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FORE\.vORD 

This European Standard 1998-6, Eurocode 8: Design of structures for earthquake 
resistance: Towers, masts and chinlneys, has been prepared by Technical Comnlittee 
CEN/TC 250 "Structural Eurocodes", the secretariat of which is held by BSI. CEN/TC 
250 is responsible for all Structural Eurocodes. 

This European Standard shall be given the status of a national standard, either by 
publication of an identical text or by endorsenlent, at the latest by Decelnber 2005 and 
conflicting national standards shall be withdrawn at latest by March 2010. 

This docunlent supersedes ENV 1998-3: 1996. 

According to the CEN-CENELEC Internal Regulations, the National Standard 
Organisations of the following countries are bound to inlplenlent this European 
Standard: Austria, Belgiunl, Cyprus, Czech Republic, Dennlark, Estonia, Finland, 
France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, 
Luxenlbourg, Malta, Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, 
Sweden, Switzerland and United Kingdonl. 

Background of the Eurocode programme 

In 1975, the Comnlission of the European COnlmLl11ity decided on an action programme 
in the field of construction, based on article 95 of the Treaty. The objective of the 
progranl1ne was the elinlination of technical obstacles to trade and the hannonisation of 
technical specifications. 

Within this action progranl1ne, the COlnnlission took the initiative to establish a set of 
harnl0nised technical rules for the design of construction works which, in a first stage, 
would serve as an alternative to the national rules in force in the Member States and, 
ultimately, would replace thenl. 

For fifteen years, the C0111nlission, with the help of a Steering COln111jttee with 
Representatives of Member States, conducted the developnlent of the Eurocodes 
progranlme, which led to the first generation of European codes in the 1980s. 

In 1989, the COll1111ission and the Melnber States of the EU and EFTA decided, on the 
basis of an agreement' between the Conlmission and CEN, to transfer the preparation 
and the publication of the Eurocodes to CEN through a series of Mandates, in order to 
provide them with a future status of European Standard (EN). This links de facto the 
Eurocodes with the provisions of all the Council's Directives and/or Commission's 
Decisions dealing with European standards (e.g. the Council Directive 8911 06/EEC on 
construction products - CPD - and Council Directives 93/37 IEEC, 92/50/EEC and 
89/440lEEC 011 public works and services and equivalent EFTA Directives initiated in 
pursuit of setting up the internal market). 

The Structural Eurocode progran11ne comprises the following standards generally 
consisting of a nun1ber of Parts: 

EN 1990 Eurocode: Basis of structural design 

EN 199] Eurocode 1: Actions on structures 

I Agreement betwccn the Commission of the European Communities and thc European Committcc for Standardisation (CEN) 
concerning the work 011 EUROCODES for the design of building and civil engineering works (Bc/CENf03/89). 
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EN 1992 Eurocode 2: Design of concrete structures 

EN 1993 Eurocode 3: Design of structures 

EN 1994 Eurocode 4: Design of composite steel and concrete structures 

EN 1995 Eurocode 5: Design of tinlber struchlres 

EN 1996 Eurocode 6: Design of 111asonry structures 

EN 1997 Eurocode 7: Geotechnical design 

1998 Eurocode 8: Design of structures for earthquake resistance 

EN 1999 Eurocode 9: Design of alUlniniUln structures 

Eurocode standards recognise the responsibility of regulatory authorities in each 
Menlber State and have safeguarded their right to deten11ine values related to regulatory 
safety matters at national level where these continue to vary fron1 State to State. 

Status and field of application of Eurocodes 

The Menlber States of the and EFTA recognise that Eurocodes serve as reference 
documents for the following purposes: 

as a means to prove conlpliance of building and civil engineering works with the 
essential requirenlents of Council Directive 89/106/EEC, particularly Essential 
Requirenlent N°1 Mechanical resistance and stability and Essential Require1nent 
N°2 - Safety in case of fire; 

as a basis for specifying contracts for construction works and related engineering 
services; 

as a fraInework for drawing up harmonised technical specifications for construction 
products (EN sand ETAs) 

The Eurocodes, as far as they concenl the construction \vorks thenlselves, have a direct 
relationship with the Interpretative Docunlents2 refelTed to in Article 12 of the CPD, 
although they are of a different nature frOln harmonised product standards3

. Therefore, 
technical aspects arising fron1 the Eurocodes work need to be adequately considered by 
CEN Technical Committees and/or EOTA Working Groups working on product 
standards with a view to achieving full cOlnpatibility of these technical specifications 
\vith the Eurocodes. 

The Eurocode standards provide comnlon structural design rules for everyday use for 
the design of whole structures and component products of both a traditional and an 
innovative nature. Unusual fonns of construction or design conditions are not 
specifically covered and additional expert consideration will be required by the designer 
in such cases. 

According to Art of the CPO, the essential requirements (ERs) shall be given concrete form in interpretative documents for thc 
creation of the necessary links between the essential requirements and the mandates for harmoniscd ENs and ETAGsIETAs. 

3 According to Art. 12 of the CPO the interpretative documents shall: 

a) give eoncrcte form to the essential requirements by harmonising the terminology and the technical bases and indicating classes 
or levels for each requirement where necessary; 

b) indicate methods of correlating these or levels of requirement with the technical specifications, mcthods of 
calculation and of proof, technical rules for project design, etc. ; 

c) as reference for the establishment of harmon is cd standards and guidelines for European technical approvals. 

The Euroeodes, defaclD, playa similar role in the field of the ER I and a part of ER 
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National Standards implementing Eurocodes 

The National Standards iInplelnenting Eurocodes will cOlnprise the full text of the 
Eurocode (including any annexes), as published by which may be preceded by a 
National title page and National fore\vord, and nlay be followed by a National annex. 

The National annex may only contain infornlation on those paranleters which are left 
open in the Eurocode for national choice, known as Nationally Detennined Paranleters, 
to be used for the design of buildings and civil engineering works to be constructed in 
the country concerned, i.e: 

values and/or classes where alternatives are given in the Eurocode, 

values to be used where a symbol only is given in the Eurocode, 

country specific data (geographical, clilnatic, etc.), sno\v map, 

the procedure to be used where alternative procedures are given in the Eurocode. 

It may also contain 

decisions on the use of infornlative annexes, and 

references to non-contradictory complementary information to assist the user to 
apply the Eurocode. 

Links behveen Eurocodes and harmonised technical specifications (ENs and ETAs) 
for products 

There is a need for consistency between the haITIlonised technical specifications for 
construction products and the technical rules for works4

. Furth ernlore , all the 
infOlTIlation accOlnpanying the CE Marking of the construction products which refer to 
Eurocodes shall clearly nlention which Nationally Determined Parameters have been 
taken into account. 

Additional infornlation specific to EN 1998-6 

For the design of structures in seisnlic regions the provisions of this standard are to be 
applied in addition to the provisions of the other relevant Eurocodes. In particular, the 
provisions of the present standard complement those of Eurocode 3, Part 3-1 " Towers 
and Masts" and Part 3-2 " Chimneys", which do not cover the special requirements for 
seisnlic design. 

National annex for EN 1998-6 

Notes indicate where national choices have to be 11lade. The National Standard 
inlplenlenting 1998-6 shall have a National annex containing values for all 
Nationally Deternlined Paranleters to be used for the design in the country. National 
choice 1s required in the following sections. 

4 sec ,\rU.3 and ArL 12 of the CPO, as well as clauses 4.2,4.3.1,4.3.2 and 5.2 of I D I. 
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Reference section Iteln 

1.1 (2) Informative Annexes A, B, C, D, E and F. 

3.1(1) Conditions under which the rotational conlponent of the ground 
Inotion should be taken into account. 

3.5(2) The lo\ver bound factor fJ on design spectral values, if site-specific 
studies have been calTied out with particular reference to the long-
period content of the seismic action. 

4.1(5)P Inlportance factors for Inasts, to\vers, and chinlneys. 

4.3.2.1 (2) Detailed conditions, supp1elnenting those in 4.3.2.1 (2), for the 
lateral force nlethod of analysis to be applied. 

4.7.2(l)P Partial factors for nlaterials 

4.9(4) Reduction factor v for displacelnents at datnage limitation lilnit state 
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1 GENERAL 

1.1 Scope 

(l) The scope of Eurocode 8 is defined in EN 1998-1:2004, 1.1.1 and the scope of 
this Standard is defined in (2) to (4). Additional parts of Eurocode 8 are indicated in EN 
1998-1 :2004, 1.] .3. 

(2) EN 1998-6 establishes requirenlents, criteria, and nIles for the design of tall 
slender structures: towers, including bell-towers, intake towers, radio and TV-towers, 
masts, chinlneys (including free-standing industrial chitnneys) and lighthouses. 
Additional provisions specific to reinforced concrete and to steel chimneys are given in 
Sections 5 and 6, respectively. Additional provisions specific to steel towers and to steel 
guyed 111asts are given in Sections 7 and 8, respectively. Requirenlents are also given for 
non-structural eielnents, such as antennae, the liner Inaterial of chinlneys and other 
equipnlent. 

NOTE I Informative Annex A provides guidance and information for linear dynamic analysis 
accounting for rotational components of the ground motion. 

NOTE 2 Informative Annex B provides information and guidance on modal damping in modal 
response spectrum analysis. 

NOTE 3 Informative Annex C provides information on soil-structure interaction and guidance for 
accounting for it in linear dynamic analysis. 

NOTE 4 Informative Annex D provides supplementary information and guidance on the number of 
degrees of freedom and the number of modes of vibration 10 be taken into account in the analysis. 

NOTE 5 Informative Annex E gives information and guidance for the seismic design of Masonry 
chimneys. 

NOTE 6 Informative Annex f gives supplementary information for the seismic performance and 
design of electrical transmission towers. 

(3) The present provisions do not apply to cooling towers and offshore structures. 

(4) F or towers supporting tanks, EN 1998-4 applies. 

1.2 Normative References 

1.2.1 Use 

(1)P This European Standard incorporates by dated or undated reference, provisions 
fronl other publications. These 110lTIlative references are cited at the appropriate places 
in the text and the publications are listed hereafter. For dated references, subsequent 
anlendments to or revisions of any of these publications apply to this European 
Standard only when incorporated in it by anlendnlent or revision. For undated 
references the latest edition of the publication refened to applies (including 
amendlnents ). 

1.2.2 General reference standards 

(1) EN 1998-1 :2004, 1.2.1 applies. 
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1.2.3 Additional reference standards for towers, masts and chimneys 

(1) EN 1998-6 incorporates other nOll11ative references cited at the appropriate 
places in the text. They are listed below: 

EN 1990 Basis of structural design Annex A3: Application for towers and nlasts. 

EN 1992-1 1 Design of concrete structures General rules and rules for buildings 

EN 1992-1-2 Design of concrete structures - Structural fire design 

EN 1993-1-1 Design of steel stluctures - General rules and rules for buildings 

EN 1993-1 Design of steel structures Structural fire design 

EN 1993-1-4 Design of steel structures - Stainless steel 

EN 1993-1 Design of steel structures Plated structural elements 

EN 1993-1-6 Design of steel structures Strength and stability of shell structures 

EN 1993-1-8 Design of steel structures Design of joints 

EN 1993-1-10 Design of steel structures Selection of nlaterial for fracture toughness 
and through thickness properties 

EN 1993-1-11 Design of steel structures - Design of structures with tension conlponents 
nlade of steel 

EN 1993-3-1 Design of steel structures - Towers and masts 

EN 1993-3-2 Design of steel structures Chimneys 

EN 1994-1-1 Design of cOlnposite steel and concrete structures - General rules and 
rules for buildings 

EN 1994-1-2 Design of conlposite steel and concrete structures - Structural fire design 

EN 1998-1 Design of sttuctures for earthquake resistance - General rules, seisnlic 
actions and rules for buildings 

EN 1998-5 Design of stluctures for earthquake resistance - Foundations, retaining 
structures and geotechnical aspects. 

EN 1998-2 Design of structures for earthquake resistance Bridges. 

EN 13084-2 Free-standing chimneys - Concrete chimneys 

EN 13084-7 Free-standing chinlneys Product specification of cylindrical steel 
fabrications for use in single-wall steel chinlneys and steel liners. 

1.3 Assumptions 

(l)P The general assumptions of EN 1990:2002, 1.3 and EN 1998-1 :2004, 1.3(2)P, 
apply. 

1.4 Distinction between principles and application rules 

(1) EN 1990:2002, 1.4 applies. 
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1.5 Terms and definitions 

1.5.1 General terms and definitions 

(I) EN ] 998-1 :2004, 1.5.1 and 1.5.2 apply. 

(2) The definitions in EN 1993-3-1, 1.5 and EN 1993-3-2, 1.5 apply. 

1.5.2 Further terms and definitions used in EN 1998-6 

angle tower 

transmission tower used where the line changes direction by lTIOre than 3° in plan. It 
supports the same kind of loads as the tangent tower 

dead-end towers (also called anchor towers) 

transmission tower able to support dead-end pulls fron1 all the wires on one side, in 
addition to the vertical and transverse loads 

tangent tower 

transn1ission tower used where the cable line is straight or has an angle not exceeding 3° 
in plan. It supports vertical loads, a transverse load from the angular pull of the wires, a 
longitudinal load due to unequal spans, and forces resulting fr01n the wire-stringing 
operation, or a broken wire 

telescope joint 

joint between tubular elements without a flange, the internal diameter of one being 
equal to the external diameter of the other 

transmission tower 

tower used to support low or high voltage electrical transmission cables 

trussed tower 

tower in which the joints are not designed to resist the plastic mOlllent of the connected 
elelnents 

1.6 Symbols 

1.6.1 General 

(l) EN 1998-1 :2004, 1.6.1 and 1.6.2 apply. 

(2) For ease of use, further sYlnbols, used in connection with the seisn11c design of 
towers, masts and chinlneys, are defined in the text where they occur. However, in 
addition, the nlost frequently OCCUlTing symbols used in EN 1998-6 are listed and 
defined in 1.6.2. 

1.6.2 Further symbols used inEN1998-6 

Ecq equivalent modulus of elasticity; 

Mi effective modal n1ass for the i-th Inode of vibration; 

10 



EN 1998-6:2005 (E) 

R8 ratio betvveen the InaxilTIUm moment in the spring of an oscillator with rotation 
as its single-degree-of-freedom, and the rotational moment of inertia about the 
axis of rotation. The diagram of R9 versus the natural period is the rotation 
response spectrum; 

Rex, R\, R8
z rotation response spectra around the x, y and z axes, in rad/s2

; 

y unit weight of the cable; 

(J tensile stress in the cable; 
-
~ . equivalent n10dal damping ratio of the j-th mode. 

I 

1.7 S.l. Units 

(l)P EN 1998-1:2004, 1.7(l)P applies. 

(2) EN 1998-1 :2004, 1.7(2) applies. 
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2 PERFORl\lANCEREQUIREMENTS AND COl\lPLIANCE CRITERIA 

2.1 Fundamental requirements 

(l)P For the types of structures addressed by this Eurocode, the no-collapse 
requiren1ent in 1998-1 :2004, 2.1(1)P applies, in order to protect the safety of 
people, nearby buildings and adjacent facilities. 

(2)P For the types of structures addressed by this Eurocode the dan1age lil11itation 
requirel11ent in EN 1998-1 :2004, 2.1(1)P applies, in order to n1a1ntain the continuity of 
the operation of plants, industries and COl11111unication systems, in the event of 
earthquakes. 

(3)P The damage lin1itation requiren1ent refers to a seismk action having a 
probability of exceedance higher than that of the design seisl11ic action. The structure 
sha11 be designed and constructed to withstand this action without dan1age and 
linlitation of use, the cost of daIllage being lneasured with respect to the effects on the 
supported equipnlent and from the lil11itat10n of use due to disruption of operation of the 
facility. 

(4) In cases of low seisillicity, as defined in 1998-1:2004,2.2.1(3) and 3.2.1(4), 
the fundanlental requirenlents n1ay be satisfied by designing the structure for the 
seismic design situation as non-dissipative, taking no account of any hysteretic energy 
dissipation and neglecting the rules of the present Eurocode that specifically refer to 
energy dissipation capacity_ In that case, the behaviour factor should not be taken 
greater than the value of 1,5 considered to account for overstrengths (see EN 1998-
1 :2004, 2.2.2(2)). 

2.2 Compliance criteria 

2.2.1 Foundation 

(l)P Foundation design shall confol111 to EN 1998-5. 

2.2.2 Ultimate limit state 

(1) EN 1998-1 :2004, 2.2.2 applies. 

2.2.3 Damage limitation state 

(1) In the absence of any specific requiren1ent of the owner, the rules specified in 
4.9 apply, to ensure that daIl1age considered unacceptable for this linlit state will be 
prevented to the structure itself, to non-structural e1elllents and to installed equipn1ent. 
Defof111ation Jinlits are established with reference to a seismic action having a 
probability of occurrence higher than that of the design seismic action, in accordance 
with EN 1998-1 :2004, 2.1 (l)P. 

(2) Unless special precautions are taken, provisions of this Eurocode do not 
specifically provide protection against damage to equipnlent and non-structural 
elements under the design seismic action, as this is defined in EN 1998-1 :2004, 2.1(1 )P. 
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3 SEISMIC ACTION 

3.1 Definition of the seismic input 

(1) In addition to the translational con1ponents of the earthquake n10tion, defined in 
EN 1998-1 :2004, 3.2.2 and 3.2.3, the rotational con1ponent of the ground n10tion should 
be taken into account for tall structures in regions of high seisnlicity. 

NOTE 1: The conditions under which the rotational component of the ground motion should be taken 
into account in a country, \vill be found in the National Annex. The recommended conditions are 
structures taller than 80 m in regions where the product OgS exceeds 0,25g. 

NOTE 2: Informative Annex A gives a possible method to_define the rotational components of the 
motion and provides guidance for taking them into account in the analysis. 

3.2 Elastic response spectrum 

(I)P The elastic response spectrunl in ternlS of acceleration is defined in EN 1998-
1 :2004, 3.2.2.2 for the horizontal translational components and in EN 1998-1 :2004, 
3.2.2.3 for the vertical translational component. 

3.3 Design response spectrum 

(l) The design response spectrUl11 is defined in EN 1998-1 :2004, 3.2.2.5. The value 
of the behaviour factor, q, reflects, in addition to the hysteretic dissipation capacity of 
the structure, the influence of the viscous damping being different fron1 50/0, including 
damping due the soil-structure interaction (see EN 1998-1 :2004, 2.2.2(2), 3.2.2.5(2) and 
(3)). 

(2) For towers, nlasts and chimneys, depending on the cross section of the InelTlbers, 
design for elastic behaviour until the Ultinlate Linlit State nlay be appropriate. In this 
case the q factor should not exceed q = 1,5. 

(3) Alternatively to (2), design for elastic behaviour nlay be based on the elastic 
response spectrU111 with q = 1,0 and values of the damping which are chosen to be 
appropriate for the particular situation in accordance with 4.2.4. 

3.4 Time-history representation 

(1) EN 1998-1 :2004, 3.2.2.5 applies to the representation of the seisn1ic action in 
ten11S of acceleration time-histories. In the case of the rotational conlponents of the 
ground motion, rotational accelerations are sin1ply used instead of translational ones. 

(2) Independent tinle-histories should be used for any two different conlponents of 
the ground 1110tion (including the translational and the rotational c0111ponents). 

3.5 Long period components of the motion at a point 

(l) Towers, masts and chinlneys are often sensitive to the long-period content of the 
ground l11otion. Soft soils or peculiar topographic conditions nlight provide unusually 
large amplification of the long-period content of the ground motion. This an1plification 
should be taken into account as appropriate. 

NOTE: Guidance on the assessment of soil type for the purpose of determining appropriate ground 
spectra is given in EN 1998-5 :2004, 4.2.2 and in EN 1998-1 :2004, 3.1.2. Guidance on cases where 
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topographical amplification of motion may be significant is given in Informative Annex A of EN 
1998-5:2004. 

(2) Where site-specific studies have been calTied out, with particular reference to 
the 10ng period content of the motion, lower values of the factor f3 in expression (3.16) 
of EN 1998-1 :2004 are appropriate. 

NOTE: The value to be ascribed to f3 for use in a country, in those cases where site-specific studies 
have been carried out with particular reference to the long-period content of the motion, can be found 
in its National Annex. The recommended value for f3 in slich a case is 0,1. 

3.6 Ground motion components 

(1) The two horizontal con1ponents and the vertical component of the seismic action 
should be taken as acting simultaneously. 

(2) When taken into account, the rotational components of the ground motion 
should be taken as acting simultaneously with the translational components. 

14 
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4 DESIGN OF EARTHQUAKE RESISTANT TOWERS, lVIASTS AND 
CHIMNEYS 

4.1 Importance classes and importance factors 

(l)P Towers, lnasts and chilnneys are classified in four ilnportance classes, 
depending on the consequences of collapse or damage, on their importance for public 
safety and civil protection in the inlnlediate post-earthquake period, and on the social 
and econonlic consequences of collapse or danlage. 

(2) The definitions of the inlportance classes are given in Table 4.1. 

T bl 411 a e . t mpor ance c asses ~ t or t owers, mas s an d h' c lmneys 

Itnportance class 

I Tower, mast or chilnney of Ininor itnportance for public safety 

II Tower, nlast or chinlney not belonging in classes I, III or IV 

III Tower, mast or chimney whose collapse nlay affect surrounding 
buildings or areas likely to be crowded with people. 

IV Towers, masts or chimneys whose integrity is of vital inlportance 
to l11aintain operational civil protection services (water supply 
systems, an electrical power plants, telecomnlunications, 
hospitals ). 

. 

(3) The importance factor Ii = 1,0 is associated with a seisnlic event having the 
reference return period indicated in EN 1998-1 :2004, 3.2.1(3). 

(4)P The value of Ii for inlportance class II shall be, by definition, equal to J ,0. 

(5)P The inlportance classes are characterised by different importance factors Ii, as 
described in EN 1998-1 :2004,2.1(3). 

NOTE The values to be ascribed to )i for use in a country may be found in its National Annex. The 
values of )i may be different for the variolls seismic zones of the country, depending on the seismic 
hazard conditions and on public safety considerations Note to EN 1998-1 :2004, 2.1(4)). The 
recommended values of )1 for importance classes I, HI and IV are equal to 0,8, 1,2 and 1,4, 
respectively. 

4.2 Modelling rules and assumptions 

4.2.1 Number of degrees of freedom 

(1) The mathelnatical model should: 

take into account the rotational and translational stiffness of the foundation; 

include sufficient degrees of freedon1 (and the associated nlasses) to determine the 
response of any significant stnlctural elenlent, equipment or appendage; 

include the stiffness of cables and guys; 

take into account the relative displacenlents of the supports of equipment or 
machinery (for example, the interaction between an insulating layer and the exterior 
tube in a chimney); 
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take into account plpmg interactions, externally applied structural restraints, 
hydrodynamic loads (both mass and stiffness effects, as appropriate). 

(2) Models of electric transmission lines should be representative of the entire line. 
As a mininlulll, at least three consecutive towers should be included in the model, so 
that the cable nlass and stiffness is representative of the conditions for the central tower. 

(3) Dynamic nl0dels of bell-towers should take into account the oscillation of bells, 
if the bell 11lass is significant with respect to that of the top of the bell-tower. 

4.2.2 Masses 

(l)P The discretisation of lTIaSSeS in the lTIodel shall be representative of the 
distribution of inertial effects of the seislTIic action. Where a coarse discretisation of 
translational nlasses is used, rotational inertias shall be assigned to the corresponding 
rotational degrees of freedol1l. 

(2)P The 11lasses shall include all pelmanent parts, fittings, tlues, insulation, any dust 
or ash adhering to the surface, present and future coatings, liners (including any relevant 
short- or long-tenn effects of tluids or tnoisture on the density of liners) and equiplllent. 
The penllanent value of the ll1ass of structures or pellnanent parts, etc., the quasi­
pernlanent value of the equipment nlass and of ice or snow load, and the quasi­
pennanent value of the inlposed load on platfornls (accounting for lTIaintenal1ce and 
temporary equipment) shall be taken into account. 

(3)P The conlbination coefficients ~/Ei introduced in EN 1998-1 :2004, 3.2.4(2)P, 
expression (3.17), for the calculation of the inertial effects of the seismic action shall be 
taken as equal to the conlbination coefficients lj/2i for the quasi-pernlanent value of 
variable action qi, as given in EN 1990:2002, Annex A3. 

(4)P Thelnass of cables and guys shall be included in the nlode1. 

(5) If the lTIaSS of the cable or guy is significant in relation to that of the tower or 
Inast, the cable or guy should be modelled as a lunlped mass systenl. 

(6)P The total effective nlass of the inlnlersed part of intake towers shall be taken as 
equal to the sunl of: 

the actual ll1ass of the tower shaft (without allowance for buoyancy), 

the Inass of the water possibly enclosed within the tower (hollow towers), 

the added Inass of the externally entrained water. 

NOTE: In the absence of rigorous analysis, the added mass of entrained water may be estimated 
according to Informative Annex F of EN 1998-2:2005. 

4.2.3 Stiffness 

(1) In concrete elements the stiffness properties should be evaluated taking into 
account the effect of cracking. If design is based on a value of the q factor greater than 
1, with the corresponding design spectrunl, these stiffness propeliies should cOlTespond 
to incipient yielding and may be deternlined in accordance with EN 1998-1 :2004, 
4.3.1(6) and (7). If design is based on a value of q 1 and the elastic response spectrUlTI 
or a corresponding tinle-history representation of the ground nl0tion, the stiffness of 
concrete elenlents should be calculated fronl the cracked cross-section properties that 
are consistent with the level of stress under the SeiSI111c action. 
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(2) The effect of the elevated ten1perature on the stiffness and strength of the steel 
or of reinforced concrete, in steel or concrete chin1neys, respectively, should be taken 
into account. 

(3) If a cable is modelled as a single spring for the entire cable, instead of a series of 
lUll1ped lTIaSSeS connected through springs, the stiffness of the single spring should 
account for the sag of the cable. This lTIay be done by using the fo])owing equivalent 
modulus of elasticity: 

(4.1 ) 

--'--- E 
120'3 c 

where: 

Eeq is the equivalent 1110dulus of elasticity, 

r is the unit weight of the cable, including the weight of any ice load on the cable 
in the seismic design situation, 

(J' is the tensile stress in the cable, 

t is the cable length, 

is the n10dulus of elasticity of the cable n1aterial. 

( 4) F or strands consisting of wrapped ropes or wires, Ee is generally lower than the 
modulus of elasticity E in a single chord. In the absence of specific data fron1 the 
lTIanufacturer, the following reduction n1ay be taken: 

(4.2) 

where f3 is the wrapping angle of the single chord. 

(5) If the preload of the cable is such that the sag is negligible, or if the tower is 
shorter than 40 ITI, then the cable lTIay be modelled as a linear spring. 

NOTE: The mass ofthe cable should be fully accounted for in accordance with 4.2.2(4)P. 

4.2.4 Damping 

(1) If the analysis is perfornled in accordance with 3.3(3) on the basis of the elastic 
response spectllln1 of EN 1998-1 :2004, 3.2.2.2, viscous damping different froll1 50/0 lTIay 
be used. In that case, a n10da1 response spectrun1 analysis lTIay be applied with damping 
ratio taken to be different in each mode of vibration. 

NOTE: A modal response spectrum analysis procedure accounting for modal damping is given in 
Informative Annex B. 

4.2.5 Soil-structure interaction 

(1) For structures founded on soft soil deposits, EN 1998-1 :2004, 4.3.1(9)P applies 
for the effects of soil-structure interaction. 

NOTE 1. Informative Annex C provides guidance for taking soil-structure interaction into account in 
the analysis. 
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NOTE 2: In taU structures, e.g. with height being greater than five times the maximum base 
dimension, the rocking compliance of the soil is important and may significantly increase the second 
order etTects. 

4.3 Methods of analysis 

4.3.1 Applicable methods 

(I) The seisnlic action effects and the effects of the other actions included in the 
seisl11ic design situation nlay be deternlined on the basis of linear-elastic behaviour of 
the structure. 

(2) EN 1998-1 :2004, 4.3.3.1(2)P, (3), (4) and (5) apply. 

NOTE: The Note to EN 1998-1:2004, 4.3.3.1 (4) applies. 

(3)P For the "rigid diaphragnl" assumption to be applicable to steel towers, a 
horizontal bracing systenl capable of providing the required rigid diaphraglll action, 
shall be provided. 

(4)P For the "rigid diaphragill" assunlption to be applicable to steel chilllneys, 
horizontal stiffening rings shall be provided at close spacing. 

(5) If the conditions for the applicability of the "rigid diaphragnl" assunlption are 
not nlet, a three-dinlensional dynamic analysis should be perfornled, capable of 
capturing the distortion of the structure within horizontal planes. 

4.3.2 Lateral force method 

4.3.2.1 General 

(1) This type of analysis is applicable to structures that meet both of the following 
two conditions 

(a) The lateral stiffness and mass distribution are approximately synl111etrical in plan 
with respect to two orthogonal horizontal axes, so that an independent 1110del can be 
used along each one of these two orthogonal axes. 

(b) The response is not significantly affected by contributions of higher nlodes of 
vibration. 

(2) For condition (l)b) to be met, the fundaIllental period in each one of the two 
horizontal directions of (l)a) should satisfy EN 1998-1:2004: 4.3.3.2.1(2)a. In addition, 
the lateral stiffness, the nlass and the horizontal dimensions of the structure should 
reillain constant or reduce gradually from the base to the top, without abrupt changes. 

NOTE: The detailed or additional conditions for the lateral force method of analysis to be applied in a 
country may be found in its National Annex. The recommended additional conditions are: a total 
height, H, not greater than 60 m and an importance class 1 or 11. 

(3) If the relative motion between the supports of piping and equipment suppOlied at 
different points is illlportant for the verification of the piping or the equipment, a modal 
response spectrUlll analysis should be used, to take into account the contribution of 
higher nlodes to the magnitude of this relative motion. 
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4.3.2.2 Seismic forces 

(1) The analysis for the detennination of the effects of the seisnlic action is 
performed by applying horizontal forces F j , i = 1, 2 ..... 11 to the 11 lU111ped nlasses to 
which the structure has been discretised, inc1uding the lnasses of the foundation. The 
sunl of these forces is equal to the base shear, taken as equal to: 

11 

(4.3) 

where: 

Sd(T) is the ordinate of the design response spectnlln as defined in 1998-1 :2004, 
3.2.2.5, for the fundamental period of vibration T in the horizontal direction of 
the lateral forces. If period T is not evaluated as in 1998-1 :2004, 
4.3.3.2.2(2), the spectral value Sd(Tc) should be used in expression (4.3). 

(2) The distribution of the horizontal forces Fi to the 11 lunlped Inasses should be 
taken in accordance with EN 1998-1 :2004, 4.3.3.2.3. 

NOTE: The latera] force method normally overestimates the seismic action effects in tapered towers 
where the mass distribution substantially decreases with elevation. 

4.3.3 Modal response spectrum analysis 

4.3.3.1 General 

(1) This Inethod of analysls may be applied to every structure, \vith the selsnllC 
action defined by a response spectrum. 

4.3.3.2 Number of modes 

(l)P 1998-1 :2004, 4.3.3.3.1(2)P applies. 

(2) The requirelnents specified in (l)P 111ay be deenled to be satisfied if the sunl of 
the effective Inodal masses for the nlodes taken illto account anlounts to at least 900/0 of 
the total mass of the structure. 

NOTE 1: Informative Annex D provides further information and guidance for the application of (2). 

NOTE 2: The number of modes which is necessary for the calculation of seismic actions at the top of 
the structure is higher than what is sufficient for evaluating the overturning moment or the 
total shear at the base of the structure. 

NOTE 3: Nearly axisymmetric structures normally have very closely spaced modes which deserve 
special consideration. 

4.3.3.3 Combination of modes 

(l) EN 1998-1 :2004, 4.3.3.3.2(1), (2) and (3)P apply for the combination of 1110dal 
maXlnlum responses. 
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4.4 Combinations of the effects of the components of the seismic action 

(] ) The effects of any rotational con1ponent of the ground motion about a horizontal 
direction n1ay be con1bined with those of the translational cOlnponent in the orthogonal 
horizontal direction through the square root of the sum of the squares rule (SRSS 
con1bination). 

(2) The con1bination of the effects of the cOlnponents of the seismic action should 
be accounted for in accordance with either one of the two altenlative procedures 
specified in EN 1998-1 :2004, 4.3.3.5.2(4). For the application of the procedure in EN 
1998-1 :2004, 4.3.3.5.2( 4) based on expressions (4.20) to (4.22), any rotational 
cOlnponents about a horizontal direction should first be con1bined with those of the 
translational cOlnponent in the orthogonal horizontal direction in accordance with (1). 

4.5 Combinations of the seismic action with other actions 

(1) EN 1990:2002, 6.4.3.4 and EN 1998-1 :2004, 3.2.4(1)P and (4) app1y for the 
conlbination of the seisnlic action with other actions in the seismic design situation. 

4.6 Displacements 

(l) EN 1998-1:2004, 4.3.4(1)P and (3) apply for the calculation of the 
displacen1ents induced by the design seismic action. 

4.7 Safety verifications 

4.7.1 Ultimate linlit state 

(l)P The no-collapse requirenlent (ultilnate lin1it state) under the seis111ic design 
situation is considered to be fulfilled if the conditions specified in the following 
subclauses regarding resistance of elen1ents and connections, ductility and stability are 
Inet. 

4.7.2 Resistance condition of the structural elements 

(1)P The following relation shall be satisfied for all structural elements, including 
connecti on s: 

(4.4) 

\vhere: 

Rd is the design resistance of the elenlent, calculated in accordance with the mechanical 
models and the rules specific to the n1aterial (in tenns of the characteristic value of 
lnaterial properties,/k, and partia1 factors YM), 

Ed is the design value of the action effect due to the seislnic design situation (see EN 
1990:2002 6.4.3.4), including, if necessary, second order effects. (see 4.7.3) and 
thernlal effects (see 4.8). Redistribution of bending n10ments is permitted III 

accordance with 1992-1-1 :2004, 1993-1-1 :2004 and EN 1994-1-1 :2004. 
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NOTE: The values ascribed to the partial factors for steel, concrete, structural masonry and 
other materials for use in a country can be found in the relevant National Annex to this standard. In 
EN 1998-1 :2004 notes to subcIauses 5.2.4(3), 6.1.3( I). 7.1.3(1) and 9.6(3) refer to the values of 
partial factors for concrete, structural steel and masonry for the design of new buildings in 
different countries. 

4.7.3 Second order effects 

(l)P Second order effects shall be taken into account, unless the condition in (2) is 
fulfi1led. 

(2) Second order effects need not be taken into account if the following condition is 
fulfilled: 

81U/J'V!O<0, 1 0 (4.5) 

where 

8M is the overtunling mOluent due to second order effect (P-i1) effect, 

Mo is the first-order overturning nlOlnent. 

4.7.4 Resistance of connections 

(l)P For welded or bolted non-dissipative connections, the resistance shall be 
detenuined in accordance with 1993-1-1. 

(2)P The resistance to be provided for welded or bolted dissipative connections shall 
be greater than the plastic resistance of the connected dissipative Inenlber based on the 
design yield stress of the material as defined in 1993-1-1 taking into account the 
overstrength factor (see 1998-1, 6.1.3(2) and 6.2). 

(3) For requirements and properties for bolts and welding consumables, 1993-1-
8:2004 applies. 

(4) Non-dissipative connections of dissipative Inelnbers made by nleans of full 
penetration butt welds are deelued to satisfy the overstrength critedon. 

4.7.5 Stability 

(l)P The overall stability of the structure in the seisnlic design situation shall be 
verified, taking i11to account the effect of piping interaction and of hydrodynanlic loads, 
where relevant for the seismic design situation. 

(2) The overall stability may be considered to be verified, if the rules relevant to 
stability verification in EN 1992-1-1, EN 1993-1-1, EN 1993-1 EN 1993-1-6, EN 
1993-3-1 and EN 1993-3-2 are fulfilled. 

(3) The use of class 4 sections is allowed in structural steel nlelubers, provided that 
all of the following conditions are Olet: 

(a) the specific nIles in EN 1993-1-1:2004,5.5 are fulfilled; 

(b) the value of the behaviour factor, q, is lilnited to 1,5 (see also special lules in 

Sections 6 or 7 for structures with class 4 sections); and 

(c) the slenderness A is not greater than: 

120in menlbers; 
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180 in seismic prilnary bracing lnelnbers; 

250 in seisnlic secondary bracing nlenlbers; 

where seismic prinlary and seislnic secondary nlenlbers are defined as in EN 1998-
1 :2004, 4.2.2. 

4.7.6 Ductility and energy dissipation condition 

(l)P The stnlctural elenlents and the structure as a whole shall possess capacity for 
ductility and energy dissipation which is sufficient for the delllands under the design 
seisnlic action. The value of the behaviour factor used in the design should be related to 
the ductility and energy dissipation capacity of the structure. 

(2) The requirement in (1)P is deemed to be satisfied through either one of the 
following design approaches: 

(a) Design the structure for dissipative behaviour, using a value of the behaviour 
factor greater than 1,5 and applying the special rules given in Sections 5, 6, 7 and 8 for 
energy dissipation capacity of the different types of structures addressed in those 
Sections. 

(b) Design the structure for non- (or ]ow-) dissipative behaviour, using a value of 
the behaviour factor not greater than 1,5 and applying 2.1 (4). 

4.7.7 Foundations 

(l)P EN 1998-1 :2004, 2.2.2(4)P applies. 

(2) The design and verification of the foundation should be in accordance with EN 
1998- J :2004, 4.4.2.6. When the action effect ft'OITI the analysis for the design seismic 
action, EF,E, in expression (4.30) of EN 1998-1 :2004 is the vertical force due to the 
earthquake, JVEd, the contribution of the vertical conlponent of the seislnic action to 
Inay be neglected if it causes uplift of the foundation. 

4.7.8 Guys and fittings 

(l) For requirelnents and properties of ropes, strands, wires and fittings, EN 1993-1-
11 applies. 

4.8 Thermal effects 

(1) The thennal effects of the normal operating temperature on the 111echanical 
properties of the stnlctural elelnents, such as the elastic 1110dulus and the yield stress, 
should be taken into account in accordance with EN 1992-1-2:2004, EN 1993-1-2:2004 
and 1994-1-2:2004. Thermal effects of structural element tenlperatures less than 
1000e nlay be neglected. For free-standing steel chimneys, see EN 13084-7. 

4.9 Damage limitation state 

(1) The danlage linlitation requirelnent establishes lin1its to displacenlents under the 
damage lilnitation seismic action. Sections 5, 6, 7 and 8 provide linlits depending on the 
type of structure. 
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(2) If the operation of the structure is sensitive to deforl11atiol1s, (for exa111ple in 
teleco111munication towers, where defonnation 111ight lead to permanent damage of 
equipnlent or loss of the signal), reduced li111its to displacenlents 111ay be used. 

(3) Displacelnents for the daInage limitation requirenlent nlay be calculated as 
those obtained in accordance with 4.6(1) for the design seisrnic action corresponding to 
the "ultilnate lilnit state requiren1ent" lnultiplied by a reduction factor v which takes 
into account the lower return period of the seisnlic action associated with the danlage 
lilnitatiol1 requirelnent (see EN 1998-1 :2004, 4.4.3.1). 

(4) The value of the reduction factor v may also depend on the importance class of 
the structure. 

NOTE The values to be ascribed to v for lise in a country may be found in its National Annex. 
Different values of v may be defined for the various seismic zones of a country, depending on the 
seismic hazard conditions and on the damage limitation objectives, which may be different for towers, 
masts or chimneys. The recommended values of yare v 0,4 for importance classes III and IV and v 
= 0,5 for importance classes I and II. 

4.10 Behaviour factor 

4.10.1 General 

(I)P The val ue of the behaviour factor q shall be determined as: 

q=q okr?:.l ,5 

\vhere: 

(4.6) 

qo is the basic value of the behaviour factor, reflecting the ductility of the lateral 
load resisting systenl, with values defined in Sections 5, 6, 7 and 8 for each 
different type of structure, 

kr is the n10dification factor reflecting departure froln a regular distribution of 
mass, stiffness or strength, with values defined in 4.10.2. 

4.10.2 Values of modification factor kr 

(1)P The value of kr shall be taken as equal to 1,0, unless n10dified due to the 
existence of any of the follo\ving irregularities in the structure. 

a) Horizontal eccentricity of the lnass at a horizontal level with respect to the centroid 
of the stiffness of the elenlents at that level, exceeding 50/0 of the parallel din1ension of 
the structure: 

kr=0,8 

b) Openings in a shaft or structural shell causing a 30% or larger reduction of the 
lnonlent of inertia of the cross-section: 

kr=0,8 

c) Concentrated nlass within the top third of the height of the structure, contributing by 
500/0 or n10re to the overturning m0111ent at the base: 

kr=0,7 
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(2)P When n10re than one of the above irregularities are present, kr shal1 be assull1ed 
to be equal to the product of 0,9 times the lowest values of kr. 
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5 SPECIFIC RULES FOR REINFORCED CONCRETE CHIMNEYS 

5.1 Scope 

(l)P This section refers to concrete chinlneys of annular (hollow circular) cross­
section. 

(2)P Concrete chil11neys designed in accordance with this Eurocode shall confonn to 
EN 1992-1 1 :2004 and EN 1992-1-2:2004 and to the additional rules specified in this 
Section. For free-standing concrete chinlneys, the rules of 13084-2:200 I that are 
complenlentary and non-contradictory to the rules of any EN-Eurocode apply also 

(3) Concrete should be of a class not lower than C20/25, as defined in 1992-1-
1 :2004. 

5.2 Design for dissipative behaviour 

(1) Concrete chinlneys may be designed for dissipative behaviour with a basic val ue 
of the behaviour factor qo by applying within the critical sections defined in (2) 
the rules of the present clause 5.2. 

(2) The critical region should be taken as the following: 

- from the base of the chil11ney to a height 0 above the 

- frOl11 an abrupt change of section to a height D above the abrupt change of section; 

- a height D above and below sections of chinlney where nlore than one opening 
exists 

where D is the outer diatneter of the chimney at the lniddle of the critical region. 

(3) In the design for dissipative behaviour, a nl1niJTIUnl value of the local curvature 
ductility factor, Pcp, should be provided within the critical sections defined in (2). The 
local curvature ductility factor should be ensured by providing confining reinforcement, 
in accordance \vith (4) and with EN 1998-1 :2004, 5.4.3.2.2(10)P and (11). 

(4) The mechanical volumetric ratio of confining reinforcenlent, @,V(J, defined as in 
EN 1998-1 :2004, 5.4.3.2.2(8), should be related to the local curvature ductility factor, 
fl~, after spaUing of the cover concrete, through the general nlethod based on: 

a) the definition of the curvature ductility factor fron1 the curvatures at ultinlate and 

at yielding, as Jl~=¢/¢y; 

b) calculation of ¢u as and of ¢y as ¢y= 1 ,~h/(EsD), where D is the 
diameter as defined in (2); 

c) neutral axis depth, Xu, estinlated from section equilibriunl at ultinlate conditions; 

d) the stress-strain models in EN 1992-1-1 :2004, 3.1.9 and the strength and 
ultimate strain of confined concrete, and Ccu2,c as a function of the effective lateral 
confining stress in accordance with EN 1992-1-1 :2004, 3.1.9; and 

e) expression of the effective lateral confining stress as 0,5acuwd, \vith the 
confinelTIent effectiveness factor a taken froln EN 1998-1 :2004, 5.4.3.2.2(8)b) or c). 

(5) The value of the curvature ductility factor, flq), to be used in (3), (4) may be 
deten11ined fron1 the displacelnent ductility factor, flo, using the expression: 
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=~=l+ J.1 -1 
¢) Lpl 

4-

(5.1) 

LV 

where: 

Lpl: plastic hinge length, 

Lv = /vIEr/VEe!: shear span of the chin1ney at the bott01n section of the critical region 
calculated on the basis of the m01nent and shear fron1 the analysis. 

(6) The value of the displacell1ent ductility factor, 1'0, to be used in expression (5.1) 
may be derived from the following relationship between Jio and qo: 

(5.2) 

(5.3) 

where TJ is the fundanlental period of the chimney Tc is the period at the upper ]imit of 
the constant acceleration region of the spectrun1, in accordance with 1998-1 :2004, 
3.2.2.2(2)P. 

(7) The value of the plastic hinge length, LpJ, to be used in expression (5.1), l11ay be 
taken equal to: 

Lpl=0,5D (5.4) 

where D is the outside diameter of the chinlney as defined in (2). 

(8) To avoid ill1plosive spalling of the concrete at the inner surface, within the 
critical sections defined in (2) the value of the ratio of the outer diameter, as defined in 
(2), to the thickness of the section wall, should not exceed 20. 

(9) Horizontal construction joints within the critical sections defined in (2) should 
be avoided. 

(10) EN 1998-2:2005, 6.2.3 applies within the critical regions defined in (2). 

5.3 Detailing of the reinforcement 

5.3.1 Minimum reinforcement (vertical and horizontal) 

(I)P In chinlneys with an outer diameter, of 4 m or nl0re, the vertical and the 
horizontal reinforcen1ent shall be placed in two layers ( curtains) each: one layer per 
direction near the inner and the other layer near the outer surface, \vith not less than half 
of the total vertical reinforcenlent placed in the layer near the outer face. 

(2) In chiInneys with an outer diameter of 4 111 or Inore, the minin1ulll ratio of the 
vertical reinforcement to the cross-sectional area should be not less than 0,003. 

(3) In chilnneys with all outer dialneter of 4 n1 or more, the minilnunl ratio of the 
horizontal reinforcelnent to the cross-sectiona1 area should be not less than 0,0025. For 
free-standing concrete chimneys, the relevant rule of EN 13084-2:2001 applies also. 

(4)P In chinlneys with an outer diameter of less than 4 m, the entire vertical or 
horizontal reinforcenlent nlay be placed in a single layer (curtain) per direction, near the 
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outer surface. In that case the ratio of the reinforcement in the outer layer to the cross­
sectional area should be not less than 0,002 per direction. 

(5) Close to the chilnney top, where stresses due to the pernlanent loads are low, the 
miniluulu vertical reinforcen1ent ratio nlay be taken as equal to that of the horizontal 
reinforcement. 

(6) The spacing of vertical bars should be not n10re than 250 111111 and that of 
horizontal bars should be not n10re than 200 mm. 

(7) The horizontal reinforcenlent bars should be placed between the vertical bars 
and the concrete surface. Cross-ties between the outer and the inner layer of 
reinforcement should be provided at a horizontal and vertical spacing of not more than 
600 Ium. 

5.3.2 Minimum reinforcement around openings 

(1) Around the perimeter and the corners of openings, reinforcement should be 
placed additional to that provided away froln the openings. The additional 
reinforcelnent should include diagonal as well as vertical and horizontal bars at the 
corners and should be placed as near to the outside surface of the opening as nonnal 
consttuctional considerations penl1it. The bars should extend past the opening perilneter 
for a full anchorage length. 

(2) The area of the additional horizontal and vertical reinforcenlent in each direction 
should not be less than that of the bars which are discontinued due to the presence of the 
opening. Over a horizontal distance from either vertical side of the opening of half the 
opening width, the vertical reinforcenlent ratio should not be than 0,0075. 

5.4 Special rules for analysis and design 

(1) Except as specified in (2)P, only one horizontal conlponent of the ground motion 
needs to be taken into account. 

(2) P In chilnneys with openings within the critical regions defined in 5.2(2) with 
horizontal greater than the thickness of the chimney wall, both horizontal 
components of the ground Inotion need to be taken into account. 

(3) The vertical cOlnpollent of the ground motion nlay be disregarded. 

(4) When the liner (consisting of brick, steel, or other nlaterials) is laterally 
supported by the chimney structural shell at closely spaced points such that the 
movenlent of the liner relative to the shell is considered negligible, the mass of the liner 
may be incorporated into that of the stluctural shell, without including separate degrees 
of freedoln for the liner. 

(5) When the supports of the chinlney liner at the top of the chinlney and possibly at 
intermediate points pelmit movelnent of the liner relative to the structural shell, the liner 
should be included in the dynan1ic analysis model separately fro111 the concrete 
structural shell. In that case, if the elastic response spectrum is used for the analysis in 
accordance with 3.3(2) and 4.2.4, the value of the dalnping ratio to be used for the liner 
should depend on its consttuction. 

NOTE: Informative Annex B proposes values of the damping ratio for typical liner materials. 
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5.5 Damage limitation state 

(1) Waste gas flues in chinlneys should be checked for imposed defornlations 
between support points and clearances between internal elements, so that gas tightness 
is not lost and sufficient reserve is Inaintained against collapse of the flue gas tube, 
under the displacenlents calculated in accordance with 4.9(3). 

(2) The require111ent for damage limitation is considered to be satisfied if the lateral 
displacenlent of the top of the structure, calculated in accordance with 4.9(3), does not 
exceed 0,5%) of the height of the structure, 

(3) The relative deflection between different points of support of the liner, 
COll1puted in accordance with 4.9(3), should be restricted for damage linlitation of the 
liner. Unless stricter linlits are specified for the particular project, the following tinlits 
on the relative lateral displacen1ents of adjacent points of support of the liner should be 
observed: 

a) if provisions are taken to allow relative movenlent between separate parts of the liner, 
(e.g. by constructing the liner of tubes independent from each other, with suitable 
clearance): 

dr ::;; 0,020 AH 

b) in all other cases: 

dr S; 0,012 MJ 

where ;j.H is the vertical distance of adjacent platforn1s supporting the liner. 
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6 SPECIAL RULES FOR STEEL CHIMNEYS 

6.1 Design for dissipative behaviour 

(1) Steel fralne or truss structures which provide lateral support to flue ducts of 
chimneys may be designed for dissipative behaviour, in accordance with the relevant 
rules of EN 1998-1 :2004, Section 6. In that case their design should be based on values 
of the basic behaviour factor qo not exceeding the following: 

(a) 

(b) 

nl0ment resisting fralnes or frames with eccentric bracing qo = 5; 

frames with concentric bracing: qo taken fro I)) 7.1. 

(2) Steel chilnneys consisting of a structural shell designed for dissipative behaviour 
should satisfy the requirenlents of EN 1993-1-1 :2004, 5.4.3 and 5.6 for plastic global 
analysis. In that case their design 111ay be based on a value of the basic behaviour factor: 
qo 2,5. 

(3) Depending on the chosen cross-sections, the basic value of the behaviour factor 
is limited by the values given in Table 6.1. 

NOTE: Guyed steel chimneys are generally lightweight. As such, their design for lateral actions is 
usually governed by wind, unless they have large flares or other masses near the top. 

Table 6.1: Restrictions on the basic value of the behaviour factor, depending on the 
cross-sectional class of steel elements 

Basic value of the behaviour factoI', qo Allowed cross-sectional class 

qo 1,5 
Class I, 2, 3 or 4 (in accordance with 

4.7.5(3)) 

1,5 < qo ~ 2 Class 1,2 or 3 

2 < qo ~ 4 Class I or 2 

qo> 4 Class 1 

6.2 Materials 

6.2.1 General 

(1)P Structural steel shall conform to the European Standards referred to in EN 1993-
1 1 :2004, 1.2.2 and EN 1993-3-2. 

(2)P Structural steel shall confonn to EN 1993-1-1 :2004, 3.2 

(3) The thickness of steel elenlents should confonn to the requiren1ents of EN ] 993-
1 1. 0:2004, Table 2.1, depending on the Charpy V-Notch (CVN) energy and other 
relevant paratneters, and of EN 1993-3-2. 

(4) Where stainless steel or alloy steel cOlnponents are connected to carbon steel, 
bolted connections are preferred. In order to avoid accelerated corrosion due to galvanic 
action, such connections should include insulating gaskets.We1ding is pern1itted, 
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provided tbat specialised nletallurgical control is exercised with regard to the welding 
procedure and the electrode selection. 

6.2.2 l\1echanical properties for structural carbon steels 

(l)P The 111echanical properties of structural carbon steels S S 275, S 355, S 420, 
S 460 shall be taken from 1993-1-1 :2004 and, for properties at higher temperatures, 
fro111 EN 13084-7. 

6.2.3 ~lechanical properties of stainless steels 

(l)P Mechanical properties related to stainless steels shall be taken from EN 
1993-1-4 for telnperature up to 400°C and at higher ten1peratures frOlTI EN 13084-7. 

6.2.4 Connections 

(1) For connection lnaterials, welding consulnables, etc., should be made 
to 1993-1-8:2004 and the relevant product standards specified therein. 

NOTE: Reference is also made to EN 1993-3-2:2005, Informative Annexes C and E . 

6.3 Damage limitation state 

(l) 5.5(1) applies. 

(2) 5.5(2) applies. 

6.4 Ultinlate limit state 

(1) Design in accordance with the present standard, including the values of the 
behaviour factors specified for dissipative or for non-dissipative behaviour, is deemed 
to ensure that low cycle of structural details (especially connections) will not 
contribute to the ultin1ate li111it state. 

(2) In the design of details, such as flanges, the plastic stress distribution should be 
taken into account. 

(3) In the verification of a chilnney for the seiSlnic design situation, a corrosion 
allowance on thickness should be taken into account in accordance with EN 1993-3-2, 
unless the special measures for corrosion protection in EN 1993-1-1 :2004 are taken. 

(4) Weakening of cross-section by cut-outs or openings (manholes, flue inlet) shan 
be c0111pensated for by local reinforcement of the structural shell (e.g. through stiffeners 
around the edges of the openings), taking into account local stability considerations (see 
EN 1993-3-2). 
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7 SPECIAL RULES FOR STEEL TO\VERS 

7.1 Scope 

(I)P Steel towers designed according to this Eurocode shall confoIll1 to the relevant 
parts of 1993~ including 1993-1-1 and EN 1993-3-1, and to the additional rules 
specified in this Section. 

7.2 Design for dissipative behaviour 

(1) Design of steel towers for dissipative behaviour should be in accordance vvith 
the relevant rules of EN 1998-1 :2004, Section 6. In that case their design should be 
based on values of the basic behaviour factor C/o not exceeding the following: 

moment resisting fralTIeS, or fraIlles with eccentric bracings qo 5; (a) 

(b) 

(2) 

franles with concentric bracings: qo taken fronl Fig. 7.1. 

6.1(3) applies. 

(3) If trussed tubes are used in the nlajor diagonals of the tower, the basic value of 
the behaviour factor should be lilnited to 2. 

7.3 Materials 

(l)P Structural steel shall conforITI to the European Standards referred to in EN 1993-
1-1 :2004, 1.2.2 and EN 1993-3-1. 

(2)P 6.2.1(2)P applies. 

(3)P 6.2.1(3)P applies. 

(4) The requirements in EN 1998-1 :2004, 6.2 apply. 

(5) The thickness of cold-fornled ll1ell1bers for towers should be at least 3 111111. 

NOTE: Steel towers are sometimes to be in service without maintenance for 30 years to 40 
years or even longer. Weathering steel may then be used, unless protection corrosion is 
applied, sllch as hot dip galvanising. 

7.4 Design of towers with concentric bracings 

(1) Figure 7.1 shows the values of qo to be used ill the design of typical 
configurations of steel towers with concentric bracings for dissipative behaviour. 

(2) In the ffaITIes in Figure 7.1 (a) to (e) and (h), both the tensioll and conlpression 
diagonals shall be takell into account in an elastic analysis of the structure for the 
seismic action. 

(3) The franles in Figure 7.1 (a) to (c) belong to K types of bracings and are not 
allowed for dissipative behaviour. The value of q for this type of fi-anles is lilTIited to 
1,5. 

(4) The frames in Figure 7.1(d) and (h) tnay be considered sitlli\ar to V-braced 
fraITIes with diagonals intersecting on a continuous horizontal lTIenlber. Design for 
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dissipative behaviour should be in accordance with the rules given in EN 1998-1 :2004, 
6.7 pertaining to fran1es with V bracings. 

(5) For the frame in Figure 7.I(e) design for dissipative behaviour should be in 
accordance with the rules in EN 1998-1 :2004, 6.7 pertaining to fralnes with diagonal 
bracings in which the diagonals are not positioned as X diagonal bracings. 

(6) The X-braced fran1es in Figure 7.1 (f) and (g) lnay be considered as fran1es with 
X diagonal bracings. In design for dissipative behaviour only the tension diagonals 
should be taken into account in an elastic analysis of the structure for the seismic action. 
Such design should be in accordance with the rules given in EN 1998-1 :2004, 6.7 
pertaining to fratTIes with X diagonal bracings. 

(7) If the value of the basic behaviour factor used in the design is greater than or 
equal to fully triangulated horizontal bracings, such as those in Figure should 
be provided. 

7.5 Special rules for the design of electrical transmission towers 

(1) The design should take into account the adverse on the tower of the 
cables between adjacent towers. 

(2) The requiren1ent in (1) may be satisfied if the seismic action effects in the tower 
structure are ca1culated by a simple addition of the fonowing (SRSS or sin1ilar 
con1bination rules should not be used): 

- The seisn1ic action effects due to the forces exerted on the to\ver by the cables, 
assuming that the tower moves statically with respect to the adjacent ones in the 
n10st adverse direction. The assumed relative displacen1ent should be equal to twice 
the design ground displacen1ent specified in EN 1998-1 :2004, 3.2.2.4. A set of all 
physically possible relative displacen1ents between towers should be analysed, 
under the assun1ption that to\vers are fixed at their base; 

The seis111ic action due to the inertia loads fron1 a dynamic analysis in 
accordance with 4.2.1(2). In the three towers model, a linliting assumption lTIay be 
n1ade for the two adjacent towers, if these are tangent towers. In this case, inertia 
loads n1ay be calculated assu111ing the adjacent tower is elastically supported at the 
cable elevation along the direction of the cables. 

7.6 Damage limitation state 

(1) Lin1its on the displacen1ents, calculated in accordance \vith 4.9(3), should be 
specified for the particular project for the da111age lin1itation state, depending on the 
function of the tovver. 
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--... -. . .... -.... .--

------------------------------ ---------------------------

--.-. ..-

(c)qo= 1,5 

(e) qo = 3 (h) qo = 2 

Figure 7.1: Basic values of the behaviour factor for configurations of steel frames 
with concentric bracings. 

. ...... .•...••.... . ••.... 
. ,.... .......... . .,.. .. 

~ 
Figure 7.2: Examples of fully triangulated horizontal bracings, to be used in towers 

with qo ~ 3,5. 
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7.7 Other special design rules 

(1) "Telescope joints" nlay only be used in tubular steel towers, if they are 
experimentally qualified. 

(2) Anchorage to the foundation should be provided at the base of the colunlns for 
the tension force which is the larger of the following two values, if they are tensile: 

(a) the force calculated in accordance with 4.2.1(2); 

(b) the force calculated froln the analysis for the seismic design situation, using a value 
of the behaviour factor not greater than q 2. 

(3) Joints in towers should be designed and detailed to meet the relevant 
requirenlents in EN 1998-1 :2004, Section 6 for joints in stlllctural systems of similar 
type and configuration, designed for the sanle basic value of the behaviour factor, qo, as 
the tower. 
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8 SPECIAL RULES FOR GUYED MASTS 

8.1 Scope 

(l)P This section refers to steel masts. 

(2)P Steel masts designed according to this Eurocode shall confOlll1 to the relevant 
parts of EN 1993, including EN 1993-1 1 and EN 1993-3-1, and to the additional rules 
specified in this Section. 

8.2 Special analysis and design requirements 

(1) Design for dissipative behaviour is not allowed in guyed masts. They should be 
designed for low dissipative behaviour with q 1,5. 

(2)P The stress in the guy cables due to the design seisn1ic action shall be lower 
than the preload stress of the cable. 

(3) The elastic restraint provided by the guy cables to the 111ast should be taken into 
account as follows: 

in relatively short masts (up to 30 or 40n1) the guy cables may be considered to act 
as simple tension ties, with stiffness that remains constant as the nlast bends; 

in taller towers the sag of the guy cables is large and should be accounted for 
through a cable stiffness that depends on defornlations in accordance with 4.2.3(2) 
and (3). 

(4) The sagging of guy cables due to the ice load considered in the seisn1ic design 
situation should be taken into account 

(5) For both sagging and straight cables, the horizontal conlponent of the guy cable 
stiffness should be taken equal to: 

(8.1 ) 

in which 

Ac is the cross-section area of the guy cable, 

Ecq is the effective modulus of elasticity of the guy cable (accounting for the sag 
according to 4.2.3(3) and 4.2.3(4), if required in accordance with (3), (4)), 

t is the length of the cable, 

a is the angle of the guy cable with respect to the horizontal. 

(6) If both the sag and the lllass of the guy cable are significant, the possibility of 
impUlsive loading on the 111ast frOlll the cable in the seismic design situation should be 
taken into account. 

8.3 Materials 

(l)P 7.3(l)P appljes. 

(2)P 6.2.1(2)P applies. 
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(3)P 6.2.1 (3)P appJies. 

(4) The requirements in EN 1998-1 :2004, 6.2 apply. 

8.4 Damage limitation state 

(l) 5.5(2) applies. 

(2) A ll1nit on the relative displacements between horizontal stiffening elements, 
C01l1puted in accordance with 4.9(3), should be specified for the particular project for 
the danlage linlitation state, depending on the mast function. 
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ANNEX A (Informative) 
LINEAR DVNAl\IIC ANALYSIS ACC()UNTING F()R ROTA TIONAL 

COMPONENTS OF THE GROUND MOTION 

(1) When the rotational cOlllponents of the ground n10tiol1 during the earthquake are 
taken into account, the seisnlic action n1ay be represented by three elastic response 
spectra for the translational conlponents and three elastic response spectra for the 
rotational cOlllponents. 

(2) The elastic response spectra for the two horizontal translational C0111pOnents (x 
and y axes) and for the vertical cOlllponent (z axis) are those given in EN 1998-1 :2004, 
3.2.2.2 and 3.2.2.3. 

(3) The rotation response spectrum is defined in an analogous way to the response 
spectrum of the translational components, by considering the peak response to the 
rotational l11otion of a rotational single-degree-of- freedon1 oscillator, with natural 
period T and critical danlping ratio ;. 

(4) R8 denotes the ratio between the nlaxinlum 1110lnent in the oscillator spring and 
the rotational 1110lnent of inertia about its axis of rotation. The diagran1 of R(j versus the 
natural period T, for given values of ~, is the rotation response spectl1ll11. 

(5) When results of a specific investigation or of \vell-docUlllented field 
measurements are not available, the rotational response spectra may be deternlined as: 

(A.I) 

(A.2) 

e Rz (T ) = 2,OnSe (T ) / vsT (A.3) 

where: 

Rex, ROy, ROz are the rotation response spectra around the x, y and z axes, in rad/s2
; 

SeCT) is the elastic response spectra for the horizontal cOlnponents at the site, in n1/s2; 

T is the period in seconds. 

Vs is the average S-wave velocity, in mis, of the top 30 m of the ground profile .. 
The value cOlTesponding to low anlplitude vibrations, i.e., to shear deforn1ations 
of the order of 10-6

, ll1ay be used. 

(6) The quantity Vs is directly evaluated by field n1easurenlents, or through the 
laboratory measurelnent of the shear modulus of elasticity G, at low strain, and the soil 
density p, and inverting expression (3.1) in EN 1998-5:2004, 3.2(1): 

Vs =)G/p 

(7) In those cases where Vs is not evaluated by experil11ental 111eaSlirenlents 
according to (6), the value fronl Table A.I nlay be used, representative of the ground 
type of the site: 
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Table A.I: Default f h 't f th f t dard ground types va ues 0 s ear ,,,ave ve OCI cy or e lve s an 

Ground type Shear wave velocity Vs nl/sec 

A 800 

B 580 

C 270 

0 150 

(8) When a translational ground acceleration x (t) is considered along horizontal 

direction x together with a rotation acceleration e(t) in the vertical plane x-z, then, if 

the inertia nlatrix is [A1], the stiffness matrix is [KJ, and the damping Inatrix is [C], the 
equations of 1110tion for the resulting nlldti-degree-of-freedom systenl are given by: 

where: 

f .. t 
t If j 

{ zi } 

{u} 

{m} 

x (I) 

[ J\il] -( ii} + [ C] {zi} + [KJ {u } = - ( {m} x + {m h } e) (AA) 

is the vector cOlnpnsmg the accelerations of the degrees of freedom of the 
structure relative to the base; 

is the vector c0111prising the velocities of the degrees of freedonl of the structure; 

is the vector c01nprising the displacements of the degrees of freedom relative to 
the base; 

is the vector c0111prising the translational masses in the horizontal direction of 
the translational excitation. This vector coincides with the main diagonal of the 
111ass 111atrix [Ad], if the vector {u} includes only the translational displacelnents 
i11 the horizontal direction of the excitation; 

is the translational ground acceleration, represented by Sc; 

e(t) is the rotational acceleration of the base, represented by Re. 

(9) To account for the ternl {m}, the participation factor in the modal analysis of 
nlode k is: 

a kll = -----"--'---'--
{<l>T}[M] {<l>} 

(A.S) 

while, for the ternl {nl h} e , the participation factor is: 

(A.6) 

where: 

{ (jJ} is the k-th 1110dal vector 

{ (/J h} is the vector of the products of the Inodal amplitude (/Yj, at the i-th degree-of­
freedonl, and its elevation hi . 
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(10) The effects of the two forcing functions should normally be superimposed in the 
tin1e domain. They are generally not in phase, and accordingly the eflects of the 
rotational ground excitation may be combined with those of the translational excitation 
via the SRSS (square root of the sum of the squares) rule. 

39 



EN 1998-6:2005 (E) 

ANNEX B (Informative) 
MODAL DAMPING IN MODAL RESPONSE SPECTRUM ANALYSIS 

(1) When the design response spectrum is applied, the value of the behaviour factor 
q incorporates energy dissipation in the elastic range of structural response, energy 
dissipation due to soil structure interaction, and energy dissipation due to the hysteretic 
behaviour of the structure. When the elastic spectrum is used in the analysis, the 
danlping ratio (relative to the critical danlping) needs to be explicitly defined. When a 
modal analysis is performed, the danlping factors need be defined for each nl0de of 
vibration. If a nl0de involves essentially a single structural ll1aterial, the damping ratio 
should conform to the dissipation properties of the lnaterial and should be consistent 
with the anlplitude of defOlmation. 

(2) For the nl0st common structural nlaterials, the danlping values given in EN 
1998-2:200S, 4.1.3 nlay be used 

(3) If non-structural elements are considered to contribute to energy dissipation, 
higher values of danlping nlay be aSSl1l11ed. Due to the dependency on the anlplitude of 
defornlation, in general lower bound values of the ratios are suitable for the danlage 
li111itation seis111ic action, while upper bound values of the ratios are suitable for the 
design seis111ic action. These bounds nlay be taken as: 

for ceraIllic cladding: 0,0 lS-O,OS~ 

for brickwork liner: 0,03-0,10; 

for steel liner: 0,01-0,04; 

for fibre reinforced polynler liner: 0,0IS-0,03. 

(3) Representative ranges of the damping ratio for the dashpots nlodelling energy 
dissipation in the soil, are: 

for the horizontal degree offreedol1l (swaying soil compliance): 0,10-0,20 

for the rotational degree of freedonl (rocking soil conlpliance): 0,07-0, IS 

for the vertical degree of freedOln (vertical soil cOlnpliance): O,IS- 0,20 

(4) Low danlping ratios should be assigned to the dashpots of foundations on a 
shallow soil deposit underlain by bedrock or ground of silnilar stiffness. 

(S) In general, for the type of structures addressed by this Eurocode, any mode of 
vibration involves the defof111ation of nlore than one InateriaL In this case, for each 
1110de, an average modal damping based on the elastic defonnation energy stored in that 
1110de is appropriate. 

(7) The fonl1ulation leads to 

where: 

{. = {¢}T[K]{¢} 
. J {¢ } T [1( ] {¢ } 

( j is the equivalent Inodal datnping ratio of the j-th lTIode; 

[K] is the stiffness lTIatrix; 
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[K] is the modified stiffness matrix, with tenns equal to the product of the 
corresponding tenn of the stiffness matrix [K], multiplied by the dan1ping ratio 
appropriate for that element, and 

{ ¢} is the j-th modal vector. 

(8) Other techniques may also be used, if more detailed data on the dan1ping 
characteristics of structural subsystems are available. 

-
(9) It is recommended that the value of (j does not exceed 0,15, unless justified by 

experimental evidence. 
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ANNEX C (Informative) 
SOIL-STRUCTURE INTERAC'IION 

(1) This annex contains infor111ation supplenlentary to that of Infol111ative Annex D 
of EN 1998-5:2004. 

(2) The design earthquake n10tion is defined at the ground surface in free-field 
conditions, i.e. where it is not affected by the inertial forces due to the presence of 
structure. When the structure is founded on soil deposits or soft ground, the resulting 
motion at the base of the structure will differ frOln that at the sanle elevation in the 
free-field, due to the soil deformability. For tall structures, the rocking conlpliance of 
the soil n1ay be illlportant and Inay significantly increase the second order effects. 

(3) The 1110delling methods of soil-structure interaction should take into account: 

(a) the extent of elnbednlent, 

(b) the depth to the possible bedrock, 

( c) the layering of the soi 1 strata, 

(d) the variabil1ty of the soil nloduli in any single stratun1, and 

(e) the strain-dependence of soil properties (shear 1110dulus and danlping). 

(4) assUlnption of horizontal layering may generally be considered to apply. 

(5) Unless the soil investigation suggests a suitable range of variability for the 
dynanlic soil moduli, an upper bound of the soil stiffness lllay be obtained by 
n1ultiplying the entire set of the best estilllates of the nl0duli by 2, and a lower bound by 
nlultiplying the entire set by 0,5. 

(6) Being strain-dependent, dalnping and shear 1110duli for each soil layer should be 
consistent with the effective shear strain intensity expected during seisnlic action 
considered. An equivalent linear nlethod is acceptable. In this case the analysis should 
be perfonned iteratively. In each iteration the analysis is linear, but the soil properties 
are adjusted fron1 iteration to iteration until the calculated strains are conlpatible with 
the soil properties used in the analysis. The iterative procedure may be perfonned for 
the free-field soil deposit, disregarding the presence of the structure. 

(7) The effective shear strain amplitudes in anyone layer, to be used to evaluate the 
dynatnic nloduli and datnping in equivalent linear 111ethods, 11lay be taken as 

Yell = 0,65 ~nax,t 

where ~11ax.t is the 111axi111um value of the 
field during the seislnic action considered. 

(C.l) 

defonl1ation in the soil layer in the free-

(8) If the finite elelnents 1110delling nlethod for is used for the soil, the criteria for 
detern1ining the location of the bottom boundary and the side boundary of the region 
Illodel1ed should be justified. In genera], the forcing functions to sinluJate the 
earthquake motion are applied at these boundaries. In such cases, it is required to 

an excitation systenl acting at boundaries such that the response motion of the 
solI n1edia at the surface field is identical to the ground 1110tion due to the seislnic 
action considered. The procedures and theories for generation of such excitation systelll 
should be presented. 
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(9) If the half-space (lumped parmneters) modelling method is used, the paran1eters 
used in the analysis for the soil deformability should account for the layering. The 
variability of soil moduli, and strain-dependent properties should also be taken into 
account. 

(10) Any other lTIodelling methods used for soil-structure interaction analysis should 
be clearly explained. 

(11) The decision not to take into account soil-structure interaction in the analysis 
should be justified. 
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ANNEX D (Informative) 
NUMBER OF DEGREES OF FREEDOM AND OF MODES OF VIBRATION 

(1) A dynan1ic analysis (e.g. response spectrum or tilne-history method) is used 
when the use of the lateral force lnethod is not considered justified. 

(2) The analysis should: 

take into account the rocking and translation response of the foundation; 

include a sufficient nunlber of nlasses and of freedon1, to deternline the 
response of any structural elelnent and plant equipnlent; 

include a sufficient number of modes to ensure participation of all significant 
modes; 

provide the Inaxinlun1 re1ative displacelnent between supports of equipn1ent or 
machinery (for a chimney, the interaction between internal and external tubes); 

take into account significant effects, such as piping interactions, externally applied 
structural restraints, hydrodynalnic loads (both n1ass and stiffness effects) and 
possible nonlinear behaviour; 

provide "floor response spectra", when the structure supports inlportant light 
equipn1ent or appendices. 

(3) The effective Inodalnlass, M, in lllode i, mentioned in 4.3.3.2(2), is defined as: 

{¢} T[A1] {i} ¢} T[A1] {¢} (D.!) 

where: 

{ ¢} is the ;-th modal vector; 

{i} is a colu111n vector, with telIDS equal to I or 0, which represents the displacen1ent 
induced in the associated degree of fi-eedon1 when its base is subjected to a unit 
displacement in the direction of the seisn1ic action cOlnponent considered. 

(4) The criterion indicated in 4.3.3.2(2) does not ensure the adequacy of the nlass 
discretisation if light equiplnent or a structural appendix is concerned. In that case the 
above condition n1ight be fulfilled, but the lllathell1atical model of the structure could be 
inadequate to describe the response of the equipment or appendix. When the analysis of 
the equiplnent or appendix is necessary, a "floor response spectrum", applicable for the 
floor elevation where the equipn1ent/appendix is supported, should be developed. This 
approach is also recolnlnended when a portion of the structure needs to be analysed 
independently, for instance, an internal nlasonry flue of a chinlney, supported on 
individual brackets of the structural shell. 
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(1) A n1asonry chimney is a chin1ney constructed of 111aso11ry units and 11101'tar, 
hereinafter to as l11aso11ry.Masonry chin1neys should be constructed, anchored, 
supported and reinforced as required in this Annex. 

E.2 Footings and foundations 

(l) Foundations for l11aso11ry chimneys should be constructed of concrete or solid 
n1asonry at least 300 111111 thick and should extend at least 150 n1nl beyond the face of 
the chimney or support wall on all sides. Footings should be founded on natural 
undisturbed ground or engineered fill below frost depth. In areas not subjected to 
freezing, footings should be at least 300 111m below the ground surface. 

E.3 Behaviour factor 

(1) The behaviour factor q should be taken as equal to corresponding to low 
dissipative behaviour. 

E.4 Minimum vertical reinforcement 

(1 ) For chinlneys \vith a horizontal dinlension up to I nl, a total of four 12 111111 
diameter continuous vertical bars anchored in the foundation should be placed in 
concrete between leaves of solid masonry or placed and grouted within the cells of 
hollow 111aso11ry units. Grout should be prevented fronl bonding with the flue liner, to 
avoid restricting its thermal expansion. For chil11neys with a horizontal dinlension 
greater than I nl, two additional 12 111m diameter continuous vertical bars should be 
provided for each additionallnetre in horizontal dinlension or fraction thereof. 

E.S Minimum horizontal reinforcement 

(1) Vertical reinforcelllent should be enclosed within 6n1111 diameter ties, or other 
reinforcenlent of equivalent cross-sectional area, at a spacing of not n10re than 400 n1m. 

E.6 Minimum seismic anchorage 

(1) A l11asonry chimney passing through the floors and roof of a building should be 
anchored at each level of floor or roof which is more than 2 m above the ground, except 
where constructed completely within the exterior walls. Two 5 mm by 25 n1n1 steel 
straps should be embedded into the chimney over a l11inimUlll length of 300 111n1. Straps 
should be anchored by hooks arou11d the outer bars, and should extend by 150 n1m 
beyond the bent at the hook. Each strap should be fastened to a ll1inin1ull1 of four floor 
joists with two 12 n1111 bolts. 

E.7 Cantilevering 

(1) A masonry chin1ney should not project as a corbel frOID a wall or foundation by 
more than half of the chil11ney wall thickness. A IDasonry chimney should not project as 
a corbel from a wall or foundation that is less than 300 111111 in thickness unless it 
projects equally 011 each side of the wall. As an exception, at the second storey of two­
storey buildings, corbelling of chin1neys outside the exterior walls n1ay be equal to the 
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wall thickness. The projection of a single course should not exceed one-half of the 
height of the masonry unit, or one-third of its bed depth, whichever is less. 

E.8 Changes in dimension 

(1) The chin1ney wall or chimney flue liner should not change in or shape 
within 150 n1m above or below the level where the chimney passes through a floor or a 
roof, or their conlponents. 

E.9 Offsets 

(I) Where a masonry chimney is constructed with a fireclay flue 1iner surrounded 
by one leaf of n1asonry, the n1axiluum offset should be such that the centreline of the 
flue above the offset does not extend beyond the centre of the chimney wall below the 
offset. Where the chimney offset is supported by masonry below the offset in a n1anner 
for which the chinlney has been designed, the nlaximu1l1 offset limitations do not apply. 

E.10 Additional vertical loads 

(1) Chiluneys should not support vertical loads in addition to their own weight 
unless they are designed for thenl. Masonry chiluneys luay be constructed as part of the 
nlasonry wal1s or concrete walls of the building. 

E.11 Wall thickness 

(1) Masonry chiIuney walls should be constructed of solid masonry units, or hollow 
nlasonry units grouted solid with not less than 100 mm nominal thickness. 
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(1) The design of structures for electrical power translnission and distribution, and 
of substation wire supports is typically controlled by wind loads, often con1bined with 
ice loads or by unbalanced longitudinal wire loads. The seisn1ic design situation 
generally does not control their design, except when it includes high ice loads. 
Earthquake perfonllance of these structures has delnonstrated that seisnlic loads can be 
resisted based on traditional electrical transn1ission, substation and distribution wire 
support structure loading. Heavy equipn1ent, such as transfonners in distribution 
structures, n1ay result in significant SeiS111ic loadings and distress. 

(2) Earthquake datnage to electrical transmission, substation wire support or 
distribution structures is often due to large displacements of the foundations due to 
landslides, ground failure or liquefaction. Such occurrences normally lead to local 
structural failure or damage, without complete loss of the integrity and the function of 
the structure. 

(3) The fundamental frequency of these types of structure typically ranges fron1 0.5 
Hz to 6 Hz. Single-pole types of structure have fundamental mode frequencies in the 0.5 
Hz to 1.5 Hz range. H-frame structures have fundamental n10de frequencies in the 1 Hz 
to 3 ranges, with the lower frequencies in the direction non11a] to the plane of the 
structure and the higher ones in-plane. Four-legged lattice structures have fundamental 
1110de frequencies in the 2 Hz to 6 Hz range. Lattice tangent structures typically have 
lower frequencies in this range; angle and dead end structures have higher frequencies 
in the range. These frequency ranges can be used to detenlline whether earthquake 
loading is likely to control the structural design of the tower. If it is, then a nlore 
detailed evaluation of the struclure vibration frequencies and nl0de shapes should be 
perfonned. 
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