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INTERNATIONAL ELECTROTECHNICAL COMMISSION

WIND ENERGY GENERATION SYSTEMS -
Part 6: Tower and foundation design requirements

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization cc mpr.ing
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote interri tior. >l
co-operation on all questions concerning standardization in the electrical and electronic fields. To this ena and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Techr ~al Kk norts,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publicec ‘on(.\"Y Their
preparation is entrusted to technical committees; any IEC National Committee interested in the sub, ct dealt with
may participate in this preparatory work. International, governmental and non-governmental c:ganizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the Internatior.al Organization for
Standardization (ISO) in accordance with conditions determined by agreement betweenr the + organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly (s po. zible an international
consensus of opinion on the relevant subjects since each technical committe~ ha. ripresentation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and « < accepted by IEC National
Committees in that sense. While all reasonable efforts are made to'ens ire that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the w.v ‘= which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Comm. tee: undertake to apply IEC Publications
transparently to the maximum extent possible in their nationai and . 2gional publications. Any divergence between
any IEC Publication and the corresponding national or regional | ublication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity Ind pendent certification bodies provide conformity
assessment services and, in some areas, access to IEC .2~'«ks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the lates* ea tion cf this publication.

7) No liability shall attach to IEC or its directoic. empiuvyees, servants or agents including individual experts and
members of its technical committees and ‘= Na. onal Committees for any personal injury, property damage or
other damage of any nature whatsseve ~whither direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, 'se . orreliance upon, this IEC Publication or any other IEC Publications.

8) Attention is drawn to the Normative efercnces cited in this publication. Use of the referenced publications is
indispensable for the correct annlic.tic.n of this publication.

9) IEC draws attention to the pos. ikuity that the implementation of this document may involve the use of (a) patent(s).
IEC takes no position con:ern...g the evidence, validity or applicability of any claimed patent rights in respect
thereof. As of the date of L 'blication of this document, IEC had not received notice of (a) patent(s), which may
be required to implerien. this document. However, implementers are cautioned that this may not represent the
latest information, wi. ©~h n ay be obtained from the patent database available at https://patents.iec.ch. IEC shall
not be held responsible “or identifying any or all such patent rights.

This consoli'ated version of the official IEC Standard and its amendment has been
prepared fo: user convenience.

IET v:1L0-6 edition 1.1 contains the first edition (2020-04) [documents 88/751/FDIS and
2Sl1T4/R\'D], its corrigendum 1 (2020-11) and its amendment 1 (2025-06) [documents
86/1068/FDIS and 88/1096/RVD].

In this Redline version, a vertical line in the margin shows where the technical content is
modified by amendment 1. Additions are in green text, deletions are in strikethrough red
text. A separate Final version with all changes accepted is available in this publication.
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International Standard IEC 61400-6 has been prepared by IEC technical committee TC 88: Wind
energy generation systems.

The text of this standard is based on the following documents:

FDIS Report on voting
88/751/FDIS 88/754/RVD

Full information on the voting for the approval of this International Standard can be found in the
report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

Future standards in this series will carry the new general title as cited above. Titles of existing
standards in this series will be updated at the time of the next edition.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.
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INTRODUCTION

This document has been developed for the design of onshore wind turbine towers and
foundations that will build on and complement the IEC 61400-1 relating to design criteria and
provide a complete set of technical requirements for the structural and geotechnical design.
The requirements are also applicable to wind turbines covered by IEC 61400-2. It is envisaged
that the proposed work will be followed by the development of another part, directed towards
the design of offshore support structures, thus also complementing IEC 61400-3-1.

Civil engineering practices associated with the scope of the standard have regional variations.
It is not the intention of this document to conflict with those practices but to supplement them
particularly in ensuring that all important features of typical wind turbine towers and foundations
are fully and correctly considered. To this end, the relevant parts in existing standards for design
of steel and concrete structures and for geotechnical design have been identified for
participating countries and regions.

The principles included in this document apply to the sections of the tower of an offshore fixed
structure above the splash zone if the loading has been calculated according to
IEC 61400-3-1.

This document will include the evaluation and calibration of partial safety factors for material
strengths to be used together with the safety elements in IEC 61400-1 and IEC 61400-2 for
loads and for verification of static equilibrium.

INTRODUCTION to Amendment 1

Clauses and subclauses as given in this document are replacing or amending the respective
clauses and subclauses of IEC 61400-6:2020. The main part of this amendment concerns
updated knowledge for the design of L-flanges and modifications required due to changes to
IEC 61400-1.

The previous method of fatigue assessment using the Schmidt/Neuper trilinear bolt force curve
approximation has been removed as the default method from the document. It has been
replaced with a physically more accurate method.

The updated methodology for fatigue assessment of L-flanges has been calibrated so that the
target failure probability defined in IEC 61400-1 is achieved. Where existing flange designs are
checked with the updated method, over-utilization can be found, which in some cases can show
an order of magnitude higher than nominally acceptable damage.

This does not impose an immediate risk for the turbines affected, though, due to the following
factors:

a) in most cases, such designs have significant conservatism in the fatigue loads assumed,
e.g. due to the assumption of uni-directional wind combined with type class turbulence
conditions,

b) experience shows that broken bolts are almost always found and replaced before a turbine
collapses.

It is not necessary to re-assess existing flange designs using the new method. In cases where
broken bolts are found in operating turbines, the affected flange should be checked with the
new methodology. Based on the assessment results and the root causes analysis for the failure,
further measures should be defined (e.g. shorter inspection intervals).
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WIND ENERGY GENERATION SYSTEMS -

Part 6: Tower and foundation design requirements

1 Scope

This part of IEC 61400 specifies requirements and general principles to be used in assessing
the structural integrity of onshore wind turbine support structures (including foundations). The
scope includes the geotechnical assessment of the soil for generic or site specific purposes.
The strength of any flange and connection system connected to the rotor nacelle assembly
(including connection to the yaw bearing) are designed and documented according to this
document or according to IEC 61400-1. The scope includes all life cycle issues that may affect
the structural integrity such as assembly and maintenance.

The assessment assumes that load data has been derived as defined in IEC 61400-1 or
IEC 61400-2 and using the implicit reliability level and partial safety factors for loads.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 61400-1:2019, Wind energy generation systems — Part 1: Design requirements
IEC 61400-1:2019/AMD1:2024

IEC 61400-2, Wind turbines — Part 2: Small wind turbines

IEC 61400-3-1:2019, Wind energy generation systems — Part 3-1: Design requirements for fixed
offshore wind turbines

ISO 898-1, Mechanical properties of fasteners made of carbon steel and alloy steel — Part 1:
Bolts, screws and studs with specified property classes — Coarse thread and fine pitch thread

ISO 898-2, Fasteners — Mechanical properties of fasteners made of carbon steel and alloy steel
— Part 2: Nuts with specified property classes

ISO 898-3, Mechanical properties of fasteners made of carbon steel and alloy steel — Part 3:
Flat washers with specified property classes

ISO 965-2, ISO general purpose metric screw threads — Tolerances — Part 2: Limits of sizes for
general purpose external and internal threads — Medium tolerance quality

ISO 965-5, ISO general purpose metric screw threads —Tolerances — Part 5: Limits of sizes for
internal screw threads to mate with hot-dip galvanized external screw threads with maximum
size of tolerance position h before galvanizing

ISO 4759-1, Tolerances for fasteners — Part 1: Bolts, screws, studs and nuts — Product grades
A, Band C

ISO 4759-3, Tolerances for fasteners — Part 3: Washers for bolts, screws and nuts — Product
grades A, C and F





