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SECTION 1 GENERAL

1 General

1.1 Context

1.1.1  The API-RP-2SIM has emphasized the value of using
risk-based approach to develop effective inspection strategy
and program. It provides general guidelines to assign a risk
category to a platform and details on the inspection strategy
derived from the risk results. It sets out, also, the main factors
to consider in assessing platforms' risks when owner/opera-
tors decide to adopt specific risk categorization e.g. detail
risk assessment techniques or complex risk matrices. 

The Society contributed to the joint industry project for the
development of the API-RP-2SIM. It has produced risk-
based structural integrity methodologies for offshore jacket
platforms based on API recommendations. It has, also,
developed a fatigue-based probabilistic method to deter-
mine inspection frequency of tubular welds with higher
likelihoods of fatigue failure.

1.2 Scope of the document

1.2.1  This Guidance Note sets out the main recommenda-
tions and requirements of the API-RP-2SIM for implement-
ing a risk-based structural integrity management for offshore
jacket platforms. It includes, also, relevant guidance from
other international standards and from reference reports
and papers.

The Society service offer is also presented. It includes meth-
ods which apply, respectively, to a fleet of platforms, a plat-
form unit and the structural components. It implements all
types of risk assessment from qualitative to fully quantitative.

1.3 Overview of API guidance

1.3.1  The API-RP-2SIM includes guidance for risk-based
approach to structural integrity management of offshore
jacket platforms. It provides general guidelines for assigning
a risk category to the platforms in terms of the exposure cat-
egory and the likelihood of failure. The exposure category is
defined with respect to life safety exposure and conse-
quence of failure including the environmental and the eco-
nomic impact. A description of the relevant factors to
consider for determining the life safety exposure category
and the level of consequence of failure is also given. The
standard allows qualitative, semiquantitative, or fully quanti-
tative methods to be used in assessing the level of likelihood
of failure. However no detail is given on how to implement
those methods. Only general guidelines are defined for the
assessment of the likelihood of failure category.

The risk-based inspection strategy is specifically concerned
with the routine underwater inspections. However, it
requires that a baseline inspection was conducted and it
should use the findings from the above-water inspections
and the eventual post-event inspections. The API-RP-2SIM
gives detailed recommendations for determining inspection
strategy from the risk categorization, including risk-based
inspection intervals and work scope, survey techniques and
deployment methods. Typical ranges of risk-based inspec-
tion intervals are provided with respect to the platform risk
level along with a description of the inspection scope of
work. The associated risk-based inspection program has to
be a minimum level II survey, according to the API classifi-
cation of survey levels, but has to specify if higher survey
levels (e.g. level III and IV) are required. 

When risk-based approach is not adopted, API provides a
default inspection program including pre-defined in-service
inspection intervals and survey levels based on the expo-
sure category only.

The recommended practice provides, in addition, general
guidelines on risk reduction options when a jacket platform
is deemed as no longer fit-for-purpose.

1.4 Overview of the Society’s methods

1.4.1  The Society has developed three methods for risk
assessment and inspection plan development as part of the
risk-based structural integrity management of offshore
jacket platforms, namely:
• a high level risk-based SIM method
• a risk-based SIM method for a jacket platform

• and a fatigue-based probabilistic method.

1.4.2  The high level method applies to a fleet of jacket plat-
forms and uses a qualitative risk assessment method. It
allows a risk category to be assigned to each platform of a
fleet and inspection intervals and general inspection
requirements to be developed based on the API guidance
and the inspection trends. The risk assessment method
serves as a mean to provide relative risk ranking of the plat-
forms in a fleet, in order to identify the platforms most at
risk and which require more inspection focus or a detailed
risk analysis. It can also serve as a mean to compare given
inspection strategies in order to identify the best one with
respect to the risk impact or to another specific decision cri-
teria adopted by owner/operators.

1.4.3  The risk-based SIM method for a jacket platform pro-
vides a global risk assessment which allows inspection
interval and inspection requirements based on API guid-
ance to be defined. It provides also local risk ranking of the
platform's structural components, which allows, if required,
the local inspections' scope of work to be defined. The
global risk assessment allows using of the qualitative
April 2017 Bureau Veritas 5
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approach of the high level method or structural analysis
results (e.g. reserve strength ratio) to develop inspection
planning. The local risk ranking uses a semi-quantitative
approach based on the results from in-place analysis and
fatigue analysis. The method should be applied, following
the high level method, on the platforms the most at risk and
which require a more detailed risk analysis.

1.4.4  The fatigue-based probabilistic method uses a full
probabilistic approach to develop inspection planning for a
platform's welded joints subject to fatigue. It requires a
fatigue analysis and several ultimate strength analyses to be
carried out. The fatigue analysis allows the welded joints
with higher likelihood of fatigue failure to be identified. The
ultimate strength analyses include a pushover analysis of
the structure in its intact condition and pushover analyses of
the structure in damage condition assuming a fatigue failure
on the identified higher-fatigue welded joints taken sepa-
rately. Structural reliability methods are used to compute
the probabilities. The probabilities of fatigue failure of the
selected welded joints and the probabilities of collapse fail-
ure of the associated damaged structures are computed.
Those probabilities are then combined to derive the proba-
bility of collapse failure of the platform. The optimal inspec-
tion plan is given by the one that minimizes the expected
operational cost, including inspection and maintenance
cost and failure cost. This method suits the jacket platforms
for which the welded joints that are critical for the structural
integrity (e.g. end connections of primary members) are
reported to have higher likelihood of fatigue failure.

1.5 Organization of the document

1.5.1  In addition to the current introductive section, this
Guidance Note includes two sections. The first one
addresses the key elements the risk-based SIM of offshore
jacket structures according to the API-RP-2SIM supple-
mented with relevant guidelines from other international
standards and reference reports and papers. The second one
presents the Society service provision, including the high
level SIM method, the SIM method for one jacket platform
and the fatigue-based probabilistic method.
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3 Acronyms

3.1

3.1.1  
ACFM : Alternating Current Field Measurement
ACPD : Alternative Current Potential Drop

API : American Petroleum Institute
CoF : Consequence of failure
CP : Cathodic Protection

CVI : Close Visual Inspection
ECD : Eddy Current Detection
ETA : Event Tree Analysis

FEM : Finite Element Model
FFP : Fitness-For-Purpose

FMD : Flooded Member Detection
FORM : First Order Reliability Method
FTA : Fault Tree Analysis

GPS : Global Positioning System
GVI : General Visual Inspection
HAZID : HAZard IDentification

JIP : Joint Industry Project
LAT : Lowest Astronomical Tide
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LoF : Likelihood of Failure
MPI : Magnetic Particle Inspection
NDT : Non Destructive Testing
PA : Phase Array
PLL : Potential Loss of Life
POB : Personnel On Board
PoD : Probability of Detection
PoF : Probability of Failure
QRA : Quantitative Risk Assessment
RAC : Risk Acceptance Criteria
RAO : Response Amplitude Operator

RBI : Risk-Based Inspection

ROC : Receiver Operating Curve

ROV : Remote Operating Vehicle

RP : Recommended Practice

RSR : Reserve Strength Ratio

RT : Radiographic Technique

SCF : Stress Concentration Factor

SIM : Structural Integrity Management

SMR : Strengthening Modification and Repair

TOFD : Time of Flight Diffraction.
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SECTION 2 RISK-BASED STRUCTURAL INTEGRITY 
MANAGEMENT OF OFFSHORE JACKET PLATFORMS

1 Introduction

1.1 General

1.1.1  Risk-based SIM uses risk analysis to develop SIM
strategy, including inspection strategy and risk reduction
measures, with respect to the actual risk level.

1.2 Inspection plan

1.2.1  The overall inspection plan for offshore jacket struc-
tures includes the following types of inspections:

• routine above-water inspections to evaluate the condi-
tion of the platform topsides and which should be con-
ducted on an annual basis

• a baseline underwater inspection to determine the as-
installed condition of the platform

• routine underwater inspections to evaluate the condi-
tion of the underwater portion of the platform and
appurtenances

• and special or post-event inspections to determine the
condition of the platform after events such as extreme
metocean event or collision.

Among them, only the routine underwater inspections can
be driven by the platform risk level. However, implement-
ing risk-based routine underwater inspections requires that
a baseline inspection was conducted and should take into
consideration data from the other inspections types e.g.
above-water inspections and post-event inspections.

A risk-based routine underwater inspection provides:

• an inspection interval or a next inspection date consis-
tent with the platform risk level

• the inspection coverage

• the inspection techniques to be used

• and the expected residual level of risk after inspection
or the mitigation actions.

In particular, inspection coverage can specify the critical
structural details from a risk point of view and which have
to be inspected or a percentage of structural details to be
inspected in order to provide representative condition data
on the overall structure.

1.3 Risk reduction

1.3.1  Whenever the estimated risk level for the platform is
higher than an acceptable limit, modifications on the plat-
form should be considered to reduce this risk level. Two
categories of risk reduction measures can be carried out:

• Exposure mitigation e.g. reduction of hydrocarbon
inventory, reduction of the manning level

• Likelihood reduction e.g. deck load reduction, global or
local strengthening.

1.4 Benefits of risk-based approach for SIM

1.4.1  Risk-based approaches allow owners/operators to
develop inspection strategies which prioritized the struc-
tural items the most at risk. This results in:

• an overall reduction in risk

• a cost optimization as the approach aims at providing
an effective inspection plan

• an effective data collection as data need not be col-
lected for all the structural items but higher priority
should be given to those more at risk. Thus, more effort
can be spent on those structural items, which allows
more accurate information to be collected

• and an understanding and acceptance of current risk as
the approach is based on the assessment of the current
condition of the structure under study.

1.5 Issues for jacket offshore structure

1.5.1  The implementation of a risk-based approach for the
SIM of jacket offshore structures raises some specific issues,
described in the following sections.

1.5.2  Availability of the platform's data

Some useful data (e.g. fabrication and installation data,
baseline inspection records or other previous inspection
records) may not be available, especially for ageing plat-
forms. This is mostly because those records don't exist or
because the operator is not aware of what data he has,
where those data are being kept and who is in charge of
data management.

There are two main ways to deal with missing data:

• The first and recommended option is to consider survey
to collect the necessary information. This option is more
expensive but it will provide accurate data on the plat-
form condition and allow for an accurate risk level
assessment.
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• The second one is to perform the risk analysis using
appropriate conservative assumptions where the infor-
mation is missing. This option is simple but could result
in a rough risk assessment.

1.5.3  Accuracy of the risk assessment

Platform collapse failures are rare events. Therefore, there
are little data to develop comprehensive collapse failure
statistics of jacket platforms like other items such as
machinery or equipment.

In an attempt to compute the risk level accurately, model-
based quantitative methods are used. However, these meth-
ods usually require more data and more computational
effort. Moreover, care should be taken in formulating the
model of the damage mechanism and in selecting the prob-
abilistic distributions that represent the uncertainties
involved. It is usually recommended that a knowledgeable
person be involved in implementing such methods.

Most often a relative risk ranking approach is used. It con-
sists in assessing the risk level based on experience with
other structures taken as a benchmark. In this case, detailed
quantitative assessment is not necessary, but simply assign-
ing scores to the structural items with respect to relevant fac-
tors that influence the risk level can be well enough. The
scoring process can be carried out in a systematic way with
a dedicated mathematic formulation or by gathering experts'
opinion through dedicated workshops or meetings. Even if
this relative risk ranking does not allow the ideal inspection
strategy to be determined, it shows on what structural items
the risk management effort should focus: the higher ranked
ones.

1.5.4  Relationship between risk level and 
inspection frequency

There is no objective means to link the results of a relative
risk ranking assessment to an inspection plan, especially to
an inspection frequency, as the risk values are not absolute.
In this case, risk-based inspection strategies rely on:

• standards' requirements or recommendations, which
gather the good practices of the dedicated industry

• and experts' opinion, who could provide inspection
strategies all the more suitable as their level of expertise
is higher.

However, relative ranking can allow different inspection
strategies to be compared, by simply measuring their
respective risk impacts, in order to find the best one. In this
case, the ability of the risk ranking process to properly com-
pare inspection strategies should be validated first.

1.6 Risk-based SIM framework

1.6.1  The overall SIM process consists of four primary ele-
ments: DATA, EVALUATION, STRATEGY and PROGRAM
(see Fig 1): 

• DATA relates to the implementation of a data manage-
ment system for collecting, compiling and updating the
platforms' data.

• EVALUATION aims at assessing the impact that new
platforms' data have on the structural integrity and leads
to carry out risk categorization and structural analysis
for the assessment of fitness-for-purpose and to consider
risk reduction actions when the estimated risk level is
higher than an acceptable limit.

• STRATEGY relates to the development and the imple-
mentation of inspection strategy and possibly risk reduc-
tion actions from the results of the evaluation step.

• PROGRAM refers to the execution of the inspection and
the possible risk reduction scope of work, including the
requirements for the recording and the reporting of the
inspection findings.

The SIM process provides the opportunity for owners/opera-
tors to adopt risk principles to develop in-service inspection
strategy according to the framework depicted in Fig 2.

Figure 1 : SIM process

DATA EVALUATION STRATEGY PROGRAM
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Figure 2 : Framework for developing risk-based in-service inspection strategy

However, before starting the risk-based SIM framework
itself, some key issues have to be addressed:

• The objectives of the risk assessment should be clearly
stated (e.g. risks understanding, reducing costs, estab-
lishing risk criteria).

• The team involved in the risk-based SIM process has to
be formed and the competencies, roles and account-
abilities of its members have to be defined.

• The scope of the risk-based SIM should be defined.  Risk-
based SIM could be applied to a fleet or to a platform
including eventually its individual structural details. For
this purpose, an initial screening could be performed to
identify the structural items that are most susceptible to
failure under the design event. Those structural items can
be a group of platforms when the analysis is performed at
a fleet level or a group of structural details when the anal-
ysis is performed for one platform only.

• The settings of the risk-based SIM have to be defined,
namely:

- the applicable standards or codes

- the inspection plan period

- and the period of validity of the results and when
they have to be revisited.

• A type of risk assessment should be selected (e.g. quali-
tative or quantitative) with respect to the objective of the
risk assessment.

• The resources and time required have to be estimated.

2 Collection of data

2.1 Purpose

2.1.1  The collection of data and information aims at pro-
viding the necessary input:

• to assess the potential factors and their respective influ-
ence on the platform's susceptibility to failure

• to give values to the required inputs for the calculation
of the likelihood and consequence of failure

• to assist in inspection planning.

2.2 Typical data

2.2.1  SIM data are divided into two broad categories: plat-
form's characteristic data and platform's condition data:
• The platform's characteristic data is the baseline data

that represents the structure at installation. The charac-
teristic data includes:
- general platform data
- design data
- fabrication data
- and installation data.

• The platform condition data represents the changes to
the characteristic data that may occur during the life of
the platform. The condition data includes the following:
- in-service inspection data
- damage evaluation data
- corrosion protection data
- SMR data
- platform modifications
- condition monitoring data
- and operational incident data.

The list of typical platform's data for the SIM process pro-
vided in the API-RP-2SIM is repeated in appendix for infor-
mation.

2.3 Source of data

2.3.1  The main sources of data are the following:
• design report including initial drawings
• fabrication report
• installation report
• most recent engineering assessment report including

drawings
• site conditions report including metocean climate data

and soil data
• in-service inspections records
• cathodic protection records
• incidents investigation reports

Risk reduction
actions

(if required)
Inspection plan

Reassessment

Risk ranking

Consequence
of failure

Likelihood
of failure

Collection
of data

Risk assessment
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