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Chapter 1 
Introduction 
 

■ Section 1 
 Introduction 
1.1 Background 

1.1.1 The International Standard IEC 61400-22 Wind turbines – Part 22: Conformity testing and certification defines 
rules and procedures for conformity testing and certification of wind turbines (WTs) with respect to standards and 
technical requirements for WTs and wind farms. It is widely used throughout the wind energy industry, and operates 
within the scope of the IEC 61400 standard series of standards and technical specifications for WTs. 

1.1.2 The standard is intended to assist the applicant for certification by providing a structured approach to the 
certification process, explaining the requirements for obtaining certification. It also provides guidance to certification 
bodies for undertaking their evaluations as part of the certification process. 

1.1.3 The standard describes four types of certificate: 

• a type certificate; 

• a project certificate; 

• a component certificate; and 

• a prototype certificate. 

1.1.4 The four certificate types listed above are generally independent of each other, however under IEC 61400-22 
Wind turbines – Part 22: Conformity testing and certification WTs must be type-certified in order for an overall project 
certificate to be issued. In the event that a provisional certificate has been issued for the WT, it may be permissible to 
issue a provisional project certificate, with a maximum validity of one year, provided the certification body evaluates the 
impact of outstanding matters relating to the type certificate and incorporates changes as necessary to the project 
certification scope. 

1.2 Purpose 

1.2.1 This document outlines Lloyd’s Register’s (LR’s) approach to certification of offshore wind farm projects. It uses 
the IEC 61400 standard series as a basis and in particular IEC 61400-22 Wind turbines – Part 22: Conformity testing and 
certification. 

1.2.2 LR’s approach to the evaluations required for certification of offshore wind farm projects, as documented in 
Chapter 2 Project Certification Modules, is based on the minimum requirements to achieve project certification in 
accordance with IEC 61400-22 Wind turbines – Part 22: Conformity testing and certification; additional evaluations may 
be required, to be determined on the characteristics of each project (e.g. complexity, degree of novelty or risk) or as 
requested by the applicant (e.g. contractual requirement). 

■ Section 2 

 Scope 
2.1 General 

2.1.1 This document applies to project certification of offshore wind farms, for both fixed and floating structures, 
although most of the principles can also be applied to onshore developments. 
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2.2 Exclusions 

2.2.1 This document does not address local regulations or standards that may apply to the WT’s site, including safety 
regulations, electrical compatibility and grid connection requirements. Evaluation for compliance with such requirements 
can be undertaken by LR, as an addition to the certification scope required by IEC 61400-22 Wind turbines – Part 22: 
Conformity testing and certification. 

2.2.2 IEC 61400-22 Wind turbines – Part 22: Conformity testing and certification does not directly address 
requirements for manned WT facilities or ‘other installations’ associated with an offshore wind farm. Manned offshore WT 
facilities will be subject to special considerations on a case-by-case basis. 

2.2.3 This document does not address requirements for vessels used for transportation, installation or maintenance of 
offshore WTs. For detailed guidance on this aspect, refer to the LR documents Mobile Offshore Units Wind Turbine 
Installation Vessels Guidance Note and Wind Farm Service Vessels Guidance Notes. 

2.3 Modular approach to project certification 

2.3.1 IEC 61400-22 Wind turbines – Part 22: Conformity testing and certification breaks the project certification scope 
into thirteen modules, of which three are optional, plus one further module covering the operational phase. 

2.3.2 The modular approach in IEC 61400-22 Wind turbines – Part 22: Conformity testing and certification allows for 
conformity statements to be issued by the certification body for individual modules. 

2.3.3 The certification modules are shown in Figure 1.2.1 Project certification modules. Each module is addressed in 
detail in Ch 2 Project Certification Modules. 
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Figure 1.2.1 Project certification modules 

2.3.4 All mandatory project certification modules (as applicable to the asset being evaluated) must be completed in 
order to issue a project certificate. Should a client instruct LR to complete evaluations for selected modules, conformity 
statements can however be issued for completed modules (noting that some modules are interdependent – refer to Ch 2 
Project Certification Modules). 

2.3.5 If a client (applicant) wishes to engage different certification bodies for different modules, and requires LR to 
provide overall project certification, LR will accept conformity statements issued by other accredited certification bodies. 
Arrangements for managing interfaces between modules and for receiving information required in support of modules 
completed by other certification bodies should be in place before work starts. 

2.3.6 Deliverables also follow the modular structure, with conformity statements and supporting evaluation reports 
being issued by the certification body for each of the project modules except the final module, which results in issue of 
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the project certificate (also with a supporting final evaluation report). The purpose of the evaluation reports is to provide 
further details of the certification body’s reviews, their findings including close-out of any comments, any outstanding 
issues, and a summary of the information reviewed during the evaluation. Interim evaluation reports can be issued for 
any of the project modules, as agreed with the client/applicant. The conformity statement for the operation and 
maintenance module is supported by inspection reports instead of an evaluation report. 

2.3.7 If a client (applicant) wishes to engage a certification body for evaluation of an early stage of their project design 
(e.g. basic engineering or front-end engineering design), a conformity statement can be issued on satisfactory 
completion of the evaluation, provided the stage of design that has been evaluated is clearly described on the statement 
and the supporting evaluation report (i.e. it must be made clear that the conformity statement does not represent 
certification of the detailed design). 

■ Section 3 

 Abbreviations and definitions 
3.1 Abbreviations 
3.1.1 The following abbreviations are applicable to these Guidance Notes unless otherwise stated. 

ALS accidental limit state 

CPT cone penetration test 

FLS fatigue limit state 

IEA International Energy Agency 

ILA integrated loads analysis 

ITP inspection and test plan 

kVA kilovolt ampere 

LR Lloyd's Register 

MVA megavolt ampere 

MWS Marine Warranty Surveyor 

NDE non-destructive examination 

PSI pile–soil interaction 

RNA rotor nacelle assembly 

SLS serviceability limit state 

UCS unconfined compressive strength 

ULS ultimate limit state 

VIV vortex-induced vibration 

WSD working stress design 

WT wind turbine 
 

3.2 Definitions 
3.2.1 Refer to IEC 61400-22 Wind turbines – Part 22: Conformity testing and certification for definitions of terms used 
in this document. 
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■ Section 4 

 References 
4.1 Reference documents 

4.1.1 The following standards and other documents are referred to in these Guidance Notes: 

• API RP 2A-WSD Recommended Practice for Planning, Designing and Constructing Fixed Offshore 
Platforms – Working Stress Design; 

• API RP 2GEO Geotechnical and Foundation Design Considerations; 

• API RP 2SK Design and Analysis of Station-keeping Systems for Floating Structures; 

• BS EN 10204 Metallic products: Types of inspection documents; 

• DNV-OS-J103 Design of floating wind turbine structures; 

• DNVGL-ST-0126: Support structures for wind turbines; 

• DNVGL-ST-0437: Loads and site conditions for wind turbines; 

• Eurocode 7: Geotechnical design worked examples; 

• IEC 61400-1 Wind turbines – Part 1: Design requirements; 

• IEC 61400-3 Wind turbines – Part 3: Design requirements for offshore wind turbines; 

• IEC 61400-12-1 Wind energy generating systems – Part 12-1: Power performance measurements of 
electricity producing wind turbines; 

• IEC 61400-12-2 Wind turbines – Part 12-2: Power performance of electricity-producing wind turbines 
based on nacelle anemometry; 

• IEC 61400-22 Wind turbines – Part 22: Conformity testing and certification; 

• IMO Code for the Construction and Equipment of Mobile Offshore Drilling Units (MODU Code); 

• ISO 9001 Quality Management; 

• ISO/IEC 17020 Conformity assessment. Requirements for the operation of various types of bodies 
performing inspection; 

• ISO/IEC 17025 General requirements for the competence of testing and calibration laboratories; 

• ISO 19901-1 Petroleum and natural gas industries – Specific requirements for offshore structures – Part 1: 
Metocean design and operating conditions; 

• ISO 19901-2 Petroleum and natural gas industries – Specific requirements for offshore structures – Part 2: 
Seismic design procedures and criteria; 

• ISO 19901-4 Petroleum and natural gas Industries – Specific requirements for offshore structures – Part 4: 
Geotechnical and foundation design considerations; 

• ISO 19902 Petroleum and natural gas industries – Fixed steel offshore structures; 

• ISO 19903 Petroleum and natural gas industries – Fixed concrete offshore structures; 

• ISO 19904-1 Petroleum and natural gas industries – Floating offshore structures – Part 1: Monohulls, 
semi-submersibles and spars; 

• ISO 19905-1 Petroleum and natural gas industries -- Site-specific assessment of mobile offshore units - 
Part 1: Jack-ups; 

• Lloyd’s Register Mobile Offshore Units Wind Turbine Installation Vessels Guidance Note; 

• Lloyd’s Register Wind Farm Service Vessels Guidance Notes; 
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• Lloyd's Register Rules and Regulations for the Classification of Offshore Units; and 

• Measuring Network of Wind Energy Institutes (MEASNET) Evaluation of Site-Specific Wind Conditions. 

4.1.2 In all cases the latest edition of the IEC 61400 series of standards shall be used. The latest edition of other 
standards should normally be used, unless otherwise agreed with the client or applicant on a project-specific basis. 

4.1.3 The following technical papers and industry publications are referred to in Chapter 3 Additional Guidance on 
Geotechnical Aspects: 

• Achmus, M., Terceros, M., tom Woerden, F. & Thieken, K., 2017, Assessment of pile length criteria for 
monopile foundations, Society for Underwater Technology (SUT) OSIG Conference proceedings, Volume 
2; 

• Andersen, K.H., Jostad, H.P. & Dyvik, R., 2008, Penetration resistance of offshore skirted foundations and 
anchors in dense sand. J. Geotech. Geoenviron. Eng., 134.1, 106–116; 

• Buckley, R.M., Jardine, R.J., Kontoe, S., Liu, T., Ushev, E., Lehane, B.M., Pine, T, Schroeder, F.C. & 
Barbosa, P., 2017, Field investigations into the axial loading response of displacement piles in chalk, SUT 
OSIG Conference proceedings, Volume 2; 

• Byrne, B.W., Zdravković, L., Taborda, D.M.G., Potts, D.M., Jardine, R.J., Sideri, M., Schroeder, F.C., 
McAdam, R., Burd, H.J., Houlsby, G.T., Martin, C.M., Gavin, K., Doherty, P., Igoe, D., Muir Wood, A., 
Kallehave, D. & Skov Gretlund, J., 2015, New design methods for large diameter piles under lateral 
loading for offshore wind applications, ISFOG Conference proceedings; 

• Byrne, B.W., 2017, PISA: New design methods for offshore wind turbine monopiles, SUT OSIG 
Conference proceedings, Volume 1; 

• Carrington, T.M., Li, G. & Rattley, M.J., 2011, A new assessment of ultimate unit friction for driven piles in 
low to medium density chalk, 15th European Conference on Soil Mechanics and Geotechnical Engineering 
proceedings; 

• Ciavaglia, F., Carey, J. & Diambra, A., 2017, Time-dependent uplift capacity of driven piles in low to 
medium density chalk, Geotech. Lett., 7, 1-7; 

• CIRIA, 2004, Piled foundations in weak rock, CIRIA Report 181; 

• CIRIA, 2012, The rock manual: The use of rock in hydraulic engineering (2nd edition), CIRIA Report C683; 

• DGGT, 2013, Recommendations on piling (EA Pfähle), English translation, Deutsche Gesellschaft für 
Geotechnik; 

• Doherty, J.P., Houlsby, G.T. & Deeks, A.J., 2005, Stiffness of flexible caisson foundations embedded in 
nonhomogeneous elastic soil, J. Geotech. Geoenviron. Eng., 131.12, 1498–1508; 

• Gilbert, R.B., Chen, J.Y., Materek, B., Puskar, F. & Verret, S., 2010, Comparison of observed and 
predicted performance for jacket pile foundations in hurricanes, Offshore Technology Conference, OTC 
20861-PP; 

• Hamilton J.W. & Murff, J.D., 1995, Ultimate lateral capacity of piles in clay, Offshore Technology 
Conference, OTC 7667; 

• Houlsby G.T. & Byrne, B.W., 2005, Calculation procedures for installation of suction caissons in clay and 
other soils, Geotech. Eng., 158, Issue GE2; 

• Hutchinson, S., Young, M. & Macleod, A., 2010, Caisson breakwater design for sliding, Coastal Eng. Proc., 
1.32, 48; 

• Jardine, R.J., Thomson, N.V., Mygind, M.A., Liingaard, M.A. & Thilsted, C.L., 2015, Axial capacity design 
practice for north European wind turbine projects, ISFOG Conference proceedings; 

• Jeanjean, P., 2017, A framework for monotonic p-y curves in clays, SUT OSIG Conference proceedings, 
Volume 1; 
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• Kellezi, L. & Stadsgaard, H., 2012, Design of gravel banks: A way to avoid jack-up spudcan punch through 
type failure, Offshore Technology Conference, OTC 23184; 

• Kulhawy, F.H. & Phoon, K.K., 1993, Drilled shaft resistance in clay soil to rock, Proceedings of Conference 
on Design & Performance of Deep Foundations, Piles & Piers in Soil and Soft Rock, ASCE, Geotechnical 
Special Publications No 38; 

• Leblanc, C., Houlsby, G.T. & Byrne, B.W., 2010, Response of stiff piles in sand to long-term cyclic lateral 
loading, Géotechnique, 60.2, 79-90; 

• Lehane, B.M., Kim, J.K., Carotenuto, P., Nadim, F., Lacasse, S., Jardine, R.J., & van Dijk, B.F.J., 2017, 
Characteristics of unified databases for driven piles, SUT OSIG Conference proceedings; 

• Long, M., 1991, The behaviour of driven tubular steel piles in the laminated mudstones of south-west 
Ireland, Geotech. Eng., 113.4, 242-252; 

• Lord, J.A., Clayton, C.R.I. & Mortimore, R.N., 2002, Engineering in chalk, CIRIA Report C574; 

• McNulty, A.J.W., Grigsby, A., Humpheson, C., Duan, X., Willford, M.R. & Op den Velde, W., 2002, New 
developments in the design of concrete gravity substructures, Offshore Technology Conference, OTC 
14189-MS; 

• Murff, J.D., 2012, Estimating the capacity of offshore foundations, SUT OSIG Conference proceedings; 

• Nielson, A., Sumer, B.M. & Petersen, T.U., 2014, Sinking of scour protections at Horns Rev 1 offshore 
wind farm, Coastal Eng. Proc., 1.34., 67; 

• Reese, L.C. & Van Impe, W.F., 2005, Single piles and pile groups under lateral loading, Balkeema 
Publishers; 

• Rodway, R.L. & Rowe, R.K., 1980, The uplift capacity of steel piles driven into Hawkesbury sandstone, 
Proceedings 3rd Australian and New Zealand Conference on Geomechanics, Wellington; 

• Rudolph, C., Bienen, B. & Grabe, J., 2014, Effect of variation of the loading direction on the displacement 
accumulation of large-diameter piles under cyclic lateral loading in sand, Can. Geotech. J., 51, 1196-1206; 

• Senders, M. & Randolph, M.F., 2009, CPT-based method for the installation of suction caissons in sand, J. 
Geotech. Geoenviron. Eng., 135.1, 14-25; 

• Steenfelt, J.S., 2017, Sliding resistance of offshore gravity foundations, ISSMGE Conference proceedings; 

• Suryasentana, S.K., Byrne, B.W. & Burd, H.J., 2017, Simplified Model for the Stiffness of Suction Caisson 
Foundations Under 6 DOF Loading, SUT OSIG Conference proceedings, Volume 1; 

• Society for Underwater Technology (SUT) Guidance notes for the planning and execution of geophysical 
and geotechnical ground investigations for offshore renewable energy developments; 

• Thomas, S., 2017, A phased and integrated data interpretation approach to site characterisation, SUT 
OSIG Conference proceedings, Volume 1; 

• Whitehouse, R., 1998, Scour at marine structures, Thomas Telford; 

• Whitehouse, R., 2006, Scour at coastal structures, HRPP 490; 

• Whitehouse, R., Sutherland, J. & Harris J.M., 2011, Evaluating scour at marine gravity foundations, 
Proceedings of the Institution of Maritime Engineers, Maritime Engineering; 

• Williams, A.F. & Pells, P.J.N., 1981, Side resistance rock sockets in sandstone, mudstone and shale, Can. 
Geotech. J., 18.4, 502-513; 

• Zhang Y., Andersen, K.H., Jeanjean, P., Mirdamadi, A., Gunderson, A.S. & Jostad, H.P., 2017, A 
framework for cyclic p-y curves in clay and application to pile design in GoM, SUT OSIG Conference 
proceedings, Volume 2; 
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• Zhu, F.Y., O'Loughlin, C.D., Bienen, B, Cassidy, M.J. & Morgan, N., 2017, The response of suction 
caissons to long term lateral cyclic loading in single-layer and layered sea-beds, Géotechnique, 1-13; and 

• Ziogos, A.D., Brown, M.J., Ivanovic, A. & Morgan, N., 2015, Interface shear characteristics of Scottish rock 
samples from sites with tidal energy potential, XVI ECSMGE Conference proceedings. 
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Chapter 2 
Project Certification Modules 
 

■ Section 1 
 Site conditions evaluation 
1.1 Module requirements 

1.1.1 The purpose of the evaluation required by this module is to confirm that external conditions at the site are 
appropriate for the wind farm location. 

1.1.2 External conditions comprise environmental (wind and metocean), electrical and soil properties. 

1.2 Guidance on input requirements 

1.2.1 The applicant should provide one or more reports summarising the assessment of the external conditions at the 
project site(s), addressing the following: 

• wind conditions; 

• other environmental conditions (including snow, ice and temperature); 

• earthquake conditions; 

• electrical power network conditions; 

• geotechnical and geophysical conditions; 

• marine conditions (wave, current and water-surface elevation); and 

• weather windows and weather downtime. 

1.2.2 The applicant should submit the detailed methodology used to determine long-term weather conditions for 
review as part of the site condition report. The methodology report should include full details in relation to all site 
measurements undertaken for the wind farm and for all long-term measured data used for correlation purposes. As a 
general reference, see Annex E, IEC 61400-1 Wind turbines – Part 1: Design requirements. The applicant should provide 
justification for the methodologies and data sources used and any validation studies which confirm the suitability of that 
data as part of their analysis. 

1.2.3 For wind conditions, the following parameters should be included as part of the site condition report, and should 
be determined for the measurement location at or near the site: 

• air density expected at site (mean and extreme), including consideration of diurnal and seasonal air 
density variation (if appropriate); 

• mean wind speed at hub height (including sector-wise Weibull parameters); 

• wind speed distribution (measured and long term correlated); 

• wind speed probability density function (as per Section 12.3, IEC 61400-3 Wind turbines – Part 3: Design 
requirements for offshore wind turbines); 

• wind rose (measured and long term correlated); 

• hub height extreme wind speed (10 minutes, 50-year extreme) and selected gust factors for the site, 
whether measured or taken from Section 12.3, IEC 61400-3 Wind turbines – Part 3: Design requirements 
for offshore wind turbines; 

• wind shear measured at the site, and assumptions made in relation to determining the values presented; 

• turbulence intensity (in the absence of measured data, use the Charnock-based approximation as per 
Section 12.3, IEC 61400-3 Wind turbines – Part 3: Design requirements for offshore wind turbines); and 
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• ambient turbulence, along with the standard deviation of this value (if measured). 

1.2.4 Measured wind shear profiles should be provided, along with any appropriate commentary with regard to how 
they have been determined and any limitations identified. Where wind shear values are high for extended periods, due to 
severe roughness or atmospheric stratification, an α value of 0,14 will be appropriate for use. 

1.2.5 Where wind profiles are found to vary (seasonally or diurnally), summaries of extreme values, probabilities and 
durations should be presented. 

1.2.6 For WTs on floating structures, the influence of extreme operating gusts with return periods greater than 10,5 
seconds should be considered. In particular, the change in wind speed which is possible over the time period 
corresponding to the platform degrees of freedom should be considered. 

1.2.7 The seismic hazard assessment for the site should be prepared in accordance with the requirements of ISO 
19901-2 Petroleum and natural gas industries – Specific requirements for offshore structures – Part 2: Seismic design 
procedures and criteria; or equivalent. Where seismic hazard is significant, a detailed seismic hazard assessment should 
be performed to provide input to foundation and structure design. 

1.2.8 For the electrical power network conditions, the following grid requirements should be included as part of the 
site condition report: 

• the grid’s normal connection point voltage range, including the transitory effects of any transformer auto-
tap changing equipment; 

• a note of any requirements for remaining connected or for disconnecting because of voltage variation; 

• the normal frequency range and rate of change, including any requirements for disconnecting because of 
frequency variation and for riding through faults; 

• the grid connection point rating in kVA; 

• the existing load and/or generation in kVA at the grid-connection point; 

• the estimated spare-rated capacity in kVA at maximum and minimum power factors; and 

• any other grid connection/compatibility requirements. 

The site condition report should also define the following parameters: 

• power factor control requirements; 

• fault current and typical duration; and 

• type of electrical grid outages and average number per year. 

1.2.9 In general, it is expected that the design of offshore foundations for WTs will be performed taking into account 
the requirements of the ISO 19900 series of standards with reference to other good industry practice where appropriate. 
This includes site investigation, seismic requirements, foundation design and installation and inspection. Ch 3 Additional 
Guidance on Geotechnical Aspects provides additional interpretation and guidance in support of the ISO 19900 series of 
standards. The site condition assessment should not only consider the current condition of the seabed and soil 
conditions but also the potential for changes to the site prior to and throughout the life of the assets. 

1.2.10 The site wave, current and water surface elevation conditions documents should comply with the requirements 
of ISO 19901-1 Petroleum and natural gas industries – Specific requirements for offshore structures – Part 1: Metocean 
design and operating conditions (except Section 7), or other industry standards as agreed with LR. 

1.3 Evaluation methodology 

1.3.1 LR will confirm that all measurements of site conditions have been carried out by a body accredited to ISO/IEC 
17025 General requirements for the competence of testing and calibration laboratories, where applicable, otherwise 
confirm that the measurements are reliable and of satisfactory quality. This will include evaluation of: 

• test and calibration methods; 

• equipment used; 
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• traceability of measurements; 

• assurance of quality and calibration results; and 

• reporting. 

1.3.2 LR will confirm that all data acquisition, analysis and reporting of site conditions has been undertaken by 
suitably qualified personnel. 

1.3.3 LR will review the appropriateness of the derivation of the wind conditions parameters as outlined in Ch 2, 1.2 
Guidance on input requirements to ensure they are suitably robust. This will include evaluation of: 

• appropriateness of installed measurement equipment for the purpose of evaluating site conditions 
including, where appropriate, checks against IEC 61400-12-1 Wind energy generating systems – Part 12-
1: Power performance measurements of electricity producing wind turbines and IEC 61400-12-2 Wind 
turbines – Part 12-2: Power performance of electricity-producing wind turbines based on nacelle 
anemometry and other industry best practice guidelines including MEASNET Evaluation of Site-Specific 
Wind Conditions and applicable IEA Recommended Practice documents; 

• completeness and integrity of wind data used as basis for site conditions assessment; 

• suitability of reference wind data sources for both long-term correction and extreme conditions analysis. 
This will include consideration of source, type, time period, consistency of measurements, similarity and 
correlation. Review of confidence levels associated with consideration of multiple sources will also be 
undertaken; 

• quality of long-term adjustment process followed to extrapolate site measured data to represent long-term 
conditions; 

• wind shear distribution including consideration of diurnal and seasonal variation and results of comparison 
between modelled and measured values; 

• wind flow modelling approach followed including consideration of model inputs, such as terrain, roughness 
and atmospheric stability, model configuration and assumptions; 

• confidence in extreme wind analysis approach followed through consideration of results of multiple 
statistical techniques applied to measured data; and 

• appropriateness of derivation of air density figures, including inputs and extrapolation methods. 

1.3.4 Following initial document review, LR will determine appropriate areas and levels of simplified parallel 
calculations of selected parameters to perform on a spot check basis. These spot checks are not pre-defined (before the 
initial review) to allow for flexibility in the approach on a project-specific basis and to focus on the critical areas for the 
site. Parallel calculations will not be performed for parameters which are fully defined and additional independent checks 
would not bring additional confidence in the results presented. Independent calculations may consist of analysis of raw 
data, or alternatively build on steps performed by the client as part of the calculation of other site conditions parameters. 
Parallel calculations are intended as a check on reported values and are not suitable for mitigation of incomplete 
reporting of parameters or the methodology in derivation of these parameters. In circumstances where parallel 
calculations support the figures presented by the client, the client values will be taken forward within the design basis. 
When parallel calculations raise concerns with the parameter values presented by the client additional discussion and 
analysis may be required to resolve the discrepancy and confirm the adequacy of the selected parameter. 

1.3.5 LR will review the seismic hazard assessment for the project site to confirm its consistency with the 
requirements of ISO 19901-2 Petroleum and natural gas industries – Specific requirements for offshore structures – Part 
2: Seismic design procedures and criteria; or equivalent. 

1.3.6 For the evaluation of the site conditions relating to the electrical power network conditions, LR will confirm that 
the grid requirements and grid connection parameters as listed in Ch 2, 1.2 Guidance on input requirements 1.2.8 have 
been adequately defined in the site condition report. 
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1.3.7 The review of the site condition assessment for geotechnical and geophysical aspects will confirm that the 
seabed and soil conditions across the site are sufficiently well understood to enable design, installation, operation and 
maintenance of the WT structures and associated foundations. 

1.3.8 LR will review the site metocean report to confirm that there is sufficient confidence in the data (wave, current 
and water surface elevation) to enable design to proceed, using as reference ISO 19901-1 Petroleum and natural gas 
industries – Specific requirements for offshore structures – Part 1: Metocean design and operating conditions, or other 
industry standards as agreed by LR. 

■ Section 2 

 Design basis evaluation 
2.1 Module requirements 

2.1.1 The purpose of this module is to check that the design basis is properly documented and provides a sufficient 
and sound basis to be developed into a detailed design that is certifiable to IEC 61400-22 Wind turbines – Part 22: 
Conformity testing and certification. 

2.1.2 It is assumed that the site condition evaluation has already been completed before commencing the evaluation 
required by this module. 

2.2 Guidance on input requirements 

2.2.1 The applicant’s design basis, or bases, should address the following: 

• design life; 

• design methodologies and principles, and key assumptions; 

• codes and standards (or any other published and validated work upon which the project will be based) for 
design, manufacture, transportation, installation and commissioning; 

• principles for material selection; 

• assumptions made for parameters influencing the loading, but not covered by the WT type certificate; 

• WT type including details of its type certification and any deviations; 

• relevant statutory requirements; 

• a description of the support structure concept; 

• an overview of methods and environmental conditions for transportation and installation; 

• any factors which could affect manufacturing, transportation or installation; 

• commissioning philosophy; 

• operations, inspection and maintenance philosophy; 

• details of grid connection; and 

• any other requirements specified by the client or applicant. 

2.2.2 Where appropriate to the site and the type of asset(s) under consideration, the design basis for geotechnical 
aspects should include: 

• location of foundations, foundation type and configuration; 

• summary description of soil and seabed conditions; 

• design soil parameters for each purpose (e.g. capacity, stiffness, installation); 

• methodology for foundation capacity; 

• methodology for foundation response (stiffness and damping) and settlement; 
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• foundation installation methodology; 

• scour philosophy to include likelihood and scour allowances or mitigation measures; 

• cyclic loading effects; 

• seismic earthquake effects including magnitude; 

• seabed hazards, assessment of impact on structure/foundation and mitigation measures; 

• foundation acceptance criteria and definition of load and resistance or material factors and any other 
performance requirements (e.g. limits on settlement or rotation); 

• installation tolerances; and 

• other interfaces to be considered (e.g. jack-up footprint–foundation interaction). 

2.2.3 The structural design basis should also address the following, including a description of how the respective 
aspects have been selected or established: 

• design parameters for the external conditions including wind, wave, current, seismic, boat-impact, dropped 
object and other accidental conditions; 

• philosophy for corrosion management; 

• marine-growth thickness and hydrodynamic coefficients; 

• all design load cases, including load combinations, load factors, load reduction factors, extreme loads and 
accidental loads; 

• air-gap requirements for blade clearance (in both the operating and parked conditions) and for any local 
structure not designed for wave loading; 

• inter-array effects, such as wake effects (in the absence of a more detailed methodology, Annex D, IEC 
61400-1 Wind turbines – Part 1: Design requirements can be used to determine the wake and wind farm 
turbulence); 

• the interface between the substructure and its foundation; and 

• the adequacy of the transition piece and its (grouted or bolted) connections (if applicable). 

2.3 Evaluation methodology 

2.3.1 Regardless of the modules in LR’s scope as certification body, the design basis evaluation will consider all 
project phases and the operational phase of the wind farm. 

2.3.2 LR’s design basis evaluation will confirm that appropriate codes and standards have been selected, and that the 
considerations described in Ch 2, 2.2 Guidance on input requirements have been incorporated, as appropriate for the 
asset(s) being evaluated. 

2.3.3 As part of this evaluation LR will confirm that the parameters reviewed during the site condition assessment 
have been correctly incorporated in the design bases. 

2.3.4 The design basis evaluation will include assessment of the design methodologies and acceptance criteria for 
the ultimate limit states (ULS), service limit states (SLS), fatigue limit states (FLS), accidental limit states (ALS), natural 
frequencies, ship impact analysis and cyclic loads for the support structure and foundations. 

2.3.5 Evaluation of the design basis for electrical aspects will be limited to grid connection aspects including 
confirmation that the client has conducted, or is planning to conduct, power system studies according to relevant National 
or International Standards to show that the project is capable of meeting the grid in-feed requirements at the point of 
common coupling with the existing grid system. Such calculations will cover all conceivable operational and wind level 
scenarios that could impact the grid and will include predicted voltage fluctuation levels, fault levels, MVA flows, voltage 
and frequency excursion limits prior to disconnect, transformer in-rush currents and harmonic generation levels. The 
design basis evaluation for electrical aspects will also include the proposed earthing practices to be followed, confirming 
that they are acceptable to the grid operator, and consideration of lightning protection and energy dissipation. 
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2.3.6 If cables are required to be evaluated as part of the certification scope (as an ‘other installation’), the design 
basis evaluation will entail confirmation that the proposed codes and standards, and the proposed methodology, for the 
design and analysis of the cable system are suitable for the main properties of the cable (and ancillaries as applicable) 
including strength, protection and fatigue. 

■ Section 3 

 Integrated loads analysis evaluation 
3.1 Guidance on module requirements 

3.1.1 The purpose of the integrated loads analysis (ILA) is to confirm that the site-specific loads and load effects on 
the integrated WT structure, including the rotor nacelle assembly (RNA) plus the support structure and supporting soils 
(where applicable), have been  derived in conformity with the design basis. 

3.1.2 Loads analysis defines the site-specific loads and load effects on the WT and supporting structure, foundations 
and RNA. The loading conditions report should demonstrate that the loading calculations comply with the design basis. 
The design basis evaluation must therefore be completed before starting this module. 

3.1.3 If the loads and load effects in the design basis are less onerous than those assumed for the WT type 
certification, and the support structure and the WT characteristics are identical, no further loads analysis needs to be 
undertaken. 

3.2 Guidance on input requirements 

3.2.1 Where deemed necessary following the considerations in Ch 2, 3.1 Guidance on module requirements 3.1.3, 
loads analyses should be completed by the applicant. The analyses should provide full documentation to the certification 
body of the load calculations and a comparison with the loads assumed for the type certificate. 

3.2.2 The effect of upstream conditions should be considered when they can be reasonably foreseen. Examples of 
when upstream wind conditions could influence a wind farm are: 

• wind farms which are being developed as a series of zones; and 

• wind farms which may be influenced by other upwind wind farms. 

3.2.3 Estimations of conditions within the wind farm should be made, and consideration as to how the primary 
conditions of wind speed and turbulence intensity vary within the wind farm array should be provided at a selection of WT 
locations. 

3.2.4 The loading analysis should consider all the load cases described in Section 7.3, IEC 61400-3 Wind turbines – 
Part 3: Design requirements for offshore wind turbines; as a minimum, the design load cases specified in Table 1 of that 
standard should be considered. In addition, if the site condition assessment reports have indicated that sea ice may 
occur at the site, then the design load cases as specified in Table 2 of that standard should also be considered. 

3.2.5 The fatigue load cases are considered to be adequately covered by IEC 61400-1 Wind turbines – Part 1: Design 
requirements and IEC 61400-3 Wind turbines – Part 3: Design requirements for offshore wind turbines. However, for 
ultimate strength load cases, additional requirements are specified in Section 7.6, IEC 61400-3 Wind turbines – Part 3: 
Design requirements for offshore wind turbines. 

3.2.6 Type certification usually assumes a Rayleigh wind speed probability distribution (reference 3.1.1 of IEC 61400-
1 Wind turbines – Part 1: Design requirements). Other probability distributions can also be used, provided the 
applicability is demonstrated by means of data which is appropriate for the wind farm site and that a good fit is proven 
between measurements and the theoretical distribution. If the distribution selected to represent the wind farm site is 
different from that used for type certification, then the effect of this on the calculated fatigue life of the WT facility should 
be assessed and documented. 

3.2.7 Loading conditions for fixed structures should generally follow the requirements of Section 7.4, IEC 61400-3 
Wind turbines – Part 3: Design requirements for offshore wind turbines; accidental conditions, including vessel impact 
and dropped objects, and post-accident conditions should also be taken into account. 
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3.2.8 To account for the facility being unmanned, the return period of the extreme environmental actions defined in 
ISO 19902 Petroleum and natural gas industries – Fixed steel offshore structures, ISO 19903 Petroleum and natural gas 
industries – Fixed concrete offshore structures and API RP 2A-WSD Recommended Practice for Planning, Designing 
and Constructing Fixed Offshore Platforms – Working Stress Design may be reduced by a factor of two (i.e. 50-year 
return period environmental actions may be used instead of 100-year environmental actions). 

3.2.9 Loading conditions for floating structures should generally follow the requirements of Section 7, IEC 61400-3 
Wind turbines – Part 3: Design requirements for offshore wind turbines, supported by DNV-OS-J103 Design of floating 
wind turbine structures, considering the following: 

• it should be considered that the motion of upwind WT platforms may cause variation in inflow velocity at 
the platform natural frequency and the potential for this to cause resonance should be investigated; 

• tank (hydrostatic) testing conditions should be included in the design load cases; and 

• time-domain simulations must be of sufficient duration to give stable response statistics; in general, 
continuous three-hour simulations are necessary. 

3.2.10 Loading conditions for floating structures should also include the following accidental/fault conditions in the 
design load cases: 

• accidental flooding (caused by, for example, collision, equipment failure or human error) of any single 
compartment below the waterline; accidental flooding of more than one compartment may need to be 
considered, depending on the consequences of the collision load cases defined in Paragraph 7.4.8, IEC 
61400-3 Wind turbines – Part 3: Design requirements for offshore wind turbines; 

• the failure of any single mooring line; 

• vessel impact and dropped objects; and 

• post-accident conditions. 

3.2.11 For floating structures, the load cases specified in Pt 3, Ch 10, Section 4 of LR’s Rules and Regulations for the 
Classification of Offshore Units should be considered where wind, waves and current are acting, unless suitable site-
specific combinations have been derived. To account for the facility being unmanned, the return period of the various 
environmental actions defined in the LR Rules may be reduced by a factor of two (e.g. use a 50-year return period rather 
than a 100-year period). 

3.2.12 A Campbell diagram should be produced to identify the natural frequencies of the system which are at risk from 
resonance. A Campbell diagram is a plot of natural frequency against rotor operational speed. A Campbell diagram 
should take account of the following dynamic effects: 

• centrifugal stiffening affecting the natural frequency of blade modes; and 

• transformation of the blade natural frequencies from the rotating frame to the stationary frame (e.g. by 
multi-blade coordinate transform). 

It is recommended that the Campbell diagram covers natural frequencies at least up to five times the blade passing 
frequency. Additionally, it is recommended that the uncertainty in natural frequency, due to manufacturing tolerances, 
variations in soil conditions, lifetime stiffness variation and weight due to marine growth and corrosion, is taken into 
account. 

3.2.13 Wind veer is a variation in wind direction with height above sea level. Its occurrence can cause larger loading on 
the support structure at the blade passing frequency which may not be captured by other design load cases. For WTs 
with a support structure natural frequency in the range of blade passing frequencies bounded by the minimum and 
maximum generator speeds, it is recommended that the turbine and support structure loading are evaluated at the wind 
speeds where the natural frequency is closest to the blade passing frequency with appropriate wind veer for fatigue and 
extreme cases to assess the risk of resonance. 

3.2.14 The mass and stiffness of the structure and the soil may change considerably during a WT’s lifetime. Scour, 
corrosion, marine growth, soil settling and sand movement may influence the turbine’s natural frequencies, which needs 
to be considered in the ILA by applying the most adverse conditions. Mean values may be applied for fatigue analysis if 
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there are no resonant operational modes. If the WT may operate within the resonance range of the support structure, 
within ±5 per cent of the support structure’s natural frequency, suitable limits of permissible vibrations need to be defined 
within the ILA (and vibration monitoring systems need to be provided). 

3.2.15 If the certification body is required to undertake an independent ILA (see Ch 2, 3.3 Evaluation methodology), the 
following inputs will also be required: 

• structure and geometry of the RNA including blade aerodynamics, structural and mass distributions of 
blades, electrical drivetrain properties and details of mechanical and electrical actuation systems; 

• controller data file in a format compatible with the WT simulation tool in use by LR; 

• description of the WT controller philosophy and details of any shutdown triggers and procedures; and 

• details of the site-specific support structure including thicknesses, section diameters, joint locations, 
secondary steel locations and masses, model test report(s), hydrodynamic coefficients and the anchoring 
system. 

3.3 Evaluation methodology 

3.3.1 LR’s evaluation should not commence until the applicant has provided their ILA including their comparison with 
the loads considered in the WT type certification. 

3.3.2 LR’s evaluation will consider: 

• the combinations of external conditions and design situations (e.g. normal, fault, transport, installation); 

• the respective partial load safety factors; 

• the calculation methods (e.g. simulation procedure, number of simulations and combinations of wind and 
wave loads), if applicable; 

• the design driving load cases defined with reference to the site conditions and the operation and safety 
system of the WT; and 

• any difference between the site-specific loads and the loads assumed for the type certificate. 

3.3.3 LR does not normally need to undertake an independent ILA, but may consider it necessary based on the 
following considerations (the decision on whether an independent ILA is deemed necessary will be made on a case-by-
case basis, noting that information on some of the considerations may not be available at the project outset): 

• the site conditions; 

• LR’s experience of the WT type and the support structure concept, including combinations of the two; 

• the experience and methodology (design basis) of the party preparing the ILA; and 

• the applicant’s ILA including their comparison with the loads considered in the WT type certification. 

3.3.4 LR may also be requested by the applicant to undertake an independent ILA. 

3.3.5 Timing of LR’s independent ILA, if undertaken, is important, and should be agreed with the applicant for each 
project to support the project’s design process; it will typically be undertaken after LR’s review of the applicant’s initial 
ILA, and should be timed so that the results can be compared with a specific revision or iteration of the applicant’s ILA. 
LR will normally undertake a single independent ILA, unless the applicant requires additional iterations to align with their 
own ILA iterations. 

3.3.6 When undertaking an independent ILA, LR will develop a model of the integrated WT structure (WT, tower, 
substructure and foundations) with associated project site conditions in the Bladed software, once there is sufficient level 
of detail in the project design parameters, in accordance with the chosen scenario and iteration. LR will provide a 
specification for the necessary basic input data required for integrated WT structure model, and use the required inputs 
from the site conditions evaluation and design bases. For foundation modelling LR will derive their own pile–soil 
interaction (PSI) model, based on the provided inputs, aligning this with the designer's foundation model in order to limit 
the potential for differences in the analysis results. 
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3.3.7 When undertaking an independent ILA the following processes will be performed during the set-up and loads 
analysis: 

• set up an independent model; 

• modal analysis of the full WT structure; 

• establish a reduced set of load case simulations; 

• independent parallel calculations of loads, taking account of the site-characteristic variations of wind and 
wave direction, as specified in the design basis; 

• comprehensive end-to-end checks of all parameters, model choices and output time series for sufficient 
load cases to capture the driving events for extreme load components; 

• review and independent verification of fatigue load cases (for instance to establish a list which is sufficient 
to calculate at least 90 per cent of the fatigue damage); and 

• post-processing of time series code checks, for example to prepare ultimate driving load components, 
extrapolation of extreme loads, local stress time series, damage equivalent loads, Markov matrices (via 
rainflow cycle counting) or fatigue damage accumulation of local stress time series. 

3.3.8 LR will make initial sensitivity checks, before the full set of load calculations, on loads used for design (FLS and 
ULS) – in particular investigating the consequences of variability of structural frequencies for the selected design 
positions. Where the wind farm comprises a range of soil conditions, LR would typically select two positions, representing 
the softest and stiffest locations, but these can be adjusted if there is evidence to demonstrate that other locations in the 
wind farm are more critical. This enables LR to optimise its approach by rationalising (and reducing) the number of 
different load case simulations essential to characterise the wind farm and which will be used for the design of the 
structures. 

3.3.9 The independent ILA will be based on the approved design basis and with the identified load cases that are 
necessary to demonstrate compliance with the requirements of IEC 61400-1 Wind turbines – Part 1: Design 
requirements, IEC 61400-3 Wind turbines – Part 3: Design requirements for offshore wind turbines and other standards 
referenced in the project design basis. 

■ Section 4 

 Site-specific wind turbine/RNA design evaluation 
4.1 Module requirements 

4.1.1 The purpose of this evaluation is to confirm that the site-specific WT is in compliance with the design basis. If 
the WT support structure is of a project-specific design, its evaluation should be included in the design evaluation 
addressed in Ch 2, Section 5 Site-specific support structure design evaluation. 

4.1.2 This module cannot be completed successfully without prior completion of the design basis evaluation and ILA 
evaluation (see Ch 2, Section 2 Design basis evaluation and Ch 2, Section 3 Integrated loads analysis). 

4.2 Guidance on input requirements 

4.2.1 The applicant’s submission for this module’s evaluation should include a comparison between the WT type 
certification conditions and the actual site conditions as presented in the design basis. The submission should include: 

• a comparison of the WT type certification load envelope and the site-specific load envelope arising from 
the ILA covering all wind and turbulent class dependent load cases including waves and currents (unless 
an ILA is not undertaken because site conditions are less onerous than those assumed for the type-
certification); and 

• an evaluation of any increases in load level or any changes in vibration modes or natural frequencies, 
including identification of any components that will require reinforcement or modification. 
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4.2.2 The submission should also include a comparison between the site-specific conditions and those considered in 
the type certification, including an assessment of any differences (their effect on the WT structural, mechanical, electrical, 
safety and corrosion protection systems) and a description of the actions taken as a result of the assessment (e.g. 
design changes to the generator, converter, transformer, switch gear and enclosures). The external conditions to be 
considered should include: 

• temperature; 

• humidity; 

• solar radiation; 

• rain, hail, snow and ice; 

• chemically active substances; 

• mechanically active particles; 

• salinity; 

• electrical conditions; and 

• lightning. 

4.3 Evaluation methodology 

4.3.1 LR’s design evaluation will focus on the interfaces between the WT type certification and the preceding 
modules, including: 

• consistency of assumptions between the design basis and those made as part of the type certification; 

• comparison of loads assumed for the WT type certification and the site-specific loads; and 

• comparison of the certified design of support structure with the WT and tower design, if applicable. 

4.3.2 The design evaluation will include review of any aspect of the WT design that is not fully covered by the type 
certification (e.g. modified/new components or systems). 

4.3.3 LR’s design evaluation will include the corrosion protection systems for all WT systems including electrical 
components, with respect to the site-specific conditions. 

■ Section 5 

 Site-specific support structure design evaluation 
5.1 Module requirements 

5.1.1 The purpose of this evaluation is to confirm that the site-specific support structure design complies with the 
design basis. The support structure includes the tower, sub-structure, foundations and mooring systems (floating 
structures only). 

5.1.2 This module cannot be completed successfully without prior acceptance of the design basis evaluation and ILA 
(see Ch 2, Section 2 Design basis evaluation and Ch 2, Section 3 Integrated loads analysis). 

5.2 Guidance on input requirements 

5.2.1 The applicant is expected to provide documentation fully detailing the design of all parts of the site-specific 
support structure including drawings, calculations and manufacturing specifications, incorporating the guidance in the 
following paragraphs as applicable for the type of support structure. 

5.2.2 Fatigue is likely to be the dominant degradation mechanism for the support structure of an offshore WT. Fatigue 
damage should be minimised by: 
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• ensuring that the structural natural frequencies do not coincide with blade-passing or turbine rotational 
frequencies or with frequencies containing significant wave energy except where a system exists to 
sufficiently damp or otherwise mitigate the oscillations; 

• avoidance of dynamic response to wind, including vortex-induced vibration (VIV) except where a system 
exists to sufficiently damp or otherwise mitigate the oscillations; 

• designing structural details to minimise stress concentration factors; 

• controlling manufacturing precision and quality to achieve the tolerances specified in the selected code of 
practice for construction; and 

• prohibiting temporary or permanent unauthorised attachments, modifications or repairs. 

The process of fatigue is aggravated by corrosion and therefore appropriate corrosion protection should be 
applied. Corrosion protection in the splash zone is of particular importance because cathodic protection will be 
less effective and in-service replacement of coatings will be difficult. 

5.2.3 The air gap should be calculated based on deck elevation requirements within IEC 61400- 3 Part 3: Design 
requirements for offshore wind turbines. The air gap is defined as the vertical gap between a highest wave crest 
elevation including the effects of highest astronomical tide, positive storm surge, motion of the support structure and the 
lower of either the tip of the WT blade or lowest point (beam, equipment or fixing) of the lowest deck of the support 
structure. The air gap should be greater than or equal to 0,2Hs50, where Hs50 is the fifty-year return value of significant 
wave height, with a minimum air gap value of 1 m for fixed structures. In addition, for floating platforms, the strength with 
respect to loads resulting from wave impacts, including slamming, sloshing and green water should be confirmed in 
accordance with ISO 19904-1: Petroleum and natural gas industries – Floating offshore structures – Part 1: Monohulls, 
semi-submersibles and spars. 

5.2.4 If the air gap for the abnormal condition is assessed based on a favourable parked blade position, then the air 
gap must also be assessed for the operating wave crest elevation. The possibility of contact between a wind-turbine 
blade and a vessel should be considered; there should either be a means of remotely stopping the turbine blades or the 
air gap should be set such that there can be no clash in the limiting sea-state for service vessels. For other vessels, a 
risk assessment should be undertaken to determine policy. 
5.2.5 The design of a fixed steel WT support structure should generally meet the requirements of IEC 61400-3 Wind 
turbines – Part 3: Design requirements for offshore wind turbines, supplemented by the applicable parts of other 
recognised industry standards as applicable, and also take into account the following: 

• a working stress design (WSD) method may also be used, applying the approach in API RP 2A-WSD 
Recommended Practice for Planning, Designing and Constructing Fixed Offshore Platforms – Working 
Stress Design. See Table 2.5.1 Applicable allowable increase on API RP2A WSD basic stresses for the 
acceptable increases on basic allowable stresses and equivalence of the IEC 61400-3 Wind turbines – 
Part 3: Design requirements for offshore wind turbines load cases; 

• for the accidental vessel impact, dropped-object, seismic and fatigue load conditions, ISO 19902 
Petroleum and natural gas industries – Fixed steel offshore structures should be followed for partial factor 
design and API RP 2A-WSD Recommended Practice for Planning, Designing and Constructing Fixed 
Offshore Platforms – Working Stress Design for WSD; and 

• the post-impact condition can be regarded as an abnormal (A) load-case. Environmental conditions with a 
one-year return period should be considered. For this condition, ISO 19902 Petroleum and natural gas 
industries – Fixed steel offshore structures should be followed for partial factor design and API RP 2A-
WSD Recommended Practice for Planning, Designing and Constructing Fixed Offshore Platforms – 
Working Stress Design for WSD. For the WSD approach, basic allowable stresses can be increased by 
one third. 
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Table 2.5.1 Applicable allowable increase on API RP2A WSD basic stresses 

IEC 61400-3 
Design situation 

API RP2A WSD 
Allowable increase on basic stresses 

Normal (N) 1,11 

Abnormal (A) 1,33 

Transport and erection (T) 1,00 

 
5.2.6 Design of foundations for fixed structures should consider the effects of accumulated deformation in the soil. 
This may be especially significant for mono-pile and gravity-base type structures that are subject to dynamic cyclic 
loading. Special attention should be given to the effect of foundation stiffness upon the behaviour of the structure and 
rotor. 

5.2.7 To allow for corrosion, design of fixed structures should generally meet the requirements of Section 7.6, IEC 
61400-3 Wind turbines – Part 3: Design requirements for offshore wind turbines, and take into account the following: 

• for design strength calculations, the design thickness should be reduced by the full corrosion margin; 

• for accidental vessel impact and post-impact conditions, the design thickness should be reduced by up to 
the full corrosion margin; and 

• for design fatigue calculations, the design thickness should be reduced by 50 per cent of the corrosion 
margin. 

5.2.8 The design of floating steel WT support structures should generally meet the requirements of IEC 61400-3 Wind 
turbines – design requirements for offshore wind turbines; and take into account the following: 

• using a WSD approach, Pt 4, Ch 3, Section 4 of LR’s Rules and Regulations for the Classification of 
Offshore Units or equivalent should be applied; and 

• for Paragraph 7.6.3, IEC 61400-3 Wind turbines – Part 3: Design requirements for offshore wind turbines, 
the safety factors in Pt 4, Ch 5, Table 5.2.1 Factors of safety for the combined load cases of LR’s Rules 
and Regulations for the Classification of Offshore Units or equivalent should be applied. 

5.2.9 To allow for corrosion, design of floating steel structures should generally meet the requirements of Section 7.6, 
IEC 61400-3 Wind turbines – Part 3: Design requirements for offshore wind turbines, and also take into account the 
following: 

• for design strength calculations, the design thickness should be reduced by the full corrosion margin for 
local strength assessment (e.g. panel buckling) and by 50 per cent of the corrosion margin for global 
strength assessment; 

• for design fatigue calculations, the design thickness should be reduced by 50 per cent of the corrosion 
margin for local stress assessment and 25 per cent of the corrosion margin for global stress assessment; 
and 

• the corrosion rates in Table 2.5.2 Recommended corrosion rates for one side of structural members, are 
provided as guidance. For a full range of corrosion rates refer to Pt 4, Ch 3, Table 3.7.1 Corrosion rate for 
one side of structural member of LR’s Rules and Regulations for the Classification of Offshore Units. 

Table 2.5.2 Recommended corrosion rates for one side of structural members 

Environment Position Corrosion rate on each exposed 
surface (mm/year) 

ballast water 
within 3 m below the top of the tank 0,15 

elsewhere 0,1 (1) 

exposed to atmosphere weather deck plating 0,1 
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elsewhere 0,075 

exposed to seawater all 0,075 

other tanks and spaces all 0,05 

Note 1 - 50 per cent of the corrosion rate may be used for permanently filled ballast tanks 
 

5.2.10 The design of floating concrete WT wind turbine hull structures should generally meet the requirements of IEC 
61400-3 Wind turbines – Part 3: Design requirements for offshore wind turbines; and follow Part 9 Concrete Unit 
Structures of LR’s Rules and Regulations for the Classification of Offshore Units or equivalent. 

5.2.11 Mooring system loading conditions for floating WTs should generally meet the requirements of IEC 61400-3 
Wind turbines – Part 3: Design requirements for offshore wind turbines and take into account the following: 

• if using a WSD approach, safety factors defined in Pt 3, Ch 10, Section 6 Anchor lines of LR’s Rules and 
Regulations for the Classification of Offshore Units or equivalent should be used, based on equivalence as 
shown in Table 2.5.3 Applicable factors of safety for mooring; and 

• fatigue life of the mooring components should be calculated in accordance with API RP 2SK Design and 
Analysis of Station-keeping Systems for Floating Structures following the safety factors defined in LR’s 
Rules and Regulations for the Classification of Offshore Units; if the design is unable to tolerate the loss of 
any single mooring line, line tensions and stresses should be increased by a factor of 1,5 before 
calculating the fatigue damage. 

Table 2.5.3 Applicable factors of safety for mooring 

IEC 61400-3 
Design situation 

Load combination per LR Rules Factor of safety 
(break strength) 

Normal (N) Extreme storm or maximum environment 
with floating unit attached (intact) 

1,67 

Abnormal (A) Extreme storm or maximum environment 
with floating unit attached (damaged) 

1,25 

 

5.2.12 Standards for subdivision, stability and freeboard prescribed by the National Administration for the planned 
location of a floating WT should be followed; if no such standards exist, the relevant parts of the IMO Code for the 
Construction and Equipment of Mobile Offshore Drilling Units (MODU Code), LR’s Rules and Regulations for the 
Classification of Offshore Units or other suitable international conventions should be applied as applicable for the type of 
WT unit under consideration. It may be necessary to conduct a practical test to support the buoyancy and stability of a 
complex floating structure or one of irregular shape 

5.3 Evaluation methodology 

5.3.1 LR’s evaluation of the support structure design will include: 

• confirmation that the support structure design has been carried out in accordance with the design basis; 

• review of primary structure design reports, including the ULS, SLS, FLS and ALS; 

• confirmation that the structural design reports incorporate the results of the ILA, including the assumptions 
made in the analysis (e.g. support structure stiffness and damping calculations); 

• assessment of the stability of a floating unit based on the design basis; 

• assessment of the geotechnical design documentation based on the design basis; 

• review of the plans for construction, transportation, installation and maintenance; and 

• review of the structural corrosion protection system based on the design basis. 
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5.3.2 Independent analysis is not required as part of LR’s evaluation. However, simplified parallel calculations (spot-
checks) may be undertaken for critical areas identified in the review of the design reports, and depending on the 
experience of the designer and the complexity of the design. 

5.3.3 Special attention will be paid to the transition piece and the grouted and/or bolted connections at the interfaces 
between the WT tower and the substructure, or between the substructure and foundations (as applicable to the site-
specific design). LR may undertake finite element analysis of critical areas identified in the review of the design reports, 
and depending on the experience of the designer and the complexity of the design and the quality of the submitted 
calculations. 

5.3.4 The evaluation of the support structure will consider all project phases including loadout, sea-fastening, 
transportation and installation, as applicable. Where the client or applicant has appointed a Marine Warranty Surveyor 
(MWS) to assess the transportation and installation phases of the assets, LR may review the MWS’s reports and take 
credit for their reviews as part of the evaluation, provided the MWS reviews are considered to directly contribute to the 
certification to IEC 61400-22 Wind turbines – Part 22: Conformity testing and certification. 

5.3.5 Secondary steel structures (e.g. boat landing and appurtenances) are not part of the evaluation scope; LR’s 
review will be limited to verification of the load transfer from the secondary structures to the primary structure. 

■ Section 6 

 Other installations design evaluation 
6.1 Module requirements 

6.1.1 This is an optional certification module in IEC 61400-22 Wind turbines – Part 22: Conformity testing and 
certification; evaluation should be undertaken for ‘other installations’ as directed by the applicant. The scope of the 
design evaluation should be developed by the certification body and agreed with the applicant before commencing any 
evaluation. 

6.1.2 The term ‘other installations’ includes any type of installation other than the WT and WT support structure that 
forms part of the wind farm project, such as collector hubs, electrical substations and transformer platforms. It can also 
include cables, i-tubes, j-tubes or any other part of the project infrastructure. 

6.1.3 The purpose of this evaluation is to confirm that the design of the ‘other installation’ complies with the design 
basis. If the ‘other installation’ is not addressed in the project design basis (evaluated as part of the earlier module, Ch 2, 
Section 2 Design basis evaluation) the design evaluation undertaken as part of this module can be completed using 
codes and standards specified by the applicant and agreed by the certification body. 

6.2 Guidance on input requirements 

6.2.1 The documentation to be provided by the applicant will depend on the ‘other installation’ under consideration, to 
be defined by LR on a case-by-case basis. 

6.2.2 For a structure (e.g. substation) the documentation expected to be provided by the applicant is similar to that 
described in Ch 2, Section 5 Site-specific support structure design evaluation. 

6.3 Evaluation methodology 

6.3.1 LR’s evaluation for structures according to this this module will be similar to that described in Ch 2, Section 5 
Site-specific support structure design evaluation, as applicable to the ‘other installation’ under consideration. The 
evaluation may include independent analysis, if required by the applicant. 

6.3.2 If cables are required to be evaluated as part of this module, as an ‘other installation’, the assessment should 
address the main properties of the cable (and ancillaries, as applicable) including strength, protection, and fatigue. 
Although a number of recognised standards for design aspects relating to strength, protection, fatigue and ancillary items 
are widely applied to umbilicals and flexible pipes, many of the analysis methods presented can also be applied to the 
design of power cable systems. LR will review the cable design based on the agreed design basis and the applicable 
parts of these standards. The evaluation will include review of: 
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• the design basis for suitability of standards, design criteria and selection of design loads; 

• global cable configuration for strength including combined tension and bending capacity; 

• global cable configuration for interference aspects of cable components in extreme operating conditions; 

• long term dynamic fatigue; 

• in-place analysis assessing tie in location and interface loading; 

• cable on bottom stability for strength and transferred loads; 

• design of bend stiffeners, connectors and buoyancy modules; 

• protection at touch-down point; 

• analysis to set installation parameters and demonstrate capacity of selected vessel to complete installation 
without resulting in damage to cable or ancillary items; and 

• generation of independent dynamic simulations for critical installation, extreme operation and long-term 
fatigue cable analysis cases. 

The review will be supported, where required, by independent analysis assessing the global configuration 
response to extreme and long-term fatigue loading. 

In addition to the above physical aspects the electrical design and performance aspects would normally be 
reviewed by ensuring that the cable type certification met the required project ambient temperature, current, 
voltage and frequency levels. 

■ Section 7 

 Wind turbine/RNA manufacturing surveillance 
7.1 Module requirements 

7.1.1 The purpose of this module is to undertake surveillance to verify that the project-specific WTs are 
manufactured, assembled and tested in accordance with their approved design and to the intended quality. Surveillance 
comprises audit, inspection, and document reviews by the certification body. 

7.1.2 The scope of this module reflects the requirement of IEC 61400-22 Wind turbines – Part 22: Conformity testing 
and certification that WTs must be type-certified (at least provisionally) in order for an overall project certificate to be 
issued. It can be assumed that, under the scheme for type certification of the WT/RNA, the certification body has 
completed an evaluation of the manufacturer’s quality system and that the manufacturer operates a quality management 
system certified to ISO 9001 Quality Management. This evaluation does not need to be repeated by the project 
certification body. 

7.1.3 However, under the scheme for type certification of the WT/RNA the certification will have been required to 
undertake inspection during manufacture of only one specimen, most likely for a unit delivered to another project. The 
project certification body therefore needs to undertake surveillance of the project-specific WT/RNA manufacture. 

7.1.4 IEC 61400-22 Wind turbines – Part 22: Conformity testing and certification requires that the project certification 
body defines a project-specific surveillance scope based on a number of factors including (refer to Paragraph 9.8.2, IEC 
61400-22 Wind turbines – Part 22: Conformity testing and certification for a full list of factors): 

• the status of the WT type certification, including any conditions or outstanding work; 

• the manufacturer’s experience of delivering the project-specific scope; 

• the certification body’s experience with the manufacturer; 

• the quantity and type of units in the project scope; 

• the extent of inspection by the purchaser; 

• availability of quality control documents; and 
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• access to sub-supplier facilities and documentation. 

7.2 Guidance on input requirements 

7.2.1 In order for the certification body to define and plan the project-specific scope for their surveillance of WT/RNA 
manufacture, the applicant should provide the following: 

• WT type certification and supporting design documentation; 

• details of manufacturer including locations and sub-suppliers (and their scopes); 

• manufacturing codes and standards; 

• manufacturing schedule; and 

• details of the inspection and other assurance processes planned by the applicant and its contractors. 

7.2.2 In order for the certification body to carry out their planned surveillance of the project-specific WT/RNA 
manufacture, the applicant should provide (or provide access to) the following: 

• inspection and test plans (ITPs) including indication of the planned reviews and intervention points of the 
applicant and their contactors; 

• manufacturing and testing plans and procedures; 

• manufacturing and quality control procedures (including welding, heat treatment and NDE); 

• sub-supplier quality system documents; 

• quality control document such as material certificates, material traceability records, operator qualifications, 
heat treatment records, weld procedure qualifications, NDE reports, test reports and inspection reports; 
and 

• details of deviations from requirements and their handling/approval. 

7.3 Surveillance methodology 

7.3.1 LR will review the ITP for the WT/RNA, including the references to manufacturing procedures and the codes 
and standards referenced, and the indication of the planned reviews and intervention points of the applicant and their 
contactors. Based on the findings of this review LR will indicate the planned surveillance on the plan(s), as certification 
body. 

7.3.2 The marked-up ITP becomes the surveillance plan referred to in Ch 2, 7.1 Module requirements. It should 
include details of the sample size to be surveyed by the certification body, as applicable. 

7.3.3 LR’s surveillance should be conducted and reported in accordance with the agreed plan, although the plan can 
be updated in the course of the manufacture in response to changes (e.g. to sub-suppliers or schedule) or to findings 
(e.g. areas of concern identified during surveillance activities). 

7.3.4 The focus of the surveillance will be on acquiring evidence that the WTs/RNAs are built in accordance with the 
type-certified design, paying special attention to areas of potential deviations (e.g. design changes or different 
manufacturing processes or locations) from the type certification. 

7.3.5 The surveillance should be conducted by a combination of audit (assessing the assurance processes), sample 
review of manufacturing records, and sample of inspections, focussing on areas of greatest risk. 

7.3.6 An essential part of the surveillance is to verify material and component origin and quality, and their traceability 
through the processing stages. This applies to WT components and sub-assemblies, metallic and non-metallic materials, 
and will comprise a combination of document review and inspection to confirm that: 

• components and sub-assemblies delivered to the WT assembly location are of the same type and source 
as per the type-certified design; 
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• materials are certified according to BS EN 10204 Metallic products: Types of inspection documents type 
3.1 or 3.2 or equivalent (type 2.2 may also be acceptable, subject to more intensive review and inspection 
by LR); and 

• the manufacturer is implementing a suitable identification system that enables all finished materials to be 
traced to the original source. 

7.3.7 The sample review of manufacturing records will include confirmation that all personnel carrying out critical 
functions (e.g. assembly, welding, NDE) are qualified for the tasks they are performing. 

7.3.8 As a minimum, LR will attend the WT assembly location and any sub-supplier whose scope of supply is deemed 
to be critical (reference the criteria provided in Paragraph 9.8.2, IEC 61400-22 Wind turbines – Part 22: Conformity 
testing and certification) for inspection and witnessing final testing. 

■ Section 8 

 Support structure manufacturing surveillance 
8.1 Module requirements 

8.1.1 The purpose of this module is to undertake surveillance to verify that the project-specific support structures are 
manufactured in accordance with their approved design and to the intended quality. Surveillance comprises audit, 
inspection, and document reviews by the certification body. 

8.1.2 It may be that part of the support structure is covered by the WT type certification (e.g. the main support tower). 
If this is the case, the principles described in Ch 2, Section 7 Wind turbine/RNA manufacturing surveillance should be 
applied in establishing the certification body scope for that part of the support structure. 

8.1.3 According to IEC 61400-22 Wind turbines – Part 22: Conformity testing and certification, the manufacturer of the 
main parts of the support structure must operate a quality system; the certification body should focus on the 
implementation of the system during the manufacture of the project-specific support structure. 

8.1.4 IEC 61400-22 Wind turbines – Part 22: Conformity testing and certification requires that the project certification 
body defines a project-specific surveillance scope based on a number of factors including (refer to Paragraph 9.9.2, IEC 
61400-22 Wind turbines – Part 22: Conformity testing and certification for a full list of factors): 

• any part of the support structure being covered by the WT type certification, including any conditions or 
outstanding work; 

• the extent to which quality systems cover the support structure manufacture, and certification of such 
quality systems (e.g. certified to ISO 9001 Quality Management); 

• the fabricator’s experience of delivering the project-specific scope; 

• the certification body’s experience with the fabricator; 

• the quantity and type of units in the project scope; 

• the extent of inspection by the applicant and its contractors; 

• availability of quality control documents; and 

• access to sub-contractor facilities and documentation. 

8.2 Guidance on input requirements 

8.2.1 In order for the certification body to define and plan the project-specific scope for their surveillance of the 
support structures manufacture, the applicant should provide the following: 

• WT type certification, if applicable, and supporting design documentation; 

• an overview of the support structure manufacturer’s quality systems including details of any certification 
(e.g. ISO 9001 Quality Management); 
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• details of fabricator including locations and sub-contractors (and their scopes); 

• fabrication codes and standards; 

• fabrication schedule; and 

• details of the inspection and other assurance processes planned by the applicant and its contractors. 

8.2.2 In order for the certification body to carry out their planned surveillance of the support structures, the applicant 
should provide (or provide access to) the following: 

• ITPs including indication of the planned reviews and intervention points of the applicant and its contactors; 

• manufacturing and testing plans and procedures; 

• manufacturing and quality control procedures (including welding, heat treatment and NDE); 

• sub-supplier quality system documents; 

• quality control document such as material certificates, material traceability records, operator qualifications, 
heat treatment records, weld procedure qualifications, NDE reports, test reports, inspection reports; and 

• details of deviations from requirements and their handling/approval. 

8.3 Surveillance methodology 

8.3.1 LR will review the ITP for the fabrication/manufacture, including the references to manufacturing procedures 
and the codes and standards referenced, and the indication of the planned reviews and intervention points of the 
applicant and their contactors. Based on the findings of this review LR will indicate the planned surveillance on the 
plan(s), as certification body. LR’s surveillance will tend to be less intensive for those parts of the support structure 
manufactured according to a certified quality system. 

8.3.2 The marked-up ITP becomes the surveillance plan referred to in Ch 2, 8.1 Module requirements. It should 
include details of the sample size to be surveyed by the certification body, as applicable. 

8.3.3 LR’s surveillance should be conducted and reported in accordance with the agreed plan, although the plan can 
be updated in the course of the manufacture in response to changes (e.g. to sub-suppliers or schedule) or to findings 
(e.g. areas of concern identified during surveillance activities). 

8.3.4 The focus of the surveillance will be on acquiring evidence that the support structures are built in accordance 
with the approved design, with reference to Ch 2, Section 5 Site-specific support structure design evaluation. 

8.3.5 Attention will be paid to ensuring the manufacture follows the certified design (as evaluated and reported in the 
conformity statement for the relevant module and its supporting evaluation report). Any deviations from the certified 
design will need to be assessed, and may require elements of the design evaluations to be repeated by the certification 
body. 

8.3.6 The surveillance will consider all primary and secondary structures, and include foundation structures (e.g. 
piles), mooring systems for floating installations and corrosion protection measures. 

8.3.7 The surveillance will be conducted by a combination of audit (assessing the assurance processes), sample 
review of manufacturing records, and sample of inspections, in all cases focussing on areas of greatest risk. 

8.3.8 An essential part of the surveillance is to verify material origin and quality, and its traceability through the 
processing stages. This applies to metallic and non-metallic materials, and will comprise a combination of document 
review and inspection to confirm that: 

• materials are certified according to BS EN 10204 Metallic products: Types of inspection documents type 
3.1 or 3.2 or equivalent (type 2.2 may also be acceptable, subject to more intensive review and inspection 
by LR); and 

• the manufacturer is implementing a suitable identification system that enables all finished materials to be 
traced to the original source. 
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8.3.9 The sample review of manufacturing records will include confirmation that all personnel carrying out critical 
functions (e.g. welding, NDE) are qualified for the tasks they are performing. 

■ Section 9 

 Other installations manufacturing surveillance 
9.1 Module requirements 

9.1.1 This is an optional certification module in IEC 61400-22 Wind turbines – Part 22: Conformity testing and 
certification; surveillance should be undertaken for ‘other installations’ as directed by the applicant. The scope of the 
surveillance should be developed by the certification body and agreed with the applicant before commencing any 
surveillance. 

9.1.2 The purpose of this module is to undertake surveillance to verify that the ‘other installations’ are manufactured 
in accordance with their approved design and to the intended quality, with reference to the design evaluation in Ch 2, 
Section 6 Other installations design evaluation. Surveillance comprises audit, inspection, and document reviews by the 
certification body. 

9.1.3 According to IEC 61400-22 Wind turbines – Part 22: Conformity testing and certification, the manufacturer of the 
main parts of the ‘other installations’ to be certified must operate a quality system; the certification body should focus on 
the implementation of the system during the manufacture of the project-specific installation. 

9.1.4 IEC 61400-22 Wind turbines – Part 22: Conformity testing and certification requires that project-specific 
surveillance scope should be based on a number of factors including the following (refer to Paragraph 9.10.2, IEC 
61400-22 Wind turbines – Part 22: Conformity testing and certification for a full list of factors): 

• the type and complexity of the ‘other installation’ in question; 

• the manufacturer’s experience of delivering the scope for the project-specific ‘other installation’; 

• the suitability of the manufacturer’s quality system for the project-specific ‘other installation’ under 
consideration, and any certification for the quality system (e.g. certified to ISO 9001 Quality Management); 

• the certification body’s experience with the manufacturer; 

• the extent of inspection by the applicant and its contractors; 

• availability of quality control documents; and 

• access to sub-contractor facilities and documentation. 

9.2 Guidance on input requirements 

9.2.1 The documentation expected to be provided by the applicant is similar to that described in Ch 2, Section 8 
Support structure manufacturing surveillance, as applicable to the ‘other installation’ under consideration. 

9.3 Evaluation methodology 

9.3.1 LR’s surveillance for ‘other installation’ structures according to this this module will be similar to that described 
in Ch 2, Section 8 Support structure manufacturing surveillance, as applicable to the ‘other installation’ under 
consideration. 

9.3.2 If cables are required to be evaluated as part of this module, the assessment will be similar to that described in 
Ch 2, Section 8 Support structure manufacturing surveillance, as applicable to cables and ancillary items (e.g. bend 
stiffeners or buoyancy elements), and recognising type certification for the cable, as applicable. 
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■ Section 10 

 Project characteristics measurements 
10.1 Module requirements 

10.1.1 This is an optional certification module in IEC 61400-22 Wind turbines – Part 22: Conformity testing and 
certification; evaluation should be undertaken as directed by the applicant. 

10.1.2 The purpose of this module is to establish site-specific performance-related characteristics of a WT project. 
These measurements are in addition to those taken as part of the WT’s type certification, and can comprise one or more 
of the following: 

• grid connection compatibility according to grid codes; 

• verification of power performance; and 

• verification of acoustic noise emissions. 

10.2 Guidance on input requirements 

10.2.1 The applicant is expected to provide the certification body with applicable test procedures, with reference to IEC 
61400 standard series as applicable. If the test procedures do not follow appropriate IEC standards, they should be 
agreed with the certification body before the test(s). 

10.2.2 Test reports should demonstrate compliance with the requirements of ISO/IEC 17025 General requirements for 
the competence of testing and calibration laboratories, and that the procedure has been followed, and record all 
anomalies experienced during the testing. 

10.3 Evaluation methodology 

10.3.1 LR’s evaluation for this module as certification body will normally be completed by reviewing test reports. 

10.3.2 Provided that measurements have been carried out by a laboratory accredited to ISO/IEC 17025 General 
requirements for the competence of testing and calibration laboratories, or that the party undertaking the testing is 
accredited to ISO/IEC 17020 Conformity assessment. Requirements for the operation of various types of bodies 
performing inspection, LR does not need to witness the testing. If this is not the case, LR will confirm that the testing has 
been undertaken in accordance with the requirements of these standards. This can be achieved by review of the 
organisation’s facilities and quality system, review of the test procedure, witnessing the testing or reviewing the test 
report, or a combination thereof as considered relevant by LR and with the agreement of the client/applicant. 

10.3.3 The conformity statement for this module simply confirms that the testing has been completed in accordance 
with the appropriate procedures, including IEC standards as applicable, and not that a particular level of performance 
has been achieved. For the acoustic noise emissions, the conformity statement will additionally confirm that the 
compliance criteria, as stated in the test procedure (whether as per the IEC 61400 standard series or some other agreed 
criteria), has been achieved. 

■ Section 11 

 Transportation and installation surveillance 
11.1 Module requirements 

11.1.1 The purpose of this module is to confirm compliance with the design basis and that the loads imposed on the 
WTs and the support structure(s) during transportation and installation are within the respective design envelopes, and 
that the WTs and the support structure(s) are not damaged during these temporary phases. 

11.1.2 This module may also be applied to ‘other installations’, as required by the applicant. 
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11.2 Guidance on input requirements 

11.2.1 The applicant should provide the following documents to the certification body to support their reviews and 
surveillance of transportation and installation of the support structure(s): 

• details of the quality management system applicable to the transportation and installation, including that of 
relevant contractors; 

• loadout and installation procedures; 

• design and limiting operational environmental criteria; 

• local and global structural strength analysis; 

• lifting rigging design, lifting arrangements and lift plans; and 

• reports for loadout, sea-fastening, transportation and installation. 

11.2.2 The applicant should provide the certification body with procedures and records for transportation and 
installation of WTs, and the procedure and records for their post-installation inspection for damage. 

11.2.3 If the client or applicant has engaged a MWS to evaluate and survey the transportation and installation of the 
support structure(s) and/or WTs, they should provide the MWS scope of work and reports/certificate to the wind farm 
certification body, so as to avoid possible duplication of effort. 

11.3 Evaluation methodology 

11.3.1 LR will review the documents listed in Ch 2, 11.2 Guidance on input requirements in order to confirm that loads 
imposed on the support structures during transportation and installation are within the respective design envelopes and 
that the structures have been installed free of damage. These reviews may be supplemented by surveillance during 
critical stages of the transportation and installation, to be decided based on the findings of the reviews (including 
procedures), the criticality of the operations, and the experience of the contractors involved in the activities. 

11.3.2 If the client or applicant has engaged a MWS for the support structure transportation and installation, and 
provided their scope is considered to be sufficient to independently confirm compliance with the design basis for these 
temporary phases, LR will review the MWSs reports and certification in order to confirm that loads imposed on the 
support structures during transportation and installation are within the respective design envelopes and that the 
structures have been installed free of damage. In this case LR will not conduct surveillance during the transportation and 
installation of the structures. 

11.3.3 LR will review the WT installation procedure and records, and also the procedure and records for their post-
installation inspection for damage of the WTs, in order to confirm that the WTs have been installed in accordance with 
the design basis, and that damage has not incurred during transportation or installation. Provided that the installation 
contractor implements a suitable quality management system for the WT installation, LR will not need to conduct a visual 
inspection of the WTs, otherwise sample visual inspections will be carried out on completion of the installation (this can 
be combined with subsequent surveillance for commissioning, refer to Ch 2, Section 12 Commissioning surveillance). 

■ Section 12 

 Commissioning surveillance 
12.1 Module requirements 

12.1.1 The purpose of this module is to verify that the WTs are commissioned in accordance with their design 
documentation. 

12.1.2 Surveillance should be primarily undertaken by review of records, as a minimum confirming that: 

• the commissioning instructions provided by the WT manufacturer are adequate; 

• the instructions provided by the WT manufacturer are followed during commissioning; and 

• the final commissioning reports are complete. 
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12.2 Guidance on input requirements 

12.2.1 The applicant is expected to provide the certification body with the WT manufacturer’s commissioning 
instructions, the project’s commissioning procedures and the commissioning reports. 

12.3 Evaluation methodology 

12.3.1 LR’s evaluation will consider only the WTs, and not other parts of the project infrastructure or other installations. 

12.3.2 As required by Paragraph 9.13.2, IEC 61400-22 Wind turbines – Part 22: Conformity testing and certification, 
LR will attend commissioning of one WT for the project, or if the project comprises fifty or more WTs LR will attend 
commissioning for 2 per cent of the WTs (actual number to be rounded up). LR attendance will include witness of critical 
commissioning activities. Additional attendance can be undertaken if required by the customer. 

12.3.3 LR will review the documentation described in Ch 2, 12.1 Module requirements 12.1.2 to confirm that the 
commissioning instructions provided by the WT manufacturer are adequate and sufficient to demonstrate compliance 
with the applicable parts of the IEC 61400 standard series. This review should be completed before the start of any 
commissioning activities. 

12.3.4 LR will then review the commissioning reports (supplemented by witnessing of critical commissioning activities 
for the sample of WTs as outlined in Ch 2, 12.3 Evaluation methodology 12.3.2) to confirm that the WT manufacturer’s 
instructions have been followed during commissioning; and that the reports are complete. 

■ Section 13 

 Final evaluation 
13.1 Module requirements 

13.1.1 The purpose of this module is for the certification body to confirm that their evaluations required for issue of the 
project certificate have been completed, and to compile a final evaluation report. 

13.1.2 The final evaluation report should be prepared once the module conformity statements and supporting 
evaluation reports have been reviewed, and should comprise: 

• a summary of the conformity statements and conclusions for completed modules; 

• a list of all documentation used as supporting information in the course of the module evaluations and 
surveillance; and 

• any outstanding certification issues. 

13.2 Guidance on input requirements 
13.2.1 No additional documents are required for this evaluation. 

13.3 Evaluation methodology 

13.3.1 LR will review the module conformity statements and supporting evaluation reports to confirm that all mandatory 
modules, plus the optional modules selected by the applicant, have been completed. 

13.3.2 Special attention will be paid to any outstanding issues recorded in the conformity statements, to consider 
whether they need to be addressed before issue of the project certificate. 

13.3.3 Attention will also be paid to any changes (e.g. design changes or updates to the WT type certification) that may 
have been made since issue of the respective conformity statements and supporting evaluation reports, and their 
potential impact on issue of the project certificate. Elements of the certification scope (e.g. parts of the affected modules) 
may need to be re-evaluated. 

13.3.4 If all documentation is found to be satisfactory, then a project certificate will be issued. 
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■ Section 14 

 Operation and maintenance surveillance 
14.1 Module requirements 

14.1.1 This is an optional certification module in IEC 61400-22 Wind turbines – Part 22: Conformity testing and 
certification; surveillance should be undertaken as agreed between the applicant and the certification body. 

14.1.2 The purpose of this module is to confirm that a specific WT installation or wind farm is operated and maintained 
in accordance with the WT manufacturer’s operation and maintenance manuals assessed as part of the WT type 
certification, reference Paragraph 9.13.2, IEC 61400-22 Wind turbines – Part 22: Conformity testing and certification. 

14.1.3 Surveillance according to this module can be used in order to confirm the continued validity of the project 
certificate. This module should be applied to all parts of the wind farm covered by the project certificate, including other 
installations as applicable. 

14.1.4 Certification body surveillance should be undertaken at regular intervals, with the interval between surveillance 
not to exceed two and a half years. 

14.1.5 The certification body undertaking surveillance according to this module can be different to the body that issued 
the project certificate. 

14.1.6 Maintenance of a project certificate also requires major modifications to be evaluated by the certification body. 

14.2 Guidance on input requirements 

14.2.1 The applicant is expected to submit the following to the certification body: 

• the WT maintenance manual in accordance with Section 14.5, IEC 61400-3 Wind turbines – Part 3: Design 
requirements for offshore wind turbines; 

• an annual report summarising operating experience, an overview of maintenance activities, records of 
damage including probable cause, and any minor modifications or repairs; and 

• details of any major modifications to the certified project (if the certificate holder requires a new project 
certificate the submissions should include all applicable documents for the certification body to repeat the 
applicable evaluation/surveillance modules as necessary to issue a new project certificate). 

14.2.2 The applicant should also make the following available to the certification for their surveillance activities: 

• maintenance schedule, procedures and records; 

• personnel qualifications and competence records; and 

• repair, modification and replacement records. 

14.3 Surveillance methodology 

14.3.1 The extent and timing of LR’s surveillance will be agreed with the certificate holder on a case-by-case basis. 

14.3.2 LR will conduct a high-level review of the annual report provided by the certificate holder, and identify any 
issues or anomalies to the certificate holder for their follow-up. The follow-up could require review of further operations 
and maintenance documentation by LR, which could be separate to, or as part-of, the next surveillance visit, or further 
evaluations or surveillance for specific modules leading to a new project certificate (e.g. as a result of major 
modifications). 

14.3.3 LR’s surveillance visits will comprise a combination of record review and inspection. The record reviews will 
include confirmation that: 

• completed maintenance has been carried out, and future maintenance is planned, in accordance with the 
WT manufacturer’s maintenance manual and other requirements of the project design as applicable; 

• maintenance has been carried out by suitably qualified and competent personnel; 
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• the control system, in particular, systems which influence loading on the turbine, are being regularly 
checked as conforming to the limiting values as specified in the project design documentation; 

• condition monitoring data has been acquired, analysed and acted upon (e.g. condition-based maintenance 
tasks undertaken or adjusted) as appropriate; 

• inspection intervals and methods for fixed and floating structures (including scour, settlement and tilt 
measurements as appropriate to the type of support structure) are based upon the design fatigue factors of 
safety and the structural redundancy of the components; and 

• any repairs, minor modifications and component replacements carried out are consistent with the project 
design documentation. 

14.3.4 LR will base the scope and extent of inspections on the findings of the record reviews, the findings of previous 
inspections (if any), industry feedback (e.g. issues arising on other offshore wind installations), and the status of the 
certificate holder’s ongoing repairs, modifications or replacements (if any). The inspections will typically include: 

• electrical equipment; 

• control systems; 

• lubricating systems; 

• safety systems; 

• nacelle structural components; 

• drive train; 

• lightning protection system; 

• rotor blades; and 

• support structure and moorings. 
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Chapter 3 
Additional Guidance on Geotechnical Aspects 
 

■ Section 1 
 Site conditions assessment 
1.1 General notes on site investigation 

1.1.1 As presented by Thomas (2017), in the context of investigation for wind farms, site characterisation should be 
designed to provide the right information, at the right time to optimise the location, design and installation of the required 
structures. This should enable mitigation of geohazards by avoidance or through design. The SUT Guidance notes for 
the planning and execution of geophysical and geotechnical ground investigations for offshore renewable energy 
developments present a basis for planning and conducting ground investigations such as defining data requirements, 
specifying appropriate equipment and typical work scopes. 

1.1.2 Generally speaking, the design and installation process for a structure needs to take into account the seabed 
conditions which are considered to include the geotechnical properties of the soil and any other seabed features or 
hazards. 

1.1.3 For a site with many structures it is general practice to divide a site into one or more clusters and perform 
foundation design for each cluster. The clusters are not necessarily allocated in a spatial sense, but may be dominated 
more by other factors such as water depth, seabed features or soil types and thus may also be considered as a 
categorisation of turbine conditions. 

1.2 Identification, assessment and mitigation of seabed hazards 

1.2.1 The SUT Guidance notes for the planning and execution of geophysical and geotechnical ground investigations 
for offshore renewable energy developments provide a list of typical features that may need to be assessed by site 
investigation. Where any seabed features or hazards are identified then the impact of them on the proposed construction 
concept should be assessed. This assessment should generally consider, but not be limited to: 

• changes to the hazard that may occur from the initial survey, through to construction, operation and 
decommissioning of the structure; 

• location and distribution of the hazards or features; 

• impact on the selected foundation concept(s); and 

• avoidance, mitigation or engineering required of foundation concept to ensure that the impact of the 
hazard or feature is reduced below an acceptable level. 

1.2.2 A few examples of seabed hazards, their impact and avoidance, mitigation or engineering are provided in Table 
3.1.1 Examples of seabed hazards and mitigation: 

Table 3.1.1 Examples of seabed hazards and mitigation 

Hazard Impact Avoidance, mitigation or engineering 
Global seabed gradient of 
0,75 degrees across the 
footprint of a mudmat jacket 
structure and the surrounding 
area. No indications the 
gradient will vary over the life 
of the structure. 

May cause jacket out of level 
in excess of requirements that 
can be handled during 
installation 

Cannot be avoided. Potential 
mitigation measures include jacket 
levelling (in addition to that normally 
allowed) 

Seabed dredging or preparation 

Presence of sandwaves or 
megaripples at structure 

Local gradients may impact 
structure installation. 

Where appropriate consider use of 
seabed preparation to install 
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location may be subject to 
future variation. 

Indicative of scour/deposition 
environment. 

foundation below trough of sandwaves 
or ripples; or inclusion of scour 
allowance.  

It should be noted that deposition may 
affect loading on structural members 
or other appurtenances. 

Consider use of scour protection 
provided it can be designed to remain 
effective. 

Geophysical survey shows 
indications of shallow gas 
anomaly below structure 
location. Unsure how the 
indicated gas will behave in 
future. 

May cause hazard to the 
structure during installation 
and operation. 

Consider relocating the platform. 

Assess and/or survey the shallow gas 
anomaly in further detail to establish 
how active and extensive it is and to 
assess future behaviour. 

Initial geotechnical site 
investigations reveal thick 
peat layer at shallow depth 
below gravity base structure 
location. 

May affect capacity, 
settlement, stiffness of gravity 
base and ease of installation 
of skirts (if used). 

Consider further site investigation to 
ensure that the properties and extent 
of the peat are fully understood so that 
a detailed assessment can be made. 

Mobile sand veneer overlying 
clay layer around gravity base 
location. 

Sand may or may not be 
present when the structure is 
installed or for in-service 
capacity. 

Consider sliding capacity according to 
sand or clay methodology and use the 
most onerous result; or include skirts 
sufficient to mobilise capacity in clay 
layer. 

 

1.3 Planning for future jack-up rig operations 

1.3.1 A key aspect when planning wind farm foundations and site investigation requirements is to plan what vessels 
may be used for the site investigation, through to construction and maintenance in-service. Where jack-ups may be used 
their operation should be carefully considered to minimise the potential for seabed damage around the turbine locations 
and for interaction between the jack-up spudcans and foundations. For example, the following issues may be 
encountered: 

• creation of seabed footprint depressions that may impact future deployment of jack-ups or installation of 
foundations; 

• jack-up spudcan penetration and retrieval may cause soil displacements that can induce loads into the 
foundation and structure leading to overstress of the foundations or structure; or cause movement of the 
foundation; 

• in addition to any seabed hazards already present, jack-up operations may be affected by scour pits that 
form around foundations after installation; and 

• repeated reuse of the same spudcan depressions may cause soil damage and impairment of the 
foundations. 

1.3.2 The degree and impact of jack-up interaction is dependent upon the spudcan to foundation edge to edge 
spacing, spudcan penetration and soil conditions with the issue shown schematically in Figure 3.1.1 Potential effects of 
jack-up spudcans on a foundation. Generally speaking, for stiff seabed conditions where spudcan penetration is very 
limited the potential for interaction is small. However, in softer conditions with significant spudcan penetrations and 
smaller spacing, the interaction and impact of spudcans may become significant. 



38 

1.3.3 Generally speaking, in excess of one spudcan diameter spacing the effects are limited. However, it should be 
noted that this rule of thumb does not apply to deeper spudcan penetrations where a more detailed assessment may be 
required. 

 
Figure 3.1.1 Potential effects of jack-up spudcans on a foundation 

■ Section 2 

 Geotechnical data 
2.1 General 

2.1.1 The SUT Guidance notes for the planning and execution of geophysical and geotechnical ground investigations 
for offshore renewable energy developments set out general requirements for geotechnical site investigation for the 
various foundation types typically used within offshore wind developments. In general, the geotechnical investigations 
should provide all of the necessary information for design and installation of the foundations and it is expected that this 
data is integrated with the geophysical data and ground model such that a complete understanding of seabed and soil 
conditions is available within the design process. 

2.1.2 In the selection of design parameters it should be considered what the techniques used have not resolved or 
measured. For example, due to a typically high variation in strength profile of clays at seabed, a cone penetration test 
(CPT) at seabed may not provide sufficient information for the sliding capacity of a mudmat foundation without skirts. 
Figure 3.2.1 Variation of undrained shear strength below seabed shows an example where the collected CPT and 
sample data would not provide an accurate definition of design parameters for sliding capacity at the seabed. As such, 
engineering judgement is an essential component of interpreting site investigation data to derive profiles of design 
parameters. The definition of design parameters should also take appropriate account of what they are being used for; 
for example, to determine the axial capacity of a pile a characteristic lower bound or best estimate strength may be 
preferable, whereas for driveability assessment a characteristic upper bound strength may be preferred. 
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Figure 3.2.1 Variation of undrained shear strength below seabed 

■ Section 3 
 Foundation concept selection 
3.1 General 

3.1.1 The selection of foundation concept will aim to assess one or more different foundation types to a site. This will 
generally consider: 

• ability of the foundation to meet the requirements (e.g. capacity, stiffness, long term performance); 

• seabed hazards, existing or future, that may impact the ability of the foundation to fulfil the requirements; 

• in-service inspection or maintenance requirements; 

• whether the foundation can be successfully installed; 

• commercial considerations including cost, schedule, availability etc, both during design and construction 
and inspection requirements; and 

• decommissioning requirements. 

3.1.2 The assessment of a foundation concept should include a series of screening checks to determine whether a 
foundation may be suitable for the site. Common screening checks include: 

• presence of and sufficient depth of soil and/or rock and suitability of seabed types for the foundation; 

• presence of seabed features or hazards; 

• nearby structures and potential for interaction; 

• local or comparable experience with the foundation type including ability to install; 

• seismic hazard; 

• likelihood and extent of scour and requirements for structure to function; 

• water depth; and 

• site investigation data requirements. 

3.1.3 Once the screening check has been performed it may be appropriate to progress to initial sizing of the 
foundation. This initial sizing check will generally combine local or similar experience of the foundation with some simple 
design methodology to assess the size of foundation required to satisfy all the key requirements (e.g. capacity and 
stiffness). Furthermore, it should establish that the installation of the foundation will be feasible. 
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3.1.4 Foundation concept selection and associated screening checks are only intended to give an initial comparison 
of different foundation solutions and the suitability of the foundation type(s) to the site. It is expected that the foundation 
will be further investigated in future phases of design, if necessary with additional site investigation data, before the 
foundation is actually accepted for construction. 

3.1.5 A foundation may either be in the monopod form (i.e. only one foundation per structure) or in a multipod form 
(i.e. multiple foundations per structure). The choice of monopod or multipod foundations will depend on the structural 
configuration and other conditions such as water depth or seabed conditions will also have a significant impact on the 
type of loading that a foundation may see. For example, a monopile tends to have large lateral loads and more limited 
axial loads; whereas the piles on a jacket structure will have much larger axial components of load. Some examples of 
structural configuration and foundation layout are shown in Figure 3.3.1 Examples of foundation concepts. 

 

 

 
Figure 3.3.1 Examples of foundation concepts 

■ Section 4 
 Pile design 
4.1 Driven pile design 

4.1.1 Generally speaking, the methodology for driven pile presented in ISO 19901-4 Petroleum and natural gas 
industries – Specific requirements for offshore structures – Part 4: Geotechnical and foundation design considerations 
presents a suitable basis for driven pile design. 

4.1.2 Further guidance on driven pile design is given in the following Sections. 

4.2 Pile axial capacity 

4.2.1 It should be noted that the reliability of the ‘main text method’ for axial capacity in sands in Section 8.1, ISO 
19901-4 Petroleum and natural gas industries – Specific requirements for offshore structures – Part 4: Geotechnical and 
foundation design considerations is below that of the CPT-based methods. Whilst the ‘main text method’ may be suitable 
for a preliminary assessment of pile capacity, the CPT-based design methods, such as those presented for sand in the 
Annex A of ISO 19901-4 Petroleum and natural gas industries – Specific requirements for offshore structures – Part 4: 
Geotechnical and foundation design considerations, generally present a more reliable method for assessment of axial 
capacity. Lehane et al. (2017) make a comparison of the different methods by examining the measured values of 
capacity to calculated values and determination of the coefficient of variation of the different methods. However, it should 
be noted that there are occasions when the CPT-based methods for sand give a wide range of capacity estimates; 
therefore, it may be prudent to calculate capacity using more than one method before committing to a design. 

4.2.2 Aside from the main text method for clay in Section 8.1, ISO 19901-4 Petroleum and natural gas industries – 
Specific requirements for offshore structures – Part 4: Geotechnical and foundation design considerations, other 
methods for clays that may be applied include the Imperial College Pile Design method, NGI-05 and Fugro-96 method, 
as referred to by Lehane et al. (2017). 
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4.2.3 When selecting a method for design it is important to ensure that it is applicable and calibrated to the soil types 
under question. For example, if the soil type is unconventional, such as silt or carbonate, then it may be the case that a 
pile capacity method cannot be directly applied, or that more than one method should be considered for the same soil 
type to ensure that the range of possible soil and pile behaviours is examined. 

4.2.4 It is important that sufficient site investigation data is collected to allow a confident application of a particular pile 
design method, both in terms of quantity and quality. 

4.2.5 For assessment of pile axial capacity, the use of a reliable pile design method is a preferred approach, rather 
than an alternative that may place reliance upon proof of pile capacity during installation. Use of dynamic testing during 
installation requires significant experience in similar soil types and requires conversion to an equivalent static capacity 
and application of various corrections (e.g. due to scour or cyclic loading). This leads to uncertainty in pile length required 
and may create longer piles with other impacts such as increased installation time and additional noise, see for example 
Jardine et al. (2015). 

4.2.6 Ageing of skin friction in sands and clays is a well-recognised concept. It may be used but would require careful 
demonstration that it is valid for the soil conditions and piles in question, taking into account various factors such as 
cyclic loading, timing of maximum loads after installation and any pile brittleness effects on the structure. It is important to 
differentiate between setup effects that occur relatively quickly after driving is complete (i.e. days, weeks or months), 
versus ageing effects that occur over a much longer time (i.e. months or years). 

4.3 Pile lateral response 

4.3.1 There are various PY curve models available for the analyses of lateral stiffness and capacity in clays. The PY 
curve models tend to have an empirical, or semi empirical, basis and were developed taking into account a range of 
different conditions – either intentional, or coincidental. When selecting a PY curve model the following conditions should 
be considered. 

4.3.2 Cyclic or static loading: The load condition being analysed and whether it tends towards cyclic or static when 
considering the soil types and their likely behaviour. For example, for a 50 or 100 year in-place condition it is common to 
assume that cyclic degradation has occurred and therefore a cyclic PY curve should be used. However, under other 
conditions, such as fatigue loading, the majority of fatigue damage may occur when the soil is not experiencing 
significant effects of cyclic degradation (either due to lack of degradation or recovery from previous degradation) and in 
this case it may be more appropriate to use static PY curves. A final example is for pushover loading where the 
displacements involved are higher than the zone typically affected by cyclic degradation and therefore at displacements 
associated with ultimate pushover state, static resistance without cyclic degradation is more appropriate (Gilbert et al., 
2010). 

4.3.3 Implementing the model as developed: Many PY curve models do not consider the effect of axial loading on 
lateral response, or vice versa. In this case it is appropriate to consider if the two loading types may interact and whether 
adjustment to the model should be made to account for this. For example, the Jeanjean (2017) model in clays would 
require axial loading to be accounted for. 

4.3.4 It should be ensured that it is appropriate to apply the PY curve model to the soil type(s) under question. For 
example, the pile tests used by Reese and Van Impe (2005) to develop the PY curve model in stiff clay were performed 
in high plasticity clay that shows a very large reduction in post peak resistance when compared to more typical North Sea 
clays. 

4.3.5 The concept of conservatism does not apply necessarily apply to the assessment of lateral pile stiffness and 
capacity. For instance, it is not necessarily conservative for a structure if the foundation model used is 'soft' or 'weak'. 
Hence, the assessment of lateral pile capacity and stiffness should be as accurate as possible, giving due attention to 
uncertainties where they exist. 

4.4 PY curve models 

4.4.1 Jeanjean (2017) presents a comprehensive discussion of the main text PY curve model for clays as presented 
in ISO 19901-4 Petroleum and natural gas industries – Specific requirements for offshore structures – Part 4: 
Geotechnical and foundation design considerations and propose an updated version that may be more appropriate. 
Through an examination of the theoretical background the development of the method is explained and they further 
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refine the method and definition of input parameters and assumptions generally leading to a significant increase in lateral 
resistance and stiffness for monotonic loading. 

4.4.2 Zhang et al. (2017) further expand on the method for monotonic PY curves, presented by Jeanjean (2017), to 
give a methodology for cyclic PY curves. The method can account for non-symmetrical loading and a simplified approach 
can be derived to allow easier integration of the PY curves into PSI modelling for structural analyses. In order to use the 
simplified method, it would need appropriate calibration for local soil conditions and the nature of cyclic loading 
applicable to the structure in question. 

4.4.3 The method proposed by Jeanjean (2017) and Zhang et al. (2017) requires the input of site-specific direct 
simple shear strength test results for monotonic and cyclic loading in order to derive the PY curve shape (i.e. P/Pu with 
y/D). However, in cases where such data are not available, for example in preliminary design, recommendations are 
given for different shear strength ranges. 

4.4.4 Jeanjean (2017) concludes that diameter effects are appropriately captured within the method and as such the 
proposed method can be applied without correction. The alpha value can be calculated using the main text method for 
axial capacity in clays presented in ISO 19901-4 Petroleum and natural gas industries – Specific requirements for 
offshore structures – Part 4: Geotechnical and foundation design considerations. However, the final alpha value selected 
for calculation of PY curves may also need adjustment to account for the combined effect of axial and lateral loading. 

4.5 Refined assessment of lateral pile response 

4.5.1 It is generally recognised that the PY curve methods included in common International Standards such as ISO 
19901-4 Petroleum and natural gas Industries – Specific requirements for offshore structures – Part 4: Geotechnical and 
foundation design considerations are not appropriate for large diameter piles except, perhaps, as a first approach to 
preliminary design. Byrne et al. (2015) and Byrne (2017) present the results of the pile soil analyses (PISA) project which 
aimed to provide a suitable process to design large diameter piles as well as to provide a more accurate assessment for 
smaller diameter piles if required. This process considered a rule based method which takes basic strength and stiffness 
parameters to derive soil reaction curves and a numerical based method which takes more detailed strength and 
stiffness parameters combined with the use of a suite of detailed three-dimensional finite element analyses to calibrate a 
simple one-dimensional (1D) finite element model (i.e. PY curves). The rule-based method is considered suitable for 
initial feasibility or concept designs, whereas the numerical based method is generally considered necessary further into 
the detailed design process. 

4.5.2 As shown in Figure 3.4.1 Components of soil capacity considered under PISA methodology (reproduced from 
Byrne, 2017), the PISA methodology also considers additional sources of soil resistance to resist lateral and moment 
loading including vertical stresses due to external wall friction, shear force at the pile base and a base moment. These 
additional components of capacity are usually combined with traditional PY curves used in a 1D finite element analyses 
and in PSI models through the structural design process. However, caution should be exercised with a more refined 
assessment to ensure that components of axial resistance (e.g. friction) are not double counted as lateral resistance (or 
vice versa) without an assessment of interaction to ensure the design does not become unconservative. 

4.5.3 Care should be taken with selection of soil properties given their differing influence on ULS, SLS and FLS 
design cases and especially the influence of cyclic loading on pile response and capacity. Byrne (2017) also recognises 
that engineering judgement is required in using the process to ensure that factors such as installation effects or cyclic 
loading are appropriately considered in use of the methodology that has currently only been developed for static loading. 
See Ch 3, 4.4 PY curve models for further discussion on PY curve methods. 

4.6 Monopile design 

4.6.1 A monopile design shall take into account the following aspects: 

• all ULS, SLS and FLS requirements taking into account the load and resistance factors where appropriate; 

• it should be ensured that rotations and displacements (accumulated or otherwise) do not exceed a 
specified limit over the required lifetime of the monopile including pre-service, in-service and post service 
conditions. Any rotations or displacements under applied loading may require to be added to construction 
or installation tolerances during design; and 
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• generally speaking, an ULS design approach for lateral pile design is unsuitable as excessive 
displacements would be required for full mobilisation of lateral resistance. Therefore, a serviceability 
approach can be taken for design. Determining appropriate monopile penetration depth may be assisted 
by considering the decrease in pile head rotation with increasing penetration. The required pile length may 
be indicated where any benefits in terms of the performance of the pile (e.g. stiffness, rotation or, perhaps, 
displacement) become very limited. According to Achmus et al. (2017) this generally leads to a reliable 
design when combined with an appropriate PY curve approach. 

4.6.2 When designing monopiles it is important to take accumulated displacements and rotations into account as they 
may impact the ability of the foundation to function properly over the entire service life. Accumulated displacements have 
been the subject of various research including Leblanc et al. (2010) and Rudolph et al. (2014). In the current approaches, 
such as those presented in ISO 19901-4 Petroleum and natural gas industries – Specific requirements for offshore 
structures – Part 4: Geotechnical and foundation design considerations, the direction of cyclic loading is assumed to be 
constant however, as presented by Rudolph et al. (2014), this is unlikely to be the case with various short term, seasonal 
and long-term variation in load direction and magnitude. There are various relationships for predicting accumulated 
rotation, including that in DGGT (2013) where a logarithmic approach is suggested. 

4.6.3 For monopiles it generally appears to be the case that variation in loading direction causes displacements that 
may be significantly higher than that caused by uni-directional loading. Therefore, it is important to assess the potential 
accumulated displacement and rotation taking into account the soil type and loading characteristics combined with 
appropriate methodology such as that presented by Rudolph et al. (2014) and Leblanc et al. (2010). Where accumulated 
rotations or displacements could be critical it may be appropriate to ensure that an appropriate safety margin is included 
either in the specified allowable rotation or displacement or by application of load and material factors to the design 
methods. 

 

Figure 3.4.1 Components of soil capacity considered under PISA methodology (reproduced from Byrne, 2017) 

4.7 Driven pile axial capacity in chalk 

4.7.1 Chalk is found extensively across north-west Europe and is a fine-grained material consisting of calcite debris 
with a typical unconfined compressive strength (UCS) of 3–5 MPa and cone resistance in the order of 4–50 MPa 
(Carrington et al., 2011). 

4.7.2 According to Lord et al. (2002) axial shaft friction for driven open-ended steel tubular piles should be limited to 
20 kPa in low and medium density chalk and shaft resistances in the order of 120 kPa may be expected in high-density 
grade A chalk. Shaft resistance in chalk is dependent upon a number of mechanisms including installation method, 
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remoulding, excess pore pressures, ‘tightening’ of discontinuities, strength of the chalk itself and the degree of porosity. 
Large set-up may be expected after driving. For example, Buckley et al. (2017) found that the remoulded zone varied in a 
range 0,59–1,64 times the pile wall thickness. 

4.7.3 The range of frictions presented by Lord et al. (2002) did not allow an optimised design for low to medium 
density chalk and in recent years different investigators have sought to improve the methodology. 

4.7.4 Carrington et al. (2011) presented an assessment method for shaft resistance based upon laboratory testing 
including cyclic direct simple shear tests and presented an improvement for shaft friction such that a range of 20–50 kPa 
could be used for low to medium density chalk. Ciavaglia et al. (2017) conducted a series of onshore pile tests in low to 
medium density chalk and the results showed that shaft friction a few days after driving was an average of 23 kPa and 
that, for an aged pile, this increased sevenfold to 168 kPa. Buckley et al. (2017) found similar results for driven piles 
where resistance at the end of driving was in the range 15–17 kPa and a setup factor of up to 5,3 was found 246 days 
after driving. Buckley et al. (2017) also tested the instrumented Imperial College piles that were installed by pushing and 
they found that these piles had a setup factor of less than 1,0: this has significant implications for some piles, such as 
large diameter piles or those with significant structural weight applied during installation, that are often installed to a 
greater or complete extent by self-penetration and may not experience the same friction enhancing effects that driven 
piles do. 

4.7.5 When extrapolating the use of field tests into design, care should be taken to include the effect of lateral loading 
on shaft friction. For example, Ciavaglia et al. (2017) found that if a pile was subjected to lateral loads up to 50 per cent 
of the lateral capacity, the effect of setup was reduced such that shaft resistance was up to 65 per cent lower. Efforts 
should therefore be made to assess the degree to which lateral capacity will be mobilised and what influence this may 
have on shaft friction and this will depend upon pile flexibility. In addition, where using field tests to support offshore pile 
design it should be ensured that the chalk characteristics and nature of the applied loading are similar; for example, to 
take account of any cyclic effects. These effects will have different impacts on monopiles or driven piles. 

4.7.6 According to Lord et al. (2002) driving in grade A high density chalk can be difficult, whereas driving in lower 
grade B, C and D chalk will be easier. Set-up effects can be very significant and although this is beneficial for shaft 
resistance it can have a significant impact if any driving delays are encountered, with a higher risk of premature refusal. 

4.8 Driven pile capacity in rock 

4.8.1 High shaft frictions can be generated for driven piles in rock, for example, as reported by Rodway and Rowe 
(1980) and Long (1991). The driven pile is sometimes used with relief drilling to ensure that further pile penetration can 
be achieved. As yet, there is little practical experience on shaft capacity in rock and the impact of relief drilling on shaft 
capacity. 

4.8.2 If driven piles in rock, with or without relief drilling, are critical to the pile design (i.e. a significant proportion of 
the pile capacity is due to a driven element in rock), then it may be prudent to perform appropriate pile testing to optimise 
pile lengths. A non-optimal pile design may result in longer piles that become too difficult to install with higher potential 
for premature refusal. 

4.9 Drilled and grouted pile capacity 

4.9.1 Drilled and grouted piles, or rock sockets, may prove to be most suitable under certain conditions where hard 
soils or rocks are encountered and typical configuration is shown in Figure 3.4.2 Typical drilled and grouted pile 
configuration. 

4.9.2 CIRIA (2004) gives a useful overview of issues of pile design in weak rock and expansion of some key issues is 
provided in the following Sections. 

4.9.3 Where it is expected that drilled and grouted piles may be used, then a literature review should be performed to 
investigate methods that may be suitable for the actual conditions and rock types likely to be encountered. The site 
investigation and laboratory testing should then be designed such that sufficient information can be gained for an efficient 
design. Key influencing factors of drilled & grouted pile design include: 

• cleanliness and roughness of the drilled hole which may be assessed during site investigation and 
construction by the use of hole profiling techniques, such as an acoustic televiewer; 
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• UCS of the rock using UCS tests. UCS test data may be supplemented by point load test data provided the 
interpretation of results, for conversion to an equivalent UCS strength, is properly calibrated; 

• the site investigation should aim to identify the presence of discontinuities or faults in the rock. Faults or 
discontinuities may cause difficulty during installation either by hole collapse or by leakage of grout; 

• petrographic slices to investigate rock structure may help to understand the likely response of the rock 
under loading. For example, it may be apparent from a petrographic slice that the rock has an open 
structure that may be vulnerable to collapse during installation or under applied stress; 

• techniques such as P-S logging may provide an indication of overall response of the rock mass; and 

• CIRIA (2004) gives further discussion on parameters such as hole roughness classification, adhesion 
factor and alpha value. Furthermore, Williams and Pells (1981) describe the inclusion of a β factor to 
account for the influence of rock quality on shaft friction. 

4.9.4 In weak rock, an approach such as that by Kulhawy and Phoon (1993) may be suitable for defining shaft 
resistance. It may be appropriate to apply a limit to the frictions determined. Deliberate roughening may be used to 
enhance the shaft friction; for example, by the inclusion of grooves in the drilled hole. 

4.9.5 Once the shaft friction has been determined, it is necessary to confirm that grout-steel friction will not limit the 
amount of shaft friction that can be mobilised. The methodology presented in ISO 19902 Petroleum and natural gas 
industries – Fixed steel offshore structures for calculating the capacity of a grouted connection may be used; making 
appropriate assumptions for the smoothness of the pile steel surface. 

4.9.6 If excessive debris has collected near to the hole base and remains present then end bearing may only be 
mobilised at excessive displacements; unless the debris is removed. Furthermore, unless the pile is plugged (e.g. by 
grout) the end bearing will be restricted to that on the pile annulus although this may be substantial. It should also be 
noted that the displacements required to mobilise end bearing may be such that significant degradation is caused on 
shaft friction and in this case it is common practice to only count shaft friction or end bearing in design. 

4.9.7 It may also be appropriate to consider the use of pile testing in similar rock types (perhaps onshore) to optimise 
the pile design or laboratory tests, such as constant normal stiffness interface friction testing, to help definition of pile 
behaviour. 

 

 

Figure 3.4.2 Typical drilled and grouted pile configuration 

4.9.8 There are a number of potential issues to be considered during installation of drilled and grouted piles. These 
include: 
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• during drilling, it should be ensured that the hole will remain open sufficiently long in order that the pile can 
be installed and the grouting operation completed. If the hole does not remain stable then it is possible that 
the pile capacity will be degraded and collapse of soil or rock around the hole may occur. This collapse of 
soil could undermine any mudmats that are being used to provide temporary stability. Hole stability issues 
can be overcome by using a driven primary pile until stable rock or soil conditions are reached; then an 
insert pile will be used to form the grouted section; 

• if using blind-ended (or closed-ended) tubular piles it should be checked that the pile will not float once 
grout has been placed and prior to setting; and 

• where drilling fluids other than seawater are used their impact on the pile performance should be 
assessed. 

4.10 Suction caisson design 

4.10.1 Where suction caissons (also called suction piles or suction buckets) are considered it should be first 
established that the concept is applicable. 

4.10.2 In addition to general aspects discussed under the design basis, the design process will need to make 
assumptions around the following aspects that will then be further refined through the design process: 

• cyclic effects; 

• conditions or assumptions conditions such as contact of the caisson lid with soil, or under lid grouting 
where appropriate; 

• whether suction assistance is required during installation; or if the caissons will penetrate under self-weight 
of the structure and foundation; 

• the combination of suction caisson penetration and the necessity of an allowance for heave of the internal 
soil plug during installation; and 

• installation and extraction may be more sensitive to soil type and soil layering than may generally be 
expected for alternative foundation types such as driven piles. 

4.10.3 It is common practise perform sizing of a suction caisson using simplified methodology such as the work by 
Suryasentana et al. (2017) or alternative formulations of upper bound methods, see for example Hamilton and Murff 
(1995). Following this the suitability of design should then be confirmed suitable by the use of finite element analyses that 
can more precisely take into account aspects such as soil layering or other soil properties. 

4.10.4 Where a structural analysis requires stiffness input it should be ensured that the stiffness matrix in the structural 
analyses is compatible with the level of loads used. Many structural analyses packages only accept a linear stiffness 
matrix input and in this case it may be necessary to iterate the stiffness matrix until compatibility between loads and 
stiffness is achieved. It may be necessary to vary the stiffness matrix depending on what is critical to the analyses and 
associated load levels. For example, the load levels and impact of cyclic degradation may be quite different for ULS 
loading (where fewer bigger waves occur) when compared to FLS loading. 

4.10.5 An initial estimate of suction pile stiffness may be made using the methodology published by Suryasentana et 
al. (2017) or Doherty et al. (2005) and validated by finite element analyses as appropriate. 

4.10.6 Detailed design will also require an estimate of the long-term performance of the foundation to ensure that 
rotations and displacements remain within acceptable limits. This aspect was investigated by Zhu et al. (2017) for 
response of suction caissons in single-layer and layered seabeds and an expression for accumulated rotation is provided 
along with the required calibration parameters depending on soil conditions and relative layer thicknesses. The current 
work has focussed on uni-directional loading and further development or validation is required before applying the 
methodology to multi-directional loading. 

4.10.7 An installation assessment can be performed using methodology such as that by Andersen et al. (2008), 
Senders and Randolph (2009) or Houlsby and Byrne (2005). Key considerations include: 

• determining if suction assisted installation is required (i.e. suction installed); or whether the caissons will 
penetrate under the combination of their own weight and the structure (i.e. may be considered as jacked); 
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• estimating heave of the soil plug during installation; 

• potential for cavitation of water during suction installation; and 

• potential mitigation measures and their impact on the foundation should early refusal be experienced. 
Such measures may include the use of ballast, cycling of suction pressure or water injection. 

4.10.8 If re-spudding of the caisson is required, due to refusal or some other installation issue, the required offset 
distance from the refusal location should be considered such that there is no significant impact upon the installed 
foundation. 

4.10.9 Where experience in local or comparable soil or seabed conditions is not available, then it may be prudent to 
perform field trials of suction caisson installation before committing to the concept. 

■ Section 5 
 Gravity base design 
5.1 General 

5.1.1 ISO 19901-4 petroleum and natural gas industries – Specific requirements for offshore structures – Part 4: 
Geotechnical and foundation design considerations presents an acceptable basis of design for gravity base foundations 
with ISO 19903 Petroleum and natural gas industries – Fixed concrete offshore structures containing further guidance for 
large concrete gravity base foundations. Gravity base design should consider horizontal-moment-vertical and torsion 
(HMVT) loading. In addition, the following provides further guidance on gravity base design. 

5.1.2 Gravity base design requires consideration of cyclic loading effects and the possibility of pore pressure build-up. 
Where a gravity base is equipped with drainage measures, it should be ensured they will function properly throughout a 
structures life. For example, a gravel layer may be vulnerable to ingress or migration of the underlying seabed upwards, 
thus reducing permeability; or drainage channels may become blocked with fine material. 

5.1.3 Gravity base design should give careful consideration to soil layering and in particular to the presence of layers 
that may cause preferential sliding, or for example other unusual soils such as peat that may affect the performance of 
the foundation. 

5.1.4 It is generally expected where soil conditions are complex, simplified methodology for uniform soil conditions 
such as that presented in ISO 19901-4 Petroleum and natural gas industries – Specific requirements for offshore 
structures – Part 4: Geotechnical and foundation design considerations can be used to design, or size, the gravity base 
foundation. The preliminary analyses should then be followed up by finite element analyses are used to validate the 
design and take account of other factors such as more complex layering or soil stiffness response. 

5.1.5 As shown in Figure 3.5.1 Purpose and uses of skirts (exaggerated features for clarity) a gravity base may be 
equipped with skirts, with possible reasons including: 

• mobilising strength of deeper layers below seabed for bearing capacity; 

• to improve sliding capacity by mobilising soil strength below the seabed; 

• to overcome small seabed irregularities; and 

• to provide some degree of scour protection; especially where skirts are compartmentalised to prevent 
ingress of scour further below the foundation. 

5.1.6 Where skirts are used, it should be ensured they can penetrate the seabed and achieve their intended purpose. 
Penetration may be inhibited by hazards such as boulders or gravel layers. If full penetration is not achieved, then 
remedial measures, such as under-base grouting, may be required to ensure the gravity base performance remains 
satisfactory. 
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Figure 3.5.1 Purpose and uses of skirts (exaggerated features for clarity) 

 

5.2 Sliding capacity of un-skirted gravity base on clay 

5.2.1 Where a gravity base on clay seabed is not equipped with skirts the sliding capacity needs careful 
consideration. Figure 3.5.2 Some issues with un-skirted foundation on clay (exaggerated features for clarity) shows a 
gravity base placed onto a clay seabed and some of the aspects that influence capacity are discussed further. It is 
important that the soil characteristics immediately at the seabed (i.e. within the top few centimetres) are characterised in 
terms of their capacity for sliding resistance. Murff (2012), for example, suggests there is almost always a thin veneer of 
very weak soil right at seabed. A CPT pushed from seabed is unlikely to accurately measure the resistance in the top few 
centimetres of soil. It may be possible to extract information about the top few centimetres of soil from sample data or to 
use specialist equipment such as box core or t-bar if the aspect is critical to design. 

5.2.2 It is likely that there are small undulations of the seabed leading to an uneven and reduced contact area, as 
shown in Figure 3.5.2 Some issues with un-skirted foundation on clay (exaggerated features for clarity). Depending on 
the level of applied load, this uneven contact area may allow drained conditions to develop. The contact area may also 
depend on the applied vertical load relative to the vertical bearing capacity and the degree of horizontal or moment 
loading that is applied. High applied stress on a limited contact area of the asperities may have the effect of increasing 
contact area by local failure of the soil. Uneven seabed may also have the effect of providing drainage channels meaning 
that the sliding capacity on clay may be drained or partially drained, rather than undrained. 

5.2.3 In addition, the foundation itself may have holes or drainage channels. In view of the above, consideration of an 
undrained case with full contact area may not be applicable and drained loading may tend to dominate the design for 
sliding resistance on clay. 

5.2.4 Eurocode 7: Geotechnical design worked examples specifies a limit of H/V < 0,4 and similarly ISO 19905-1 
Petroleum and natural gas industries -- Site-specific assessment of mobile offshore units - Part 1: Jack-ups suggests that 
sliding capacity on clay should take into account an alpha value as determined by the pile capacity method for shaft 
friction in clays in the Annex A of ISO 19901-4 Petroleum and natural gas industries – Specific requirements for offshore 
structures – Part 4: Geotechnical and foundation design considerations. Neither of these criteria is particularly applicable 
to the problem of sliding resistance and more detailed discussion of sliding resistance of foundations on clay is given by 
Steenfelt (2017) taking into account the drained properties of the soil with appropriate material or resistance factors, 
rather than an arbitrary limit as suggested above. 

5.2.5 Where sliding resistance on clay is a critical aspect then laboratory testing, field testing and further analyses 
may be appropriate to enable an optimised design. 
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Figure 3.5.2 Some issues with un-skirted foundation on clay (exaggerated features for clarity) 

5.3 Design of gravel beds and rock berms 

5.3.1 Gravel or rockfill beds are sometimes used to improve the engineering characteristics of the seabed, often in 
the following ways: 

• improvement of bearing capacity by spreading bearing pressure to reduce loads on weaker layers; 

• remediation of seabed features including seabed roughness or seabed slope; 

• prevention of scour; 

• provide drainage and prevent build-up of excess pore pressure beneath the foundation; and 

• a combination of the above factors. 

5.3.2 Figure 3.5.3 Gravel bed or rock berm design issues shows some of the key engineering issues that should be 
considered when designing a gravel bed. It should be noted that sliding capacity may be affected by the pore pressure 
regime within the gravel bed and potential for uplift due to hydrodynamic pressures. 

5.3.3 A rock berm should be considered as an additional soil layer and should be considered in all relevant analyses 
including that for capacity and stiffness. 

5.3.4 A general approach for rock berm design is presented in CIRIA (2012) and Kellezi and Stadsgaard (2012). 

5.3.5 In addition to the usual requirements of a design basis, the design of the rock berm should take account of 
various considerations to ensure that the central load bearing section remains suitable for its purpose throughout the 
design life. These include: 

• lateral dimensions to take into account edge effects such as side slope stability or internal stability. For 
gravel pads the side slope stability may become a critical aspect. In general, the role of the side slope is to 
ensure that the central crest (or plateau) of the gravel pad remains intact. As such the slope angle should 
be selected such that it remains stable under the possible load conditions including that imparted from the 
foundation itself, environmental loading or other sources of loading or degradation such as seismic; 

• scour impacting stability of the gravel or rock bed; 

• rock grading to ensure stability under environmental loading (i.e. wave and current). This may also 
consider whether no rock loss is acceptable or some rock loss is acceptable; 

• rock grading such that it acts as a filter layer to prevent upwards migration of the underlying soils or 
gradual sinking of the rock into the seabed (Nielson et al., 2014) and to ensure sufficient permeability of 
the rock to allow sufficient drainage. These two requirements sometimes conflict each other and CIRIA 
(2012) contains further guidance. It may also be necessary to use different rock grading in the rock berm to 
achieve the requirements. In general, it is difficult to ensure the as installed gravel material will satisfy a 
closed-filter criterion due to loss of fines during placement. Therefore, a common approach is to use an 
open filter criterion and ensure that the rock bed is thick enough to provide sufficient drainage where 
required, or to demonstrate that the critical gradient of the underlying soils will not be exceeded; 
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• seismic conditions and stability of the rock under seismic loading. Seismic loading may cause degradation 
of underlying soil and this should be taken into account; 

• penetration of rock dump into the underlying seabed affecting the required rock volumes; 

• the rock should be competent material with good engineering properties and this should be established 
during the design process and validated during the production and installation of the rock; and 

• the requirement for installation survey of rock dump and, perhaps, a pre-installation survey where the 
foundation is to be installed a significant time later. The survey should take into account the tolerances to 
be achieved including overall sizing, level and surface roughness or allowable undulations. 

 

 

Figure 3.5.3 Gravel bed or rock berm design issues 

 

5.4 Sliding capacity of gravity base on gravel beds and rock berms 

5.4.1 A key issue when using a gravel bed is to determine the sliding friction that may be effective between the 
foundation and gravel or rock. Hutchinson et al. (2010) outline some of the key developments in international practice for 
the design of breakwaters against sliding, along with some field scale testing on the impact of base roughening on 
interface friction between rock and a pre-cast concrete base. 

5.4.2 The interface friction between concrete and rock or gravel will depend on many factors. This includes the 
relative roughness of the concrete compared to the particle size distribution of the gravel or rock which will determine 
how readily the gravel particles engage at the interface. 

5.4.3 CIRIA (2012) presents a methodology based upon the residual angle of the rock material, surface roughness, 
contact stress and normalised strength of the rock. This method could be used as an initial design assumption. However, 
where sliding is a critical aspect of design, and in absence of relevant testing or data already available, it is 
recommended that testing is performed to justify the design parameters used to provide an optimised design. 

5.4.4 Deliberate roughening of the underside of a gravity base may be used to increase interface friction. Deliberate 
roughening measures may include serrations such as those presented by Hutchinson et al. (2010), or the use of other 
measures such as studs reported by McNulty et al. (2002). In addition, or as an alternative, ballast may be used to 
increase the vertical contact stress of the foundation. McNulty et al. (2002) also discuss the placement of gravel in 
mounds, rather than a continuous blanket, to ensure more even contact stress across the whole gravity base footprint. 

5.5 Sliding capacity of steel on rock 

5.5.1 Where steel mudmats are required to generate sliding capacity on rock the sliding capacity can be determined 
using an alpha based approach dependent on unconfined compression strength as outlined in Ziogos et al. (2015). As 
described in the paper, the roughness of the steel and basic angle of friction of the rock play an important role in 
mobilisation of interface friction. 
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5.5.2 It should be noted that sliding capacity on rock could be adversely influenced by the presence of a sand veneer, 
or mobile sand, therefore this possibility should be considered during foundation assessment, as shown in Figure 3.5.4 
Effect of mobile sand veneer on mobilisation of interface friction for rock. It is important that the assessment of friction 
takes into account the seabed conditions which are not necessarily the same as the measured properties of the rock and 
steel interfaces. 

 

 

Figure 3.5.4 Effect of mobile sand veneer on mobilisation of interface friction for rock 

■ Section 6 
 Scour and deposition 
6.1 General 

6.1.1 Scour, or erosion, results in the removal of soil around a foundation and thus may affect the performance or 
capacity of that foundation. Depending on the extent of the scour it may require remedial action. Scour is assumed to 
occur in sand whereas erosion is considered to occur in clay. 

6.1.2 Deposition is the process by which soil is deposited around a foundation or structure. Occasionally deposition 
may become problematic where it results in a structural component being loaded in a manner for which it was not 
intended. An example of this may be a jacket structural member near to mudline that becomes inundated with soil and 
due to the movement of the structure the member dissipates load into the deposited soil. This loading induces fatigue 
stresses in the member that would, in absence of deposition, not normally be present. 

6.1.3 It is necessary to consider scour through the concept to detailed design and construction stages and thus it is 
important to define the philosophy or approach to scour at an early stage of the development as it influences 
requirements for site investigation and definition of engineering assumptions. 

6.1.4 Scour is predominantly caused by a combination of current and wave actions though it may also be caused or 
exacerbated by the effect of the structural movement or cyclic degradation of soil strength. Other possible causes of 
scour could be pumping induced, for example where structural movement causes flow of water inside a jacket leg-pile 
space, or vessel propeller induced scour (e.g. by a maintenance vessel in shallow water); or by placement of a jack-up 
nearby to the foundation. All potential sources of scour and deposition should be identified and accounted for in the 
design process. 

6.1.5 As per Figure 3.6.1 Global versus local scour around a structure and foundations, the following definitions are 
associated with scour: 

• seabed level change is a change in seabed level that would occur irrespective of whether or not a structure 
is installed. Bed level change may be seasonal, or longer term, and might be associated with the passage 
or evolution of seabed features such as sandwaves or sandbanks; 

• general scour occurs as a result of the influence of the overall structure footprint on the seabed; and 
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• local scour occurs around localised areas, or members, of a structure (e.g. corners of a gravity base or 
piles). 

 

Figure 3.6.1 Global versus local scour around a structure and foundations 

6.2 Scour assessment 

6.2.1 A high level indication of the likelihood and magnitude of scour can be achieved by the use of indicators of 
potential mobility and erosion as described by Whitehouse et al. (2011) and presented in Table 3.6.1 Examples of 
seabed hazards and mitigation. This high-level assessment may then be followed by a more detailed assessment. 

Table 3.6.1 Examples of seabed hazards and mitigation 

Sand – indicators of mobility Clay – indicators of erosion 

Ripple marks Longitudinal furrows or grooves 

Megaripples Obstacle marks – scour around rocks or other debris 
on the seafloor 

Sandwaves  

Obstacle marks – scour and deposition around 
rocks or other debris on the seafloor 

 

 

6.2.2 If sandwaves, or other mobile features, are identified in the development area it is important for future decision 
making to understand how these features may change with time and what impact they may have on the foundations. For 
example, the speed and direction of movement of sandwaves should be assessed; potentially by comparison of different 
surveys. 

6.2.3 Following the recommendations of Whitehouse (2006), a scour assessment should aim to assess whether or 
not scour may occur for certain return period events. If scour is a significant risk then a more detailed assessment should 
be then performed to determine the depth and extent of scour and how quickly it will develop. The assessment should 
consider that scour may occur either during, or as a result of, the construction process itself, soon after installation or 
during operation. 

6.2.4 Whitehouse (1998) presents a general approach to assessing scour hazard that considers input of wind, waves 
and current in combination with soils data and structural characteristics to provide an overall scouring status. A 
combination of results on likelihood and magnitude of scour give an assessment of scour hazard or risk. 

6.2.5 This assessment may be supplemented by the use of techniques such as physical modelling or computational 
fluid dynamics to give improved predictions. 
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6.2.6 Where the process of scour assessment establishes that scour hazard is significant it is likely to be necessary 
to define a scour management plan. An example of a scour management plan for a gravity base structure is given by 
Whitehouse et al. (2011), as presented in Figure 3.6.2 Scour management plan (reproduced from Whitehouse et al., 
2011). 

6.2.7 Generally speaking, scour can be classified into one of the categories below: 

• significant scour, erosion or deposition is unlikely; therefore, no action in design or construction is required. 
Routine structural inspection may be used to confirm that this remains the case throughout an assets life. If 
inspection does identify scour beyond that included in the design then further engineering or remedial 
action may be required; and 

• significant scour, erosion or deposition is expected. This may either be accounted for by use of a design 
scour allowance(s) scour protection, or a combination of both. 

6.2.8 When setting design scour allowances the following aspects should be considered: 

• sensitivity of structure capacity and performance to scour; combined with the likelihood and potential 
impact of scour exceeding the design scour allowance; 

• a design scour allowance is likely to form the main basis for inspection criteria; 

• ability to detect and respond to excessive scour before it proves problematic to the foundation performance 
or capacity; 

• whether different design scour allowances may be applicable for difference design conditions – for 
example, FLS, ULS or ALS; and 

• a scour management plan also requires definition of inspection during installation and in-service with the 
use of remedial works where scour is found to be excessive; or it is determined scour may exceed the 
limits set during design. It is important to note that scour magnitude may increase or decrease with time; 
therefore, an annual inspection may not necessarily capture the full extent of scour that has occurred. 
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Figure 3.6.2 Scour management plan (reproduced from Whitehouse et al., 2011) 

6.3 Scour mitigation, remediation and protection 

6.3.1 Where design scour allowances are not practicable or economical, it may be necessary to employ scour 
mitigation, protection or seabed preparation works. These measures should be subject to detailed design to ensure that 
they can be constructed properly and will provide sufficient protection against scour for the design life of the foundation. 

6.3.2 Scour mitigation may be features that inhibit or limit the effect of scour on a foundation (e.g. the use of skirts 
around shallow foundations). Skirts may be partitioned internally so that if scour affects the outer skirt the internal skirts 
may limit the extent of scour underneath the foundation. Another potential scour mitigation measure is to ensure 
foundations are placed below the potential troughs of seabed features such as sandwaves. 

6.3.3 Scour protection requires design to ensure it will function as intended and scour protection may itself be 
subjected to scour and this should be accounted for in specifying the nature and extent of scour protection. Scour 
protection will need to be appropriate specified so that it remains stable under the expected current and wave conditions 
as well as other conditions such as seismic. This may also include the use of filter layers and consider whether any 
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damage or loss of rock is allowable. CIRIA (2012) presents design methodology and practicable aspects of the design of 
rock for use in marine or offshore projects. 

6.3.4 Where scour protection measures are used they should also be subject to inspection to confirm that they remain 
sufficiently intact to perform their purpose. Nielson et al. (2014) report a case where scour protection was sinking into the 
underlying seabed and thus was not performing as expected. 
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