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n Section 1 
General

1.1 Introduction

1.1.1 The life extension process ensures that the integrity of an existing structure is acceptable in a degraded state when the
original design life has been exceeded. This Guidance Note provides an overview of current methods and criteria of Life Extension
(LTE) of fixed jacket structures with reference to ISO, API and NORSOK standards. The phases of LTE and the applicable
requirements with required documentation are also presented in this brief. Additionally, common issues, assessment methods, and
strengthening and repair procedures are also presented.

1.2 Life extension overview

1.2.1 Continued use of installations beyond their design life is a well-recognised issue in the UK continental shelf and
worldwide. As offshore structures are subjected to dynamic and cyclic loading, most of the focus is on the fatigue and corrosion
issues that several installations face throughout their design life. However, less well recognised is the fact that many of these
installations are also loaded in excess of their original design parameters, as a result of modifications and additions.

1.2.2 Lifetime extension developments are a continuing trend resulting to the use of increasingly complex analytical
techniques to demonstrate suitability of these structures. The use of advanced analysis methods places an increasing burden on
the technical competence and scope of work of the design consultants, duty holders and verifiers. The ageing issues relating to
the offshore installations can be broadly categorised into the following two sorts:

• Physical issues – where significant degradation leads to a failure to meet the performance standards and insufficient
information on the current condition results in lack of the necessary confidence.

• Non-physical issues.

1.2.3 The life extension related issues can be broadly categorised into the following scenarios:

(a) Physical ageing scenarios:

(i) Time-dependent degradation, e.g. widespread fatigue, accumulated corrosion, cracks, etc.

(ii) Damage or deterioration, e.g. accidental damage such as ship impact or dropped object incidents, environmental
overload, etc.

(b) Non-physical ageing scenarios:

(i) Changes in technology and codes and standards, e.g. improvements in technology, introduction of new design and
assessment methods, more stringent design requirements, etc.

(ii) Changes in external factors, e.g. failure to adapt to change or modifications, redundant equipment, etc.

(iii) Loss of knowledge, e.g. corporate/workforce or original design data and operating/inspection history, etc.
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1.3 Abbreviations

1.3.1 WSD – Working Stress Design

1.3.2 LRFD – Load and Resistance Factor Design

1.3.3 DFF – Design Fatigue Factor

1.3.4 ECA – Engineering Critical Assessment

1.3.5 ULS – Ultimate Limit State

1.3.6 ALS – Accidental Limit State

1.3.7 SLS – Serviceability Limit State

1.3.8 FLS – Fatigue Limit State

1.3.9 SMYS – Specified Minimum Yield Strength

n Section 2 
Life extension procedure

2.1 Lifetime extension overview

2.1.1 There are different types of assessment procedure proposed by various standards. The most widely accepted
standards include API 2SIM, ISO 19901-9 and NORSOK N-006. The life extension assessment process could be summarised by
the following four typical phases:

• Phase 1 – This phase includes the review of the original design documentation, inspection records and the precise
identification of the gaps.

• Phase 2 – This phase involves carrying out the required inspection and surveys to analyse the gaps identified in Phase 1.

• Phase 3 – This phase includes the detailed analytical assessment of the structure based on the current state of the structure
and loading conditions.

• Phase 4 – This final stage comprises the implementation of mitigation and repair options with active involvement of the asset
holder.

2.1.2 Figure 1.2.1 Outline of life extension certification indicates the key steps in the life extension assessment process.
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Figure 1.2.1 Outline of life extension certification

2.2 Lifetime extension requirements

2.2.1 This sub-Section provides a brief description of the lifetime extension requirements.

2.2.2 An in-place strength and fatigue re-analysis including foundations should be performed based on the latest applicable
codes and standards.

• For the structures which were originally designed based on the WSD method, the latest API RP 2A WSD [5] Code should be
used for the structural reassessment.
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• For the structures which were originally designed based on the LRFD method, the latest BS EN ISO 19902 [1] Code should
be used for the structural reassessment.

• Fatigue reassessment safety factors should be based on the latest BS EN ISO 19902 [1] or API RP 2A WSD [5] codes.
Fatigue re-analysis should also include pile in-place fatigue and pile driving fatigue assessments. The re-analysis should also
account for any modification history for the structure.

• The latest codes and standards could have an impact on the joint capacity checks, fatigue S-N curves, factors of safety,
loading, etc. from the original design.

2.2.3 The total cumulative fatigue should be calculated as the sum of fatigue damage for the original design life of the platform
plus extended life. The total damage could be calculated as below:

Total damage = D1 x DFF1 + D2 x DFF2 < 1.0.

Where

D1 = fatigue damage accumulated through original design life of the platform

D2 = fatigue damage for the extended life

DFF1= DFF based on original design criteria

DFF2= DFF based on life extension design criteria

2.2.4 The reassessment of the structure should be based on the latest metocean report, which would reflect any changes in
the environmental data (waves, wind, current, subsidence, water level, marine growth, scour, etc.). The latest metocean report
methodology should comply with the BS EN ISO 19901-1 [3] requirements.

2.2.5 The structure should be checked for the air-gap requirements based on the latest codes and standards. A more
accurate and conservative approach for calculating the minimum deck elevation is presented in BS EN ISO 19902 Section A.
6.3.3.2 [1]. The air-gap definition is based on the assumption that a 10000-year wave crest should not impinge the lowest deck of
the platform. If API RP 2A is the governing Code then an air-gap requirement is based on a 1000-year return period; however, this
is based on the assumption that the structures would be de-manned in advance of an extreme storm event such as a hurricane.

2.2.6 It should be ensured that relevant geotechnical data is available to verify the original pile capacities, including driving
records and pile driving fatigue results. Piles fatigue damage caused by the driving hammer during installation should also be
added to the in-service damage.

2.2.7 A revisit of the original material data is carried out to ensure that materials and welds have sufficient toughness to
prevent failure from original fabrication defects.

2.2.8 The reassessment should be based on the as-is condition of the platform. The inspection reports should cover scour
depths, member damage, fatigue cracks, marine growth, CP measurements and corrosion, including wall thickness measurement
of critical members (e.g. members in splash zone). It is recommended that at least three consecutive water survey reports are
made available at the start of the life extension process.

2.2.9 An up-to-date weight control report including latest COG location, loading and a summary highlighting all changes
tracked back to the original weight report should be presented for clarity.

2.2.10 A redundancy analysis should be carried out for the up-to-date model (incorporated inspection findings, metocean data,
etc.), depending on the fatigue analysis results to establish member criticality.

2.2.11 A more frequent inspection and maintenance programme may be required at areas where the fatigue damages are
exceeded.

2.2.12 A ship impact analysis should be carried out if the DWT of the supply vessel has been increased or if it was never
considered in the original design. A re-analysis may also be required if there is significant degradation of the platform, such as
reduced wall thickness or cracked members.

2.2.13 Any changes in seismic risk category, as per the latest codes and standards, should be considered in the reassessment.

2.2.14 Any proposed future modification should be considered in the life extension model.

2.3 Lifetime extension required documentation

2.3.1 The list of documentation required for an LTE reassessment study should include the following as a minimum:

• Inspection and anomaly reports – a minimum of three consecutive reports including an up-to-date report, covering scour
depths, member damage, fatigue cracks, marine growth, CP measurements and corrosion, including wall thickness
measurements of critical members (e.g. members in splash zone);

• Up-to-date metocean report;
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• Analysis and design reports for jacket and foundations (original and latest);

• Basis of design (original and project);

• Soil investigation report;

• Pile driving records;

• Weight control report (up-to-date and tracked back to the original);

• As-built drawings;

• Material and fabrication specifications;

• Performance standards and any referenced document;

• Seismic data (if applicable);

• Model soft copies of input files if deemed necessary.

2.3.2 There is a checklist provided in Ch 1, 7 A sample risk matrix for the life extension process that could be used as a
reference guide for identifying and alerting the common gaps.

2.4 Common issues and challenges

2.4.1 The common challenges and issues related to lifetime extension studies are presented in this sub-Section.

2.4.2 Obsolescence of design codes and standards

The majority of the existing platforms undergoing LTE have been originally designed based on the API-WSD guidelines that are
more applicable to US waters. However, research and development in the field of offshore engineering have led to substantial
modification of these codes of practice and the introduction of new guidelines, e.g. ISO 19902. Hence, the integrity of assets
which were designed based on the older versions of the design codes needs to be re-evaluated. If the structure does not pass the
linear strength check based on the latest codes and standards, alternative checks including non-linear pushover analysis are to be
carried out.

2.4.3 Material certificates

The design temperature requirements for the different materials have changed over the years. Although the structure would have
survived to date, it is not known whether there would be adequate toughness to prevent brittle failure, if any defects grow, or if
new defects develop under service conditions (i.e. by fatigue). To determine defect tolerances, a fitness-for-service assessment
(i.e. ECA) could be performed, which would generate defect acceptance criteria to be used during ongoing structural inspection. In
the absence of an ECA the acceptable defect tolerance would remain very conservative, requiring more invasive and frequent
inspections. In cases where no documentation is available regarding the material grades of steel, then coupon tests may be used.

2.4.4 Fatigue factor of safety

A minimum design fatigue factor of safety varying from 2 to 10 is recommended by the codes based on criticality and accessibility
of joints. LTE documentation should be demonstrated to meet the requirements of the Code. During installation, pile driving
induces significant fatigue damage on piles. There is a concern for the relevant applicable factor of safety for pile driving. Usually
this is assumed as 1,0 for pile driving damage cases, while a factor of safety of 10,0 should be assumed for pile fatigue damage
due to in-place condition. For piles damage during driving, an S-N curve corresponding to air can be used.

2.4.5 Metocean data

The metocean data for most of the old platforms are outdated and not site specific. The traditional approach is to derive
‘independent’ criteria for fixed structures, e.g. 100-year winds, 100-year waves, 100-year currents, etc. More recent changes to
the traditional approach take account of the joint probability of occurrence, consider a responsebased analysis and use ISO
19901-1 Metocean Design and Operating Considerations as the governing standard. ISO 19901-1 makes recommendations for
new approaches, particularly with respect to deriving design criteria for waves and extreme water levels.

2.4.6 Vessel size

The supply vessel size has increased over the past few years. The representative velocity and size of the vessels used for impact
analyses should correspond to those used in the operation and servicing of the platform (e.g. supply boats). For example, the
typical vessel mass for northern North Sea platforms is in the range of 8000 MT. It should also be ensured that appropriate
stiffness curves for bow, stern side impact for a bigger vessel size based on latest available Codes and standards are considered
for the re-analysis.

2.4.7 Air-gap issues

Traditionally, the API requirement was to maintain an air-gap of 1,5 m in excess of the 100-year extreme wave crest. This criterion
was followed for the design of most of the platforms in the world. However, the 1,5 m adopted by API does not allow for sufficient

Guidance Notes for Life Extension of Fixed Jacket Structures, March 2022

Guidance for Life Extension Requirements Chapter 1
Section 2

Lloyd's Register 7



reliability in most of the geographic areas. Many shallow water Gulf platforms (de-manned) were only designed for lower reliability
on the basis of economics. Recent ISO guidelines require an air-gap sufficient to clear the abnormal 10000-year crest. When older
structures are reassessed against this guideline, a number of platforms suffer from wave-in-deck issue.

2.4.8 Reserve strength ratio

Based on the in-place analysis results, if it is concluded that the platform cannot satisfy the minimum factor of safety requirement
for piles or primary member/joint utilisations recommended by structural codes of practice (e.g. API RP 2A WSD or ISO 19902) for
the extreme environmental loading (100-year return period), a non-linear pushover analysis is recommended. The pushover
analysis is employed to determine the ultimate strength of the platform against the extreme environmental load. In the ‘pushover’
approach, the environmental forces associated with 100- year extreme loads are scaled until the platform collapses.

RSR is a measure of the reserve strength in the system to withstand extreme environmental loading. RSR is defined as the ratio of
collapse base shear to the design base shear. The ISO 19902 standard gives an explicit RSR value of 1,85 to be attained for
manned (L1) platforms. Lower values of RSR can be acceptable for structures of L2 and L3 platforms. The RSR values have been
derived from jacket load statistics based on wave loading on jackets. These RSR values are not valid for jackets subjected to
wave-in-deck loads. Hence, a structure which demonstrates to have attained a Code prescribed RSR can be certified to possess
the desired reliability levels when the air-gap requirements are satisfied.

2.4.9 Wave-in-deck issue

It is implied by the Code that the reserve strength ratios are applicable only if the structure is subject to jacket loading alone. For
the case of a structure subject to wave-in-deck loading, a dedicated metocean hazard curve should be developed for each
platform. A hazard curve represents variation of hazard load intensity for different return periods.

The hazard curve is the plot of base shear against return period in a log-linear scale. The hazard curve is developed by plotting the
normalised base shear (ERP/E100) for different environmental return periods. ERP corresponds to base shear for different return
periods whereas E100 corresponds to base shear for a 100-year return period. A hazard curve for a platform subjected to wave-in-
deck consists of two slopes. The initial part is where the structure is subjected to wave-in-jacket only and the remaining portion
includes the effect of additional wave-in-deck loads after a negative air-gap is reached by the wave crest.

Note that, assuming no resistance uncertainty, the hazard curve yields the collapse load for a given return period (i.e. probability of
failure). As can be seen from the modified hazard curves, for a given return period (i.e. given probability of failure, and hence a
given reliability level), the vertical line will meet the jacket-alone hazard curve (blue line) at a much lower ordinate than it will the
jacket–deck load curve, see Figure 1.2.2 An example hazard curve for a platform subjected to wave-in-deck . In other words, for a
structure subject to wave-in-deck loading, the RSR required to meet the same reliability levels as that of a structure subject to
jacket load alone, is much higher.
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Figure 1.2.2 An example hazard curve for a platform subjected to wave-in-deck

2.4.10 Other challenges for the life extension include:

• The LTE study should start well in advance of the expiry date – to provide sufficient time for review/analysis, discussions and
communication issues between the different parties;

• Original design documents not available;

• Significant gaps in weight control reports and loading history;

• Up-to-date metocean data not available for the reassessment of the platform;

• Marine growth exceeding the design limits;

• Air-gap records indicating changes in water level or possible subsidence;

• Fatigue factor of safety not meeting the Code requirements;

• Pile driving records not available;

• Scour depths causing exposed pile sections;

• Lack of proper ship impact analysis data or changes on the supply vessel;

• History of anode retrofitting not available;

• Insufficient maintenance records, such as lack of records related to dropped object incidents in the platform;

• Deviations from current material specifications, due to changes to the acceptable material testing temperature;

• Insufficient fabrication inspection records;

• Missing information from drawings related to yield strength and grade of steel.

2.5 Structural assessment methods

2.5.1 There are three different types of assessment method that can be used consecutively for the reassessment of the
platform. A brief discussion is given below.
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2.5.2 Design level analysis

This is a linear analysis, with the exception of the pile–soil interaction, based on Code design checks for in-place strength and
fatigue life assessment. When the in-place strength check does not meet the acceptance criteria, alternative mitigation methods
should be considered, or ultimate strength analysis should be carried out. Similarly, for the cases where fatigue life assessment
results are insufficient, ultimate strength analysis with member removal can be carried out, or alternative mitigation procedures
should be followed. Refined fatigue analysis, including crack modelling and propagation life calculation, can also be considered.

2.5.3 Ultimate strength analysis

This is a non-linear pushover type of analysis, which can evaluate the redundancy of the platform and calculate the reserve
strength ratio (RSR). This type of analysis provides an alternative approach based on global system failure, instead of the
conventional component failure. Accurate computer models and sufficient modelling details to simulate the failure modes, along
with suitable software, are some of the requirements needed to successfully perform an ultimate strength analysis. For results that
do not comply with the acceptance criteria, Reliability Based Assessment can be considered. Different mitigation procedures can
also be considered.

2.5.4 Reliability Based Assessment

This type of assessment is based on the probabilistic modelling of load and resistance, and evaluates the reliability index, β, and
the probability of failure of the system. Alternative mitigation procedures should be considered if the targeted reliability index
(probability of failure) cannot be achieved.

Further details regarding the types of analyses and the corresponding requirements can be found in the latest BS EN ISO 19902
[1] Code.

n Section 3 
Brief overview of codes and standards life extension requirements

3.1 Brief overview of ISO 19900 standards

3.1.1 To demonstrate fitness-for-service, ISO offers a range of qualitative and quantitative assessment methods for existing
platforms which are summarised in ISO 19901-9, Table 2. The platform is usually categorised as L1, L2 or L3 based on life-safety,
environmental and economic consequence. Assessment of an existing structure shall be designed for the full compliance with ISO
19902 and ISO 19901-9. If the design criterion is not fully met, alternative measures such as using platform specific data (e.g. mill
certificates) or further justification based on risk mitigation measures could be followed. There is also a provision to consider
reduced partial action factors based on the exposure category of the platform.

3.1.2 Verification of all limit state criteria (ULS, ALS, SLS and FLS) may also be established quantitatively by performing a
Design Level Assessment of the platform on a component basis using the explicit or implied probabilities within ISO 19902. It is
recognised that for reassessment the platform may be in a degraded state and verification of all of the limit state criteria may not
be achieved; the assessment may be re-performed with a more complex but less conservative analysis method. Ultimate strength
methods may be performed using static or dynamic analysis techniques that include material nonlinearity and geometric
nonlinearity to determine the maximum actions/vectors the structural system can sustain within the relevant limit state. The
concern with an ultimate strength assessment is that the global behaviour of the platform and localised failure of structural
members, joints or foundations is inconsequential if the structure’s capacity achieves the required limit state. ISO 19901-9
provides requirements for existing structures including the use of the system strength approach.

3.1.3 Structural reliability analyses are also permitted to assess the effects of uncertainties in the actions, resistances and
modelling. The inherent or physical randomness in the basic variables (known as aleatory randomness) should be represented
together with epistemic uncertainties originating from lack of sufficient data and shortcomings in the model’s representation of
reality.

3.2 Brief overview of API recommended practices

3.2.1 Reassessment of existing fixed offshore steel framed platforms is addressed in API RP 2SIM. Like ISO simplified
qualitative methods are allowed provided an appropriate level of conservatism (or safety) can be demonstrated. Engineering
judgement, experience and knowledge of key structural aspects such as type and function of platform, year designed, number of
legs, bracing scheme, water depth and present condition are prerequisites.
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3.2.2 A design level component assessment, the same procedure for the design of a new platform, in accordance with API
RP 2A WSD 22nd edition, is permitted. However, for reassessment there is scope for reducing jacket member effective lengths
(Section 8.5.3.2.2).

3.2.3 API RP 2SIM also offers an alternative to a non-linear assessment such as pushover analysis. The platform’s ultimate
strength may be assessed by way of equivalent linear or non-linear methods.

3.2.4 An equivalent simplified linear assessment would be to perform a Design Level Assessment but with the API 2A safety
factors removed. This can provide a first pass estimate of the ultimate strength. The other known source of conservatism, namely
the use of mean yield strength, which compared to nominal yield strength may also be taken into account for the linear analysis.
The structure passes ultimate strength assessment if no elements have exceeded their yield strength. A small number of
overloaded members and/or joints may be deemed acceptable on a rational basis and providing the platform does not collapse.

3.2.5 Ultimate strength can also be assessed using large deformation non-linear methods to demonstrate that the platform
has adequate strength and stability to withstand the ultimate strength loading. Mean yield strength may be used rather than
nominal values. Increased strength due to strain hardening may also be used if the structural section is sufficiently compact, but
not for rate effects beyond the normal (fast) mill tension tests.

3.2.6 API RP 2SIM also recommends different performance criteria for platforms located in the US Gulf of Mexico. API
standards evolved primarily based on platform performance and economic risks in the Gulf of Mexico region. Reasonable caution
should be exercised when using these codes in regions with limited knowledge of platform performance, as using a Code
developed for a different region will provide an unknown level of reliability.

3.3 Brief overview of NORSOK standards

3.3.1 Reassessment of existing structures is addressed in N-006, the scope of which includes fixed and floating structures
constructed from steel, concrete and aluminium. In contrast to the principles for life extension of existing structures given by API
and by ISO, the recommendations in the NORSOK standard aim to ensure the same safety level for personnel as is required for
new platforms based on N001 requirements.

3.3.2 NORSOK N-006 (2nd edition,) has been developed as a companion document to the existing suite of NORSOK
offshore standards (N-001, N-003, N-004) for the purpose of providing specific guidance for the reassessment of ageing/existing
structures including fixed and floating structures constructed from steel, concrete and aluminium. N-006 was developed to align
with International Codes and Standards; for example, when considering the resistance of damaged tubular members Chapter 8.8
refers to ISO 19902. However, whereas ISO and API are broadly aligned there are key differences in the NORSOK approach. In
contrast to ISO 19902, where load and resistance factor is considered unity for pushover analysis, the NORSOK N-006 standard
recommends the use of partial factors in the non-linear analysis.

3.3.3 The NORSOK standard permits use of advanced non-linear methods (quasi-static/pushover or dynamic time-domain
analysis) to determine ultimate global capacity. Whereas ISO and API permit the use of mean yield stress in ultimate capacity
analyses, N-006 stipulates adopting characteristic resistance whereby the SMYS is reduced by N-001 partial material factors. The
standard also does not provide any provision for structural reliability analysis.

3.3.4 For life extension purposes NORSOK N-006 is premised on maintaining the same safety level for personnel as for new
platforms. If the structure does not meet the ULS and ALS requirement related to environmental action then an alternative route
such as de-manning could be adopted, provided the structure can meet the requirements of unmanned facilities once the
shutdown procedure is implemented. It is also important to ensure that storms do not affect the platform's main security function
or risk causing significant pollution. Lower safety factors are provided for unmanned platforms, so in effect the platform may need
to be de-rated under certain environmental circumstances in order to justify continued use.

3.3.5 For ULS and ALS reassessment checks, the effects of corrosion and/or mechanical damage are to be properly
considered/modelled. The member checks and joint capacity checks are to be carried out in accordance with the principles of
N-001/003/004. In addition, for existing platforms, where the joints are subjected to cyclic loads beyond the limits of linear
behaviour, there is a requirement provided in the standard to take account of the accumulative effects of low cycle fatigue.
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n Section 4 
Structural integrity management

4.1 Structural integrity management in life extension

4.1.1 A structural integrity management (SIM) system is a key driver for identifying potential structural damages and escalating
repair works. An important requirement of life extension is the availability of detailed information about the platform from the
installation phase through to the operational phase. A robust SIM process also ensures that large amounts of platform historical
records related to platform inspections and mitigating actions are easily traceable. There have been several initiatives from
regulators such as HSE (UK) to ensure the Operators follow a robust SIM process as part of life extension. Please refer to Ch 1, 8
An example of a SIM process for an example SIM process.

n Section 5 
Structural strengthening and repairs

5.1 Structural strengthening and repair methods

5.1.1 The following strengthening and repair techniques can be considered for an offshore structure as a mitigation plan for
structural defects:

• Weld grinding;

• Member replacing;

• Underwater welding;

• Member grouting;

• Member or joint clamping;

• Marine growth removal;

• Anode replacement;

• Scour backfill or additional scour protection.

5.1.2 Where repairs are not practical then structural online monitoring systems could be utilised to continuously monitor for
changes in integrity of the structures.

n Section 6 
References

6.1 References

6.1.1 The following standards and industry publications are referred to in this guidance notes. The latest edition of these
documents should normally be used, unless otherwise agreed with the client on a project-specific basis.

[1] BS EN ISO 19902 Petroleum and natural gas industries – Fixed steel offshore structures.

[2] BS EN ISO 19901-2 Petroleum and natural gas industries – Specific requirements for offshore structures – Part 2: Seismic design

procedures and criteria.

[3] BS EN ISO 19901-1 Petroleum and natural gas industries – Specific requirements for offshore structures – Part 1: Metocean

design and operating considerations.

[4] BS EN ISO 19901-9 Petroleum and natural gas industries – Structural integrity management.

[5] API RP 2A Recommended Practice for Planning, Designing and Constructing Fixed Offshore Platforms – Working Stress Design

(22nd Edition).
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[6] NORSOK N-006 – Assessment of structural integrity for existing offshore load-bearing structures.

[7] API RP 2SIM Recommended Practice for Structural Integrity Management of Fixed Offshore Structures.
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n Section 7 
A sample risk matrix for the life extension process
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n Section 8 
An example of a SIM process
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n Section 9 
An example of an annual SIM process
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