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Abstract
Safety analysis and prediction of a marine structure is a very important field which has received attention from many
scientists. Prof. R. Ajit Shenoi has made significant contributions in investigating various issues in this field. In this invited
paper of recollection nature, a philosophical attitude is taken to re-examine some fundamental issues about the safety of
marine structures with a purpose to identify the key issues to be solved in the future. It is intended to help young gen-
erations of scientists how to focus on more important problems related to the safety of marine structures.
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Introduction

It was a great pleasure to be invited by Prof. Yonghwan
Kim, present Editor-in-Chief of Journal of Engineering
for the Maritime Environment (JEME), to write a
paper for this special issue dedicated to Prof. R. Ajit
Shenoi, the founder of this journal.

I knew Ajit in May 1992 when my former supervi-
sor, Prof. Yousheng Wu, visited University of
Southampton. At that time, I was a post-doctorate
research fellow in the Department of Aerospace
Engineering, University of Bristol. I was working on
the delamination of composite materials with tapered
thickness with Prof. Michael R. Wisnom. Prof. Wu
asked me to have a meet with him at Southampton and
introduced me to Prof. W. Geraint Price, Prof. Pandeli
Temarel and Prof. Ajit Shenoi. Since Ajit also worked
in the areas of mechanics of composite materials and
design of lightweight structures, he invited me to visit
his laboratory and meet his team members. I was very
impressed by the work done in his lab. After that, we
established very good cooperation relationship and in
the period from 1993 to 1995, I also worked in the
investigation of dynamical response of composite hull
of a minesweeper under underwater explosion which
was close to his research field. In 1996, I sent my PhD
student, Mr. Weibo Wang to Ajit’s lab and worked
with him for the PhD. In the summer of 2002, I took a
sabbatical study with Ajit in the University of
Southampton and we were collaborating on the use of
fatigue crack propagation (FCP) theory to predict the

fatigue life of marine structures instead of the S-N
curve approach adopted in many design rules.1,2

Of course, Ajit’s research scope is much wider than
mentioned above and his research fields covered (1)
mechanics of composite materials; (2) design of light-
weight structures; (3) concurrent engineering and (4)
structural health monitoring. All these are related to
the safety of marine structures.

I started my research in naval architecture and ocean
engineering since I returned to China Ship Scientific
Research Center in 1993 and first worked on the pre-
diction of ultimate strength of ship structures and then
the fatigue life and finally the safety of marine struc-
tures. After more than 25 years investigation, I became
far less confident than I just started to work on the
issue whether our scientists or designers can really
guarantee the safety of a marine structure. Prof. Ajit
Shenoi and many other big names such as Torgeir
Moan, Carlos Guedes Soares, Jeom Kee Paik also
devoted nearly whole their academic lives to the safety
of marine structures. Now it seems the time that we are
going to leave this issue to young generations. In this
paper of recollection nature, I would like to take a phi-
losophical attitude to discuss some fundamental
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problems and to apply a systematic approach to iden-
tify the key issues to be solved in order to ensure the
safety of a marine structure. This might be of some
help to young scientists to focus their energy on more
important problems related to the safety of marine
structures.

The problem nature for the safety of a
marine structure

It is well-known nowadays that the general problem for
the safety of a marine structure or even any engineering
structure can be expressed by the following mathemati-
cal model

G tð Þ=C tð Þ �D tð Þ. 0 ð1Þ

where C(t) is the capacity of the structure to resist the
external loading and D(t) is the external loading acted
on the structure and G(t) is called the limit state. In
general, both C and D varies with time and they are
random processes, possibly non-stationary. I leave this
problem to be discussed in section 6 and temporarily
we treat it using a deterministic approach. Whether we
can calculate accurately the loading and resistance at a
particular time for a given structure is fundamentally a
selection problem based on scientist’s personal philoso-
phical belief. Different selection will have different atti-
tude on the scientific research to this issue of ensuring
the safety of marine structures.

Before the occurrence of quantum mechanics, all
scientists believed that the world operates with determi-
nistic rules and our human beings are able to disclose
these rules. Therefore, people at that time believed that
the nature of the world operation is deterministic and
due to the lack of information, probabilistic theory was
used to handle the uncertainty existed in the concrete
issue. A typical example is the throw of a coin. Due to
the difficulty in describing the initial condition, it is
hard to predict the final result of head or tail. In dealing
with such a type of gambling problems, the probability
theory was born.3 However, in order to explain the phe-
nomena observed in the subatomic world, Bohr,
Heisenberg and many other scientists had made another
choice and they claimed that the fundamental nature of
the microworld operation is random which is com-
pletely different from the macroworld operation. Of
course, this worldview made many scientists unhappy
including Einstein. Einstein and Bohr have debated this
worldview for the rest of their lives and after that, phy-
sicists have been divided into two schools.4 Up to now,
the Copenhagen Interpretation is the main orthodox
theory of quantum mechanics but another school of
deterministic theory of quantum mechanics, known as
Bohmian mechanics, co-exists5,6 and recently new evi-
dences have been found to support the quantum trajec-
tory theory.7

Based on the above progress, the present author has
made some study to these philosophical issues and
come to the conclusion that they can be unified. His
main argument was that the Einstein-Bohr debate was
created by Bohr’s over-claim. Bohr did not provide any
proof to show that the nature of the microworld opera-
tion was random. Furthermore, Bohr’s agnosticism to
the question itself was in paradox with his scientific
research behavior. The correct way of thinking should
be as follows. Philosophically, we should believe that
(1) no matter it is a macro world or a micro world, if it
is finite, it is always worked deterministically, and the
rules can be disclosed through scientific research of
generations; (2) practically, due to the complexity of
the problem and the limited ability of a human being
to know the world, no matter it is a macro world or a
micro world, uncertainty always exists and the rules we
discovered can only be regarded as an approximation
to the ultimate truth. The detailed arguments for this
unification of Einstein-Bohr controversy was presented
in Ref.8

Thus, back to the question whether the safety of a
marine structure is deterministic or indeterministic
(probabilistic or random), I recommend to select the
deterministic worldview. This is the justification of our
scientific research to any problems.

In terms of how to address the issue of the safety of
a marine structure, we can take a system model. A gen-
eral system usually consists of five elements, the system
itself, boundary conditions of time and space, con-
straint conditions, input and output. If the system, con-
straint conditions, boundary conditions are given, the
output is a function of the input. This function is
defined as the transfer function. The task of the safety
analysis for a marine structure is to determine the
transfer function as accurate as possible.

However, due to the complexity of the practical engi-
neering system and the limited time given to the investi-
gator, it is impossible to consider all the influencing
factors. Thus, how to identify quickly the most influen-
cing factors becomes very important.9

Since it is very hard to quantify all the influencing
factors and especially those related to human factors
such as the manufacturing quality and measurement
quality, C and D are best described as random vari-
ables. Traditionally, the characteristic values of C and
D under a certain probability level such as 95% for
resistance and 99% for loading are used to define the
safety factor, that is,

F=Cc=Dc ð2Þ

If both C and D are treated as random variables, then
only the probability of failure (Pf) can be calculated and
1-Pf is regarded as the reliability of the marine struc-
ture.10 So in the reliability analysis of a marine struc-
ture, the essence is the calculation of the resistance C(t)
and the loading D(t) as accurate as possible. It is our
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belief that scientific methods have the capability to per-
form these two tasks.

To identify the key factors through a
system thinking

Brief Introduction to general system theory

Now let us discuss the issues how to calculate more
accurately C(t) and D(t). When C(t) and D(t) are
known, the calculation of Pf is standard and commer-
cial programs are available.10 Here I recommend the
use of a system thinking to identify the possible factors
affecting these calculations.

Von Bertalanffy was commonly regarded as the
founder of general system theory (GST) with his mile-
stone book.11 According to him, every problem we
encountered from concrete objects to abstract events or
processes can be regarded as a system. He called this
method a system thinking which is a new scientific
paradigm. Using system thinking, we can know that the
limit state function G is generally a function of other
variables such as environmental factors, material fac-
tors, structural factors, loading factors9 and each factor
may be highly influenced by human beings. From sta-
tistics we knew that most of structural accidents are
caused by human factors10 but we do not have good
theoretical tools to consider this influence.

Recently, it is demonstrated by Papageorgiou and
Kamperi12 that quantum probability theory developed
by Yukalov and Sornette13 may be able to overcome
this problem since this theory can consider the influ-
ences of biases, emotions and feelings of participants.
Basically, the probability for a composite prospect (pj)
can be written as

p pj

� �
=f pj

� �
+q(pj) ð3Þ

where the first term is called utility factor which corre-
sponds to the classical probability and the second term
is called attraction factor which can represent the pros-
pect’s quantum interference. So instead of the classical
probability theory frequently used in the reliability
analysis of a marine structure, it is recommended to use
quantum probability theory to do safety analysis for
marine structures.

In using the system thinking, the decomposition and
synthesis are the two general methods to be used and in
carrying out these two processes, three principles need
to be followed: the wholeness principle, the hierarchy
principle and the decomposition-coordination
principle.14

The principle of systemic wholeness refers to that
the system is an organic whole composed of several ele-
ments with certain new functions.14 The functions of
the whole are greater than the simple addition of the
functions of all elements. This principle of wholeness is
different from the traditional theory of holism. The

traditional holism does not encourage scientific
research on elements, so it can be called the synthesis
without analysis. The principle of wholeness is always
connected with analysis and synthesis. Analysis is to
decompose the whole into smaller parts for under-
standing and the cognition of parts is the main task of
analysis. However, it emphasizes that during this pro-
cess, some functions of the system may be lost and they
should be brought back during the synthesis.

The hierarchy principle refers to that due to the dif-
ferences in the elements that make up the system,
including the differences in the way of combination,
the quantitative differences of elements are arranged in
the same level while the qualitative differences are
arranged in the different level. This is defined as a hier-
archy which is an arrangement of items in which the
items are represented as being ‘‘above’’, ‘‘below’’, or ‘‘at
the same level as’’ one another. The hierarchy for the
safety of a marine structure is shown in Figure 1.14

The decomposition-coordination principle refers to
the decomposability and coordination of the system.14

That is, in order for a better understanding of the sys-
tem, the system is first decomposed into a number of
mutually connected and related parts. By studying and
coordinating the relations of these parts, the function
of the system can be optimized. Therefore, this princi-
ple is to emphasize the purpose of decomposition-
coordination to optimize the overall function of the
system by adjusting the relationship between subsys-
tems and large systems. In this way, there is an iterative
coordination process, in which the (local) optimization
of each subsystem is limited by the parameters given by
the superior coordination controller (or control
mechanism) and related subsystems. The most difficult
coordination problem is the coordination between local
optimization and global optimization. Coordination
can only be achieved through multiple feedback
adjustments.

Scientific research is inseparable from analysis.
Without analysis, it is impossible to go deep into the
inside of things and analyze the details of things.
Scientific research also should not be separated from
synthesis. Without synthesis, it is impossible to

Figure 1. A hierarchy for the safety of a marine structure.
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understand the whole system of study or the lost func-
tions among various elements. Thus, we can say that
synthesis is the depth of analysis, but also the destina-
tion of analysis. It is a revolution and progress of scien-
tific thought that the contemporary scientific research
paradigm changes from analysis to synthesis and from
classification to systematic synthesis. This system think-
ing is a very power tool for the study of the safety of a
marine structure.

Key factors in the calculation of the resistance of a
marine structure

Let us look at a typical scenario of marine structures
working at sea shown in Figure 2, they can be categor-
ized either as movable structures such as ships and
fixed structures such as platforms or surface structures
subjected to actions from winds and waves and under-
water structures subjected to only deep sea pressure.
But in terms of their capability to resist the external
loading, the strength can be expressed by the following
equation9:

C= f(M, S, L, E) ð4Þ

where M are material factors, S are structural factors,
L are loading factors and E are environmental factors.
Using such a systematic identification method, we will
not miss any important factors to affect the system.

For a given state of the structure, many methods are
available to calculate its ultimate strength such as ana-
lytical methods, semi-analytical methods and numerical
methods15 and most of the methods have been experi-
mentally validated to be quite accurate, say within 10%
of error. Therefore, the accuracy improvement to these
methods are not so urgent. Since strength is greatly
degraded by corrosion and fatigue crack and they are
very sensitive to human factors such as the manufactur-
ing quality and the maintenance, how to calculate accu-
rately the degradation state of the corrosion level and
the crack growth level are the key factors.

In general, we often thought that capacity C is inde-
pendent of loading (L), but only functions of material
factors M, structural factors S, and environmental fac-
tors E. However, in the fatigue crack growth process,
the load amplitude and load sequence will also influ-
ence the crack growth result and the strain rate and
temperature will also influence the material proper-
ties.16 Therefore, strictly speaking, the capacity of a
structure itself will also depend on the external loading.
This interaction has often been ignored in the safety
analysis.

Traditionally, we take material properties such as
Young’s modulus E, Poisson’s ratio n and yield
strength sy as the fundamental parameters for calculat-
ing the ultimate strength. As micromechanics pro-
gresses, we know that they are functions of other micro
parameters such as lattice structure and voids and now
people can design and improve the material properties

in the subatomic level. In this level, the human factors
such as how and who to measure the property will
influence the result. How to combine the micro scale
models with macro scale models is a challenging prob-
lem. Since material properties are the functions of the
same micro scale parameters, the dependence among
different variables such as yield strength, ultimate
strength, the Young’s modulus and toughness needs to
be considered.

In terms of fatigue, even up to now, all the rules in
the classification societies are S-N curve based and this
is basically the integration of the crack growth rate rela-
tion given by the following equation:

Nf =

ðaf

a0

1=
da

dN
da ð5Þ

The main implication of this relation is that the crack
growth rate curve and the S-N curve are not indepen-
dent if the failure definition is the same. Generally
speaking, the crack growth rate curve is more funda-
mental while S-N curves are one level higher. Both ini-
tial crack size and final crack size will have influence
on the S-N curves and thus without a clear specifica-
tion of these two parameters, it is not so meaningful to
use the S-N curves to represent the material proper-
ties.17 That can explain the wide scatter observed in
standard specimens.16 Furthermore, using S-N curve
approach to predict the fatigue life, the degradation
effect of crack size on ultimate strength can not be
considered.

So now more and more people are appealing to use
the facture mechanics approach to calculate the crack
growth under the fatigue loading process. However, in
selecting the crack growth rate format, most people still
select the Paris equation due to its simplicity. Certainly,
this expression cannot explain the load ratio (R=Kmin/
Kmax) and load sequence effects. So the accuracy of the
fracture mechanics approach depends on the capability
of the crack growth rate expression one used. This
involves two problems to be determined, the crack driv-
ing force and the function format.

Figure 2. A schematic representation of various marine
structures.
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The early concept of the stress intensity factor K
was proposed for linear elastic material. In order to
take account of the nonlinear material behavior, people
either use the J-integral or generalize the K concept by
including a plastic zone length. Up to now, the follow-
ing two problems have not been fully resolved:

1. Which quantity or quantities is (or are) the best
parameter(s) as fatigue crack driving force? Strictly
speaking, stress (s), strain (e), strain energy density
(e), stress intensity factor (K), the J-integral (J) and
the crack tip opening displacement (CTOD) can
all be used and if they are properly defined as a
single-valued function of load (P) or displacement
(d), they are equivalent. For describing the cyclic
loading, two independent parameters such as (min,
max) or (range, ratio) are necessary and they are
functions of the crack length (a). Therefore, three
independent parameters (two for cyclic loading
and one for crack length) have to be used to
describe the fatigue crack driving force. Any reduc-
tion such as from two-parameter of cyclic loading
to one as done in Paris equation will induce some
approximation and only be valid in a certain
range.

2. Whether can the crack growth rate equation cover
the whole fatigue crack process from microstruc-
tural level to macrostructural level, from crack
initiation to unstable fracture? A single crack
growth rate relation is certainly simple to handle
but some people, for example, Miller,18 have pro-
posed to divide the whole process into three regions
of microstructurally small crack, physically small
crack and long crack and to use three crack growth
rate curves to describe the whole crack growth pro-
cess. In such a situation, determination of the two
boundaries involves some difficulty. So strictly
speaking, fatigue crack growth is a multi-scale
problem and up to now, few researches have been
seen in marine community to consider this issue.

Even just consider a single crack growth rate equa-
tion for macro cracks, tests showed that the general
crack growth rate curve is of a sigmoidal shape as
shown in Figure 3. When the applied cyclic load is
lower than a threshold value, the crack will not propa-
gate and the component will have infinite fatigue life. If
the load level is slightly higher than the threshold, the
crack will propagate but with a very low crack growth
rate, so this is a high cycle fatigue (HCF) problem.
When the maximum load in a cycle reaches the ulti-
mate strength of a component, the component will fail
in that cycle. This is a static collapse condition if the
frequency effect is insignificant. If the maximum load
in a cycle is slightly less than the ultimate strength, the
static collapse will not occur in that cycle but crack will

propagate in a high rate. This is a low cycle fatigue
(LCF) problem. For LCF the maximum stress gener-
ally exceeds the yield stress of the material, so the non-
linear material behavior needs to be considered.

Therefore, the general crack growth rate curve
includes three regions. Region I is called threshold
region and for stress intensities below DKth, there is no
crack growth. Region II is a stable propagation region
while region III is an unstable region. In describing this
general crack growth rate curve, at least four material
parameters C, m, DKth and Kc needs to be determined.
How to determine more accurately these four material
parameters should be the current focus of fatigue
research for marine structures.9

Fatigue and fracture are our definitions of two fail-
ure modes for two ideal loading situations, constant
amplitude loading to failure and monotonic increase
loading to failure. Traditionally, these two problems
are separately treated, that is, strength theory for frac-
ture and S-N based theory for fatigue. However, the
actual failure of a marine structure is a continuous pro-
cess and in the fracture mechanics based approach,
these two methods can be combined into one. For any
variable amplitude loading a marine structure is sub-
jected to, it is a crack propagation process from initial
defect to unstable fracture. Thus, the structural strength
attained in the unstable fracture condition can be taken
as the ultimate strength of that structure. ‘‘Kmax = Kc’’
is the condition for unstable fracture and Kc is the frac-
ture toughness used to denote that condition. Whether
Kc is a material parameter or a structural parameter
needs to be further studied.

Corrosion will also affect the resistance and there
are two types of corrosion, uniform corrosion and pit-
ting corrosion and given the damage level of corrosion,
the calculation of the strength degradation has no

Figure 3. A representation of a complete crack growth rate
curve.

Cui 5



difficulty, but the prediction of corrosion damage with
time is quite challenging. Our present understanding of
the corrosion mechanism is still inadequate.19

Key factors in the calculation of the loading of a
marine structure

The loading to a marine structure can be expressed by
the following equation:

D=f(M, S, E) ð6Þ

In this equation, material factors may only be relevant
for some special structures such as hydroelasticity plays
a significant role. In general, we are calculating the
structural loading under winds and waves. Nowadays,
for a given wind or wave condition, the loading can be
calculated quite accurately using analytical, semi-
analytical or numerical methods.15 The key difficulty is
the determination of the design load for the next 20 to
40 years for the marine structure. It is well-known that
due to the technology progress, the influence of the col-
lective human behavior on climate change becomes
larger and larger. The quick increase of the carbon
dioxide content in the air, the rise of the sea level and
more frequent extreme environmental disasters in
recent years provide some evidences for this statement.
Therefore, extrapolation from the past statistics to
derive the future design load involves a large uncer-
tainty. In order to reduce this uncertainty, some sort of
feedback model which can take account of the influence
of the collective human behavior on earth is needed.

As mentioned, marine structures have two types,
fixed platforms and movable ships. Due to the progress
of weather forecasting, people can know the extreme
wind and wave state at some early time say one to three
days earlier before its occurrence and this gives the
chance for the movable structure to avoid the encoun-
ter of extreme sea state through changing the course of
cruise. Therefore, for such a type of structures, we can
guarantee the maximum loading not to be exceeded
through management.

For the fixed structure such as a platform, tradition-
ally the structure is designed directly against the
extreme sea state. This may not be the most cost-
effective way to handle the extreme sea state. Other
methods such as to design the structure with a diving
capability may be worth exploring. Before the typhoon
arrives, the top part of the platform may dive to 50m or
100m below the surface in order to avoid the encounter
of the extreme wind and waves. This might be more
cost-effective especially when no people are required to
stay on-site for operation.

In terms of the conventional wind and wave loading,
accidental loads such as explosion, collision and
grounding may be more severe and for this type of
loading, the prevention procedure may be more effec-
tive than increasing the resistance.

A practical example for illustration

Let us take a platform as an example to demonstrate
how to apply a system thinking approach to analyze the
safety of this platform.

A design company (A) is contracted from a govern-
ment (B) to design, manufacture and install a platform
at sea location (C) and this platform will be operated by
company (D) owned by government (B). In the design
contract, it is specified that the platform should work
safely for the next 25 years after installation. And our
question now is that whether this platform is really safe
in the next 25 years or how the operator (D) makes
efforts to realize this target.

The life cycle of a platform is generally divided into
five stages, design, manufacture, installation, operation
and decommission. Each stage will involve quite a lot
of persons to participate and the quality of the finished
work by these professionals have significant impact on
the safety of this platform.

In the design of the platform, the first task of the
design team is the determination of the design load. The
current practice is to collect the historical weather data
at this site (C) and apply a statistical analysis method
specified in the design rule to derive the design load.
After that, the structural designer will design the plat-
form with a predefined probability of failure. In order
to reduce the human errors in the design and calcula-
tion, a classification society is involved to approve the
design. In this stage, the methods to calculate the load-
ing and resistance play a significant role.

Then, the design company will sub-contracted to a
manufacturer (E) to manufacture and install the plat-
form to the site (C ) and after the test operation, the
platform is handed to company (D) for commercial
operation. Certainly, the material properties and manu-
facturing quality of the structure are very important.
The on-site installation of a platform in the severe sea
state is also a challenging task and will after the quality
of the installation. In order to guarantee the qualities
in these two stages, the classification society is also
involved and most of the problems at these two stages
can be detected and removed in the test operation.
Both A and E have finished their duties now and from
onwards, the safety of this platform is supposed to be
in the hand of D. Let us help D to identify the potential
risks to the safety of this platform.

The first risk is certainly the extreme weather such as
hurricanes and tornadoes. Theoretically speaking, if the
platform encounters a state of extreme weather more
severe than the design state, the platform will fail. The
occurrence of this situation is certainly not in the hand
of D and even any stakeholders. However, if the plat-
form is designed to have the capability to lower the
platform below the sea surface, the risk can be avoided.
Therefore, D can play some role if he sets the require-
ment in the design contract.

The second risk is by accidents. For example, the
platform is collided by a sailing ship due to the fog. In
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order to avoid this risk, some sort of automatic detec-
tion and warning measures and protection measures
may be effective. The collision analysis is helpful to
reduce this risk.

The third risk is the poor inspection and mainte-
nance. Theoretically if the weather condition does not
exceed the design state, the platform should be safe.
However, after installation, the platform is subjected to
external fatigue loading and corrosive environment.
Cracks may occur at some high stress locations and all
the steel structures are corroded. The actual structural
resistance is degrading all the time. If this problem is
not detected immediately and no repair measures are
taken, the platform can collapse at a load level lower
than the design load. So the calculation of the actual
resistance considering the influences of fatigue cracking
and corrosion is useful at this stage but the most effec-
tive measure is certainly the good inspection and main-
tenance. In order to make sure the maintenance is
adequate, the classification society is also requested to
be involved.

The fourth risk is the attack from human beings.
Suppose the site (C ) is located in a disputed area
between two countries of government (B) and govern-
ment (F), and if government (F) decides to attack the
platform, then, operator (D) is hard to manage this sit-
uation and the safety is in the hands of politicians. A
recent airplane accident of Boeing 737-8KV of
Ukrainian flight PS752 is a typical example of this risk
and in the future, this type of risks may become more
and more dominant.

Some potential problems from a system
perspective

As is well-known, the whole universe is a connected
web and everything including a life or a lifeless object is
connected with the rest of objects through various
forces and at the moment we only know four types of
forces existed between two objects, the gravitational
force, the electromagnetic force, the weak nuclear force,
and the strong nuclear force. We are not sure whether
these four types of forces are complete or not. It is still
possible that new type of forces may be found and this
will certainly affect the system behavior. Secondly, how
many substances exist in the universe? The early materi-
alist philosophy thought that matter made of insepar-
able atoms is the only fundamental substance in the
universe, but later, we have found that atom can be fur-
ther decomposed into other small particles such as lep-
tons, quarks, and gluons. Now we are even less sure
whether these smaller particles than atoms are insepar-
able or not. From special relativity theory, Einstein
pointed out that any particle with mass is equivalent to
energy, m=E/c2, where c is the speed of light, thus,
energy may be more fundamental than particles. In the
development of cybernetics, the concept of information
was used and Norbert Wiener defined information as

neither matter nor energy,20 so what is it? Afterwards,
in explaining the expansion of the universe, dark matter
and dark energy have been introduced,21 so now there
are five physical substances (matter, energy, dark mat-
ter, dark energy, information) existed in the system we
are going to study including the system of the safety of
a marine structure, what are their relations among the
five substances? How many fundamental substances?
Any system is a part of the universe and it is an open
system. An isolated system or a closed system is a sim-
plified assumption and it may be valid for some partic-
ular problems. At the moment, we have some measures
to prevent the exchange of matter and some types of
energy and information, but no measures to prevent
the exchange of other types of energy and information,
and no measures to prevent the exchange of dark mat-
ter and dark energy at all. Whether these exchanges will
affect the system behavior is also the issue we need to
concern. We may continue to neglect the influences of
dark matter and dark energy but the influence of infor-
mation on the stakeholders must be considered since
each person has a mobile phone and can receive infor-
mation instantaneously. It is well-known that stake-
holders have great influence on the safety of marine
structures. From these questions, we can realize that
the issue of the safety of a marine structure is also
related to the frontier subjects such as information sci-
ence and technology, cosmology, general relativity and
quantum mechanics. We should closely monitor the
progresses in these fields in order to provide more accu-
rate prediction for the safety of marine structures.

Challenges for advanced safety studies of
marine structures

The problems potentially encountered in the analysis of
the safety of a marine structure have been identified in
previous sections by applying a system thinking
approach and in this section, some challenges for
advanced safety studies of marine structures are sum-
marized again for an easy reading.

The first challenge is the unification of deterministic
thinking and the probabilistic treatment for the safety
analysis of marine structures. Currently there are two
different beliefs on the system behavior, one is the
deterministic belief that the operation of any system is
governed by deterministic laws and our human beings
are able to reveal these laws and the second belief is that
fundamentally speaking the operation of any system is
random but we can find some statistical laws for the
collective behavior of elements. From the present
author’s point of view, the second belief is preventing
the deepening researches. With the first belief, the scien-
tific research can be carried out in two directions. One
is to solve the engineering problem with current knowl-
edge of influencing factors. It is obvious that for a com-
plex problem such as the safety analysis of marine
structures, many influencing factors have not been
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identified and in this case, the probabilistic method is
more advanced than the deterministic method in deal-
ing with the uncertainty. In particular, the structural
safety is often associated with accidents which are the
result of volatile, uncertain, complex and ambiguous
(VUCA) environmental and operational conditions.
The utilization of risk-based methods along with the
probabilistic characterization of all aspects is currently
the best way to effectively manage VUCA environ-
ments and ultimately resolve such challenges.22,23

However, we should not stop here and further
researches to identify more influencing factors should
be carried out. For example, for the prediction of fati-
gue life, present design rules are mostly based on the S-
N curve approach and in this approach, the initial
defect size, the final crack size, the load ratio and the
load sequence are all ignored but many experiments
have demonstrated that these factors are very impor-
tant to fatigue life. In order to consider these factors, a
fracture mechanics based approach is developed. These
two lines of research should compliment with each
other rather than the conflict of two philosophical
beliefs. In equation (1), both C(t) and D(t) are treated
as random variables but strictly speaking, they are ran-
dom processes. To estimate the statistical properties of
the random process is much more complex since they
are non-stationary. The effect of this simplification
from random processes to random variables is certainly
worth further investigating.

The second challenge is the environmental predic-
tion considering the feedback influence of human beha-
vior. The safety design of a marine structure mainly
involves three aspects of calculations, to predict the
future environmental data based on past measurement,
to calculate the design load based on the predicted
future environmental data, to calculate the structural
response and damage based on the design load. In the
past, most of the researches focused on the second and
third problems and the linear extrapolation method is
used for the first problem. However, due to the tech-
nology development, the influence of human behavior
on the environment becomes more and more impor-
tant, and the linear extrapolation is found to be far
away from the real situation. This feedback influence
should be considered. Furthermore, ocean movement is
a global phenomenon and it may be influenced by
other stars in the solar system. Similar as in the hydro-
dynamics calculation, we need to analyze the fluid field
much larger than the ship, if we want to predict the
ocean movement better, we may need to analyze the
whole solar system.

The third challenge is the integration of new develop-
ments in other fields of sciences into the safety analysis
of marine structures. From a system point of view, the
whole universe is the largest system and any other sys-
tem we study is a subsystem of this general system. All
the subsystems we can study are open systems which
can have exchange with the environment of potential

five substances (matter, energy, dark matter, dark
energy, information), how to determine the exchange of
these five substances at the boundary is a big challenge.
Furthermore, most of the laws are derived under the
condition of a closed system or an isolated system
which does not exist in reality. Thus, what are the appli-
cation range of these laws should be scrutinized. Of
course, these fundamental problems are very challen-
ging and may take a long time to be progressed in other
subject fields. However, some of the cutting-edge
research tools and technologies, such as ship big data,
artificial intelligence, ship digitalization, new materials
(composite, very high tensile steel), can be immediately
applied to the safety analysis and prediction of marine
structures.

Summary and conclusions

Safety of marine structures is very important and the
problem has been investigated for many decades and
many scientists such as Caldwell, Ueda, Mansour,
Faulkner, Hughes, Pedersen, Moan, Guedes Soares,
Melchers, Paik and Shenoi have devoted their whole
academic lives to develop more accurate methods to
calculate the resistance, the loading or the probability
of failure for a given marine structure. In this special
issue to acknowledge the great contributions made by
Prof. Ajit Shenoi, I took a systemic approach to reexa-
mine the nature of the problem based on my own
research experience with an intention to identify some
key areas for future research. My main points can be
summarized as follows:

1. The safety of a marine structure is a very complex
system issue and the designer cannot guarantee the
safety of the structure. Other stakeholders and
even the general public could also play a big influ-
ence on the result. In the platform example, the
politicians are identified as a significant player in
the safety of this platform which are outside of the
designers and operators.

2. In recognition to this complexity, a scientific
researcher could select a deterministic worldview
or an indeterministic (probabilistic) worldview.
This selection may not have much difference for
the short-term practical application but for the
long-term understanding, a deterministic world-
view is more logically consistent for the justifica-
tion of scientific research and beneficial.

3. In order to guarantee the safety of a marine struc-
ture, the extreme loading avoidance procedure may
be much more cost-effective than increasing the
resistance of the structure. Therefore, human fac-
tors must be considered in all the processes relevant
to the safety of the marine structure. Mathematical
models which can explicitly consider these human
factors are in urgent need. Quantum probability
theory can act as a starter.
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4. In the determination of the design load for a marine
structure working for the next 20 to 40 years, tradi-
tional extrapolation method based on past history
data is at risk and one needs to use a feedback
model to consider the influence of collective human
behavior on the earth on wind and waves.

5. In comparing the resistance and load calculations,
the uncertainty in loading is much higher than that
in resistance, so further reduction of the uncer-
tainty in resistance calculation is not very effective
to the improvement of the safety of marine struc-
tures. As we know the accuracy of predicting the
safety of a marine structure based on equation (1)

is approximately equal to
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
e2c + e2D

q
, where eC and

eD are the accuracies of loading prediction and
resistance prediction, respectively. Presently the
accuracy for the resistance prediction may be less
than 10% while the accuracy for the loading pre-
diction may be higher than 20%. Thus, the reduc-
tion of eC is much more effective than the further
reduction of eD.

6. In order to improve the accuracy of resistance cal-
culation, accurately predicting the time degradation
factors such as the corrosion progress or the crack
growth should be the key focus. These results can
be combined with the existing calculation methods
for the ultimate strength calculation. A simulation
software to model the whole degradation process of
the structural resistance would be helpful.

7. Any system is a part of the universe and it is con-
nected with the rest of the universe through the
exchange of matter, energy, information, dark matter
and dark energy. Whether these exchanges will affect
the system behavior is also an issue we need to con-
cern. In particular, we know that information can
affect the human behavior significantly and since
almost every stakeholder has a mobile phone and sta-
keholders play some quite important roles in ensuring
the safety of a marine structure, this influence should
be considered. Therefore, the issue of the safety of a
marine structure is also related to the frontier subjects
such as information science and technology, cosmol-
ogy, general relativity and quantum mechanics. We
should closely monitor the progresses in these fields
in order to provide more accurate prediction for the
safety of marine structures.
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