, Bureau Veritas, Germanischer Lloyd, 
Registro Italiano Navale. Examples of the oldest non-European classification societies are the 
American Bureau of Shipping in the USA and the Nippon Kaiji Kyokai in Japan.31 Having an 
own classification society seems to have become something of a status symbol to some nations, 
who instead of employing one of the existing societies would rather found their own even if it is 
inferior in performance quality. While this is understandable it hints at scars from the colonial 
era where the colonial powers were the only nations that had classification societies, and weren’t 
exactly on good enough terms with each other to be willing to use the classification service of 
another colonial power even if it were available. 
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The 1950s – 1960s: Postwar advances 

Technological changes 

As the Second World War had subsided and life slowly returned to normal around the world, oil 
consumption increased pretty much worldwide. To accommodate this, larger tanker ships than 
the prewar “three twelves” (12,000 dwt, 12 knots, using 12 tons oil per day) were necessary. This 
increased size resulted in the first ever 50,000 dwt tanker in 1956. 32 

When designing vessels at this time all calculation concerning stability, structural strength etc. 
was done by hand. With the advent of transistor based computers in the late 1950s, this was 
substantially reduced.33 The computer systems available were however still in an early phase, 
whereby the limited processing power severely restricted the scale which the modeling could be 
done at. Still the computers could handle many of the otherwise repetitive computational tasks 
much faster than a person could. This allowed the process to be performed faster, and the time 
saved could be allocated elsewhere. 

Once computers had been incorporated into the design of ships, it was not long before the 
structural analysis came to rely more and more upon FEM (Finite Element Method) in estimating 
the structural strength of the designs, which made it possible to create more advanced structures 
while still retaining some confidence that they would be structurally sound. Most likely this 
resulted in greater innovation and more compact designs. Since computers were fairly scarce 
around the world there was no real market for software production. Due to this a company 
wishing to perform computerized calculations required their own programmers knowledgeable of 
FEM.34 This mostly prevented computer based calculations from being widely available as 
access to both highly educated programmers and computer hardware was limited due to their 
expensive nature. Organizations likely to have sufficient funding to be able to afford this kind of 
resource were therefore limited mostly to military research rather than commercial research since 
the latter is more dependent on profiting. Regardless, running a simulation takes fewer resources 
than full scale model testing, and is much more versatile than scale model testing. It allows 
various designs to be evaluated before the most time and resource demanding needs to be 
initiated. Because of this a larger selection of designs can initially be discussed and then 
eliminated early in the process before putting undue strain on a usually already tight budget.35 

Many different types of specialist cargo vessels were developed in the mid 1950s, when the older 
more generalist approach to shipping did not suffice. A prime example is that of LPG (Liquefied 
Petroleum Gas) carriers came into existence.36 A LPG carrier is a tanker ship that has either 
cooled pressure tanks keeping the natural gas in liquid form or multiple smaller tanks using 
much higher pressure to do the same without needing to cool the gas. 

Thus they were capable of loading substances such as propane, which are in gas phase at room 
temperature at normal pressure. Another example is the RO-RO (Roll-On Roll-Off) short sea 
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shipping vessels, which were a redesign of the tank landing ships used during the Second World 
War. The benefit of these were the relatively fast loading and unloading processes they offered 
compared to the traditional crane loading, which is known to sometimes take days for today’s 
large ships. The viability of these ships only came to increase as the ship size did, since time 
saved by loading faster is scaled well with increased cargo capacity.37 

Most likely this increase in specialized ship types was helped by the fact that it had become 
relatively cheaper to perform design evaluations with computer aid. With this assumption it 
stands to reason that as the market grew the prospect of a specialized ship would become more 
attractive. Since it was easier to get a new design evaluated the amount of new designs would 
increase and thus these new designs would be likely to contain some that were economically 
sustainable. If this is true then that LPG carriers and RORO ships being invented at this time is 
not merely a byproduct of the war, but also of increasing computerization. 

During the 1950s drilling equipment such as jack-up rigs and drill ships were developed. In the 
early 1960s the first floating oil rig, a semi-submersible was delivered.38 A result of these 
technologies was that resources on the ocean seabed became accessible. Due to this, and the cold 
war many nations laid claim to the resources available at sea. However there were no unified 
international treaties that indisputably ascertained the legitimacy of any such claims. Due to this 
it was politically hazardous to attempt to retrieve the resources available. Since this was the case, 
only where it was obvious that no one else could lay claim to a resource deposit was it safe to 
retrieve it. As such, any drilling rigs and ships mining for oil would be doing so relatively close 
to shore, where it is clearly not an infraction on another country’s property. Since the Second 
World War was still very close in memory, and that the cold war had already started pretty much 
all nations would adhere to this common sense and take care not to offend other nations. This 
hypothesis complies with the considerations of the United Nations.39 

For passenger transport overseas, shipping was still the favored means of transport.40 However, 
aviation was beginning to catch up, and would eventually come to make the passenger ship fleet 
redundant. But during the 1950s there were still many large passenger ships in service, such as 
for example the Queen Mary. Today she has been converted into a combined museum and 
hotel.41 

The implementation of radar as a detection system for incoming aircrafts was readily put to use 
at sea. Larger ships were capable of carrying the necessary equipment to have their own radar. 
Since radar is capable of detecting ships as well as aircraft, a setup that sweeps horizontally over 
the ocean surface will mostly detect that which obstructs the signal at sea level, effectively 
giving a 360° view of the surroundings even in poor conditions. 

Since it is necessary to know where other ships are, if sailing at night or in fog, an early detection 
system is very valuable. It is necessary to keep in mind that the radar system of a ship places the 
ship in the center, and that all changes in position of surrounding objects on the radar are relative 
to the ship itself. This early implementation of radar was a real time measuring system; it did not 
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have the detailed course plotting that modern systems have.42 

Any course extrapolations that were made had to be done by hand, and therefore it was 
exceedingly difficult to know for certain how another ship’s course was laid out merely from the 
radar signal, assuming that one’s own ship had any sort of less than straight course. This initially 
led to various interesting system accidents,43 one which is described below. In itself however the 
system was still a very major step in making navigation in difficult conditions possible. 
Conditions that without the radar system would never be navigated, in other words the addition 
of radar improved the operability of ships. 

 

Notable accident 

The 25th of July 1956, two ships were powering through the foggy night. The Swedish ship M/S 
Stockholm had recently left New York harbor and was heading east. At the same time, the Italian 
ship S/S Andrea Doria was heading west. 

The two ships were on parallel course and would sail past one another without issues if they kept 
their course. The fog commonly found in the area where the cold Labrador Current meets the hot 
Gulf Stream had however severely impaired visibility.44 Both ships were equipped with radar, 
and if it weren’t for this, neither of them would likely have been sailing at any speed. Since they 
did have radar they both felt safe enough to sail at speed. Andrea Doria was keeping just below 
22 knots and Stockholm was sailing at 18 knots. 

The rules of the road at sea would in a collision course situation demand evasive yawing to 
starboard. Once both ships had come close enough to come within radar range they undoubtedly 
were aware of each other. For some reason Andrea Doria came to yaw sharply to port, the only 
explicating reason for which being that her crew believed her to be at a collision course with 
Stockholm.45 Plotting wasn’t used on Andrea Doria, she was equipped with a plotting board 
however the captain was not trained in the use of it. Therefore he relied on the older method of 
remembering the previous position and more or less guessing the course of other ships. 46 Course 
plotting means that the courses of the surroundings are calculated based on the radar signal 
positions of other vessels. The plotting board was a device meant to improve the accuracy of this 
course and position determination as it eliminates the risk of remembering wrong. Since there 
was no course plotting she must have been thought to come toward Stockholm at an angle having 
Stockholm at the starboard side, meaning a starboard turn would result in collision. 

Stockholm on the other hand ordered an evasive maneuver to starboard roughly at the same time 
as Andrea Doria turned.47 Probably, this was due to that Stockholm also had misinterpreted the 
course of Andrea Doria, since her new course could not be immediately discovered and was 
likely at first thought to be a result of Stockholm’s evasive maneuver. The combined result of the 
two maneuvers was that from not being on a collision course, such a course had been established. 
As soon as the collision course was realized, both ships put their engines into reverse attempting 
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to stop before colliding. Alas it was too late. 

The resulting collision had Stockholm ram into the middle of Andrea Doria’s starboard side, and 
the icebreaking reinforced prow of Stockholm cut through the steel plated hull of Andrea Doria 
causing fatal damage. The bow of Stockholm was completely crushed.48 

The damage caused was sufficiently severe for the captain of Andrea Doria to immediately 
realize that his ship would be lost unless something could be done about her heel. Unfortunately, 
a failure to follow the standard procedure of filling emptied fuel tanks with ballast water had 
resulted in Andrea Doria lacking stability already before the impact. As she began to take in 
water, a 20 degree heel settled within minutes. The pumps were not fast enough to empty the 
water leaking in through the starboard side gashes, and the heel meant that the water intakes for 
the port tanks were high above the waterline. S/S Andrea Doria could not be saved.49 

M/S Stockholm, while having suffered damage to the bow, was in no imminent danger of 
sinking and could set to work rescuing the passengers of Andrea Doria. The crew of M/S 
Stockholm was rather upset that the first lifeboats leaving Andrea Doria held mostly her own 
crew, meaning they had left the passengers still on board. The remaining crew on Andrea Doria 
stayed to help the passengers however, and most were saved.50 Similar to the captain being in 
charge and responsible of a ship the crew of a passenger vessel are responsible for the 
passengers. Abandoning ship with the passengers still on board is a severe dereliction of duty 
and among the worst acts a crewmember aboard a ship can perform. 

Once all survivors of the accident had been saved, the captain of Andrea Doria considered the 
prospects of towing his ship to shallow water. The purpose of this would be to make a recovery 
of the ship in case she would not sink very fast. It quickly became evident that no such efforts 
would be possible as the ship continued to turn over. Some 11 hours after the collision Andrea 
Doria put her propeller into the air and went to the bottom.51 

In response to this accident, reforms were done to the rules which govern how two ships are to 
behave in a meeting. Most importantly ships were to be required to be in radio contact with each 
other as to improve the chances of determining how to best solve a situation such as this so that 
both ships could take into account how the other is to behave. 52 

Collisions are a rather rare type of ship accidents where foundering, wrecks and fire are much 
more prevalent.53 Even in later years this is still fairly true if we glance through the collections of 
accident reports made publicly available by the UK MAIB (Marine Accident Investigation 
Branch) or the Swedish counterpart Haverikommissionen. Still, it is clear that some of these 
accidents are collisions that just like the collision between S/S Andrea Doria and M/S 
Stockholm, have resulted from adjusting course from a non-collision course into a collision 
course in order to avoid an accident. 

This is only one of many radar assisted collisions that have occurred.54 It is however one of the 
most well known due to the severity of damage caused and the news coverage the event was 
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given. 

It is possible to conclude that the collisions are a result of interaction between the two complex 
systems that are the ships. Combined they will because of their complexity be capable of causing 
an accident that would not have occurred if it weren’t for the circumstances that happened to be 
governing at the time and place of the accident. Since the accident aids have been developed that 
made calculation easier through use of computers. With time this has developed into a nearly 
automatic plotting system, which more or less takes human error out of the equation of course 
plotting. Due to the massive news coverage that this accident was given around the world it was 
probably a large part of the incentive to produce these computerized plotting tools. Even so, 
collisions still occur which only serves to further stress that the interaction between ships 
necessarily has to be considered a complex system prone to failure. 

 

Environmentalism begins to show in politics 

By 1954 a general consensus had come to reveal itself that releasing oil into the oceans has 
serious effects upon marine ecosystems. This was deemed sufficiently important to cause the 
United Kingdom to host a conference to address these issues. As a result, a convention was 
agreed upon. It came to be known as OILPOL and refers to the International Convention for the 
Prevention of Pollution of the Sea by Oil, 1954.55 The convention itself is not an extensive 
document. Essentially it states that oil is not to be discharged unless the safety of the ship or 
human life is at stake. If there is an accident, it is to be reported to the authority in charge of 
upholding the convention in a short and concise format provided in the rules.56 To ease the 
upholding of this, oily-water separators must be installed on all ships the convention covers. 

Furthermore a large portion of the convention establishes a means of some sort of control by 
demanding that ships carry oil record books which are to be available for inspection and 
copying.57 

The authority intended to put leverage behind the convention was IMCO, when it came to be 
launched. Until then a temporary organ was instated in the United Kingdom. Thus the intent was 
that the convention was to be handled by IMCO, despite the Convention for the Establishment of 
an Inter-Governmental Maritime Consultative Organization (IMCO) (E-CONF.4-61) (17) never 
mentioning any such responsibilities.58 As a result, IMCO had gained additional areas of 
authority before being launched. 

Overall it is obvious that apart from beginning to create a series of regulations, a system to make 
certain that the regulations are to be followed is also generated. To make this viable, someone 
has to be responsible if the regulations should not be followed. I would feel that this is what 
makes the convention truly important. It is the implementation itself that makes the regulations 
have any meaning. Despite, this it is far from impossible to be certain who is responsible due to 
other limiting factors. However establishing that there is guilt, even if unknowing of whom, is 
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the starting point for any judicial process. 

While international law existed before it is always something of a grey zone. The international 
laws per se are a collection of agreements between countries intended to be endorsed by 
intergovernmental supervision. Prior to this it was very difficult to establish who was wrong and 
who was right at sea. Even when it is possible to point out who was wrong, it is still not unheard 
of that a powerful entity will impose its will upon a weaker one, even at sea, when they have no 
right to do so. The intergovernmental supervisor will sometimes overlook these issues. Still the 
changes made are a large step toward achieving a universal international law at sea.59 

 

The International Maritime Consultative Organization’s first meeting 

It had taken 10 years for IMCO to get up and running from when it was decided that such an 
organization should be founded. By 1959 the same problems as before were still widespread. 
Different nations had different rules, and at times even contradictory rules.60 IMCO itself was 
limited to mere 28 member states. However this would soon come to change. 

The first assembly recognized that a primary task would be to establish a collection of the 
existing treaties, as well as updating them to the extent necessary. Amongst other things, the 
responsibility of the OILPOL convention was undertaken.61 

When the first meeting progressed, attention eventually came to the SOLAS convention, as it 
again had fallen behind its time. Rather than amending the current version, a fourth SOLAS 
convention would be established in the 1960s.62 

Initially the primary focus of conventions had been to establish ownership of vessels and cargo. 
What can be ingested from the conventions and treaties passed and present during the 1950s is 
that prior to OILPOL the primary focus of the documents63 had shifted toward a more 
humanitarian perspective. Passenger and to some extent crew safety became increasingly 
important as news coverage reported accidents to the public. The need for personal safety that 
the masses of the populace require becomes important as the transport services offered need to 
compete with the relatively higher safety of other means of transport. Most sane people are 
reluctant to go on board a ship or other vessel while being certain that they are unlikely to come 
back alive. This in turn gives incentive for companies working with shipping to increase safety 
by working with IMCO to increase safety.  

 

A brief summary of the period 

The world is fragmented, yet the memories of the Second World War are still fresh. Attempts at 
creating more unity abound. All the preparatory work for an international organization concerned 
with safety and unified rules gets done. Quite likely this is done to get a better sense of unity in 
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the world, and to prevent a similar situation as that which had caused the two world wars. 

The effects of emissions into nature have begun to become evident.  Especially oil damage has 
easily perceivable effects and that may be the reason why OILPOL came to be. I believe that 
since oil drilling at sea had begun the risk of large oil leaks was also recognized as having 
become much larger than it had ever been further increasing the incentive to lay down some sort 
of base agreement on how to conduct such business. 

In any case it is clear that this decade is characterized by a widespread sense of fragmented 
society and the fear that this would lead to further wars. I feel that because of this, attempts were 
made to create a sense of unity. Of less importance are the effects on nature, however it is not 
unimportant. Clearly there is also a slight focus on preservation and limiting the damage to the 
surrounding eco systems in the world. However the effects on the surroundings are not well 
understood. It is clear that pollution does affect nature, and that the effect is detrimental. Exactly 
how and why this is and the complete implications thereof is a mystery. 

Much new technology is released commercially. This leads to huge technological advances in 
society as a whole. The sudden introduction of new technology might be the cause of some of the 
accidents the new technology made possible. In all probability given more time to assimilate the 
technology and refining it for industrial purposes might lessen the frequency of accidents. This 
suggests that the measures taken to improve the technology were mostly driven by hindsight. By 
this I mean that risks became apparent when there was an incident, and that the incident and risk 
of further incidents spurred the development of countermeasures. 

While some of the new technologies quite clearly are described as reactions to risks in the 
literature used, some are certainly not. LPG carriers for example were developed to take 
advantage of a new market. A company failing to recognize a completely new market is by no 
means a risk unless a competitor does and uses it to strengthen itself against said company. 
Rather the innovation is best described as an improvement to those who can adopt it. As such, 
empowered by an example, risks can not be the sole reason for driving technological change. 
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The 1960s – 1970s: Environmentalism takes form 

Important changes 

The most important thing to happen to the entire shipping trade for a very long time was that in 
1965, ISO (International Organization for Standardization) standardized the container 
dimensions.64 This would come to serve as an immense increase in efficiency when loading and 
unloading, as well as when planning new ships and how to layout their cargo space for the most 
optimal cargo placement. The standardization is that containers are measured in twenty foot 
equivalent units, TEU, or the related unit forty foot equivalent units, FEU, (defined as two 
TEU).65 This is not an exact unit as there is room for slight variation in the dimensions; though 
the height may vary quite a lot more than the length and the width. This is often considered one 
of the greatest logistics innovations of the 20th century, which is to say a lot about the importance 
of this change. 

The reason it is such an important innovation is that containerization became much more user 
friendly, which in turn cut loading and unloading times substantially. Since the loading and 
unloading times is one of the largest weaknesses that shipping faces, it is easy to understand that 
anything to reduce this weakness is a great asset.66 

With the development of specialist ships in the previous decade, the idea to combine the qualities 
of several specialist ship types to end up with a hybrid was realized in the late 1960s. This 
resulted in the birth of the combined carrier capable of carrying ore, oil and sometimes also 
general bulk.67 

For comparison to the tankers of the 1950s of 50,000 dwt, in 1962 the Idemitsu Maru was 
launched at a massive 200,000 dwt.68 That is, it was four times as large as its preceding 
generation of ships. This illustrates the increase in size of ships as companies strove to increase 
the cost effectiveness of their fleets. This was easily achieved by increasing the size of ships, 
though obviously such a solution will eventually cease to be effective beyond some size. If that 
is not the case then the simple thought experiment of assuming a ship the size of the ocean 
should be the most cost effective means of transport, and quite understandably it isn’t. The 
breakpoint in size seems to be somewhere around the 200,000 dwt mark, above this weight and 
ship size generally becomes too large to travel through the common canals and many harbors. 
This limits the vessel to a smaller market which is often undesirable. 

Since the late 1950s had seen claims of the resources of the seabed in the early 1960s the UN 
summoned a Conference on the Law of the Sea resulting in among other things the Convention 
on the Continental Shelf. This lays down international law on how the seabed is to be divided 
between nations. While it does contain oversights it generally offers a pretty good basis for 
dividing the seabed between nations which compared to the system used beforehand was a vast 
improvement since the system previously was less conclusive on who had what rights.69 
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With the rights established it became more viable to take advantage of the resource of the 
oceans. As such this is most likely a key reason that oil drilling at sea was made possible. 
Without a good means of division between nations disputes over ownership or drilling rights 
would be far more common than they are now. A lack of international law would cause oil 
drilling to be a political danger that might cause war. With the international law however it 
becomes more difficult to legitimately disallow someone from retrieving the resources within 
their allotment.70 

With international rights established the oil drilling business became viable. Several oil rigs were 
at sea during the 1960s but the business would come to gain most of its later momentum during 
the 1970s. Part of the reason for this is that it took the companies focused on oil drilling a few 
years to establish themselves properly, and since most of them were founded during the 1960s 
after the convention was agreed on. 71 

Ever since the early 1960s there has been a trend that the engine room as well as almost all other 
on board appliances has become increasingly automated. What originally was maintained by 
multiple engineers has with time become more and more mechanized. Most of what has been 
done to achieve this relies heavily on advances in electronics and later computer technology. It 
has allowed most controls to be centralized in a control room, which gives the technicians on 
board a better overview of the entire machinery than previous ships had. Furthermore this has 
also made it possible to fit more machinery on a ship, since any machinery is essentially useless 
if there is no means to keep it under surveillance. Much of the electronics fitted in the engine 
room is therefore dedicated surveillance equipment forwarding status information to the control 
room.72 

 

An update to SOLAS is needed 

With international trade a growing market as is shipping. With the growth of the industry it 
became obvious that many improvements could be made to lessen the impact of accidents. 
Especially accidents due to bad practice at sea were recognized as easily avoidable simply by 
having a standardized set of safety requirements. Especially goods that can be considered 
dangerous or volatile became an increasing hazard to the crews. Stricter regulation regarding 
which substances may be transported by which ships and how the ships should transport the 
dangerous cargo was necessary. Along with this many of the already existing safety requirements 
that had only applied to passenger ships were extended to also include many other ship types, 
among them specifically cargo ships.73 

As the industry matured further the need for an updated convention on safety called together the 
fourth SOLAS convention. The fourth SOLAS convention conference was held 1960 and as 
many as 56 resolutions were implemented. Multiple of these would require research, and 
developing new systems to come to a unified internationally accepted code. The convention 
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came to enter into force by 1965, five years after the convention itself was decided upon.74 This 
however is a fairly reasonable implementation of the change, because most of what is decided 
will affect newbuildings as well as existing ships. Neither of these categories are capable of 
assimilating the new rules very quickly within reasonable ranges of expense. 

For example, a newbuilding is often commissioned several years ahead of its completion. 
Therefore, scrapping the entire project is not an option as it is quite expensive. Refittings are also 
limited due to there being a limited amount of wharfs in the world, and that not every ship needs 
to be rebuilt or overhauled in a major maintenance more than once every few years, if even that 
often.75 

 

Torrey Canyon disaster 

The 18th of March the supertanker ship Torrey Canyon ran aground off the southwestern tip of 
Britain, near the Isles of Scilly in the Celtic Sea. Virtually all the oil in the ship leaked out during 
the days that followed.76 From this it is possible to conclude that the damages to the ship due to 
the impact were not massive. Still they were enough to cause all of the supertankers oil cargo to 
leak out. 

The accident was at the time the largest oil spill ever. The response to the accident was to as fast 
as possible try to do something about the ship and oil. Large amounts of detergent were sprayed 
into the spill and attempts were made to set the oil on fire. The result of this was possibly worse 
than having the crude oil spreading on its own.77 The crude oil itself is fairly non-toxic with the 
majority of damages caused by its adhesive ability. The oil will get stuck on animals and fish and 
slowly drown them. With fish it clogs up their gills and with mammals and birds it will get 
caught in their fur or feathers which makes it difficult to swim and breathe, and impossible to fly. 
Most creatures therefore end up drowning if caught in the oil spill.78 

If burnt however the oil will oxidize into a multitude of different toxins, some which are aerosols 
ands some which will remain in the water. The result is that the previously somewhat stable and 
localized substance becomes very spread out, and poisonous. The use of detergent has a similar 
effect resulting in the oil decomposing into other poisonous toxins which are mostly soluble in 
the water. The British government realized that the damage caused by the use of chemicals and 
fire was greater than that of the oil spill itself. As a result in later oil spills chalk was used 
instead, which effectively mixes with the oil and creates cement like substance which binds the 
oil and sinks to the bottom making it much more manageable.79 

IMO quickly responded to this accident and recognized that while there was a convention 
pertaining to oil in the form of OILPOL it did not cover how to deal with a major oil spill. The 
technology was not capable of dealing with a major oil spill and therefore this could not be 
included in changes made to the OILPOL convention, rather it would only ever be meant to 
reduce operational discharges.80 
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The 1970s oil crisis 

It is somewhat well known that 1973 the oil conglomerate Organization of Arab Petroleum 
Exporting Countries (OAPEC) consisting of the Middle Eastern oil exporting countries 
proclaimed a trade embargo. The lessened availability of crude oil resulted in an immediate price 
increase, as demand did not falter with supply. 81 

The effect was perhaps greater than anticipated by the OAPEC members; however it became 
clear to one and all that the possession of oil fields was a hugely exploitable and much sought 
after natural resource. This gave any country with rich oil deposits a large financial and also 
political advantage.82 This may be partly to blame for the political unrest in oil rich regions; 
though not all oil exporting countries have a problem therefore it cannot be the only reason. 

As a countermeasure, many countries which realized that they were dependent on oil redoubled 
their efforts at obtaining their own sources of oil. Even those less dependent saw the chance at 
improving their financial standing in the world. Fairly rapidly eyes were set upon the oil riches 
of the ocean crust wherein vast deposits of oil were known to exist. Just as on land, the ocean 
bottom holds ancient organic material, and unlike on the surface, the necessary pressure to make 
the organics decompose into oil is more readily available. As such, one would expect the oil 
riches of the oceans to be greater than those on land. Because of this the oil rigs, although they 
had been in use for almost twenty years, were given more attention. 83 

Since the profitability of oil drilling had increased it made even small deposits worth drilling in. 
As a result many new oil rigs were commissioned. The amount of oil rigs drilling for oil at sea 
came to increase manifold due to this. Companies such as Shell and A.P. Møller became the 
petroleum giants partly due to their access to the oil fields in the North Sea.84 

 

Resulting changes 

In response to the oil crisis, the growth of tankers came to a halt. However it had also made 
offshore oil drilling a more promising prospect, which wasn’t as attractive before. As a result, oil 
rigs became a hot market. This drove the improvement and development of better motion 
analysis systems as well as, to these systems connected, dynamic positioning technologies 
(mostly thrusters).85 

This naturally came to increase the operability of all manner of offshore crafts, as well as pave 
the way for the pod style thrusters that can now be used instead of an ordinary propeller. Pod 
style thrusters are fitted on some ships today and offer more maneuverability and greater 
efficiency than most other powering options currently in use. They are more fragile than the 
simpler propeller systems however and due to their greater complexity are much more difficult to 
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repair and produce. The greater complexity of pod thrusters also means that they are generally 
more expensive to fit than a standard propeller system normally is.86 

1976 a true giant tanker generation, such as Shell’s Batillus boasting 550,000 dwt, was set loose. 
These however proved to be unsuitably large. Batillus had a draft of almost 30 meters severely 
limiting the harbors that could accommodate it, and as such this giant tanker generation was not 
in use for very long.87 This combined with previous examples illustrates how ship size had 
increased manifold over only a couple decades. While this particular tanker type did not persist 
they still proved that it was possible to build and operate such large ships, but that they required 
a very specific niche market to be economically sustainable. 

 

Environmental awareness becomes a top priority 

At the end of the 1960s, tanker shipping had grown into a much larger industry than it had ever 
been before. Furthermore, the size of the tanker ships ballooned as it was increased over and 
over, stretching the limits of what was thought reasonable. The desire for oil however did not 
subside or even stabilize, it kept increasing. 

The OILPOL convention was recognized to be insufficient when it came to handling the new 
situations that arose when tanker ships had increased in size immensely. Further directives were 
needed to stand a chance at containing unintended oil spills in case of accidents.88 

Additionally tankers are not solely employed to transport oil, but also liquid or otherwise volatile 
chemicals are desired to be kept confined during transport. As such, chemical tankers which may 
cause emissions of other kinds than oil into the sea became more prominent than before, as 
international trade overseas increased. OILPOL was only concerned with oil pollution. Yet there 
are many other types of pollution which may result in tanker accidents, or even by careless 
actions aboard a tanker carrying chemicals.89 

Building on the existing OILPOL and taking advantage of the system developed to enforce it, 
MARPOL was made to supersede the previous convention, and extend the previous regulations 
to regard any "harmful substance" defined as follows in the 1973 document:90 

 

"Harmful substance" means any substance which, if introduced into the 
sea, is liable to create hazards to human health, to harm living resources 
and marine life, to damage amenities or to interfere with other legitimate 
uses of the sea, and includes any substance subject to control by the 
present Convention. 
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This general definition, rather than an exact definition, makes MARPOL a much more versatile 
tool than OILPOL, where mostly oil is considered. Likely this awareness might be traceable to 
the "green wave" of the 1960s which among other things, resulted in the recognition that there 
are quite many substances that when introduced into an eco system, may cause the eco system to 
behave in unexpected ways. This agrees well with the complex systems risk theory as these 
systems do not tend to always respond directly in correlation to a disturbance. 

Before MARPOL 1973 entered into force however, objections were voiced. A second conference 
was held due to this, and the resulting protocol was made supplementary to the existing 
convention of 1973.91 Thus the current version, which apart from some annexes added later, is a 
mix between the original convention of 1973 and the protocol of 1978. Because of this the 
convention is often called MARPOL 73/78. 

It is also during the 1970s that Greenpeace is formed.92 Which supports the fact that ecothinking 
was becoming increasingly widespread. 

 

Safety Of Life At Sea becomes more versatile 

Nine years after the entry into force of the SOLAS from 1960, yet another version was 
implemented. While it held some updates to the general contents, this 1974 version held one 
particular change which may be seen as more important than the others, article VIII.93 It allows 
amendments to be made to the existing convention, without going through the tedious effort of 
requiring every member state supporting it. Rather, to avoid unnecessary meetings when unity of 
agreement is next to certain, IMO may make amendments, that may be objected should they not 
be desirable. 

As a result of this change, multiple amendments have been made, and in later years, particularly 
in following the Estonia disaster, the rate of additions is larger than previously.94 It is next to 
certain that this additional article has served to improve the longevity of SOLAS 1974 compared 
to the earlier versions. The reason is obviously that article VIII indeed does make it easier to 
keep the convention up to date. One might expect further versions if there should be any to 
incorporate all the amendments, to make it easier to navigate the regulations in place.  

Apart from article VIII the 1974 version of SOLAS also dealt with nuclear powered ships, since 
nuclear power propelled ships seemed a likely prospect for the future some general regulation 
outlines for this kind of ship were also addressed. The 1974 version of SOLAS would come to 
enter into force 1980.95 

SOLAS is arguably be the most important convention that IMO has. The reason is a simple one; 
while many of the conventions dictate how things are to be done, SOLAS focuses on how to 
make shipping safe for people, not only how to improve ship performance or lessen the 
environmental impact. Hence, from a humanitarian perspective it is the foremost convention. 
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Some of the sections in SOLAS are mostly aimed at making it safer for passengers, others to 
make it safer for the crew and those that regulate handling of dangerous cargo are intended to 
improve safety for the general surroundings of the ship. Combined the sections include most of 
the different potential sources of risk that shipping inflicts on peoples lives.96 

 

A brief summary and discussion of the period 

Container size is standardized which cuts down loading and unloading times substantially. This 
made container based shipping much more cost efficient while at the same time widening the 
possibilities of shipping different goods in container ships. As a result container based shipping 
becomes increasingly important. A container ship becomes what can easily be attributed the most 
versatile cargo vessel of all time. With standard container size better cargo handling systems can 
readily be implemented on the ships and the cargo spaces of new ships can be dimensioned to fit 
a predetermined amount of containers as well as any handling equipment needed. At the same 
time ship size grows to roughly the breakpoint where increasing size does not necessarily 
improve efficiency due to limited capacity of harbors and some trade route bottlenecks. 

In response to these improvements in versatility of ships as well as their huge growth in sheer 
size a fourth SOLAS convention is held. The intent is to further improve safety of life at sea, this 
time with a focus on dangerous cargo. Some of the work needed to create regulations for future 
vessel types not yet launched was also done. This would extend the time from the first ship of 
that type being launched somewhat until IMCO would have to have amassed sufficient data on 
those ships to suggest more detailed regulations pertaining to the new ship types. 

It is at the end of the 1960s that environmental impact of large oil spills becomes apparent 
through the Torrey Canyon incident. The huge amount of oil leaked out causes massively costly 
cleanup operations to be initiated as the effects of the spill would otherwise severely hamper 
tourism and fishing in and around the Celtic Sea. Simultaneously the need for oil is large and 
various means of retrieval of oil resources at sea are developing. 

Quite clearly, something of a green wave is present with the large focus on ecocentered changes 
to the governing rules. Politically, the hot topics become what the public is focused on, and this 
green wave can probably be attributed to attempts at appeasing the public by taking action as 
requested. Simply ignoring the issue would be a political risk taking whereas the OILPOL 
convention was agreed upon prior to the popularity of environmental activism. As such I feel that 
while environmental focus is obviously dominant, it is not what is actually driving the 
development. Rather what is driving is a wish to improve the efficiency of the existing 
conventions and keep them updated, while at the same time showing the public that 
environmental questions are not ignored. 

I would argue that the large amount of changes is based on a risk response on part of IMCO and 
that the risk perceived seems to be that itself and the conventions it stands for might become 
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outdated. Without any need for specific new regulations and rather noticing small flaws in the 
existing legislation there was very little groundbreaking work for IMCO to do. Nearly all of the 
changes made are to make the existing conventions more versatile and more applicable. The 
alternative to focus on research while not publishing anything particular for an extended period 
of time would hollow out the position IMCO had obtained. Therefore it would be a good idea to 
renew and work on polishing the existing conventions as its outward appearance. It allows the 
organization to show that it is doing something rather than only sitting around waiting for 
something to come by. 

No doubt this is not a random incident as there are many changes going on throughout the world 
during this period. The cold war has been going on quite heavily for over a decade. After the 
failure in achieving a victory of USA during the Vietnam War new tactics had to be employed. It 
became apparent that it would not be possible to win through armed conflict, but rather allies had 
to be secured in disputed areas. Surely all organizations would have noticed that they needed to 
carve out their niche and make sure to defend it. 

A safe way of defending one’s territory is to reinforce the territories already possessed. Possibly 
the changes made to the already existing conventions can be interpreted as part of this. IMO in 
itself would then have been reestablishing dominance in the maritime hierarchy. Being a 
successful organization, even an official one requires a conscious effort to remain worthwhile. 
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The 1980s to early 1990s: A shift from West to East 

Technological changes allow more work performed in an office 

Beginning in the 1980s some researchers came to conclude that an evolutionary approach to 
shipbuilding progression (i.e. allowing one design evolve into a more advanced form) will not be 
sufficient to keep up with the advancement the industry desires.97 This implies that novel hull 
designs were beginning to gain favor during this period. 

For example, a trimaran hull is a major hull shape change, which an evolutionary approach is 
very unlikely to accommodate. For specific purpose ships a trimaran hull offers far superior 
performance compared to a standard monohull design. As a result CAD was suggested to be 
applied to novel designs in an effort to in greater detail evaluate their viability. At the time when 
these ideas were initially presented, they were given modest attention. However roughly 20 years 
later, interest in novel designs was renewed and came to revive the researcher’s spirit wishing to 
apply itself to new ideas.98 The lack of interest can be partially explained by the recession during 
the early 1990s.99 It stands to reason that in the harsh times following the recession few 
companies were willing to risk their precious funds in what at the time would be considered 
haphazard and likely unrewarding untested technologies. This is mostly not true for the off-shore 
industry however. This industry is generally fairly non dependent on land based companies, 
unlike for example ordinary shipping that require goods to transport. Most off-shore units are 
focused on production of some sort that is vital to society. An example is oil drilling, which, 
even during harsh times, will still have a business as usual circumstance. Naturally this is 
because the oil consumption does not falter much simply because some areas of economy are 
encountering problems. The world cannot simply cease to consume oil, and therefore the success 
of oil providers is largely uncorrelated with the detailed state of the world economy.100 

While computer aided design wasn’t particularly new in the early 1980s there were a multitude 
of newer CAD systems released capable of graphical work.101 Prior to these at the time 
revolutionary programs, a CAD program would commonly be extremely expensive and have 
very limited if any graphical interface. With several commercial software programs on the 
market capable of graphical representation of models in real time as the designer works, 
computers became even more important in the design process.102 It is many times easier to spot a 
trivial flaw in a model if it is graphically presented than if it is a complex code. It becomes much 
more natural to work with, although experience may make working with the code quite natural as 
well. The benefit of the graphical systems is that it makes the model results more easily 
interpretable by people without special training in the program. Reliance on actual scale model 
tank tests become becomes even less important. Thus the entire process becomes cheaper. 

What makes the computerization possible is that computers had become smaller and more 
efficient. This allowed them to become more widespread since a single computer no longer 
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would require a team of technicians simply to keep it running. This makes use of computers 
more widespread, and particularly companies begin to have several computers rather than one.103 

It is around this time that robotization of many heavy industries becomes more common.104 The 
reason for this of course is that computers become cheaper and with this control systems can 
fairly easily be fitted to almost any process without requiring a mechanical control solution.105 
While much of the work done in a wharf cannot easily be delegated to a computer it makes the 
work done go smoother if computers are incorporated in the process. It also allows on the fly 
calculations of more advanced sort than are possible without the aid of sophisticated software. 

The programs that had been pioneering graphical interfaces over time developed further. 
Because of this development the modeling possible became more advanced, resulting in 
simulation results of much greater accuracy. The necessity for engineers to code simulation 
programs by themselves, that the commercial software was unable to handle lessened a lot as 
further features became integrated in the commercial programs. As a result it is to be expected 
that there is further specialization among engineers, where a simulation engineer is no longer a 
completely general term. Rather a given simulation engineer learns to use and favors specific 
software. Even though the engineer still needs to understand the basic principles of how the 
simulations work the implementation of a model to get a certain result varies significantly 
between different programs. Since this was the case the market came to be dominated by only a 
few software providers.106 

Combining the commercial simulation software programs with the increased robotization within 
production resulted in production equipment capable of interpreting the CAD model and 
producing the part largely unattended. While this had to some extent been possible before, the 
expanse of the graphical 3D modeling commercial software being largely limited to a few 
developers made it possible for production equipment to come premade with the capability of 
interpreting data files produced within these commercial programs. This is part of the reason for 
industrial production being less and less dependent on personnel. The expanse of a few 
simulation program providers dominates the market and therefore becomes the industrial 
standard. The providers of machinery for the industry adapts to this standard and implements 
support for the industrial standard allowing their hardware to immediately apply an item design 
and produce it.107 

 

 

Rise of the East 

Hyundai, Daewoo and Samsung establish docks in Korea in the late 1970s. I believe the main 
attraction for the companies to base their construction here is that manpower is cheap. The 
country is more than happy to accommodate heavy industries as this will provide some much 
needed export products as well as job opportunities. The shipyards stand completed in the early 
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1980s. To help the expansion of the business substantial subvention is offered to the industry in 
order to make it extra competitive.108 The subventions are fairly standard in the industry and 
most countries with shipyards or other heavy industries are keen to keep them running. Therefore 
to remain competitive substantial subventions are necessary at all but the most vital companies. 

As a result of the newly increased shipbuilding capacity in the world the market stagnates 
because demand simply cannot keep up with the supply. To some extent this causes the more 
expensive shipyards to cease operations, and much of the shipbuilding industry becomes 
centered in Asia.109 

 

Piracy problems in South China Sea 

In 1981 the International Maritime Bureau (IMB) was launched in response to pirate activities. 
In Southeast Asia piracy had been routed out during the colonial times through effective 
persecution and a firmly endorsed no piracy policy. However as the colonial powers gradually 
fell apart, the previously tightly reined in pirate haunts had their chains slackened. As the 
somewhat ordered societies became less powerful piracy once more became an attractive 
traditional business in some areas. 110 

In between 1973 and 1982 the UN came to lay down the legal framework of international law of 
the sea through the (third) United Nations Convention on the Law Of the Sea (UNCLOS). In its 
some 320 original articles it deals with almost any conceivable legal item related to international 
use of waterways and the airspace above them. IMO was central in the development of this 
convention.111 

As report of piracy became more and more common around the world, although specifically 
around the Southeast Asia region, concern for the situation grew. By the mid 1980s IMO 
considered the problem in its 14th Assembly. It was agreed that measures should be developed by 
IMO to attempt to prevent what is considered unlawful behavior at sea. This work culminated in 
the Convention for the Suppression of Unlawful Acts against the Safety of Maritime Navigation 
which was passed in 1988 and would come into force by 1992.112 Essentially this document 
outlaws piracy in all its forms, as well as prohibits damaging commercial ships or other 
commercial floating appliances.113 

The piracy in the Southeast Asia was largely based around the Malaya peninsula, though has 
since through focused efforts been pushed into the South China Sea. In the South China Sea, 
there are essentially two kinds of piracy. One which focuses on obtaining the cargo of a ship, 
where the attack is launched from a mother-ship using small, fast and agile craft to intercept the 
target vessel. Upon acquiring the cargo, the pirates simply leave the ship and head for home. 
This leaves the surviving crew to resume operations as best they can. The condition of the crew 
in these cases is highly varying, sometimes the ship is left to drift into a beach or at other times it 
is handed back to the surviving crew.114 
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The other kind of piracy focuses on obtaining the vessel itself. In doing so, its crew becomes 
unnecessary and there are normally no survivors. The ship itself will disappear and is repainted, 
renamed and modified slightly to prevent it from being traced and then sold becoming what is 
called a “phantom ship”.115 Since this requires some serious financial and organizational support 
as well as influential contacts it is obviously only performed by highly organized syndicates. 

At this time the political unrest in the region made it difficult to have any progress in anti-piracy 
endeavors. Most of the countries were laying claim to distant islands causing friction in their 
respective interactions. As a result each country becomes unwilling to let any other country 
perform any police or military action near a disputed zone. Furthermore due to colonial pasts 
they are also unwilling to allow a third party to perform the duties in fear of being regarded as 
weak, in which case they might lose their claims on disputed areas.116 

On part of the pirates though, their organizational structure is largely loose. They depend on 
corrupt officials and contacts as well as a widespread network of sympathizers. As such they are 
not restricted by borders and will operate wherever the conditions are beneficial. Essentially they 
are protected by the territorial disputes of the different nations they operate in. Historically the 
situation was the same in the colonial era, where the colonial powers were hesitant to interfere 
with the pirate threats. Dealing with the threat could be interpreted by the neighbor as a military 
action, and stopping the piracy was deemed less important than avoiding the risk of instigating a 
war. Neither could any of the countries call for help, as that too could be interpreted as 
acknowledging the neighbors claim to the area since calling for military aid essentially approves 
military presence in the area.117

 

In terms of risk the companies operating ships in these pirate infested waters will consider it 
mostly a calculated financial risk and will probably take measures such as insuring the ship and 
cargo against pirate attacks.118 For the individual company it can therefore be somewhat 
avoidable financial damage that is at stake. For the industry as a whole the insurance costs will 
have to cover the financial damage caused to all ships combined, and at this level it becomes a 
large cost. This creates an incitement for actors on a larger scale than individual companies to 
wish for actions against the piracy problem. Generally that would translate to the governmental 
agency responsible for transport in countries with large commercial fleets. 

Nations themselves perceive the piracy mostly as a political and sometimes military risk since it 
proves they are incapable of providing safe passage within their area of jurisdiction. Especially 
since most of the pirate activities are performed within the territorial waters of a country, since 
doing so makes for easier escape to land and limits the possibilities of other national navies from 
interfering with them. 119 

On an individual level the pirates themselves will feel that piracy is a suitable means of 
sustenance. Possibly there are few options to make money leaving piracy the most attractive 
options. This still requires a major network of sympathizers, who likely benefit from the pirates 
presence in some way, to help support their activities within their action zone. The crew of an 
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attacked vessel probably considers the risk a calculated one, but it is still a very real hazard to 
their continued existences. They may depending on their employment contract have means to 
pressure their employer to provide safer ships capable of some defense against pirate attacks. 
This can even be preferable to the company rather than an insurance option, or in addition to 
insuring the vessel. What’s more is that it also provides a new market for services and 
products.120 In response to this new market several companies have emerged specialized on 
providing safety solutions against pirate attacks. 

 

Herald of Free Enterprise Disaster 

It is 1987, 6th of March at the port of Zeebrugge in Belgium. It’s nearing six-o-clock in the 
afternoon and the RO-RO passenger and freight vessel Herald of the Free Enterprise is preparing 
to leave its berth, intending to set a course for Calais at the opposite side of the English Channel 
to her home port of Dover. The reason for this was that the vessel was employed to ferry goods 
and people between Dover, Calais and Zeebrugge. She had been purpose built according to the at 
the time standing guidelines available for this particular route.121 

Herald of Free Enterprise was a fairly standard front loaded RO-RO ferry ship employing a front 
door at the bow; this was constituted by both an inner and an outer door. When the ship picked 
up speed, the height of the bow wave mounted. Quickly the wave had become high enough to 
reach above the lower part of the front door.122 

This is a major problem, not because the doors are unable to withstand water, but because neither 
of them had been closed this particular departure. The doors themselves were manually closed, 
with no redundancy in their system, neither was there any means for the bridge to know if they 
were closed or not, apart from trusting the standard procedure to be carried out. As a result, water 
entered the loading deck.123 The loading deck, being mostly large open space, allows for 
substantial free water surfaces to form. It is common knowledge in naval architecture that a free 
water surface aboard a ship serves to decrease the stability of said ship. The detrimental effect of 
free water surfaces on stability is because a small disturbance in the heel angle of the ship will 
cause a new equilibrium point for the water, and this new equilibrium has a center of gravity that 
is moved to further increase the disturbance in the heel angle. As such the free water surface will 
have a dynamic center of gravity that will move in a way to worsen the stability.124 As an open 
space deck of the ship takes in water, the free water surface results in the ship heeling. The open 
bow is brought closer to the sea surface, letting more and more water in. As more water was 
taken in, the heel angle becomes worse, until the ship capsizes and sinks. 

The crewmember responsible for closing the front visor had overslept. Furthermore, there was 
none other than him who considered it their responsibility to carry out this task. Still, the failure 
on part of one man should not be sufficient to bring a ship to take in water; however poor 
management and planning as well as unsuitable technical solutions made it possible. The fact 
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that the missing crewmember was not at his station at departure might have been noticed if there 
had not been confusion between the officers about who would oversee the loading. This is partly 
explained by the fact that Herald of Free Enterprise was on a tight schedule. As such, the crew, 
and especially the officers felt compelled to finish their tasks as quickly as possible as to get 
underway to comply with their orders from the company management to move swiftly. To make 
it worse, orders from the company were unclear and possibly conflicting as they, depending on 
interpretation, required one officer to be at the bow doors overseeing their closing, while at the 
same time being at the bridge several decks above.125 

The investigation further discovered that the ship often carried an excess of passengers far 
beyond that which it was classed for. Fortunately this did not result in any accidents, yet it still 
shows that the company itself failed horribly in creating a setting within which a safe system of 
operation could ever exist. The fact that this was pointed out to the management independently 
by many of the captains of the Herald of Free Enterprise only serves to further show the risk 
acknowledgement resistance obviously deeply rooted in the organization.126 

The judicial process maintained the stance that the responsibility of the accident was personal. If 
the entire company was blamed then the personal incentive to improve is limited since any 
incident strictly wouldn’t be anyone’s personal responsibility. By pointing out that specifically 
certain crewmembers were responsible, the court sends a signal that by being careless anyone 
failing to do their duty properly could suffer consequences. At the same time it was 
acknowledged that much contribution to the accident was on part of the company as a whole.127 
This means that crewmembers in UK flagged ships in the future by failing to do their duty take 
the risk of not only causing an accident but also having to stand responsible for it. The sense of 
personal risk becomes a tool to keep important people vigilant at their post. Essentially it allows 
a linear interaction measure to be used to affect the complex system of human interaction. 

In 1985 proposals had been put forth suggesting the installation of indicator lights at the bridge 
showing whether or not the bow doors were closed. When pointed out in the subsequent court 
following the accident that this was the case, representatives of the company responded with 
mockery of those having suggested the change.128 I feel that this is hardly a suitable position to 
take considering the circumstances and reason for the court assembly. Further proposals of this 
sort were put forth in 1986. After some pressure had been applied to the shore unit, eventually a 
change seemed to be coming. However as a higher up caught wind of this they promptly put an 
end to the endeavor as he himself was unable to see the point of having the bridge personnel 
being able to for themselves have confirmation that the bow doors were closed.129 

At the end of the investigation report, multiple suggestions for improvements of the safety on 
RO-RO vessels are presented. It is also stated that about a third of the entire hearing associated 
with the accident was devoted to discussing how to prevent future accidents of this kind, so as to 
preserve the largest amount of lives possible in sea traffic.130 

One of many lessons that became apparent during the investigation of this accident is that during 
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the lifetime of a ship, the lightweight of a ship will change. Not only as a result of mechanical 
repairs or modifications, but also from the layers of paint that accumulates over the years. 
Because of this, the report suggests that fitting draft indicators in the fore and aft of ships, as well 
as that greater knowledge of cargo load is very desirable.131 

While sailing fully loaded at the design lightweight the freeboard may be sufficient to satisfy the 
existing rule set. However if the lightweight is increased while the ship still carries the same 
deadweight, she will have an increased displacement leading to a greater draft. As such, the 
freeboard may be reduced below what the ship is classed for, and further circumstances may 
reduce it below what can be considered safe. Draught gauges were concluded by the court as 
necessarily mandatory. Since the British similarly to the American system of justice is not so 
much based on laws as it is on previous court results, this more or less means that such a rule 
was nationally established.132 

Part of the reason the bow doors were not closed was that it was possible to leave the berth 
before they were closed. In fact it was even necessary to leave the berth before they could even 
be closed. With this background the court concluded that berths should be certified as to which 
ships can dock there without disabling their bow doors. Furthermore suggestion was made that 
operators of RO-RO vessels made an attempt at investigating the possibilities of installing weigh 
bridges at the loading berth.133 This would make it possible to get a good estimate of the changes 
to ship stability as the weight distribution of cargo would be somewhat well known before 
departure. 

Attention was brought to the fact that IMO seemingly had never put much effort into 
investigating RO-RO vessels, and as such there was a lack of regulations associated with them. 
Since this is an obvious flaw, papers were submitted to IMO as to remedy this.134 

At the same time the humanitarian risk of loss of life is addressed in requiring vigilance failsafe 
systems were thus also proposed. Important to note is that while there had been attempts at 
addressing unnecessary risks these attempts were given no significance until an accident had 
actually happened. This seems to point towards a human reluctance to acknowledge risk unless 
absolutely necessary. This hypothesis receives further support from the fact that none of the crew 
of the Herald of Free Enterprise during the accident seemed to consider closing the watertight 
door important enough to worry much about, despite them relying on it being closed for their 
personal immediate safety.135 

Of note is that the accident was due to numerous causes, none of which by itself should be 
capable of capsizing a vessel, a typical complex system mode of failure. Furthermore it also 
exemplifies reluctance in acknowledging some risks and the difficulties in achieving a 
preemptive risk response. 
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Exxon Valdez disaster 

On the 29th of March 1989 the oil tanker Exxon Valdez runs aground off the coast of Alaska. The 
result is a large oil spill in a sensitive ecosystem. The spill doesn’t compare in size to some other 
oil spills however it is well documented since there were major legal disputes between the 
company and the state of Alaska each basing their claims on their own research on the disaster. 
The conflicting evidence put forth makes it evident that at least one of the parties in the dispute 
has gravely erroneous results. Considering that the outcome of the legal dispute would be the 
basis for compensation to the state of Alaska as well as its inhabitants and that Alaska had severe 
economic problems at the time it wouldn’t be terribly surprising if this is to some extent 
intentional. 136 

Most likely the truth of the matter is somewhere in between, with evidence from both sides being 
somewhat reliable depending on context. Especially since the research began with both sides 
cooperating and sharing their information. Fairly soon this was however discovered by higher 
ups on both sides, which then promptly forbade the sharing of any findings with “the other side”. 
This unwillingness from both sides to share information clearly shows that both sides of the 
conflict considered it to be more important to win the legal dispute than to produce reliable and 
scientifically correct results.137 

Not unlike how the Torrey Canyon oil spill had been treated two decades earlier and 
subsequently the methods were recognized as bad measure, cleanup began with attempting to set 
fire to the oil spill. Clearly those making the decisions about the oil cleanup were not particularly 
knowledgeable at about the effects of different methods of cleanup. Nearly every measure taken 
during the cleanup caused more damage than it could ever have prevented and subsequently 
required further cleanup. As such the economic incentive to use a cheaper method is itself not a 
valid reason for the choice.138 

The most effective method proved, as it had been in every other oil spill in history as well, to be 
floating barriers and recovery of the oil at sea. The process is one of the more expensive, but 
requires only simple materials and manpower. Most likely the choice to try other methods was a 
result of economic incentives wishing to deal with the situation in a more efficient way, without 
having done proper investigations about the effects these alternatives could have.139 

 

The Estonia Disaster 

The 28th of September 1994, the RO-PAX vessel (Roll-On roll-off Passenger vessel) M/S 
Estonia sank, taking with it 852 people to its grave. Of these, only 95 are confirmed deaths with 
the remaining 757 never having been found. 137 of those on board came to survive.140 

The route along where M/S Estonia was being employed has much more severe weather 
conditions than the previous routes (namely the Swedish and Finnish archipelagos and the 38 km 
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of open sea between the two, and the to some extent open sea along the Finnish coast up to 
Turku). This should however not pose any serious problem, as the ship was classed, by Bureau 
Veritas, without any route restrictions and fulfilled the criterion set to be allowed to sail on either 
route.141 

The vessel layout was not largely different from the atypical RO-PAX norm, to the extent that 
such a norm can be established. Of interest is the bow visor, as this is the suspected culprit of the 
sinking. The investigation concluded that the plans and the actual installation of the bow visor 
were not identical. Some of the designed stiffeners are nonexistent in the actual installation.142 

Overall, the ship was designed and built to fulfill the criterion of the existing conventions as well 
as the 1974 SOLAS convention, though the ship was commissioned before the latter had entered 
into force. The accident itself is thought to have occurred because the bow visor suffered fatigue 
damage from the pummeling of the waves, which would induce nonlinear dynamic stresses due 
to the complex geometric shape of the bow. This in turn is believed to have caused the bow visor 
locks and hinges to eventually fail before service due to missing key stiffeners, and allow water 
into the car decks.143 The car decks are mostly open spaces, allowing a similar accident 
procedure as that of the Herald of Free Enterprise accident. The lesson about free water surfaces 
on open decks, obviously could have served to be more useful if they had been taken more 
seriously. This is something that the M/S Estonia investigation team came to conclude.144 This 
very weakness was acknowledged by the investigation report of the Herald of Free Enterprise 
accident. However, as much as the risk was realized such an event was considered highly 
improbable.145 

To some extent this could possibly be explained by the Herald of Free Enterprise accident 
feeling distant to those working with the Estonia. Again as I’ve concluded earlier it seems that 
there is an unwillingness to acknowledge risks. There is a sense of “it’s not going to happen to 
me”. Human nature makes it necessary to reason this way, because if we didn’t, we would be 
living in constant fear because we are actually aware of many hazards yet we tend to not 
consider them immediate threats. Short term reasoning is part of how this happens. Who hasn’t 
raced across a busy street to catch the bus? The benefit of catching the bus and saving yourself 
waiting for the next one most people would agree is not worth risking being run over for, yet 
when in that situation most people would still chose to take the risk. 

After the accident, IMO appointed an expert panel to evaluate all aspects of safety aboard a RO-
PAX vessel. Their results were presented in the SOLAS conference of 1995. Among many, there 
were controversial suggestions such as demanding positive stability even on damaged RO-PAX 
vessels when partially filled with water.146 This would require extensive refitting of most existing 
vessels, and was therefore deemed too expensive by most IMO member states. As such, it was 
never ratified. However, even if all of the proposals were not supported, there were many that 
were.147 Still sufficient suggestions were backed to ensure greatly increased safety aboard the 
vessels in the world fleet at that time. 



Risk analysis and naval architecture in the period 1950-2010 

 

 42 

In hindsight the accident could probably have been averted if the knowledge from previous 
disasters had been acknowledged and taken to heart. Since it was not, it was perhaps necessary 
for another accident to take place before further action would be taken. Especially as this gave 
the claims that increased safety, even if changes would be expensive, more weight. Still more 
could have been done to further increase the safety. However, doing so would perhaps neglect to 
cater to the economic aspects of risk in the marine industry, not merely the humanitarian aspects. 
There is obviously a balance between interests, though it would probably be difficult to make 
clear divisions since most opinions consider all aspects to have some value. What differentiates 
the different opinions is rather how different risks are weighed in. The important question that 
needs answering in a case such as this is how much cost are the improvements of safety aboard a 
ship worth? There is no correct answer to this as any answer is merely an expression of opinion 
about risk importance. 

The need for new as well as old knowledge was highlighted. Improvements were found to be 
possible within not only the design field but also in running procedure and rescue response. 

 

Summary of the period 

The 1980s and the early 1990s can be considered a time of great change in the shipping 
industries. New threats were seen emerging and large changes in the shipbuilding market came 
to pass. The increasing piracy as well as the shift of shipbuilding giants to Asia is most likely 
closely linked. Parts of Asia expand greatly during this time, while other parts remain mostly 
unchanged. It seems likely that this would create a large gap in the living conditions within 
society which are ideal for criminal organizations. Essentially it relies on a rich upper class so to 
speak that will draw trade to the region and a desperate lower class speaking loosely. The less 
fortunate can then organize themselves to feed off the richer segment of society which will give 
rise to hierarchical organizations where the higher ups become part of the richer society.148 

The increasing amount of ships built in the region also allows the trade market to expand, giving 
the pirates a lot of candidate victims. At the same time there is a lack of military power capable 
of dealing with the piracy in the infected regions. This naturally is also part of the reason why 
those particular regions are infected. Furthermore piracy is something of a syndrome of a failing 
justice system. The failure can be either national, or international. There is a mix of both leading 
to the increase in piracy. 

At the same time there are many accidents happening around the world which show that shipping 
is by no means far from safe disregarding human threats. To make it more complex society has 
moved to a more collective mentality when it comes to organizations, which can be seen 
exemplified in the Herald of the Free Enterprise disaster. Accidents that do happen are not de 
facto anyone’s fault but rather considered natural occurrences. Since very few feel that they are 
responsible in the event of an accident negligence of duties becomes widespread within some 
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organizations which in turn leads to accidents. To some extent this problem becomes somewhat 
alleviated as different organizations such as IMO and governments address these problems and 
changes the way they are treated as well as the surrounding legal documents. 

The production process becomes less reliant on man power and therefore the large industries 
with a lot of workers become thinned out. The production capacity remains the same, yet the 
process is faster without requiring as many employees. In a sense this is what has happened in 
heavy industries all over the world. Computers make many of the previously crucial positions 
redundant as they can perform the exact same service much faster. Possibly this can be part of 
the reason that accidents become more common as this is also true on board ships. With fewer 
people working with a project there are fewer who will notice that something has been 
overlooked or is malfunctioning. The accident risks increase due to this while at the same time 
being lowered by technological advances. With a growing fleet of ships it is therefore reasonable 
to expect that the total amount of accidents should also increase, which also seems to be the case. 
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The late 1990s-2010: Internationalization advances 

Technology becomes more and more computerized 

It is during the mid 1990s that the internet begins to become truly widespread. At the beginning 
of the 1990s it is still largely regarded as a novelty by many companies, but within a few years it 
expands and becomes a necessity in most scientific endeavors. The internet in itself had been 
around in the academic world since the early 1970s. It is generally accepted that the internet is 
somewhat revolutionary as an information sharing system.149 Lately it has also gained attention 
as a communications channel. During the 1990s internet use was limited mostly to the shore 
based facilities. Though multiple satellite connections did exist for primarily military use, their 
expense was prohibitive for use on ships at sea. 

At the end of the 1990s a system used for automatic identification of vessels was being tested, 
later it would be called AIS (Automatic Identification System). Effectively it is a small 
transponder fitted to the ship, which through a satellite link sends information on its position 
along with its identification. When fitted on a large amount of ships, anyone equipped with a 
receiver is capable of identifying each ship as well as determining their current course, speed and 
identity. When combined with a simple map on a display it becomes possible to see each ship 
even if they are outside radar range. Using this system it becomes much easier for companies to 
keep track of their vessels as well as for vessels themselves to keep track of vessels around them. 
Of course all this depends on all vessels being equipped with the system.150 

The automatic identification system was recognized as a very useful tool by IMO. In 2000 IMO 
adopted a requirement that all vessels of at least 300 metric tons on international voyages or 
cargo ships of 500 tons or more on non-international voyages as well as all passenger ships 
regardless of their size. This regulation was added to SOLAS and entered into force on 
December 31 2004. Six years earlier performance standards had been established by IMO on 
AIS, which reveals how fast this new technology was adapted and implemented as standard 
equipment. 151 

Internet satellite links became more widespread in the early 2000s. However satellite 
connections are quite expensive using standard technology. It had been in use for some off-shore 
installations requiring telephone lines such as oil drilling rigs and similar. However there was 
never any widespread use except for emergency communication aboard most ships. Even with 
limited use the immense cost of a satellite connection makes it too costly for all but the most well 
funded vessels, which would often require them to be large. In recent years however 
communication devices have become sufficiently cheap to be spread in most parts of the world. 
As such they are tools available even to the most poverty stricken regions of Africa. 152 

The world as a whole becomes increasingly business-like during the early 2000s. Satellite access 
can be more easily bought as the service has been recognized to be a lucrative business. This 
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meant that there was a reliable means of achieving internet access on a ship anywhere in the 
world; furthermore the access service itself had due to improved organizational structure become 
cheaper. During its 79th meeting in December 2004 the maritime safety committee (MSC), a 
subdivision of IMO, concluded that the freely available AIS information available on the internet 
is a threat to maritime safety.153 

The reasoning behind this is apparent. Freely available information supplied by the AIS system 
gives anyone with internet access both the position, heading and speed of a vessel with very low 
error as well as the name of the vessel. As such it is the perfect tool for pirates scouting for 
suitable targets. Especially since many of these tools will also provide additional information on 
the company owning the vessel, flag, destination as well as dimensions. As of writing this thesis 
the availability of AIS information to anyone with an internet connection is roughly the same.154 

 

Piracy off western Africa and in the Persian Gulf 

While there is ample piracy in Southeast Asia, there is also piracy off the African coast. There 
are some discrepancies between views of when the piracy actually started, though early estimates 
claim late 1980s and late ones early 2000s. Clearly however there is pirate activity during the 
1990s which then grows to a large scale plague in the 2000s.155 

This has in recent years been given much larger attention by the UN than piracy in other parts of 
the world. Most likely this is because much of the traffic that suffers from piracy in the South 
China Sea is native to the region. As a result it would be of less importance to the UN, whose 
major members suffer larger economic losses to the comparatively milder piracy taking place 
mostly off the coast of Somalia.156 Better equipped pirates however are quite capable of 
operating a fair distance off the Horn of Africa. 

Ordinary fishing boats used in the region often serve as suitable vessels for the average pirates. 
These small very common vessels have the benefit of easily blending in with the legitimate 
fishing boats in the area. Using these boats provides camouflage allowing them to move around 
without arousing suspicion. As for weaponry, the region was under control of a central 
government up until 1991 when as the Soviet Union was collapsing the surrounding world lost 
interest in keeping the region stable.157 

While in the onset of piracy in the region the pirates were much less well equipped not to 
mention far less experienced. However as time has progressed and more vessels have been 
commandeered, the pirates have established an effective system. When a ship has been taken 
hostage the shipping company is contacted and ransom is demanded. Consider the case where 
the piracy operation can choose if the authorities are involved, chances are the pirates will not 
want third party involvement. Assuming the pirates think this way at least some pirate attacks are 
likely to remain unreported. 
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Somalia itself is an unstable country due to multiple warring factions being unwilling to 
cooperate and apparently not able to come to a conclusive victory. Effectively parts of Somalia 
are therefore currently in a state of more or less quasi-perpetual civil war. The northern part of 
Somalia has since the end of the cold war recovered and stabilized, while the southern part is 
fragmented and in the control of local warlords. Because of this there is no lack of weaponry, 
much of which is left since the cold war era. A fairly well known fact is that obtaining for 
example a Kalashnikov AK47 in post civil war countries is rarely a difficult task due to their 
abundance. A weapon which is very common in the Somali pirate weapons arsenal.158 

From roughly 2003 and onwards the piracy in the region began to form a kind of industry, as a 
leader managed to recruit and train pirates from different clans in the region. A result of this was 
that piracy exploded and the amount of hijacked ships skyrocketed by 2007-2008. Still the 
underlying clan system in Somalia is part of what makes the piracy activity possible. A pirate 
group from a single clan will often have the protection of its clan, preventing any intervention of 
Somali authorities.159 

 

Fighting piracy 

While piracy was considered a problem little had been done in terms of prevention during much 
of the latter half of the 20th century. IMO worked on prevention of piracy and produced a fair 
amount of reports on the subject and how to deal with it. Regardless it is not until the 20th 
century that the problem started being seriously dealt with. Drawing on the legislation laid down 
in UNCLOS the IMO assembly on 29nd of November in 2001 adopted resolution A.923(22) 
which details measures to be taken to prevent the registration of “phantom ships”.160 

In more recent years military presence has been accepted in non-territorial waters, which does 
provide some protection. Combined with clear instructions from the MSC to stay clear of 
territorial waters as much as possible this has created something of a police presence in pirate 
haunted areas. Despite this however it is far from obvious what to do with the pirates when 
caught. This problem has been discussed at great length by philosophers and lawmen alike for 
centuries.161 

A conclusion that can be easily drawn is that a sterner stance toward piracy has been attained. 
Whether or not this will result in effective eradication of the problem as was done during the 
colonial era remains for the future to see. It remains a risk in areas and an important political 
question when it comes to naval trade. Perhaps it will be the primary risk that keeps the navies of 
some nations alive. It will certainly be necessary to have an international police force of some 
kind to keep the high seas and possibly even some territorial waters free from pirates as it is very 
unlikely that every nation in the world can keep their territorial waters free from pirates. 

Quite possibly piracy will be difficult to deal with and therefore a focus for international 
cooperation since external threats tend to knit allies together more firmly than convenience 
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agreements. Alliances based on a real threat causes the involved parties to rely more on each 
other and because of that they tend to become more friendly with each other. It is very likely that 
a lot of the internationalization that is prevalent of the 2000s is helped by a sense of unity gained 
by uniting against a common enemy. 

 

Summary of what happened in the period 

The changes made during the period are highly focused on humanitarian goals. One way of 
describing particularly the 1990s would be as a humanitarian era. Preserving human life becomes 
very important, and a lot of work is done to improve the working conditions and safety of those 
working at sea. A result is that this is exploited by pirates. They take a crew hostage and hold the 
ship and crew for ransom. While much more preferable than the complete overtaking of ships in 
the South China Sea, with subsequent execution of the crew, the resources obtained through the 
piracy around Somalia still cause financial damage to the shipping industry. Similar to in Asia 
the piracy is a syndrome of a larger problem, the justice system fails to provide safety and this 
can be exploited. as activities against piracy are initiated the justice system is improved, which in 
turn should eventually lead to the problem lessening, though that hinges on solving both 
international as well as national issues. The problems addressed are mostly those of international 
measure, and only time will be able to help with the national problems. 

A huge factor of the development is on improving working conditions and making industry more 
effective through computerization which also adds an economic aspect as an important 
perspective. This is also apparent in the rather cold response the reactive suggestions to IMO that 
the Estonia disaster prompted. As always whenever a decision has to be taken the various 
benefits and costs of the decision are weighed against each other. In all of the literature browsed 
economic concerns are limiting to what suggestions and changes are passed. The popular saying 
that everything has a price seems to work both ways, desirable events can be achieved just as 
well as undesirable ones both dependent on the financial consequences. 

Furthermore communications technology becomes more and more expanded. Today some sort of 
communication network is available at pretty much any place on the planet. The technology 
responsible for this is also very cheap, which means that it has become far easier to coordinate 
different projects, among them piracy.  



Risk analysis and naval architecture in the period 1950-2010 

 

 48 

Conclusions 

Many marine accidents or incidents are fairly rapid processes. When there is an incident in many 
cases much focus will be on the fairly quick process of the accident taking place and the 
immediate after effects. For instance the sinking of Titanic received great publicity because of 
the loss of life that the accident caused. The collision between Andrea Doria and Stockholm 
similarly received a great amount of attention, very likely not based on the amount of casualties 
since these were relatively few. More likely is that the collision was given attention because it 
was an accident that most everyone considered impossible. Still it is the accident itself that is the 
primary focus of most perspectives. 

An accident involving an oil leakage is very different to this. In cases where this happens less 
focus is put on the short timeframe that relates to the accident. The oil will usually continue to 
leak for a long time after many of the short term effects are long over. Even after the leaking has 
ceased the released oil will still spread. Any ship that sinks is likely to contain oil. Due to this 
almost any accident involving the loss of a ship tends to result in an oil spill eventually as the 
ship slowly rusts away and the oil containers gradually get broken down. However since the 
amount of oil released in these cases is fairly minor the surrounding environment can usually 
absorb it without being greatly affected. Since oil consists of organic molecules the micro-
organisms in nature are capable of feeding on it causing a slow but steady recovery. Provided the 
amount of oil is small it will not be able to cause any significant damage until it has been 
completely decomposed. 

If on the other hand the amount of oil released is large, then the micro-fauna in the spill zone is 
unable to decompose it faster than it is spreading. The result is a widespread coat of oil covering 
the water surface over a vast area. This oil layer prevents the ocean ecosystem from functioning 
normally. Firstly it will block out sunlight somewhat which will hamper the growth of algae 
which in turn is the basic source of food for most of the marine life. Due to oil being a 
hydrophobic substance it will also be liable to sticking to other hydrophobic objects. One such 
example is the skin or fur of most water creatures as well as their respiratory organs. Clogging up 
the respiratory system of any life form will quite obviously cause said life form to have 
respiratory problems. This will pretty much guarantee that the life form with a clogged up 
respiratory system will perish within a short amount of time. 

If the ecosystem in an area is damaged it will result in effects on for example the fishing industry 
as this relies on the natural regrowth of marine life. The “cycle of life”, if one will, which should 
be in balance to be perpetually stable is distorted which might cause it to become unstable. 
Locally this can result in a major species wipe-out with all the resulting effects. This can trigger 
a chain effect which causes the successive extinction of other species which relied on the 
recently extinct ones, which in turn may cause further extinction. 
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Damaging the ecosystem in this way, since it is localized effects is unlikely to have major global 
effects if any. However to the disaster zone the localized damage can be extensive. The damage 
can cause the area to become mostly barren. Regardless of this is seen in an ecocentric 
perspective or in an econocentric perspective the outcome is undesirable to human interests. The 
biodiversity decreases, and if the affected area contained unique species this is permanent 
damage which cannot be recovered naturally. At the same time, the affected area becomes 
mostly unusable for industrial purposes because it cannot support an industry. Most industries 
even if they in themselves are unreliant on natural resources still require a population, which may 
be reliant on the natural resources. Hence the damage to nature, while a localized effect can have 
both economical and environmental effects. Financial arguments therefore are important aspects 
driving the risk response of any accident, be it technological or legislative. 

It is quite clear that the Second World War had a major impact on both the political as well as the 
technological development following the war. The technological rate of change quickened, while 
the political situation became more united. The reasons for the two changes are vastly different. 
The technological innovation was made possible by the industrial vacuum the war resulted in, 
which meant that industries had to rebuild themselves. This is driven in part by commercial 
interests and is likely to progress largely independently regardless of the political situation on a 
global scale. The political situation however developed in fear of further war, society as a whole 
feared war which resulted in it becoming more united in international organizations since 
diplomacy was considered preferable to new wars. 

The natural resources of the seabed became available just as these things had come to pass. 
National interests therefore required immediate action in the newly founded organizations if wars 
were to be prevented, while the resources would be available. Because of this international rights 
were thoroughly discussed, which probably can be seen as an extension of war avoidance while 
striving to remain competitive in the commercial markets. 

With this in mind it becomes possible to generalize the central focus at the beginning of the 
1950s. The greatest risks perceived by the people in a general sense, and through them their 
countries, was the risk of war and the financial and humanitarian costs it brings. During the 
1950s one major change of the overall sense of risk happened. The OILPOL convention during 
the 1950s forces a reevaluation of the prominent risks. It could be considered to signify an 
increasing ecological worldview, albeit only rudimentary at the time. 

Each of these major three changes during the 1950s is mostly preemptive risk responses that deal 
with potential risks of the future. They are however derived from the response to the Second 
World War, which means that preemptive risk responses can be initiated by major events in 
society. In a sense these responses are therefore both preemptive risk responses while at the same 
time being retrospective responses. In part the risk response even drives the development of new 
legislation. Some of the risk responses are made possible by technological change. Altogether 
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this establishes that technological change allows risk responses that deal with some problems 
whilst other risks drive legislative changes. 

During the 1960s there are organizational changes. The standardization of containers allow for 
an immense rationalization of the shipping industry with corresponding effects of homogenizing 
the transport industry as a whole. Since to and from the harbors trucks or trains are needed to 
transport the containers from producers and to end consumers these fields will end up 
transporting the same standardized containers. Having standardized containers results in having 
to reload between containers and other packaging and that any new produced trucks and trains 
can be built to fit the standard both which serve to improve cost efficiency through less expenses 
and shorter transport times. As such a container can be loaded up at the producer and then be 
transported more or less as a unit of set dimensions. This allows all transport types to adapt to the 
dimensions and more effectively plan their cargo areas to carry as many containers as possible 
with as little wasted space as possible. The fact that cargo size standards are considered one of 
the greatest logistics innovations of the 20th century is well deserved. The implications of such a 
simple yet difficult change are vast and beneficial. 

The fear of war from the 1950s has begun to subside by the 1960s, but has not disappeared. 
Instead the political situation has stabilized and mostly peaceful means of diplomacy make 
increased trade possible as well as offshore activities. IMCO is mostly busy keeping up with the 
many changes that the new world order causes. The international legislation at sea evolves ever 
more to improve safety and include the new aspects of maritime business. Rather than being in 
control of the situation I feel as if IMCO manages the progression mostly from the sidelines and 
adapts to what comes. Perhaps that is key to its relative success during this time and it suits the 
consultative part of the organizational name very well. When the Torrey Canyon oil spill occurs 
it became apparent that there were no real means of dealing with chemical disasters developed 
and that the implications of such an event is major. This would naturally have aided the 
environmental activists of the time to gain popularity. Furthermore the legislation in OILPOL 
was found to be lacking when it came to large oil spills or other larger accidents. 

There is a clear connection that the realization that OILPOL was insufficient and that MARPOL 
was agreed upon in the early 1970s. This can be attributed to the increased awareness in the 
populace as well as within the organization of the ill effects that chemical disasters have, with oil 
spills being the most common one. Combined with the updates to SOLAS I am inclined to 
describe the 1970s as mostly a period of improved efficiency. 

The changes during the 1970s are many, yet most seem to be made preoperatively, though not all 
of the changes are preemptive as the MARPOL illustrates. The development of technology 
forces a risk response on part of IMCO to keep legislation updated. The actual implementation of 
the risk response however comes to serve as a preemptive risk response toward all future related 
risks. The thought of doing so is intriguing since the 1980s and 1990s were also largely based on 
improving efficiency of companies and organizations. If it can be traced back to the 1970s that 
means that the improvements begin as soon as legislation and management begins to catch up 
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with technology.  

Come the 1980s piracy admittedly starts to become a problem. The political situation in the areas 
in which it is prevalent makes it impossible to prevent. Part of the reasons behind the resurfacing 
of piracy seems to be traditional adherence in the parts of Asia where it was prevalent. This 
combined with a shift of the power center of shipbuilding to the region and a resulting huge 
increase in shipping in the region made it a piracy hot spot. The lack of effective prevention on 
part of nations made it possible for a private maritime security sector to bud. As an end to the 
period of change there are several accidents that in turn result in legislative changes, further 
altering the maritime industry. Complex socioeconomic international interests affect the response 
toward the changes into what the actors behind the interests consider financially agreeable. It is 
clear that the practical lessons of accidents are taken to heart and improvements are put in place 
intended to prevent a repeat of previous known accidents, at least to some extent 

Completely new problems begin to arise due to political tension and lacking legislation during 
the 1980s, and into the early 1990s mostly technologically connected accidents drive risk 
responses. Practically all the major changes in the marine industry legislation are retrospective 
solutions to contemporary problems; as such there is little preemptive work. Granted most of the 
problems are unexpected developments which would have made preemptive measures difficult 
as they require foreknowledge of a problem. Since these new risks are the major risks of the 
period it is necessary to conclude that the period is governed by retrospective risk responses. The 
problem arises mostly from legislation, and results in changes to technology as well as 
legislation itself. 

During the late 1990s and the 2000s there is an immense increase in accessibility of reasonably 
priced communication links. These communication links furthermore are superior to any 
previous systems. What could be expected from the increased communications possibilities is 
that accidents due to failure to communicate should become less common, though failure to take 
advantage of the communication will likely still result in the occasional accident. The 
technological advance of communication then makes it possible to alter legislation to include the 
new communication media as required a preemptive risk response. Communication has 
connections to nearly all fields of risk, though should mostly be classified as weakly connected 
seeing as poor communication does not necessarily result in system failure. When utilized 
however it has the potential to greatly reduce risks as well as accident consequences through 
swifter and more accurate responses. 

Taking into consideration that piracy has been addressed, and actions are taken during the 2000s 
the period is somewhat governed by business mindedness as well as a more homogenous society. 
Actions would be impossible to take if nations were at bad terms and likely to pounce at each 
others throats. There are exceptions but largely cooperation appears to be more widespread as the 
United Nations and similar international organizations have become an integrated part of 
international dealings. Their standing has become stronger and because of that nations are more 
likely to adhere to their suggestions. 
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Some technological advances are made during the late 1990s that result in inclusions to 
legislation. In itself it can be considered a risk response, but it is difficult to classify whether it is 
preemptive or retrospective since the technology alleviates risks at sea in a rather overall way. 
Technological development is less dependent on risk than on economic growth during the 1980s, 
as most of the technological change is economically driven. As such it stands somewhat 
distanced from risk and legislative changes. 

Overall there is a strong connection between perceived risks and legislative changes, and. This is 
to be expected due to the knowledge of a weakness in a system being difficult to pinpoint 
without evidence, which accidents tend to provide. If this is coupled with the noted human 
unwillingness to acknowledge risks then it is clear that new risks will only rarely be addressed 
until there has been an accident providing support for change. Even when there has been an 
accident it does not necessarily impose immediately or all the simply because there is always a 
reluctance to alter a system due to there always being something or someone that benefits from 
the current system. 

Over time risk awareness seemingly has increased resulting in increasingly preemtive measures 
where possible. The ways risks are treated has also changed. First they were something that was 
a necessary evil. Then they were recognized as avoidable, which resulted in accidents becoming 
warning examples. Even later the preventive measures and analysis became developed which 
made it possible to adapt to and alter the different risk probabilities. The inclusion of a new 
method however has not eradicated the practices of the previous ways; the different means are 
simply layered and should provide a less risky environment. Risk perception however, since it is 
different from person to person and varies with situation still causes the risks to generally be 
treated the same as always unless specifically targeted. This allows for both preemtive risk 
responses and retrospective risk responses depending on whichever is more appropriate at any 
given time. 

Evidently it is possible to see trends in risks and development. Sometimes risks will drive 
development, at the same development generates new risks. Using other words: when a risk is 
acknowledge there is a conscious effort made to minimize or eliminate it, which in turn is a 
development, a system change of sorts that might have generated new risks. This provides a 
basis to postulate a hypothesis that since there is a connection that apparently pulls the juridical 
state up to par with the technological, that if there is a slight delay before the juridical state 
responds that there will be a rubber band effect where there will be waves in time where the lag 
is greater. A wave phenomenon as these tend to occur when there is a disturbance in a stable 
system in which there is a restorative force that will attempt to return to the stable state. Further 
study of the phenomenon might reveal its properties. 

 



Risk analysis and naval architecture in the period 1950-2010 

 

 53 

References 

In alphabetical order 

Litterature 

1. Klaus Bösche, Karl-Heinz Hochhaus, Herwig Pollem, Jürgen Taggesell u.a. (Hrsg.) , 
“Dampfer, Diesel und Turbinen - Die Welt der Schiffsingennieure” [Schriften des 
Deutschen Schiffahrtsmuseums, Band 64], Deutsches Schiffahrtsmuseum, Bremerhaven 
und Convent Verlag GmbH, Hamburg, 2005 

2. Ben C. Gerwick, “Construction of Marine and Offshore Structures – Third Edition”, CRC 
Press, San Francisco, California, 2007 

3. Torkel Glad and Lennart Ljung, “Reglerteknik – Grundläggande teori”, Studentlitteratur, 
Narayana Press, Denmark, 2007 

4. Göran Grimvall et al. “Risker i tekniska system”, Studentlitteratur, Sweden, 2003  

5. Morten Hahn-Pedersen, “A.P. Møller and the Danish Oil”, J.H. Schultz Information, 
1999 

6. G. R. Liu and S. S. Quek, “The Finite Element Method – A practical course”, Elsevier 
Science Ltd., Oxford, 2003 

7. Britt-Marie Mattsson, ”Andrea Dorias undergång”, Bokförlaget DN, 2006 

8. Charles Perrow, “Normal Accidents – Living with High-Risk Technologies”, Princeton 
University Press, Princeton, New Jersey, 1999 (reprint, originally published by Basic 
Books in 1984) 

9. Michael E. Porter, "Competition in Global Industries", Harvard Business Press, 1986 

10. Anders Rosén, Karl Garme and Jakob Kuttenkeuler, “Marin Dynamik – Kurspärm för 
kursen SD2703 Marin Dynamik”, KTH Marina System, Stockholm, 2009 

11. Mitched P. Roth, "GLOBAL ORGANIZED CRIME - A Reference Handbook", 
Greenwood Publishing Group, ABC-CLIO, LLC, Santa Barbara, California, 2010 

12. Svensk Sjöfarts Tidning, “Sjöfartens Bok 2008”, Svensk Sjöfarts Tidning Förlag AB in 
collaboration with Breakwater Publishing, Göteborg, 2008 

13. Varvshistoriska föreningen I Malmö, ”Kockums Marina Fartyg”, Prinfo Grafiskt Center, 
Malmö, 2008 

14. World Maritime University, “Maritime violence and other security issues at sea – 
Proceedings of the international symposium held at the World Maritime University 
Malmö, Sweden 26-30 August 2002”, WMU Publications, Malmö, 2002 



Risk analysis and naval architecture in the period 1950-2010 

 

 54 

Papers and articles 

15. D Andrews, “A CREATIVE APPROACH TO SHIP ARCHITECTURE”, International 
Journal of Maritime Engineering, Transactions Vol 145 Part A3 (published by RINA), 
University College London, UK, 2003 

16. Robert B. Barsky and Lutz Kilian, "Oil and the Macroeconomy Since the 1970s", Journal 
of Economic Perspectives, Volume 18, Number 4, 2004, p. 115-134 

17. I Buxton, “Enabling Technology and The Naval Architect 1860-2010”, International 
Journal of Maritime Engineering -  The Transactions of the Royal Institution of Naval 
Architects Vol. 152 Part A2, 2010 

18. Stig Jarle Hansen, "Piracy in the greater Gulf of Aden - Myths, Misconception and 
Remedies" [NIBR Report: 2009:29], Norwegian Institute for Urban and Regional 
Research, 2009 

19. Rob Kling, "Computerization and Social Transformations", Sage Publications Inc,  
Science, Technology, & Human Values, Vol 16 No. 3, Summer 1991 p. 342-367 

20. J. R. MacGregor, S. N. Smith, Subsea7, UK, and P. van der Hoek, “A FAMILY OF 
OFFSHORE CONSTRUCTION VESSELS”, International Journal of Maritime 
Engineering, Transactions Vol 150 - Part A4, Merwede Shipyard, Netherlands, 2008 

21. Thomas Milchert, ”Handledning i FARTYGS PROJEKTERING”, KTH, Rev. 3.1, 
October 2000, Second printing 

22. W. B. Morgan  and W-C Lin, ”Predicting Ship Hydrodynamic Performance in Today’s 
World”, Naval Engineers Journal Volume 110, Issue 5 

23. R. T. Paine, Jennifer L. Ruesink, Adrian Sun, Elaine L. Soulanille, Marjorie J. Wonham, 
Christopher D. G. Harley, Daniel R. Brumbaugh, and David L. Secord, "TROUBLE ON 
OILEDWATERS: Lessons from the Exxon Valdez Oil Spill" [98195-1800], Ecology, 
Evolution, and Systematics Volume 27, University of Washington, 1996 

24. Lars U. Scholl (publisher), “Technikgeschichte des industriellen Schiffbaus in 
Deutschland, Band 1”, Ernst Kabel Verlag GmbH, Hamburg, 1994, p. 164-191 

25. Kyoung-ho Shin and Paul S. Ciccantell, "THE STEEL AND SHIPBUILDING 
INDUSTRIES OF SOUTH KOREA: RISING EAST ASIA AND GLOBALIZATION", 
Journal of World-Systems Research Volume XV, Number 2, p. 167-192 

26. Teitler, G. ”Piracy in Southeast Asia: A historical comparison”, Amsterdam, Centre for 
Maritime Research, 2002 

Online articles and sources 

27. Autodesk homepage: 
http://usa.autodesk.com/adsk/servlet/item?id=12012348&siteID=123112 (last visited 



Risk analysis and naval architecture in the period 1950-2010 

 

 55 

20/3 – 2011) 

28. Patrick Barkham, "Oil spills: Legacy of the Torrey Canyon", The Guardian, Thursday 24 
June 2010, available at http://www.guardian.co.uk/environment/2010/jun/24/torrey-
canyon-oil-spill-deepwater-bp (last visited 7/3-2011) 

29. Computer History Museum online resource, “The Silicon Engine: A Timeline of 
Semiconductors and Computers” Available at 
http://www.computerhistory.org/semiconductor/welcome.html (last visited 20/3 – 2011) 

30. Computer History Museum online resource: http://www.computerhistory.org/timeline/ 
(last visited 10/5-2011) 

31. “Formal Investigation, mv Herald of Free Enterprise”, [Report of Court No. 8074], 
Department of Transport, London, 1987. Available online through UK Marine Accident 
Investigation Bureau (MAIB), 
http://www.maib.gov.uk/cms_resources.cfm?file=/HofFEfinal.pdf (last visited 23/2 – 
2011) 

32. Greenpeace homepage: http://www.greenpeace.org/international/en/about/history/ (last 
visited 20/3 – 2011) 

33. IMCO, “International Convention for the Prevention of Pollution from Ships, 1973 as 
modified by the Protocol of 1978”, 1978. Available at 
http://www.imo.org/Conventions/contents.asp?doc_id=678&topic_id=258 (last visited 
6/10 – 2010) 

34. IMO, “Focus on IMO, A summary of IMO Conventions 2009”, available online at IMO 
archives: 
http://www.imo.org/KnowledgeCentre/ReferencesAndArchives/FocusOnIMO%28Archiv
es%29/Pages/default.aspx (last visited 25/2 – 2011) 

35. IMO, “Focus on IMO, SOLAS the International Convention for the Safety Of Life At 
Sea, 1974”, available online at IMO archives: 
http://www.imo.org/KnowledgeCentre/ReferencesAndArchives/FocusOnIMO%28Archiv
es%29/Pages/default.aspx (last visited 20/3 – 2011) 

36. IMO, “Measures to prevent the registration of ‘phantom’ ships” IMO Resolution 
A.923(22), available at 
http://www.imo.org/OurWork/Security/docs/Piracy%20and%20armed%20robbery/A.923
.pdf (retrieved 25/2 – 2011) 

37. IMO, “Overview of Shipping and Navigation history”, available at: 
http://www5.imo.org/SharePoint/blastDataHelper.asp/data_id%3D21794/Overviewofship
pingandnavigationhistory.pdf (retrieved 7/3 – 2011) 

38. IMO homepage: 



Risk analysis and naval architecture in the period 1950-2010 

 

 56 

http://www.imo.org/KnowledgeCentre/ReferencesAndArchives/Pages/TheOriginsOfIMO
.aspx (retrieved 31/1 – 2011) 

39. IMO homepage: http://www.imo.org/ourwork/safety/navigation/pages/ais.aspx (last 
visited 25/2 – 2011) 

40. IMO homepage: 
http://www5.imo.org/SharePoint/mainframe.asp?topic_id=259&doc_id=686#2, retrieved 
9/2 – 2011 

41. “International Convention for the Prevention of Pollution of the Sea by Oil”, London, 12 
May 1954. Available at for example 
http://www.admiraltylawguide.com/conven/oilpol1954.html (last visited 20/3 – 2011) 

42. Barry M. Leiner, Vinton G. Cerf, David D. Clark, Robert E. Kahn, Leonard Kleinrock, 
Daniel C. Lynch, Jon Postel, Larry G. Roberts, Stephen Wolff, "A Brief History of the 
Internet". Available at http://www.isoc.org/internet/history/brief.shtml (last visited 11/5-
2011) 

43. Queen Mary’s official homepage: http://www.queenmary.com/ (last visited 20/3 – 2011) 

44. The Estonian, Finnish and Swedish Joint Accident Investigation Commission, 
“Slutrapport, Ro-ro passagerarfärjan MS Estonias förlisning i Östersjön den 28 september 
1994”, Swedish translation, Helsinki, 1998. Available at 
http://www.swedishaccidentinvestigationboard.com/sv/estonia_jaic_rapport_sv.pdf (last 
visited 23/2 – 2011) 

45. United Nations document: “Charter of the United Nations”, Available at 
http://www.un.org/en/documents/charter/index.shtml (last visited 17/3 – 2011) 

46. United Nations, “United Nations Convention on the Law Of the Sea”, available as an 
online resource at 
http://www.un.org/Depts/los/convention_agreements/texts/unclos/closindx.htm (last 
visited 7/3 – 2011) 

47. United Nations resource: http://www.un.org/Depts/los/piracy/piracy_documents.htm (last 
visited 11/5-2011) 

48. Wikipedia article: http://en.wikipedia.org/wiki/Computer-aided_design (last visited 10/5-
2011) 

49. Wikipedia article: http://en.wikipedia.org/wiki/Early_1990s_recession (last visited 10/5-
2011) 

50. Wikipedia article: http://en.wikipedia.org/wiki/Industrial_robot (retrieved 20/3 – 2011) 

51. Wikipedia article: http://en.wikipedia.org/wiki/List_of_treaties (last visited 10/5-2011) 

52. Wikipedia article: http://en.wikipedia.org/wiki/SS_Andrea_Doria (retrieved 2/2 – 2011) 



Risk analysis and naval architecture in the period 1950-2010 

 

 57 

End notes 

                                                           

1 Ben C. Gerwick, “Construction of Marine and Offshore Structures – Third Edition”, CRC Press, San Francisco, 

California, 2007 p. 1-791 

2 Ibid. 

3 Anders Rosén, Karl Garme and Jakob Kuttenkeuler, “Marin Dynamik – Kurspärm för kursen SD2703 Marin 

Dynamik”, KTH Marina System, Stockholm, 2009 

4 Ibid. 

5 Ibid. 

6 Ibid. 

7 Svensk Sjöfarts Tidning, “Sjöfartens Bok 2008”, Svensk Sjöfarts Tidning Förlag AB in collaboration with 

Breakwater Publishing, Göteborg, 2008 

8 Ibid. 

9 Ibid. 

10 Ibid. 

11 Ibid. 

12 Ibid. 

13 Ibid. 

14 Charles Perrow, “Normal Accidents – Living with High-Risk Technologies”, Princeton University Press, 

Princeton, New Jersey, 1999 (reprint, originally published by Basic Books in 1984) p. 304-352 

15 Ibid. 

16 Ibid. 

17 Göran Grimvall et al. “Risker i tekniska system”, Studentlitteratur, Sweden, 2003, p. 235-243 

18 Ibid. p. 159-274 

19 Charles Perrow, “Normal Accidents – Living with High-Risk Technologies”, Princeton University Press, 

Princeton, New Jersey, 1999 (reprint, originally published by Basic Books in 1984) p. 3-14 

20 Ibid. p. 170-231 

21 Ibid. 

22 Ibid. 

23 Ibid. 



Risk analysis and naval architecture in the period 1950-2010 

 

 58 

                                                                                                                                                                                           

24 IMO homepage: 

http://www.imo.org/KnowledgeCentre/ReferencesAndArchives/Pages/TheOriginsOfIMO.aspx (retrieved 

31/1-2011) 

25 Ibid. 

26 I Buxton, “Enabling Technology and The Naval Architect 1860-2010”, International Journal of Maritime 

Engineering -  The Transactions of the Royal Institution of Naval Architects Vol. 152 Part A2, 2010 

27 IMO homepage: 

http://www.imo.org/KnowledgeCentre/ReferencesAndArchives/Pages/TheOriginsOfIMO.aspx (retrieved 

31/1-2011) 

28 United Nations document: “Charter of the United Nations”, Available at 

http://www.un.org/en/documents/charter/index.shtml (last visited 17/3-2011) 

29 Ibid. 

30 Ibid. 

31 Svensk Sjöfarts Tidning, “Sjöfartens Bok 2008”, Svensk Sjöfarts Tidning Förlag AB in collaboration with 

Breakwater Publishing, Göteborg, 2008 

32 I Buxton, “Enabling Technology and The Naval Architect 1860-2010”, International Journal of Maritime 

Engineering - The Transactions of the Royal Institution of Naval Architects Vol. 152 Part A2, 2010 

33 Computer History Museum online resource, “The Silicon Engine: A Timeline of Semiconductors and 

Computers” Available at http://www.computerhistory.org/semiconductor/welcome.html (last visited 20/3-

2011) 

34 G. R. Liu and S. S. Quek, “The Finite Element Method – A practical course”, Elsevier Science Ltd., Oxford, 

2003 

35 Ibid. 

36 I Buxton, “Enabling Technology and The Naval Architect 1860-2010”, International Journal of Maritime 

Engineering -  The Transactions of the Royal Institution of Naval Architects Vol. 152 Part A2, 2010 

37 Ibid. 

38 Morten Hahn-Pedersen, “A.P. Møller and the Danish Oil”, J.H. Schultz Information, 1999, p. 69-74 

39 United Nations document: “Charter of the United Nations”, Available at 

http://www.un.org/en/documents/charter/preamble.shtml (last visited 20/3-2011) 

40 I Buxton, “Enabling Technology and The Naval Architect 1860-2010”, International Journal of Maritime 

Engineering -  The Transactions of the Royal Institution of Naval Architects Vol. 152 Part A2, 2010 

41 Queen Mary’s official homepage: http://www.queenmary.com/ (last visited 20/3-2011) 

42 Britt-Marie Mattsson, ”Andrea Dorias undergång”, Bokförlaget DN, 2006, (no specific page) 



Risk analysis and naval architecture in the period 1950-2010 

 

 59 

                                                                                                                                                                                           

43 Charles Perrow, “Normal Accidents – Living with High-Risk Technologies”, Princeton University Press, 

Princeton, New Jersey, 1999 (reprint, originally published by Basic Books in 1984) p. 203-231 

44 Wikipedia article: http://en.wikipedia.org/wiki/SS_Andrea_Doria (retrieved 2/2-2011) 

45 Britt-Marie Mattsson, ”Andrea Dorias undergång”, Bokförlaget DN, 2006, (no specific page) 

46 Ibid. 

47 Ibid. 

48 Wikipedia article: http://en.wikipedia.org/wiki/SS_Andrea_Doria (retrieved 2/2-2011) 

49 Ibid. 

50 Ibid. 

51 Ibid. 

52 Ibid. 

53 Charles Perrow, “Normal Accidents – Living with High-Risk Technologies”, Princeton University Press, 

Princeton, New Jersey, 1999 (reprint, originally published by Basic Books in 1984) p. 208. 

54 Ibid. p. 203-231 

55 “International Convention for the Prevention of Pollution of the Sea by Oil”, London, 12 May 1954. Available 

at for example http://www.admiraltylawguide.com/conven/oilpol1954.html (last visited 20/3-2011) 

56 Ibid. 

57 Ibid. 

58 IMO homepage: 

http://www.imo.org/KnowledgeCentre/ReferencesAndArchives/Pages/TheOriginsOfIMO.aspx retrieved 

31/1-2011 

59 World Maritime University, “Maritime violence and other security issues at sea – Proceedings of the 

international symposium held at the World Maritime University Malmö, Sweden 26-30 August 2002”, WMU 

Publications, Malmö, 2002 

60 Ibid. 

61 Ibid. 

62 Ibid. 

63 Wikipedia article: http://en.wikipedia.org/wiki/List_of_treaties (last visited 10/5-2011) 

64 I Buxton, “Enabling Technology and The Naval Architect 1860-2010”, International Journal of Maritime 

Engineering -  The Transactions of the Royal Institution of Naval Architects Vol. 152 Part A2, 2010 



Risk analysis and naval architecture in the period 1950-2010 

 

 60 

                                                                                                                                                                                           

65 Svensk Sjöfarts Tidning, “Sjöfartens Bok 2008”, Svensk Sjöfarts Tidning Förlag AB in collaboration with 

Breakwater Publishing, Göteborg, 2008 

66 Ibid. 

67 I Buxton, “Enabling Technology and The Naval Architect 1860-2010”, International Journal of Maritime 

Engineering -  The Transactions of the Royal Institution of Naval Architects Vol. 152 Part A2, 2010 

68 Ibid. 

69 Morten Hahn-Pedersen, “A.P. Møller and the Danish Oil”, J.H. Schultz Information, 1999, p. 60-68 

70 Ibid. 

71 Ibid. 

72 Klaus Bösche, Karl-Heinz Hochhaus, Herwig Pollem, Jürgen Taggesell u.a. (Hrsg.) , “Dampfer, Diesel und 

Turbinen - Die Welt der Schiffsingennieure” [Schriften des Deutschen Schiffahrtsmuseums, Band 64], 

Deutsches Schiffahrtsmuseum, Bremerhaven und Convent Verlag GmbH, Hamburg, 2005, p. 381-382 

73 IMO, “Focus on IMO, SOLAS the International Convention for the Safety Of Life At Sea, 1974”, available 

online at IMO archives: 

http://www.imo.org/KnowledgeCentre/ReferencesAndArchives/FocusOnIMO%28Archives%29/Pages/defa

ult.aspx (last visited 20/3-2011) 

74 IMO homepage: 

http://www.imo.org/KnowledgeCentre/ReferencesAndArchives/Pages/TheOriginsOfIMO.aspx (retrieved 

31/1-2011) 

75 Svensk Sjöfarts Tidning, “Sjöfartens Bok 2008”, Svensk Sjöfarts Tidning Förlag AB in collaboration with 

Breakwater Publishing, Göteborg, 2008 

76 Patrick Barkham, "Oil spills: Legacy of the Torrey Canyon", The Guardian, Thursday 24 June 2010, available 

at http://www.guardian.co.uk/environment/2010/jun/24/torrey-canyon-oil-spill-deepwater-bp (last 

visited 7/3-2011) 

77 Ibid. 

78 R. T. Paine, Jennifer L. Ruesink, Adrian Sun, Elaine L. Soulanille, Marjorie J. Wonham, Christopher D. G. 

Harley, Daniel R. Brumbaugh, and David L. Secord, "TROUBLE ON OILEDWATERS: Lessons from the Exxon 

Valdez Oil Spill" [98195-1800], Ecology, Evolution, and Systematics Volume 27, University of Washington, 

1996, p. 197-235 

79 Patrick Barkham, "Oil spills: Legacy of the Torrey Canyon", The Guardian, Thursday 24 June 2010, available 

at http://www.guardian.co.uk/environment/2010/jun/24/torrey-canyon-oil-spill-deepwater-bp (last 

visited 7/3-2011) 

80 IMO, “Overview of Shipping and Navigation history”, available at: 

http://www5.imo.org/SharePoint/blastDataHelper.asp/data_id%3D21794/Overviewofshippingandnavigati

onhistory.pdf (retrieved 7/3 - 2011) 



Risk analysis and naval architecture in the period 1950-2010 

 

 61 

                                                                                                                                                                                           

81 Morten Hahn-Pedersen, “A.P. Møller and the Danish Oil”, J.H. Schultz Information, 1999, p. 208-211 

82 Robert B. Barsky and Lutz Kilian, "Oil and the Macroeconomy Since the 1970s", Journal of Economic 

Perspectives, Volume 18, Number 4, 2004, p. 115-134 

83 Morten Hahn-Pedersen, “A.P. Møller and the Danish Oil”, J.H. Schultz Information, 1999, p. 208-211 

84 Ibid. 

85 I Buxton, “Enabling Technology and The Naval Architect 1860-2010”, International Journal of Maritime 

Engineering -  The Transactions of the Royal Institution of Naval Architects Vol. 152 Part A2, 2010 

86 Thomas Milchert, ”Handledning i FARTYGS PROJEKTERING”, KTH, Rev. 3.1, October 2000, Second printing 

87 I Buxton, “Enabling Technology and The Naval Architect 1860-2010”, International Journal of Maritime 

Engineering -  The Transactions of the Royal Institution of Naval Architects Vol. 152 Part A2, 2010 

88 IMCO, “International Convention for the Prevention of Pollution from Ships, 1973 as modified by the 

Protocol of 1978”, 1978. Available at 

http://www.imo.org/Conventions/contents.asp?doc_id=678&topic_id=258 (last visited 6/10-2010)  

89 Svensk Sjöfarts Tidning, “Sjöfartens Bok 2008”, Svensk Sjöfarts Tidning Förlag AB in collaboration with 

Breakwater Publishing, Göteborg, 2008 

90 IMCO, “International Convention for the Prevention of Pollution from Ships, 1973 as modified by the 

Protocol of 1978”, 1978. Available at 

http://www.imo.org/Conventions/contents.asp?doc_id=678&topic_id=258 (last visited 6/10-2010)  

91 Ibid. 

92 Greenpeace homepage: http://www.greenpeace.org/international/en/about/history/ (last visited 20/3-

2011) 

93 IMO, “Focus on IMO, A summary of IMO Conventions 2009”, available online at IMO archives: 

http://www.imo.org/KnowledgeCentre/ReferencesAndArchives/FocusOnIMO%28Archives%29/Pages/defa

ult.aspx (last visited 25/2-2011) 

94 IMO homepage; amendments and conventions listing: 

http://www.imo.org/KnowledgeCentre/ReferencesAndArchives/Pages/SourcesCitationsOfIMOConventions.

aspx (last visited 10/5-2011) 

95 IMO, “Focus on IMO, SOLAS the International Convention for the Safety Of Life At Sea, 1974”, available 

online at IMO archives: 

http://www.imo.org/KnowledgeCentre/ReferencesAndArchives/FocusOnIMO%28Archives%29/Pages/defa

ult.aspx (last visited 20/3-2011) 

96 Ibid. 

97 D Andrews, “A CREATIVE APPROACH TO SHIP ARCHITECTURE”, International Journal of Maritime 

Engineering, Transactions Vol 145 Part A3 (published by RINA), University College London, UK, 2003 



Risk analysis and naval architecture in the period 1950-2010 

 

 62 

                                                                                                                                                                                           

98 Ibid. 

99 Wikipedia article: http://en.wikipedia.org/wiki/Early_1990s_recession (last visited 10/5-2011) 

100 J. R. MacGregor, S. N. Smith, Subsea7, UK, and P. van der Hoek, “A FAMILY OF OFFSHORE CONSTRUCTION 

VESSELS”, International Journal of Maritime Engineering, Transactions Vol 150 - Part A4, Merwede Shipyard, 

Netherlands, 2008 

101 Autodesk homepage: http://usa.autodesk.com/adsk/servlet/item?id=12012348&siteID=123112 (last 

visited 20/3-2011) 

102 Wikipedia article: http://en.wikipedia.org/wiki/Computer-aided_design (last visited 10/5-2011) 

103 Computer History Museum resource: http://www.computerhistory.org/timeline/ (last visited 10/5-2011) 

104 Wikipedia article: http://en.wikipedia.org/wiki/Industrial_robot (retrieved 20/3-2011) 

105 Torkel Glad and Lennart Ljung, “Reglerteknik – Grundläggande teori”, Studentlitteratur, Narayana Press, 

Denmark, 2007 

106 Rob Kling, "Computerization and Social Transformations", Sage Publications Inc,  Science, Technology, & 

Human Values, Vol 16 No. 3, Summer 1991 p. 342-367 

107 Ibid. 

108 Kyoung-ho Shin and Paul S. Ciccantell, "THE STEEL AND SHIPBUILDING INDUSTRIES OF SOUTH KOREA: 

RISING EAST ASIA AND GLOBALIZATION", Journal of World-Systems Research Volume XV, Number 2, p. 167-

192 

109 Michael E. Porter, "Competition in Global Industries", Harvard Business Press, 1986 

110 Teitler, G. ”Piracy in Southeast Asia: A historical comparison”, Amsterdam, Centre for Maritime Research, 

2002, p. 67-82 

111 United Nations, “United Nations Convention on the Law Of the Sea”, available as an online resource at 

http://www.un.org/Depts/los/convention_agreements/texts/unclos/closindx.htm (last visited 7/3-2011) 

112 IMO homepage: http://www5.imo.org/SharePoint/mainframe.asp?topic_id=259&doc_id=686#2 

(retrieved 9/2-2011) 

113 IMO, “Convention for the Suppression of Unlawful Acts Against the Safety of Maritime Navigation” (SUA 

Convention), Rome, 10 March 1988 

114 Teitler, G. ”Piracy in Southeast Asia: A historical comparison”, Amsterdam, Centre for Maritime Research, 

2002, p. 67-82 

115 Ibid. 

116 Ibid. 



Risk analysis and naval architecture in the period 1950-2010 

 

 63 

                                                                                                                                                                                           

117 Ibid. 

118 Svensk Sjöfarts Tidning, “Sjöfartens Bok 2008”, Svensk Sjöfarts Tidning Förlag AB in collaboration with 

Breakwater Publishing, Göteborg, 2008 

119 Teitler, G. ”Piracy in Southeast Asia: A historical comparison”, Amsterdam, Centre for Maritime Research, 

2002, p. 67-82 

120 Ibid. 

121 “Formal Investigation, mv Herald of Free Enterprise”, [Report of Court No. 8074], Department of 

Transport, London, 1987. Available online through UK Marine Accident Investigation Bureau (MAIB), 

http://www.maib.gov.uk/cms_resources.cfm?file=/HofFEfinal.pdf (last visited 23/2-2011) 

122 Ibid. 

123 Ibid. 

124 Mikael Huss, “Fartygs Stabilitet”, Jure Förlag, Sweden, 2007 

125 Ibid. 

126 Ibid. 

127 Ibid. 

128 Ibid. 

129 Ibid. 

130 Ibid. 

131 Ibid. 

132 Ibid. 

133 Ibid. 

134 Ibid. 

135 Ibid. 

136 R. T. Paine, Jennifer L. Ruesink, Adrian Sun, Elaine L. Soulanille, Marjorie J. Wonham, Christopher D. G. 

Harley, Daniel R. Brumbaugh, and David L. Secord, "TROUBLE ON OILEDWATERS: Lessons from the Exxon 

Valdez Oil Spill" [98195-1800], Ecology, Evolution, and Systematics Volume 27, University of Washington, 

1996, p. 197-235 

137 Ibid. 

138 Ibid. 

139 Ibid. 



Risk analysis and naval architecture in the period 1950-2010 

 

 64 

                                                                                                                                                                                           

140 The Estonian, Finnish and Swedish Joint Accident Investigation Commission, “Slutrapport, Ro-ro 

passagerarfärjan MS Estonias förlisning i Östersjön den 28 september 1994”, Swedish translation, Helsinki, 

1998. Available at http://www.swedishaccidentinvestigationboard.com/sv/estonia_jaic_rapport_sv.pdf (last 

visited 23/2-2011) 

141 Ibid. 

142 Ibid. 

143 Ibid. 

144 Ibid. 

145 “Formal Investigation, mv Herald of Free Enterprise”, [Report of Court No. 8074], Department of 

Transport, London, 1987. Available online through UK Marine Accident Investigation Bureau (MAIB), 

http://www.maib.gov.uk/cms_resources.cfm?file=/HofFEfinal.pdf (last visited 23/2-2011) 

146 The Estonian, Finnish and Swedish Joint Accident Investigation Commission, “Slutrapport, Ro-ro 

passagerarfärjan MS Estonias förlisning i Östersjön den 28 september 1994”, Swedish translation, Helsinki, 

1998. Available at http://www.swedishaccidentinvestigationboard.com/sv/estonia_jaic_rapport_sv.pdf (last 

visited 23/2-2011) 

147 Göran Grimvall et al. “Risker i tekniska system”, Studentlitteratur, Sweden, 2003, p. 193 

148 Mitched P. Roth, "GLOBAL ORGANIZED CRIME - A Reference Handbook", Greenwood Publishing Group, 

ABC-CLIO, LLC, Santa Barbara, California, 2010 

149 Barry M. Leiner, Vinton G. Cerf, David D. Clark, Robert E. Kahn, Leonard Kleinrock, Daniel C. Lynch, Jon 

Postel, Larry G. Roberts, Stephen Wolff, "A Brief History of the Internet". Available at 

http://www.isoc.org/internet/history/brief.shtml (last visited 11/5-2011) 

150 Wikipedia article: http://en.wikipedia.org/wiki/Automatic_Identification_System (last visited 11/5-2011) 

151 IMO homepage: http://www.imo.org/ourwork/safety/navigation/pages/ais.aspx (last visited 25/2-2011)  

152 Stig Jarle Hansen, "Piracy in the greater Gulf of Aden - Myths, Misconception and Remedies" [NIBR Report: 

2009:29], Norwegian Institute for Urban and Regional Research, 2009 

153 Ibid. 

154 Ibid. 

155 Ibid. 

156 UN resource: http://www.un.org/Depts/los/piracy/piracy_documents.htm (last visited 11/5-2011) 

157 Stig Jarle Hansen, "Piracy in the greater Gulf of Aden - Myths, Misconception and Remedies" [NIBR Report: 

2009:29], Norwegian Institute for Urban and Regional Research, 2009 

158 Ibid. 

159 Ibid. 



Risk analysis and naval architecture in the period 1950-2010 

 

 65 

                                                                                                                                                                                           

160 IMO, “Measures to prevent the registration of ‘phantom’ ships” IMO Resolution A.923(22), available at 

http://www.imo.org/OurWork/Security/docs/Piracy%20and%20armed%20robbery/A.923.pdf (retrieved 

25/2-2011) 

161 World Maritime University, “Maritime violence and other security issues at sea – Proceedings of the 

international symposium held at the World Maritime University Malmö, Sweden 26-30 August 2002”, WMU 

Publications, Malmö, 2002 


