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Abstract. Offshore platforms are large structures consisting of a large
number of components of various types. Thus a variety of methods are
usually necessary to assess the structural reliability of these structures,
ranging from Finite-Elements-methods to Monte-Carlo-Simulations. How-
ever, often reliability information is only available for the members and
not for the overall, complex, system. The recently introduced survival
signature provides a way to separate the structural analysis from the be-
haviour of the individual members. Thus it is then possible to use struc-
tural reliability methods to obtain information about how the failure
of several constituent members of the offshore platform leads to overall
system failure. This way it is possible to separate the structural from
time-dependent information, allowing flexible and computationally effi-
cient computation of reliability predictions.
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1 Introduction

Offshore jacket platforms are generally used for oil and gas production in shal-
low and intermediate water depths. Adequate performance of the platforms is
ensured by designing for a service life. However, a large numbers of these steel
structures are operating exceeded their design life due to high cost of replace-
ment. Consequently, the safety of these offshore platforms creates strong reasons
to develop effective methods for the reliability assessment.

For large offshore structures, reliability measures usually concern the struc-
tural reliability under the impact of external influences such as fatigue, and
corrosion environment. As structural reliability concerns the behavior of an ob-
ject under physical conditions, a safety assessment should prove that the risk
of structural failure is acceptable. The standard methods give some indications,
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such as design code, reserve strength ratio, and a probabilistic value. Design
codes are claimed to be very conservative, as more knowledge of the structure is
gained through some years after design thereby leading to more accurate anal-
ysis results. Methods based on reserve strength ratio can provide insight into
the reserve strength of a structure [12]. The reserve strength ratio (RSR) can
be obtained from the ratio of ultimate load capacity of the structure divided
by the 100 year design load. But it will not cover possible failure modes that
could happen to the structure as it provides information regarding the global
failure phenomenon as well. Structural reliability methods typically account for
the capacity versus loading, particularly deal with uncertainties of structural
loads and their effects as well as resistance [14].

Reliability theories basically developed from the concepts of uncertainties
(wind, wave and earthquake). An incremental loading approach till the ulti-
mate capacity was conducted for structural reliability is delineated. However,
the structural reliability methods are not sufficient measures as they are not
consistent with the derivation of the reliability target levels. This is because the
reliability assessments deliberates the reliability considering the intensity of en-
vironmental conditions (Loads, Corrosion) but not give enough information over
time rather these provide information over fixed time. To reduce risk, a better
approach is to consider all functional parts of the structure, if present (facili-
ties on offshore platforms, the connections between platforms, pipes, dominant
failure modes etc.), exploring patterns and inter-relationships within subsystems
and seeing undesired events as the products of the working of the system. Some
conventional tools have been used including Failure Tree Analysis (FTA) [11],
Failure Mode and Effects Analysis (FMEA) [9], recently, researchers are pay-
ing more attention to the statistical techniques. For instance, grey correlation
analysis [2], Bayesian Probability [19], Neural network [21], Fuzzy logic evalua-
tion [8, 20] and survival signature computing [4] have been applied to the risk
assessments in engineering and related fields.

The aim of this paper is to contribute to offshore reliability assessment by us-
ing the recently developed survival signature formalism [4]. With this formalism
it is possible to predict the reliability of a complex system (as, in this case, an
offshore platform) from knowledge about the individual constituents (the plat-
form members). With this, it is possible to divide the reliability assessment into
two individual steps. Firstly the system structural system is analysed. This is
achieved through finding the combinations of failing members that lead to to-
tal failure of the whole offshore platform. Secondly, the information about the
members’ reliability over time is multiplied with the corresponding entries of the
survival signature to predict the overall reliability.
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2 The Survival Signature

2.1 System Reliability Applying the Survival Signature

The state of a any system set together of m independent and different compo-
nents can be represented by a state vector x ∈ {0, 1}m with xi = 0 denoting a
dysfunctional and xi = 1 a functional component i.

The global structure function ϕ : {0, 1}m → {0, 1} contains information
whether the system is in a working state (ϕ = 1) or not (ϕ = 0 ) for any possible
x. Usually the observed systems are restricted to coherent systems. This refers to
systems with ϕ not decreasing in any dimension of x. This assumption is sound
as most common systems are not becoming dysfunctional while gaining more
functional components. Two additional assumptions are ϕ(0) = 0 and ϕ(1) = 1.
These are intuitive, yet not necessary. However, in this paper the monotonicity
of the system is assumed and thus these two conditions and the coherency of the
system are assumed as well.

For more complex systems, every component belongs to one of K different
types, while each set of components of type k ∈ {1, 2, ...,K} consists of mk

elements and the sum of all mk equals the number of components
∑K

k=1 = m
. The amount of functional components of type k present in the system are
denoted as lk. This leads to

(
lk
mk

)
possible combinations of component type k

under the assumption of independent failure of all components. Then the set S(l)
is the collection of all state vectors that fulfil the condition that l = (l1, l2, ..., lk)
components are working. The system’s survival signature Φ is now defined as
the probability that the system is functional if exactly lk components of type
k are functional [23]. The survival signature is an array of K dimensions with
mk+1 entries in each dimension (including the case that none of the components
of that type function). For components with exchangeable random failure times
the survival signature is given by

Φ(l1, l2, .., lK) =

[
K∏
i=1

(
lk
mk

)]−1
×
∑

x∈S(l)

ϕ(x). (1)

The survival signature can be applied to the computation of the survival
function of the system: P (TS > t). It provides the probability that a random
failure time TS of the system follows a specific point in time t. This provides the
reliability of the system in time. Under the assumption of the failure times of the
components being independently and identically distributed (iid), with respect
to a known cumulative distribution function [15]. Fk(t), the survival function of
the system observed is found to be

P (TS > t) =

m0∑
l1=0

...

mk∑
lk=0

[
Φ(l)×

K∏
k=1

(
lk
mk

)
Fk(t)mk−lk [1− Fk(t)]

lk

]
. (2)

Eq. (1) and (2) indicate show that - for exact computation - many different
states need to be evaluated and that the size of the survival signature itself is
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growing multilinearly. However, for small- and medium-sized systems the sur-
vival signature can be calculated exactly or by Monte Carlo Simulation methods.
The use of signature frameworks can be useful in several ways. It seperates the
information about the system in two subproblems to be solved. If the system
structure is unchanged, the survival signature stays the same even if the be-
haviour of the components changes. Thus testing of components in simulations
is computationally efficient. Additionally, additions to the framework can easily
be done, for example in case of repairable systems [22] or in case of components
with multiple states [5].

2.2 Obtaining the Survival Signature from Structural Simulations

The calculation of the Φ necessitate knowledge about the behaviour of the system
under failure of the components. Usually due to complexity, an explicit global
structure function is often not given. Instead, the states of the system can be
evaluated by various means, including reliability block diagrams and cut-sets,
binary decision diagrams, and failure tree analysis [17].

With reliability block diagrams, it is simple to visualize the behaviour of small
systems. However, the search of cut-sets in a block diagram is NP-hard and can
be very time consuming [18]. Binary decision diagrams can provide fast means
to calculate the survival signature once the decision diagram data structure is
available. However, the calculation of the decision diagram is also dependent on
finding the cut-sets of the system and can be, inherently, slow.

For structural reliability, one is usually concerned with the behaviour of a
structure under load. Thus the interaction of the various components is not
modelled in any way described above - instead, the structure is modelled and
analysed in frameworks of mechanical simulation methods (commonly, finite el-
ements methods) concerned with the actual physical behaviour.

In this work, a bridge over this gap is presented. A large structure consists
of several, possibly redundant, components. This means that the system might
still be operational after the failure of some of the components. Thus, structural
simulation can show various failure modes of the system under load. If a struc-
tural simulation of the structure results in a failing component, the structure is
updated and the simulation started again. This is repeated until the simulation
results show that the structure is failing in total. All failed components until
this point are saved in a failure mode. By variation of the load parameters, all
components prone to failure are identified and several failure modes are identi-
fied. These failure modes can be used as cut-sets in computation of the survival
signature. Equation (1) can be evaluated using these cut-sets to compute the
values of ϕ(x) for all x (exact computation) or a representative sample (Monte
Carlo Simulation). In this study, the Monte-Carlo approach was used as the
amount of combinations to be checked is of medium size. The largest amount of
combinations that is possible is for the entry placed directly in the middle of the

array (
(
3
2

)3 · (84) = 1890). Thus a sample size of 2000 samples was used.
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3 Reliability of an Offshore Jacket Platform

3.1 Structural Model

The jacket platform is taken from [16]. The Jacket is designed for shallow water
depth of approximately 65.31 m. It is a 4-legged jacket containing pile inside
the legs. The jacket is modeled as 2× 2 square grid. The overall dimensions are
8× 8 m at top elevation and 21.76× 21.76 m at the mud line. The total height is
81 m. Two types of bracings are used named as horizontal bracings and vertical
bracings. The horizontal bracings are installed at five levels. The vertical bracings
are provided as single bracings till the bottom level. At the bottom level, it was
provided as K-bracings to impart more stiffness and reduce buckling. The jacket
support/foundation is modelled as fixed support system. The jacket is modelled
in SAP2000 as shown in Fig. 1. Member properties of the jacket are also taken
from [16]. The top mass of the oil and gas platform is simplified as a lumped

(a) (b)

Fig. 1. (a) Three-dimensional model of the jacket (b) Grouping of the components

mass for the easiness finite element modelling. The total weight of the topside
is assumed as 1250 tons, which is equally applied over four legs where each leg,
is carrying 312.5 tons at the top nodes of the jacket structures platform.

3.2 Generation of Failure Tress

Non-linear static (pushover) analysis is performed to understand the behaviour
of structure against lateral load pattern following the procedure of FEMA356
[6] and [9]. The behaviour of the force displacement curve can be observed from
the analysis as well. In this step, the structure is incrementally loaded over its
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yielding capacity and to observe the ultimate load level. The failed elements are
recorded up to the ultimate load level. Here the damage level is not considered
because the aim is to grasp the failure behaviour of members up to ultimate
load level. Here the term failure behaviour is defined as how the member fails
chronologically and which member is followed by another member. Load has
been applied along three different directions comprising of 0◦, 90◦ and 45◦. The
typical pushover curve is shown in Fig. 2 which is adopted from FEMA356 [6]
and the ultimate load level is the point ’C’. The failure tree can be observed in
Fig. 3.

Fig. 2. Non-linear force curve

Fig. 3. Failure tree of the offshore platform under various loads
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The tree is generated for three different load directions. For zero degree of
direction, the first damage is observed in member 26. After that, this member
is followed by members 31, 41, 30, 27, 38, and 49. When the damage initiates
in member 49, the load level reached the ultimate level. For 90 degree direction,
the first damage can be noted in member 28. The other members are 38, 55, 32,
29, 44 and 50. In case of 45 degree loading direction, the first damage is detected
in 3 members in parallel labelled as 31, 28 and 26. The reason behind this is that
the load is equally distributed over 2 orthogonal directions which caused three
members to fail at once.

3.3 CDF of Component Types

After the successful identification of the failure-prone members of the offshore
platform, it is necessary to choose proper cumulative distribution functions
(CDF) for the calculation of the survival function. In this study, the compo-
nents are the failure-prone members of the platform grouped in four different
types according to tube total diameter (di) and wall thickness (τi). These groups
can be found in Table 1.

Table 1: Overview of the failure prone component types
Group di [m] τi [m] µi σi

3 0.013 0.406 1.000 0.895
4 0.010 0.356 0.769 0.805
9 0.013 0.550 1.000 1.000
10 0.019 0.559 1.462 1.008

As many environmental factors influence each platform individually (cor-
rosion rates, ocean movement, fatigue, and usage of protection measurements
against these), in this study a general log-normal distribution is assumed. The
two form factors (mean µ and standard deviation (σ) are under strong influ-
ence of the environment and the individual situation the platform is modelled
or investigated in.

Thus, as a proof of concept, the mean time of failure and standard devia-
tion is assumed to be of unity for the component group 3. To properly scale the
other groups’ parameters, in first order approximation, the mean follows µi ∼ τi
and σi ∼

√
di, respectively. In an applicated situation, the distribution of failure

times can be obtained in dependence of the individual situation. As corrosion is
one of the most important influences to offshore reliability, the corrosion rate can
be measured over time and compared with the thickness of the affected members
to estimate the probability that a member has corroded to an unstable state at a
given time. Additionally the corrosion can be modelled if precise measurements
and knowledge about the situation is available (e.g. salinity, pH value and corro-
sion countermeasures). Also the influence of fatigue can be taken into account.
In the most optimal case, a thorough study of the material behaviour can be



8 Tobias-Emanuel Regenhardt, Md Samdani Azad et al.

done on similar structures already present. The repair and maintenance rates
can be easily adopted to estimate values for the mean values of the failure times
of a certain component type (standard deviation is then just a matter of how
the data spreads).

Measurements concerning the structural properties that relate to time-dependent
reliability are, as all measurements, to some degree imprecise. Additionally, many
aspects of the temporal behaviour of the structural elements is only known to
a certain degree beforehand. Thus imprecision has to be taken in account. To
demonstrate imprecise probabilities in this case, the survival function can be
computed by using an upper and lower bounds (F k(t) and F k(t)) for the CDF
together with the survival signature formalism [4]

P (TS > t) =

m0∑
l1=0

...

mk∑
lk=0

[
Φ(l)×

K∏
k=1

(
lk
mk

)
F k(t)mk−lk

[
1− F k(t)

]lk]
, (3)

Fig. 4. Survival functions of the system

In this example, the highest and lowest value of µi was chosen to generate
upper and lower bounds for the CDF and thus to generate a bounding p-box
for the time-dependent reliability. The corresponding survival functions can be
found in Fig. 4. The survival functions not only show the expected behaviour
in reliability for the whole system, it becomes also clear that using only slightly
different probability distributions can have grave impact on the long term relia-
bility of the system.
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4 Summary

This study shows that structural information can be obtained in order to apply
the survival signature formalism - which originates from system reliability - to
structural problems.

With the introduced method, it was possible to identify the members of the
offshore structure whose failure leads to overall system failure. It becomes clear
that under load only a selected few of the components of the platform are relevant
to the failure modes of the platform. This reduces the amount of components
to be considered in the system reliability measurements and makes the analysis
using system reliability methods feasible. Originating from observations made
during the initial state of the system a reasonable prediction of the behaviour in
time can be made. For example, a maintenance cycle can be defined by setting a
certain value for the reliability: as soon as the reliability is less than the defined
value, maintenance has to occur.

However, individual temporal behaviour is highly dependent on the environ-
mental situation and has to be implemented carefully. The impact of imprecise
probabilities is to be taken into account properly in the future.
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