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INTERNATIONAL ELECTROTECHNICAL COMMISSION

OVERHEAD TRANSMISSION LINES - DESIGN CRITERIA

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technidal Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred, tp as “IEC
Publicafion(s)”). Their preparation is entrusted to technical committees; any IEC National Committeq interested
in the [subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC €allabordtes closely
with the International Organization for Standardization (ISO) in accordance with conditions det¢rmined by
agreemgnt between the two organizations.

2) The fornal decisions or agreements of IEC on technical matters express, as nearly.as\possible, an inpternational
consensus of opinion on the relevant subjects since each technical committee\has representatipn from all
interested IEC National Committees.

3) IEC Puplications have the form of recommendations for international use™and are accepted by IHC National
Commiftees in that sense. While all reasonable efforts are made to ensure that the technical confent of IEC
Publicafions is accurate, IEC cannot be held responsible for the way-in which they are used |or for any
misintefpretation by any end user.

4) In ordef to promote international uniformity, IEC National Committees undertake to apply IEC Hublications
transpafently to the maximum extent possible in their natiohal and regional publications. Any [divergence
betweep any IEC Publication and the corresponding national oirregional publication shall be clearly Indicated in
the latter.

5) IEC its¢lf does not provide any attestation of conformity. Independent certification bodies provide|conformity
assessinent services and, in some areas, access te\|I[EC marks of conformity. IEC is not responsiple for any
service$ carried out by independent certification.bgdies.

6) All usens should ensure that they have the latest-edition of this publication.

7) No liabflity shall attach to IEC or its directors; employees, servants or agents including individual gxperts and
membefs of its technical committees and{EC National Committees for any personal injury, property|Jdamage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any| other IEC
Publicalions.

8) Attentign is drawn to the Normative references cited in this publication. Use of the referenced pul]lications is
indispepsable for the correct.application of this publication.

9) Attentign is drawn to the ,possibility that some of the elements of this IEC Publication may be thg subject of
patent fights. IEC shallinot be held responsible for identifying any or all such patent rights.

Internatiqnal Standard IEC 60826 has been prepared by IEC technical commijttee 11:
Overhead lings;

This fourth edition cancels and replaces the third edition published in 2003. It constitutes a
technical revision.

The main technical changes with regard to the previous edition are as follows:

This standard has been further simplified by removing many informative annexes and
theoretical details that can now be found in CIGRE Technical Brochure 178 and referred to as
needed in the text of the standard. Many revisions have also been made that reflect the users
experience in the application of this standard, together with information about amplification of
wind speed due to escarpments. The annexes dealing with icing data have also been updated
using new work by CIGRE.
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The text of this standard is based on the following documents:

FDIS Report on voting
11/251/FDIS 11/252/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.

The committ

h until the

stability date indicated on the IEC website under "http://webstore.iec.ch" in the data felated to
the specific document. At this date, the document will be

e reconffirmed,

e withdfawn,

e replaged by a revised edition, or

e amengded.

IMPORT

that it cd
of its co

ntains colours which are considered to be useful for the correct undergtanding

ANT — The “colour inside” logo on the cover page of this publication riEdicates
er.

htents. Users should therefore print this publication using a colour pri
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OVERHEAD TRANSMISSION LINES - DESIGN CRITERIA

1 Scope

This International Standard specifies the loading and strength requirements of overhead lines
derived from reliability-based design principles. These requirements apply to lines 45 kV and
above, but can also be applied to lines with a lower nominal voltage.

This doc
with ove
semi-pro
data for
specific.

Although
address
existing |

This doc
foundatiqg

2 Norr

The follo
content
cited app

ument also provides a framework for the
head transmission lines, using reliability concepts and employing proba
babilistic methods. These national standards will need to establish the.loc
he use and application of this standard, in addition to other data that’are

the design criteria in this standard apply to new lines, many concepts can b

nes.

ument does not cover the detailed design of liné components such as
ns, conductors or insulators strings.

hative references

wing documents are referred to in the ‘text in such a way that some or a

lies. For undated references, the-latest edition of the referenced document

any amefndments) applies.

IEC 60695

IEC 6108

IEC 6177

IEC 6177

IEC 6128

2, Loading tests on overhead line structures

9, Round wire coneentric lay overhead electrical stranded conductors
3, Overheadtlinés — Testing of foundations for structures

4, Overhead lines — Meteorological data for assessing climatic loads

4.\Overhead lines — Requirements and tests for fittings

reparation of national standards dealing

ilistic or
| climatic
country-

b used to

he design and reliability requirements for refurbishment, @pgrading and uprating of

supports,

| of their

onstitutes requirements of this document. For dated references, only th(r: edition

including

3 Terms, definitions, symbols and abbreviations

For the purposes of this document, the following terms, definitions, symbols and abbreviations

apply.

3.1 Te

3.1.1
characte

rms and definitions

ristic strength

guaranteed strength, minimum strength, minimum failing load

R

[+
strength value guaranteed in appropriate standards

Note 1 to e
practical (a

ntry: This value usually corresponds to an exclusion limit, from 2 % to 5 %, with 10 % bein
nd conservative) limit.

g an upper
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3.1.2

coefficient of variation

cov

ratio of the standard deviation to the mean value

Note 1 to entry: The COV of load and strength are respectively denoted by vq and vg.

3.1.3
components
different parts of a transmission line system having a specified purpose

Note 1 to entry: Typical components are supports, foundations, conductors and insulator strings.

3.1.4
damage [imit (of a component)
serviceapility limit state

strength [limit of a component corresponding to a defined limit of permanent’ (or |inelastic)
deformat|on of this component which leads to damage to the system if it istéxceeded

Note 1 to eptry: This limit is also called the serviceability limit state in building codes‘based on limit states design.

3.1.5
damage ptate (of the system)
state where the system needs repairing because one of its gomponents has exceeded its
damage [imit

Note 1 to gntry: The system needs repairing because it is not capable of fulfilling its task under design loads or
because dgsign clearances may be reduced (e.g. conductor to ground).

3.1.6
elementg
different parts of a component

Note 1 to eptry: For example, the elements.\of a'steel lattice tower are steel angles, plates and bolts.

3.1.7
exclusion limit
e %
value of [a variable taken\from its distribution function and corresponding to a prohability of
e % of ndt being exceeded

3.1.8
failure limit (of-a component)
ultimate [limit_state

strength |imit’of a component which leads to the failure of the system if this limit is exceeded

Note 1 to entry: If this strength limit is exceeded, the system will reach a state called “ultimate limit state” as
defined in building codes based on limit states design.

3.1.9

failure state (of the system)

state of a system in which a major component has failed because one of its components has
reached its failure limit (such as by rupture, buckling, overturning)

Note 1 to entry: This state leads to the termination of the ability of the line to transmit power and needs to be
repaired.

3.1.10
intact state
state in which a system can accomplish its required function and can sustain limit loads


https://iecnorm.com/api/?name=307e1e9e1d9061fca658ba403cc11fc8

IEC 60826:2017 © |IEC 2017 -1 -

3.1.11

limit load

0

load factors

Note 1 to entry: Referto 5.2.1.

3.1.12

load factor

v
factor to

3.1.13

be multiplied by the limit load in order to design line components

operating period
general measure of useful (or economical) life

Note 1 to eptry: Typical operating periods of transmission lines vary from 30 years to 80(yeafs.

3.1.14

reference wind speed

VR
wind sp
a return

ed at 10 m in height, corresponding to an averaging ‘period of 10 min an
eriod T

Note 1 to eptry: When this wind speed is taken in a terrain type B)\which is the most common case in t
the referente wind speed is identified as Vgg.

3.1.15

reference ice load

8R Or tR

referencg limit ice loads (g, is a unit ice weight and ¢ is a uniform radial ice thicknes

the cond

3.1.16

Wictor) having a return period %

reliability (structural)

probabili

fy that a system performs a given task, under a set of operating conditions,

specified|time

Note 1 to

entry: Reliability’ is thus a measure of the success of a system in accomplishing its

complemerjt to reliability/is the probability of failure or unreliability.

3.1.17
return p
T
average

Triod (of a climatic event)

occurrence in years of a climatic event having a defined intensity

T
climatic load corresponding to a return period, 7, used for design purposes without additional

d having

e industry,

s around

during a

task. The

Note 1 to entry: The inverse of the return period is the yearly frequency which corresponds to the probability of

exceeding

3.1.18
safety
ability of

Note 1 to

this climatic event in a given year.

a system not to cause human injuries or loss of lives

entry: In this document, safety relates mainly to protection of workers during construction and
maintenance operations. The safety of the public and of the environment in general is covered by national
regulations.
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(structural)

ability of a system to be protected from a major collapse (cascading effect) if a failure is

triggered

Note 1 to entry:

3.1.20
strength
v/

in a given component

factor

factor applied to the characteristic strength of a component

Security is a deterministic concept as opposed to reliability which is a probabilistic concept.

Note 1 to eptru—This-factortakes—into-account-the—coordination-of-strength—the-numberof-components subjected
to maximurp load, quality and statistical parameters of components.

3.1.21

system

set of components connected together to form the transmission line

3.1.22

task

function ¢f the system (transmission line), i.e. to transmit power.between its two ends

3.1.23

unavailapility

inability of a system to accomplish its task

Note 1 to entry: Unavailability of transmission lines results™from structural unreliability as well as from|failure due
to other evénts such as landslides, impact of objects, sahotage, defects in material, etc.

3.1.24

use factor

U

ratio of the actual load (as built) to limit load of a component

Note 1 to entry: For tangent supparts, it is virtually equal to the ratio of actual to maximum design spahs (wind or
weight) angl for angle supports; it.also includes the ratio of the sines of the half angles of deviation] (actual to
design angles).

3.2 Symbols and_ abbreviations

Unit action<of wind speed on line elements (Pa or N/m?2)
Wind.force on conductors (N)
Wind force on insulators (N)

members (N)

Reduction factor of the reference wind speed for wind and ice combinations
Drag coefficient (general form)

probability)

Drag coefficient of conductors
Drag coefficient of insulators

members)

Wind force acting on a tower panel made of steel angles, Atc for cylindrical tower

Drag coefficient of ice covered conductors (C;_ for low probability and C;y for a high

Drag coefficient of supports C,;¢1, C,o for each tower face (C,;. on cylindrical tower

cov Coefficient of variation, also identified as v, (ratio of standard deviation to mean
value)
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Emax

~

NN

S

RSL

Conductor diameter (m)
Diameter of cylindrical tower members (m)

Equivalent diameter of ice covered conductors (Dy for high probability and D for low
probability) (m)

Exclusion limit (%)

Exclusion limit of N components in series (%)
Cumulative distribution function of variable x
Wind factor (general form)

Combined wind factor of conductors

Combined wind factor of towers

Span factor for wind calculations
Unit weight of ice (N/m)
Yearly maximum ice load (N/m)

Mean yearly maximum ice loads (N/m)

Maximum weight of ice per unit length observed during’a-certain number|of years
N/m)

Reference design ice weight (N/m)

ce load having a high probability (N/m)

ce load having a low probability (N/m)

Horizontal tensile load

lTerrain roughness factor

Diameter factor related to the influefice of conductor diameter

Height factor to be multipliedcby ; to account for the influence of height above
ground

Factor to be multiplied by § to account for the influence of the number of ygars with
cing observations

| ength of a support member (m)

Span length or wind span (m)

Average_ span (m)

Number.of years of observation of a climatic event

Number of components subjected to maximum loading intensity

Generatexpression used to identify the effects of weather retatedtoads om lines and
their components

The system limit load corresponding a return period T

Dynamic reference wind pressure due to reference wind speed Vg (qq., qon for low
and high probability) (Pa or N/m2)

Reynolds number
Strength (usually in Pa or in kN depending on components)

Mean strength (units same as for R)

Characteristic strength (units same as for R)
Exclusion limit (e) of strength (units same as for R)
Residual static load of a broken conductor (kN)
Projected area of insulators (m?2)
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Projected area of a tower panel (m2)
Ice load expressed in uniform radial ice thickness around the conductor (mm)

Reference ice load expressed in uniform radial thickness around the conductor (mm)

Return period of weather events (years)

Number of standard deviations between mean strength and characteristic strength

Use factor
Coefficient of variation (COV) of variable x

Wind speed (m/s)

Yearly maximum wind speed (m/s)

Mean yearly maximum wind speed (m/s)

Yearly maximum gradient wind speed (m/s)

Mean yearly maximum gradient wind speed (m/s)
Reference wind speed (m/s)

| ow probability wind speed associated with icing (m/s)
High probability wind speed associated with icing (fa/s)
nit weight of conductor or ground wire (N/m)

Mean value of variable x

Horizontal distance between foundations of a support (m)

5trings (m)
|_oad factor (general form)
Jse factor coefficient

| oad factor to adjust the_50 year wind speed to a return period T

| oad factor to adjust the 50 year ice thickness to a return period T

| oad factor toradjust the 50 year ice weight to a return period T

ce density (kg/m3)
Strength factor (general form)

Global strength factor

Strength factor due to number of components subjected to maximum load intensity

Strength factor due to coordination of strength
Strength factor due to quality

Strength factor related to the characteristic strength R,
Standard deviation of variable x

Standard deviation of yearly maximum ice loads (N/m)
Mass of air per unit volume (kg/m3)

Air density correction factor

Kinetic air viscosity (m?2/s)

Height above ground of conductors,t¢entre of gravity of towers panels, or|insulator
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Angle between wind direction and the conductor (degrees)

0 Angle of incidence of wind direction with the tower panel (degrees)

o' Angle of incidence of wind direction with cylindrical elements of tower (degrees)
X Solidity ratio of a tower panel

4 General

4.1 Objective

This document serves either of the following purposes:

exper

reliability
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for lines
through
In these

, design consistency between strengths of line componentscwill be achigved, but

reliability levels may not be known, particularly if there hasybeen no evi
ience with previous line failures.

It is important to note that the design criteria in this standard 'd6 not constitute a
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liability if required, and to adjust the strength of,individual components to 3
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Ffuction/maintenance personnel_from injury, as well as to ensure an acceptd
vice continuity (safe and econamical design).

gn criteria in this standardapply to new line conditions. It is however a fact g
ion lines age and lose“strength with time. The amount of strength reductid
difficult to generalize, as it varies from one component to another, and also
pe of material, theymanufacturing processes and the environmental influen
urrently being Studied by relevant technical bodies.
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The reqdirementsi<are specified in this standard, while, in Annexes A to G, additional

informati

e data.and explanations are given.

4.2 Sy|stem design

The methodology is based on the concept whereby a transmission line is designed as a
system made of components such as supports, foundations, conductors and insulator strings.
This approach enables the designer to coordinate the strengths of components within the
system and recognizes the fact that a transmission line is a series of components where the
failure of any component could lead to the loss of power transmitting capability. It is expected
that this approach should lead to an overall economical design without undesirable mismatch.

As a consequence of such a system design approach, it is recognized that line reliability is
controlled by that of the least reliable component.

An overhead transmission line can be divided into four major components as shown in Figure
1. Subsequently, each component may be divided into different elements.
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SYSTEM COMPONENTS ELEMENTS

Steel sections,

wood, etc.
——— Supports Bolts
. —— Guys and their fittings
——— Foundations
TRANSMISSION
LINE Conductors (including — Joints
| earthwires)
—— Connectors
——— Insulator strings Insulators
L—— Fittings

4.3 Sylstem reliability

The obje
lines. Tk

componelnts larger than the quantifiable effects of specified weather related load
oads are identified in this standard as well;as means to calculate their dffects on

climatic |
transmisy

with in tHe design process, can occur and can lead to line failure such as impact o

defects i
standard
occur.

5 Gen

5.1 Mgthodology

5.1.1

The reco
Figure 2

a) Collgct preliminary line design data and available climatic data.

Figure 1 — Diagram of a transmission line

Ctive of design criteria described in this standard s to provide for reliable
e reliability of lines is achieved by providing: strength requirements
ion lines. However, it has to be recognized“that other conditions, not usu

n material, etc. Some measures, entitled security requirements, include
provide lines with enough strength;to reduce damage and its propagation,

bral design criteria

General

mmended methodology for designing transmission line components is sumnj
and can/bé.described as follows:

IEC

and safe
of line
5. These

blly dealt
objects,
d in this
should it

arized in

in national

stand

NOTH_1> In some countries reference wind speed such as the 50 vear return period is given
ards.
ct the reliability level in terms of return period of limit loads.

b1) Sele
b2) Sele

ct the security (failure containment) requirements.

b3) Identify safety requirements imposed by mandatory regulations and construction and
maintenance loads.

c) Calculate climatic variables corresponding to selected return period of limit loads.

d1) Calc
d2) Calc

ulate climatic limit loads on components.

ulate loads corresponding to security requirements.

d3) Calculate loads related to safety requirements during construction and maintenance.

e) Determine the suitable strength coordination between line components.

f)  Select appropriate load and strength factors applicable to load and strength formulas.

g1) Calc

ulate the characteristic strengths required for components.
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g2) Check compliance with national safety regulations, and adjust the design if non-
compliant.

h) Design line components for the above strength requirements.

This standard deals with items b) to g2). Items a) and h) are not part of the scope of this
standard. They are identified by a shaded frame in Figure 2.

a) Preliminary design: route selection, conductors, insulation design,
supports, foundations, climate data, etc.

b1) Select reliability level b2) Select security b3) Identify safety requirements
requirements (compulsory)

c) Calculafe climatic

variables
d1) Calculpte climatic limit d2) Calculate loads related d3) Calculate construction and
loads to security maintenance (pads

e) Determine strength
coordination

f) Select load and strength
factors

g1) Calculate required
characteristic strength of
components

g2) Check compliance with safely
requirements of national and regional

regulations. In case of a non-cofnpliance,
modify the design as needed

h) Detailed design of line
components

IEC

Figure 2 — Transmission line design methodology

5.1.2 Reliability requirements

5.1.21 Reliability levels (weather related loads)

Reliability requirements aim to ensure that lines can withstand the defined climatic events
(wind, ice, ice and wind, having a return period T) and the loads derived from these events
during the projected life cycle of the system and can provide service continuity under these
conditions.

Transmission lines can be designed for different reliability levels (or classes). For the
purposes of this standard, the reference reliability level is defined as the reliability of a line
designed for a 50 year return period climatic event associated with a 10 % exclusion limit of
strength (applies to the components selected as the least reliable). This reference reliability
level is generally regarded as providing an acceptable reliability level in respect of continuity
of service and safety.
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Lines can be designed for higher reliability levels by increasing the return period T of climatic
events. A higher reliability can be justified for example by the importance of the line in the
network. Three reliability levels are proposed in this standard and are assumed to cover
the range of values to be considered for most transmission lines. These levels are expressed
in terms of return periods of climatic events as shown in Table 1. For temporary lines, some
wooden poles or lines of limited importance, return periods of about 25 years may be
appropriate.

Table 1 — Reliability levels for transmission lines

Reliability levels 1 2 3

T, return period of climatic event, in years 50 150 500

NOTE Sofne national regulations and/or codes of practice, sometimes impose, directly or. 'indiredtly, design
requirements that may restrict the choices offered to designers.

Other values of T in the range of 50 to 500 years, such as 100, 200 and,400 year$, can be
used if justified by local conditions.

In some [cases, individual utility’s requirements can dictate other(eliability levels depending
on the pirloper optimization between initial cost of the line and_future cost of damageg, as well
as on ungertainties related to input design parameters.

5.1.2.2 Approximate values for yearly reliability.

Both loafls (Q) and strengths (R) are stochastic, variables and the combined rellability is
computable if the statistical functions of load QO and strength R are known. The condition for a
line to be reliable is when loads effects are lgss than the strength withstand of the [line. The
reliability] and probability of failure are complements to 1 as indicated by the [following
Formula [1).

Yearly reliability (probability of survival) = 1 — yearly probability of failure (1)

When the characteristic strendgth, deemed to be the strength being exceeded with 90 %
probabilily (i.e. the exclusion limit is 10 %, or (10 %)R), is set equal to the climatic load
correspopding to the (selected return period 7, designated QO; , various prdbabilistic
combinations lead tova theoretical yearly minimum reliability of around (1 — 1/27). This
associatipn between-load and strength is given by the following Formula (2)1:

01 = (10 %) R (2)

Throughout the present standard, the loading Ot is called the system limit load having a
return period 7.

The actual reliability can be different if load and strength data are not sufficiently accurate or
available. In the latter case, the absolute reliability may not be known, but its value relative to
a reference design may be computed if new line parameters are comparable to the reference
values.

The relationship expressed in Formula (2) can be further refined through the introduction of
correction factors related to the following items:

1 Additional information and background data related to reliability based design of overhead lines can be found in
the following CIGRE publications and brochures: Technical Brochures 109 and 178 (Chapter 2), Electra papers
1991-137 and 2000-189.
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o use factors of components: the fact that all components are not used at their maximum
design parameter (wind span, weight span, height of support, line angle) contributes to an
increase of the reliability;

e characteristic strength Rx: in actual lines, the characteristic strength of most components
corresponds to an exclusion limit less than 10 %. If, in such cases, it is assumed to be
equal to 10 %, then the actual reliability of the line will be higher;

e strength coordination: a selected strength coordination results in an increase of strength
or withstand resistance of some components;

e number of components subjected to maximum loading intensity: whenever a storm or
severe icing occurs, not all structures will be subjected to maximum loads, since the storm
is limited in spatial extension;

material

g - by q
will bé eliminated. No components with strengths below a certain limit WI|| be useq;

e criticgl wind direction: in case of wind loads it generally is assumed for design purposes
that maximum wind velocities also act in the most unfavourable direction. However,
maxirhum winds are distributed in angle sectors. Approximate calculatiens carried out by
the CJGRE Working Group SC 22.06 showed that more realistic assumptions cou|d reduce
the prlobability of failure by one order of magnitude.

In practige, if the above factors are not properly taken into account in Formula (2),| then the
resulting |reliability will be different from the theoretical values.

While thd above-mentioned factors contribute to the actdal‘reliability usually being higher than
the theofetical values, other factors could lead towopposite effects, i.e. a redpction in
reliability] For example, the ageing of some line components and the fatigue due tp a large
number df loading cycles will have a negative effeet on reliability.

It is notgd that requirements for other events such as earthquakes are not covergd in this
standard

NOTE Usgally, transmission structures arenet affected by earthquake loads because they are already designed
for importapt horizontal wind and longitudinalloads that are applied on the higher points of the structure

It is also|noted that the above ‘probability of failure is only one of the components of| the total
line unavpilability as described in 3.1.23.

5.1.3 Becurity requirements

Security [requirements correspond to special loads and/or measures intended tp reduce
probabilily of uneontrollable progressive (or cascading) failures that may extend we|l beyond
an initial [failure. These measures are detailed in 6.6.

NOTE Some security measures, such as those providing longitudinal strength of broken conductor loads for
failure containment can also lead to an increase in reliability to withstand unbalanced ice loads.

5.1.4 Safety requirements

Safety requirements consist of special loads for which line components (mostly support
members) have to be designed, to ensure that construction and maintenance operations do
not pose additional safety hazards to people. These measures are detailed in 6.5.

5.2 Load-strength requirements
5.2.1 Climatic loads

Loads associated with climatic events are random variables. Three weather-related loading
conditions are recognized: wind, ice, and wind and ice combined. When statistical data of
wind and/or ice are available, these can be used to compute the limit load O, for each
component exposed to the climatic event under consideration.
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In the calculation process for each component, the following condition has to be checked:

Design limit load < design strength

or, more precisely,

Load factor y x effect of limit load Ot < strength factor @ x characteristic strength R_..

(3)

With the approach proposed, system limit loads O+ are used for design without additional load
factors. Consequently, y is taken equal to 1.

Thus the

For weat

Formula
compone

previous relation becomes:

effect of 1 < @ x R
ner related loads, the effects of O are detailed in 6.2 to 6.4.

(5) is used to compute the minimum value of characteristic strength R,
nt in order to withstand limit loads.

R. > (effect of O1) / @

Limit loa

Ot can be obtained from the statistical analysis of climatic data in accord

(4)

for each

(5)

ance with

techniqués detailed in Annexes C and D. In somé& national standards, a reference (usually a
50 year return period value) climatic variable is“specified. In such a case, the climati¢ variable
for any return period T (years) can be estimated by multiplying the 50 year referencq value of

the climatic variable by the load factor y,given in Table 2. In case other types of digtribution
functions| are found to better representcthe variation of yearly extreme values, the y; factors
below may change.
Table 2 — Default-); factors for adjustment of climatic loads
in relation to return period 7 versus 50 years
Wind speed Ice variable
Re ur;eg;asriod T TW VTit or NTiw
(ice thickness) (ice yeight)

50 1 1 1

150 1,10 1,15 1,20

500 1,20 1,30 1,45

NOTE The above yvalues are sufficiently accurate for a COV of up to 16 % for wind speed, 30 % for ice thickness
and 65 % for unit ice weight and are derived from the Gumbel distribution function.

5.2.2

Design requirements for the system

Three types of design conditions shall be checked: reliability, security and safety. Table 3
summarizes the context of loads, the required performance and the strengths limit states
associated with each condition.
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Table 3 — Design requirements for the system

Condition Type of load Required performance Corresponding limit
(or requirement) state
Reliability Climatic loads due to wind, | To ensure reliable and Damage limit
ice, ice plus wind, and safe power transmission
temperature, having a capability
return period T
Security Torsional, vertical, and To reduce the probability Failure limit
longitudinal loads of uncontrollable

propagation of failures
(failure containment)

Safety Construction and To ensure safe Damage limit

maintenance loads construction-and

maintenance conditions

5.2.3 PDesign formula for each component

When depigning individual line components, Formula (4) can be expanded into:

ny x effect of Or < dr x R, (6)

7y is the |use factor coefficient. It is derived from the distribution function of the use factor U
and expresses the relationship between effective (actual) and design (original) conditions or
parametgrs. The use factor U is a random variable equal to the ratio of the effectie (actual
line conditions) limit load applied to a component bya climatic event to the design |imit load
for this cpmponent under the same climatic eveqt{using maximum parameters). Symbol y; is
introducgd because components are designed,in‘general by families, not individually| for each
support fand location. Thus, since compénents are usually designed prior to| specific
knowledde of their real line parameters (wind and weight spans and angle of deviafion), it is
admissible to use y, = 1 for new lines design.

NOTE This is equivalent to considering\tfrat design is controlled by the maximum span in the line for a given
support type.

It is impqrtant to note this.simplification will certainly have a positive influence on feliability.
However| the influence pf\y) on reliability can be fully considered for existing lines, where use
parametdrs of components are fully known. For a detailed discussion on the subjeci, refer to
Annex E.

R, is the|characteristic strength. It is the value guaranteed in appropriate standardg for new
components,‘usually with a 90 % to 98 % probability. This value is also called the guaranteed
strength,[the/minimum strength or the minimum failing load. When not specified or calculated,
the exclusion limit of R, can be conservatively taken as 10 % (typical values are in the range
of 2 % to 10 %). It is generally accepted that line components will age with time, just like any
structural components, and will suffer a reduction in their strength. This quantification of loss
of strength with time is not covered in this standard and the reliability values suggested herein
are based on new line conditions. If the reduction of strength due to ageing or fatigue can be
quantified in some components, it is needed to define the minimum residual strength that
should trigger the replacement of these components.

Very often, standards only provide a single normative value usually associated with failure of
the component, while the design approach mentioned above requires the consideration of two
limits: damage and failure limits. If the damage limit corresponding to R is not specified in the
standards, Tables 18 to 21 can be used to provide such values.
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@y is a global strength factor applicable to the component being designed that takes into
account:

a) features related to the system

— the number (N) of components exposed to the limit load Ot during any single
occurrence of this load event, (hence @),

— the coordination of strengths selected between components, (hence @g).
b) features related to the component

— the difference in the quality of the component during prototype testing and actual
installation, (hence @g);

ol _aveoliicion Lot ~f D
oo CACTOSTOTT 1Tt O 1C

*c

the—difference het and tha ciineaca a4 = 10 %
c—atrereree—petweeh ahe—thre—Suppesea o,

(hence @.).

As theselfactors are assumed statistically independent:

¢R=¢N X@SXQQ X@C (7)

The aboVe strength factors @ are detailed in 7.2.

6 Loadings

6.1 Description

This clayise defines structural loadings considefed for the design of transmisgion line
components.

As indicatted in 5.2.1, three load categoriestare considered:
a) loads|due to climatic events or any loads derived from them which govern the reljability of
the line for the expected life time-
ThesI loads will be analysed in the following subclauses:

— wind loads (6.2);

— ice without wind (623);

— ice with wind(6:4);
b) loads|related(to safety requirements (construction and maintenance) (6.5);

c) loads|reldted to security requirements (failure containment) (6.6).

6.2 Climaticloads—wind-and-associated-temperatures
6.2.1 General

This subclause defines the procedures to evaluate the wind and associated temperature
effects on line components and elements (conductors, insulator strings, supports).

6.2.2 Field of application

Although this subclause applies in principle to any overhead line, it is most accurately defined
for the following conditions:

e Span lengths between 200 m and 800 m. Calculations of the various coefficients (in
particular for gusty winds) have to be checked for span lengths outside this range.
However, for span lengths greater than 800 m, a gust coefficient corresponding to 800 m
span could be safely chosen. For span lengths less than 200 m, the values applicable to
200 m span can be applied.
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Height of supports less than 60 m. Taller supports could be designed following the same
principles, but the calculated wind actions would need to be checked. In particular, the
eigen frequency of structures above 60 m will often increase the gust response factor.

Altitude of crossed areas not exceeding 1300m above the average level of
the topographic environment, except where specific study results are available.

Terrain without local topographical features whose size and shape are likely to
significantly affect the wind profile of the region under consideration.

is important to note that requirements for special winds associated with localized events

such as tornadoes are not part of the normative requirements in this standard. It is however
recognized that these winds can cause serious damage to transmission lines either directly
(due to wind forces) or indirectly (due to impact of debris carried by wind)2. Furthermore, the
effects ofaccteteratiomdue—to—furmetingbetweerm hitts—areTot—Tovered—amd—Tay require
specific glimatic studies to assess such influences. In the informative Annex G, proppsals are

made to gdeal with wind acceleration due to local topography such as slopes.

6.2.3 lTerrain roughness

W
ro

ind speped and turbulence depend on the terrain roughness. With increasinp terrain
ughnegs, turbulence increases and wind speed decreases near,ground level. Foul types of

terrain cptegories, with increasing roughness values, are considered in this stapdard as

indicated|in Table 4.

Table 4 — Classification of terrain.categories

Terrain Roughness characteristics
category
A Large stretch of water upwind, flat coastal aréas
B Open country with very few obstacles, forpexample airports or cultivated fields with few treds or

buildings

Terrain with numerous small obstagles of low height (hedges, trees and buildings)

Suburban areas or terrain with'many tall trees

It

is noted that snow accumulation on the ground will reduce the ground roughness|and may

increase |the terrain categery to a higher one in Table 4. However, this should also |take into
account fhe duration of such snow and the occurrence of very high wind speeds duning snow

presence

In

category

6.

areas| where—trees could be cut, care should be taken in the selection of the terrain

2.4 Reference wind speed Vg

The reference wind speed Vg (m/s) corresponding to the selected return period T is defined
as mean value of the wind during a 10 min period at a level of 10 m above ground.

Usually Vg is measured in weather stations typical of terrain type B. In such cases, Iy is
identified as Vgpg.

CIGRE WG B2.06 has published Technical Brochure No. 350 on special localized high intensity wind
phenomena such as tornadoes and downbursts. The proposals of this Brochure will benefit from validation by
service experience and are referred to in order to encourage additional research and comprehension about the
impact of HIW on overhead transmission lines. These studies suggest some simplified support load cases that
could reduce the probability of failure of structures subjected to such wind events. It is however important to
note that many of these high wind events involve flying debris that can lead to support failures irrespective of
the proposed strengthening.
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If the reference wind speed for terrain category B, V'gg is only known, Vg can be determined
with

VR = KR VRrB (8)
where KR is the roughness factor in Table 5.

When available wind data differs from these assumptions, refer to 6.2.5 for conversion
methods.

6.2.5 Assessment of meteorological measurements

Wind act|on is evaluated on the basis of the reference wind speed Vg that can be/dgtermined
from a slatistical analysis of relevant wind speed data at 10 m above ground.and with an
averaging period of 10 min.

Usually, meteorological stations (except those along the coast or in urban areas) afe placed
in areas ¢f B terrain category, such as airports.

Nevertheless, the meteorological wind speed may be recorded inva terrain category| x site at
10 m abqgve the ground as a mean value over a period of time ¢+in s. Let 7, ; be this speed. If it
is not miasured at 10 m height above ground, the data’should be adjusted firgt to this
referencqg height of 10 m.

The varidtion of V in terms of height was not taken into account, as anemometers arg, most of
the time,[ placed at a height of about 10 m above surrounding ground. If this height z (m)
differs frgm 10 m, the variation of wind speed with height z can be derived from the [so-called
“power lgqw”, shown in Formula (9). The value'of « is found in Table 5.

[fTable 5 — Factors describing wind action depending on terrain category

Terrain category
Factor
A B Cc D
d 0,10 16:0,12 0,16 0,22 0,38
KR 1,08 1,00 0,85 0,497
z o
V,=Vg | — 9
Or more generally:
21)%
Vz1 = V22 (_J (10)
z2

The curves of Figure 3 enable to determine the ratio V, / V, 10 min @s @ function of the
averaging period for each category of roughness at the location of the meteorological site.
These values may be used in the absence of local data or studies.

NOTE Some countries have recently switched to a 2 s or 3 s averaging period. The conversion from the 2 s or 3 s
wind speeds to the 10 min wind can be derived from available wind statistics, or if lacking, from Figure 3.
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Figure 3 — Relationship between meteorological wind velocities at a height
of 10 m depending on terrain category and on averaging period

6.2.6 Determination from gradiént wind velocities

Where nleteorological stations aré remote from the locations considered for the erection of
the line, the gradient wind speed, defined as the speed at the level on the top of the earth’s
boundary layer, which is~800 m to 1 000 m above ground, may be used as a pasis for
assessment of design wind-velocities.

The gradjent wind @¢tion is characterized by the mean value of yearly maximum gradjient wind
velocitie§ V¢ and-its standard deviation oy,g. From the wind speed 7' the mean of the yearly

maxima ;m (40 m above ground) can be approximated by the following formula:

Vm (B)=0,5 Vg (11)

Data for Vg can usually be obtained from national weather services.

6.2.7 Combination of wind speed and temperatures

Unless a strong positive correlation is established between wind speed and temperature, it is
assumed that reference wind speed Vg does not usually occur with minimum temperature.
Consequently, only two combinations of wind speed and temperature shall normally be
considered for design purposes; the first being reference wind speed combined with average
daily minimum temperature and the second being reduced wind speed combined with extreme
minimum temperature.
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In practice, the following two combinations need to be checked:

a) High wind speed at average temperature condition

The wind velocity V' defined above shall be considered as occurring at an air temperature
equal to the average of the daily minimum temperatures, peculiar to the site. If statistical
data confirms that high winds occur at a different temperature, then the statistical value
shall be used.

b) Reduced wind speed at the minimum low temperature condition
1) Reduced wind speed

The reduced wind speed is equal to the reference wind speed Vi multiplied by a
coefficient chosen according to local meteorological conditions. When there is no
refrable knowledge of Tocal conditions, a value of U,6 for this coefficient 1s suggested.

2) Temperature associated with the reduced wind speed

The minimum temperature shall be considered as being equal to the-yearly minimum
vdlue, having a return period of T years.

It is notefl that the design of transmission lines is not generally contrelled by the combination
of reduce¢d wind speed and minimum low temperatures (condition b2 above). Thi$ loading
case may therefore be omitted, except for cases of supports with’short spans (typi¢ally less
than 200 m) and minimum low temperatures (typically below,_ ~30 °C), or in the| case of
supports [with dead-end insulators.

6.2.8 Number of supports subjected in wind action; effect of length of line

Gusts with maximum wind speed are limited in widths"An individual gust will thereforg hit only
one support and the adjacent spans. Nevertheless, to take care of the several gusts with
approximlately the same magnitude, it is propased to assume that five supports are |hit in flat
or rolling|terrain and two in mountains.

For long [lines, the probability to be hitiby extreme wind actions is higher than for sHort lines.
The effe¢t depends on many aspects, such as variation of terrain and climate, design of
supports [adjusted to the terrain-and the loads to be expected there. The design of the line
should aim at the same reliability-of the total line related to the service life of the line|

Lines with relatively shoft length up to 100 km could be designed for a reliability| level as
proposed in 5.1.2.1. Forlonger lines, in order not to increase the probability of fajlure, the
return periods of chosen design assumptions should be extended so as to achieve the overall
reliabilityl The adjustment of return periods is not required if the map of wind data hap already
been adjlisted to.take into account the space covered by service area.

6.2.9 nit’action of the wind speed on any line component or element

The characteristic value a of the unit action in Pa (N/m2), due to the wind blowing at right
angles to any line component or element (conductors, insulator strings, all or part of the
support) is given by the following formula:

a=q9Cy G (12)

where ¢g is the dynamic reference wind pressure (in Pa or N/m2) and is given in terms of the
reference wind speed Vrg modified by roughness factor K (see Table 5) corresponding to

the terrain category at the location of the line:

40 =%T/‘(KRVRB > (Vgg in m/s, and g, in N/m2) (13)

where
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4 is the air mass per unit volume equal to 1,225 kg/m3 at a temperature of 15 °C and an
atmospheric pressure of 101,3 kPa at sea level;

7 is the air density correction factor. When limit wind speeds are known to be strongly
correlated with an altitude and/or temperature significantly different from the assumptions
of 15 °C and sea level, the correction factor r given in Table 6 can be applied to the
pressure qq, otherwise, ris considered to be equal to 1;

« is the drag (or pressure) coefficient depending on the shape and surface properties of the
element being considered;

G is the combined wind factor, taking into account the influences of the height of the element
above ground level, terrain category, wind gusts and dynamic response (component

effect). In the case of conductor loads, this factor shall be split into two factors G| and G..
while in_the case of supparts and insulators this factor is identified as GL

These fagtors shall be considered separately for each line component or element,

Table 6 — Correction factor 7 of dynamic reference
wind pressure ¢, due to altitude and temperatures

Altitude
Tempjerature m
¢ 0 1000 2 000 3 000
B0 0,95 0,84 0,75 0,66
5 1,00 0,89 0,79 0,69
0 1,04 0,94 0,83 0,13
415 1,12 0,99 0,88 0,17
430 1,19 1,05 0,93 0,82
NOTE THe reference value corresponds to 0 m altitide and a temperature of 15 °C. Interpolation bdtween the
above facfors is acceptable.

6.2.10 Evaluation of wind lodds'on line components and elements
6.2.10.1 | Wind loads on conductors

Wind effg¢cts on conductors consist of loads due to wind pressure as well as the eff¢ct of the
increase |in the mechanical tension.

The load|(4.) inxN“due to the effect of the wind pressure upon a wind span L, applied at the

support gnd blowing at an angle 2 with the conductors, is given by the following expression,
using gqq pflEermula (13).

Ag=qg Cye Go G d L sin?2 Q (14)

where

Cy. is the drag coefficient of the conductor taken equal to 1,00 for the generally considered
stranded conductors and wind velocities. Other values can be used if derived from
direct measurements or wind tunnel tests. It is noted that more evidences support a C,

of 1,2 for EW or conductors having a diameter of 15 mm or less.

G, is the combined wind factor for the conductors given in Figure 4, which depends on
height z and terrain categories.

G_ is the span factor given in Figure 5.
d is the diameter of the conductor (m).

is the wind span of the support, equal to half the sum of the length of adjacent spans of
the support.
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Q is the angle between the wind direction and the conductor (Figure 7).

The total effect of the wind upon bundle conductors shall be taken as equal to the sum of the
actions on the sub-conductors without accounting for a possible masking effect of one of the
sub-conductors on another.

The height to be considered for conductors is the center of gravity of the suspended
conductor theoretically located at the lower third of the sag. For the purpose of transmission
support calculations, it is acceptable to consider z equal to the height of attachment point of
the conductor at the support (for horizontal configuration) or of the middle conductor (for
vertical circuit configuration). These assumptions for conductors are conservative and
compensate for the increased height of the ground wire on top of the support.

Values dlfferent from Figures 4 and 5 can be used if supported by data and validatéd|models.

o A
C
3,6
3,2 T
2.8 LT L= C
d ,/’//
/1 /,/’ |
2,4 T gRaSeey B
A | LT L
7 i L ———"——” A
L /// ’—4_—___—
2,0 {11t T LT
L LA
///
1,6 >
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Height above ground (m)
IEC
Figure 4 —Combined wind factor G for conductors for various
terrain categories and heights above ground
GI 4
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Figure 5 — Span factor G_

NOTE Formulas for Figures 4 and 5 are given in Annex B.
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6.2.10.2 Wind effect on conductor tension

Wind acting on conductors will cause an increase in their mechanical tension that can be
computed with standard sag-tension methods. Two cases of wind and temperature
combinations shall be checked, as stated in 6.2.7.

If a series of spans is separated by suspension insulators, the ruling span concept may be
used for tension calculations. It is important to note that the ruling span concept implies that
the same wind pressure applies to all spans between dead-end insulators. This assumption
becomes more conservative with an increasing number of suspension spans and length of
insulator strings. In such cases, the conductor tension due to wind load calculated with
Formula (14) can be reduced, if supported by experience or data, but in no case by more than
20 %. With regard to ground wires, no reduction of wind pressure is applicable because the
absence [of suspension insulator strings prevents equilibrium of horizontal tensiong even at
suspensipn supports, hence, results in the inapplicability of the ruling span concept.

The ruling span of a series of suspension spans between dead-ends is equalcto (ZL3/EL)"2.

Caution should be exerted when using the above reduction factor of;-up to 20 %|because
some supports may be used in sections with few suspension spans(and even as a sifgle span
between [dead-end supports; in such case, no reduction factor is agplied.

It is important to properly control any damaging vibration to conductors by linfiting the
conductors tensions to appropriate levels (refer to Annex-k for further information).

6.2.10.3 | Wind loads on insulators strings

Wind loafls acting on insulator strings originatesffom the load 4. transferred by the cqnductors
and from[the wind pressure acting directly onithe insulator strings. The latter load is applied
conventignally at the attachment point to theé’support in the direction of the wind and|its value
(in N) is given by:

4; = qg Cyxi Gt S (15)

where
gg is th¢ dynamic reference wind pressure in Pa (N/m?2);
C

G, is the combined-wind factor given in Figure 6, variable with the roughness of the terrain,
and with the height of the centre of gravity of the insulator string above the sufrounding
land] The-same average height of conductors can be used.

«i 1S the drag coeffigient of the insulators, considered equal to 1,20;

NOTE The formula for Figure 6 is given in Annex B.
S.

is the area of the insulator string projected horizontally on a vertical plane parallel to the
axis of the string (m?2). In the case of multiple strings, the total area can be conservatively
taken as the sum of all strings.
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Figure 6 — Combined wind factor G; applicable to supports and insulator strings

It is noted that wind on insulator strings has a small effeet._on design of pupports.
Consequgntly, it may be acceptable for most lines to simplify the\¢éalculation of wind|pressure
by consefvatively adopting the same pressure as the one applied to supports.

6.2.10.4 | Wind loads on supports
6.2.10.4.{1 General

Wind loafls on the supports consist of the wind leads transmitted by conductors and ipsulators
as well ag the wind loads acting on the suppori itself.

The method of determination of wind loadings on the support itself is only given in this
standard|for the most common types of\supports, i.e. lattice towers and towers with gylindrical
elements| This method can, however,'be applied to other types of supports.

During detailed design of supports, an iterative process is required in order to compute wind
loads on|supports. This is-dué to the fact that the projected area of members is only known
after conpletion of the support detailed design.

6.2.10.4.p Lattice_towers of rectangular cross-section

Two methods_are proposed for calculating loads on lattice towers. The first method|is based
on a ‘panmel> concept where the same pressure is applied to the windward face of {he panel
based orTits Calculated solidity ratio, and the second method is based on wind presere being
applied individually to all tower members taking into account the angle of incidence of wind
with the normal to the tower.

Method 1: wind on panels

In order to determine the effect of the wind on the lattice tower itself, the latter is divided into
different panels. Panel heights are normally taken between the intersections of the legs and
bracing and typically having a height of 10 m to 15 m.

For a lattice tower of square/rectangular cross-section, the wind loading 4, (in N), in the
direction of the wind, applied at the centre of gravity of this panel, made up of various support
members, is equal to:

A= qp (1 +0,28in226) (Syq Cypq COS2 0+ Sy Cyyp SiN? 6) Gy (16)
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where

q0

Cxt1 ) Cxt

Gy

NOTE Th

be neglectgd when determining the projected surface area of a face.

is the dynamic reference wind pressure Pa (N/m2), see Formula (13);

is the angle of incidence of the wind direction with the perpendicular to face 1 of
the panel in a horizontal plane (Figure 7);

is the total surface area projected normally on face 1 of the panel (m?2);
is the total surface area projected normally on face 2 of the panel (m?2);

» are the drag coefficients peculiar to faces 1 and 2 for a wind perpendicular to
each face. C,y1 , Cyyo are given in Figure 8 for panels of the tower where all or
some of the members exposed have plane surfaces, and in Figure 9 where all
support members have a circular section;

the total panel area. The SO|IdIty ratio y of one face is the ratio between the total
surface of the support members (S;; or S;y), defined abgve, |and the
circumscribed area of the face of the considered panel,

is the combined wind factor for the supports given in Figure-6.,The height above
ground is measured at the centre of gravity of the panel.

e projections of the bracing elements of the adjacent faces and of the diaphragm bracing m¢mbers can

il

~
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Figure 7 — Definition of the angle of incidence of wind
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Figure 8 — Drag coefficient C,; for lattice supports made of flat sided ' memQers
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Figure 9 — Drag coefficient C;i-for lattice supports made of rounded membegrs

NOTE 1 Tlhe formulas for Figures 8 and-9 are given in Annex B.

Method 4: Wind on all towermembers

In this method, the«wind force on each member is calculated independently (neglecting
shielding) based ofi‘the geometrical relationship between the wind velocity vector and the axis
of the me¢mber.JFhe force is in the plane formed by the wind velocity vector and thg member
axis, and it is perpendicular to the member. The wind force in N is calculated {ising the
formula Helow:

where
go is the dynamic reference wind pressure Pa (N/m2), see Formula (13);
S; is the surface of the flat member exposed to wind (m?2);

C,t is the drag coefficients peculiar to a flat surface if the tower members are made of steel
angles. In such a case, C,; can be considered equal to 1,6. In the case of tower members
made of round tubes, C,, can be considered equal to 1,0. In both cases, the shielding is
neglected and this load is calculated on all tower members;

NOTE 2 This method will provide conservative results compared to Method 1, but is a logical way of taking into
account the complexity of a more accurate calculation of wind effects of supports.

G, is the combined wind factor for the supports given in Figure 6. The height above ground
is measured at the centre of gravity of the member;
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Q is the angle between the wind direction and the tower steel member. This angle is
calculated from the 3-d geometry, between the direction of the wind velocity vector and
the member axis in the plane formed by the wind velocity vector and the member axis.

This method is particularly suitable for software implementation.

6.2.10.4.3 Supports with cylindrical members having a large diameter (d;, > 0,2 m)

For such supports the effect of the wind loading (in N) in the direction of the wind, on each
member [, long, applied at the centre of gravity of the member, is equal to:

AtC = qo CXt Gt dtC le Sin3 o' (18)
where

o is the angle formed by the direction of the wind and the cylinder axis;

di. is the diameter of the cylinder (m);

lg is the length of the member (m);

Gy is the combined wind factor, a function of the terrain category, and the heigh{ / of the
cerltre of gravity of the member above the ground (Figure 6);

Cytc s the drag coefficient for a wind perpendicular to the axis of the cylinder. Thg value of
C,it depends on the Reynolds number Re corresponding to the gust speefd at this
height, and on the roughness of the cylinder. An aceeptable simplification is to|consider
the| most unfavourable case of a rough cylinder.. The value of Cy,. is given in figure 10
in ferms of Re that corresponds to the reference wind speed Vg at this|height z
(cofrections with height are described in Formuta (8)) and is given by:

dt XVR
Rem—— (19)
v
v is the kinetic air viscosity (v =145 x 10~®> m?2/s at 15 °C)
2 /
© 14
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Figure 10 — Drag coefficient C;. of cylindrical elements having a large diameter

In the case of wood pole, it is acceptable to simplify the wind load calculation on the poles by
adopting a C, value equal to 1. This simplification is due to the fact that the height of wood
poles is generally limited and does not warrant a precise calculation of wind on the pole itself.

In the case of structures (steel poles and frames) made of polygonal cross section, the values
of C, can be found in Table 7:
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Table 7 — Drag coefficient of polygonal pole sections

Member shape Drag coefficient, C,
16-sided polygonal 0,9
12-sided polygonal 1,0
8-sided polygonal 1,4
6-sided polygonal 1,4
Square, rectangle 2,0

6.2.10.4.4 L attice towers of triangular cross-section

Formula [16) can be used, except that the drag coefficient Cy; shall be calculated.from Table
8 as a function of the solidity ratio y.

Table 8 — Drag coefficient of structures having a triangular section

Solidity ratio, Drag coefficient C,, for triangular-section structures
<0,025 3,6
0,025 to 0,44 3,7to 4,5y
0,45 to 0,69 1,7
0,70 to 1,00 1,0+

NOTE Ab¢ve Table 7 and Table 8 are taken from ASCE, 74, 2006 draft.
6.3 Climatic loads, ice without wind

6.3.1 Description

Ice load$ consist of all combinations of frozen water that adheres to transmission line
components such as freezing rain; in-cloud-icing, wet snow, etc. (see description in Annex C).
This stanfdard covers two main, types of icing: precipitation icing and in-cloud icing.

In mountpins or regions.where both types of icing may occur, the different data fof the two
types may be treated\‘separately, with separate distributions to provide the basis for the
design lofad. If a difference between the design loads for the two types of ice is apparent, the
less important \may be ignored, and the more important may take care of ¢ombined
occurrenges.

Although Signifi i ] i VoIV Wi uring and
after an icing event, ice only is first considered here to establish reference conditions that will
serve as a basis for the wind and ice combined loadings given in 6.4 as well as non-uniform
ice conditions described in 6.3.6.4.

6.3.2 Ice data

Ice load is a random variable that is usually expressed either as a weight per unit length of
conductor g (N/m), or as a uniform radial thickness ¢ (mm) around conductors and ground
wires. In real conditions, ice accretion is random in both shape and density and depends on
the type of accretion as indicated in Figure C.1. However, for ease of calculations, these are
converted to an equivalent radial ice thickness (¢) around conductors with a relative density &
of 0,9. Formula (20) expresses the relation between g and ¢:

g=9,82x 103 57 ¢ (d+ t/1 000) (20)
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where

g is the ice weight per unit length (N/m);

& is the ice density (kg/m3);

t is the radial ice thickness, assumed uniform around the conductor (mm);
d is the conductor diameter (m).

For an ice density § = 900 kg/m3, Formula (20) becomes:
g=27,7 ¢t (d +t/1 000)

When both t and d are expressed in mm and &= 900 kg/m3,_Formula (20) becomes:

g=0,0277 ¢t (t + d) (21)
with g in N/m.

Ice load ghould ideally be deduced from measurements taken from_conductors and [locations
represeniative of the line. These measurement techniques are«déscribed in IEC 61774. Ice
accretion| models can also supplement direct ice data measurément, but require appropriate
validation} with real data.

A very important factor with ice accretion is the effect of the terrain. It is usually rathgr difficult
to transfer knowledge acquired from one site to\another because the terrain| strongly
influencep the icing mechanism.

For design purposes, icing data from measuring stations near or identical to the ling site are
ideally rgquired. Very often, this will not b€e the case and service experience witH existing
installatigns will provide additional input.

Ice accreftion on structures should:be considered (refer to C.9.2 for a suggested methjod).

NOTE It i$ noted that weight of ice.onrlattice steel structures can be quite significant and can reach orlexceed the
weight of the structure itself in case of radial ice thickness greater than 30 mm to 40 mm. Furthermolfe, icing on
towers alsd increase the exposed area to wind, hence, loads due to wind on ice covered towers.

6.3.3 Fvaluation«of\yearly maximum ice load by means of meteorological data
Analysis

Sufficien{ data for using the statistical approach in this standard may be obtained by means of
an analys$is/of-available standard weather or climatic data over a period of 20 years|or more,
combined_with at least five years of ice observation on the transmission line sites. Hor cases
where years of icing data is less than 20, an approximate method is given in 6.3.4.

If a reliable ice accretion model is available to estimate values for yearly maximum ice loads
during a certain number of years, this model can be used to generate ice data which will be
used in the statistical analysis. Information about the line site which is necessary to validate
and adjust the predicting model may be taken from past experience with existing transmission
or distribution lines, from field observations or from the effect of icing on vegetation.

Such a predicting model can be rather simple or become sophisticated, depending on icing
severity, terrain, local weather, number or types of ice data collecting sites.
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6.3.4 Reference limit ice load
6.3.4.1 Based on statistical data

The reference design ice load gg, or tg if ice thickness is chosen as the ice variable, are the
reference limit ice loads corresponding to the selected return period T (function of the
reliability level of the line). The gg or g values can be directly obtained from the statistical
analysis of data obtained either from direct measurements, icing models, or appropriate
combinations of both.

NOTE 1 The figures and formulas given in this subclause are based on g (N/m) being the ice variable. However,
Formula (20) can be used to convert from gy to #; if the latter is chosen as the ice variable.

If recordrwwmmm%_WMMWMilable,
the mean value g, is derived from the records of the yearly maximum ice load gm; the

standard|deviation o is calculated or estimated according to Table 9.

g
Table 9 — Statistical parameters of ice loads
Number|of years with observation Mean value Standard deviation
" —
gm %
Only maximum icing value g4y Of - J -
yearly maximum ice loads g, is known | &m~ 0,45 gax 0g=05 g
10<n<2p €m O,SgSagSOng

If data ig measured (or model simulated) on_conductor diameters and heights typigal of the
line, therg will not be any further adjustment;to this value. However, if data is measuied at the
assumed|reference height of 10 m on a 30,;mm conductor diameter, gg should be adjusted by
multiplyirjg it with a diameter factor K4 and a height factor K, applicable to the agtual line
condition.

Kq4 is givgn in Figure 11.
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N i -
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Figure 11 — Factor K related to the conductor diameter

For both types of icing, when Ky ; exceeds 100 N/m, the value of K is no longer increased.

If g (average of yearly maximum values of g) is above 100 N/m and d greater than 30 mm, K,
is considered equal 1,0.
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Kn describes the variation of g with the height of conductors above the ground. Its value is
given in Figure 12.

5 A
|
.-'"’.-.-.-r.-...-..—r.
1,1 /i/
.-"/

1 l/ —u— Precipitation icing
0,9 =

10 15 20 25 30

Height above ground (m) Yo
/

Figure 12 — Factor K, related to the conductor height

As a simplification, it is suggested that the value gg be the same'for phase condug¢tors and
ground wlires in the same span, but there is growing evidence that.the higher ground jwire may
accumulgte more ice for some types of ice accretion. For variation of in-cloud icing pccretion
with height, refer to the note in C.9.1.

NOTE 2 $ome recent studies suggest that bundled conductorssmay collect less wet snow or in-clodd ice than
single conductors due to the difference in torsional behaviour. Thisymatter is currently under investigatiop.

NOTE 3 As regards wet snow, the thickness of icing may\be-considered the same on conductors and farth-wires
unless ser\ice experience indicates otherwise.

6.3.4.2 Based on service experience

Where icjng data or reliable ice accretion models are not available, the only alterngtive is to
rely on service experience based onjactual ice loads observed on the conductors or{deduced
from failyre events. In both casgs; neither the return period of the ice loads, nor th¢ level of
reliability|will be known.

6.3.5 Temperature during icing

The defaplt temperature to be considered with ice conditions shall be -5 °C, except for cases
of incloud icing whére the temperature can be in the range of —20 to -5 °C or where icing
records donfirm_ that lower temperatures occur during icing persistence on conductorg.

6.3.6 | oads on support

6.3.6.1 General

Three different icing conditions on the conductors shall be considered when determining the
loads on the support without wind. These are considered to be the most significant for
torsional and flexural loads of supports and encompass the majority of the icing conditions
that are likely to occur:

e uniform ice formation: weight condition;

e non-uniform ice formation: longitudinal and transverse bending condition;

e non-uniform ice formation: torsion condition.

Note that ice loading conditions combined with wind are considered in 6.4 and are considered
important for transverse loads on supports.
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6.3.6.2 Loading cases description

In the description of the different loading conditions, the values of the ice loads are given as
functions of the reference design ice load gg. It is important to be aware of the fact that gg
may vary from one span to another in a section of a line, due to local terrain effects, giving
non-uniform situations. The aim is to propose conventional loading conditions for the purpose
of calculating support loads which are typical for known occurrences of ice loading.

When computing loads on a support from conductors, the effects of the swing of the insulator
set, deflection or rotation of the support and/or foundations and the interaction with other
conductors shall be considered. Sometimes, simplifying assumptions or load cases can be
used if these result in conservative load cases.

Ice may ot accumulate or shed uniformly from adjacent spans. A non-uniform ice formation is
defined gs an ice load corresponding to the probability of an ice accretion on typically three
spans or[more on one side of the support, whilst on the other spans in the clause the ice is
reduced {o a certain percentage of that value.

NOTE Unpalanced ice loads due to unequal accretion or ice shedding will invariably;occur during icjng events.
Statistics of unbalanced ice loads are not usually available; however, the recommendations given in thjs standard
should be dufficient to simulate typical unbalanced ice loads that occur in such conditions.

6.3.6.3 Uniform ice formation — Maximum weight condition

The maximum uniform ice loading on the conductors is asSumed to occur, when the qonductor
ice loading is equivalent to the reference limit ice load\{gr). The overload per unit|length is
gr (N/m)] and the total conductor load per unit length = w+ gg (w is the unit Weight of
conductofs in N/m).

6.3.6.4 Non-uniform ice conditions on phase conductors and ground wires

Unequal lice accumulations or shedding in ‘adjacent spans will induce critical out-of-balance
longitudinal loads on the supports. xUnhbalanced ice loads can occur either dyring ice
accretionf, e.g. in-cloud icing with significant changes in elevation or exposure, or during ice
shedding|

Suggestdd configurations ©fisnon-uniform icing conditions are described in Table 10 for
support types shown in Figure 13.

a d
X y b e
c —4— f
a b c
IEC IEC
a) Single circuit support b) Double circuit support

Figure 13 — Typical support types

NOTE For multi-circuit lines, the number of phases subject to non-uniform ice can be different, but not less than
that given for double circuit lines.
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Table 10 — Non-uniform ice loading conditions

Longitudinal bending Transverse bending Torsional condition
Type of condition condition
supports
Left span Right span Left span Right span Left span Right span
Single circuit | xyabc XYABC xYabC xYabC XYabC XYABC
Double circuit | xabcdef XABCDEF XabcDEF XabcDEF XabcDEF XABCDEF

NOTE

In this table, the letters A, B, C, D, E, F, X, Y represent conductors and spans loaded with 0,7 gr, while

suggested

the letters a, b, c, d, e, f, x, y represent conductors and spans loaded with 0,4 x 0,7 gg. Factors 0,7 and 0,4 are

and other values can be used as substantiated by experience.

Where the exposure of the line to its surroundings changes from one span, to

unbalan

calculatigns of longitudinal loads on structures due to unbalanced ice loads, the fle
structures and insulator movement shall be taken into account to calculate the
longitudinal forces. Use of simplified assumptions is accepted as long as they

conserva
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Assuming that maximum loads are most likely to be related to combinations involving at least
one maximum value of a variable (either of wind speed, ice weight or ice shape), a simplified
method is proposed: a low probability-high value (index L) of a variable is combined with high
probability-low values (index H) of the other two variables, as is shown in Table 11. This
simplification is equivalent to associating one variable (e.g. ice load) having a return period T
with the average of yearly values of all the other variables related to this loading case, such
as wind during icing or the drag coefficient.
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Table 11 — Return period of combined ice and wind load

EC 2017

Reliability Return Return period of the variable having a low| Return period of remaining variables
level period T probability of occurrence (index L) (index H)
years
1 50 50 Average of yearly maximum values
2 150 150 Average of yearly maximum values
3 500 500 Average of yearly maximum values

The density of ice varies with the type of icing and it is recommended that low density ice be
combined with the high probability drag coefficient and vice-versa.
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the combination of a low probability drag coefficient (highest value of '€
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bwever,

bntly, two loading combinations will be considered in~this standard:

y (return period 7T) associated with the average of yearlymaximum winds du
, and low probability wind during icing (return period %) associated with thg
brly maximum icing. Details about these two loading cases are given in 6.4.7
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bus paragraphs. These should correspond,toithe return period T selected fi

n conductors. Such data may not.Usually be available and it is generally ac
from the yearly wind statistics.

Determination of ice load

main types, precipitation and in-cloud icing, require a separate determinati
ice load associated with wind.

almost no data“on combined wind and ice, it can be assumed that g = gg
If combined:wind and ice data are available, statistical methods can be
values for‘combined variables corresponding to the selected return period 7
pf yearlyymaximum winds.

if previous service experience or calculation confirmsy-that this
combinatjon can be critical, it should be considered for design purposes.
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Determination of coincident temperature

The default temperature to be considered for combined wind and ice conditions shall be -5 °C
for all types of icing, except for in-cloud icing where the temperature can be in the range of
—20 to -5 °C. In both above cases, the default value can be replaced by data, if available.

6.4.5
6.4.5.1

Determination of wind speed associated with icing conditions

Freezing rain (precipitation icing)

Wind velocities associated with icing episodes can be calculated from data, if available or,
when there is little or no data, from the following assumptions. In the latter case, the
reference wind speed is multiplied by a reduction factor B; as indicated below:

ViL=B;x VR (22)
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where B; = (0,60 to 0,85). This range of B; is assumed to correspond to the reference wind
speed (T = 50, 150 or 500 years) during icing persistence on conductors.

ViH = B; x VR (23)
where B; = (0,4 to 0,5). This range of B, is assumed to correspond to the average of yearly
maximum wind speed during icing persistence on the conductors.

The given range of values in the above formulas represents typical values of wind speed
during icing periods and takes into account the relative rarity of maximum wind speed during
icing periods.

When cofnbined data are available, the process described for wind or ice loading,can be used
to select fa value corresponding to a return period 7T for each of the expected types of|icing.

When wi|nd speed data is not strictly correlated with icing, one should determine the
associatgd maximum wind speed by using the yearly maximum wind speed record¢d during
freezing precipitation and the following period whilst the air temperatuné remains bglow 0 °C
(suggestéd maximum period 72 h).

6.4.5.2 Wet snow (precipitation icing)
Based on both local meteorological conditions and experience, the reduction in the wind
speed (¥g) can be determined in a similar manner to that described for freezing fain (see
6.4.5.1). |In the absence of specific experience or.data, it is suggested to use the same
reduction factors as for freezing rain.

6.4.5.3 Dry snow (precipitation icing)

In the abgence of any specific data for dry"snow, the same values stated for wet snoy may be
used.

6.4.5.4 Hard rime (in-cloud(icing)

In certainp areas, hill tops, for example, the maximum rime ice accretion on the cq

usually o

areas thg maximum ice ‘accretion usually occurs under relative low wind speeds.

Basic md
severe in

Ccurs with the maximum wind speed associated with in-cloud icing. However

teorological and terrain information should be used to evaluate the prob
-cloud-icing along the line route, and the corresponding data should be intrg

nductors
, in other

ability of
duced in

the calculations. Otherwise, the values given for freezing rain may be used.

6.4.6 Drag coefficients of ice-covered conductors

Wherever possible, drag coefficients for ice covered conductors should be based on actual
measured values. In the absence of this data, the effective drag coefficients and ice densities
are given in Table 12. In the absence of reliable field observations and data, the upper values
of ice densities in Table 12 shall be used.

Table 12 — Drag coefficients of ice-covered conductors

(Precipitation) (In-cloud) (In-cloud) (Precipitation)
Wet snow Soft rime Hard rime Glaze ice
Effective drag coefficient Cjy 1,0 1,2 1,1 1,0
Associated ice density & (kg/m3) 300 to 600 300 to 600 600 to 900 900
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The effective drag coefficient is a multiplying factor on the assumed cylindrical shape for the
specified ice volume (see Table 14). There is evidence to support the increase in the drag
coefficient for ice covered conductors for two reasons: the first due to the effect of the
equivalent diameter and the second due to the ice shape itself as opposed to the round and
smooth cylinder.

NOTE The uniform thickness of ice around the conductor corresponds to the minimum overall diameter, i.e. the
most compact projected area.

It is assumed that the value of Cj is the same for the ice coverings related to 7' = 50, 150, and
500 years.

Wind direction
>

IEC

Figure 14 — Equivalent cylindrical shape of’ice deposit

6.4.7 Determination of loads on supports
6.4.7.1 Unit action of the wind on the ice-covered conductors

With refdrence to 6.2.6, the characteristic valie (a) of the unit wind action on icg covered
conductors with the wind blowing horizontally®and perpendicular to the line is givgn by the
formula:

a=q0 Ci GC GL (24)
1 k22 1 k22 pa (N/m2
q0L = 5 MRV or 90H= 5 #™R"H a (N/m<)

dependent on the loading condition, and with appropriate C; = Cj_ (see Table C.4 in Annex C);

Gc is the combined wind factor of conductors as defined in 6.2.10.1;
G, is the span factor as defined in 6.2.10.1;

T is therdensity correction factor given in 6 2 9

6.4.7.2 Loads on supports

Two combined wind and ice loading conditions should be considered with their coincident
vertical loading.

The load (4;) in N due to the effect of the wind upon a wind span L, applied at the support and
blowing at an angle £ with the conductors, is given by the following expression, using g of
Formula (13).

NOTE 1 The wind span L of a support is equal to half the sum of the length of adjacent spans.
- in2
A= 4y C, G, G D Lsin“Q2

For the two recommended loading conditions, the wind force on ice-covered conductors shall
be:
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e Condition C1 (highest value of ice load to be combined with average of yearly maximum
wind speed during ice persistence):

A.1=qon Ciy G GL. D L sin20 (25)

With D = (d2 + 4g, /9,8275)%:5

e Condition C2 (highest value of wind speed during ice persistence to be combined with
average of yearly maximum ice load):

With Dy, = (d2 + 4g,4/9,827.5)0:5

NOTE 2 Ip Annex C, Table C.4, there is a third combination called C3 that is mentioned butythe |above two
conditions |were found, in general, to be most critical. Should the 3rd condition be required;\the jnformation
contained iph Annex C may be used.

In the above formulas, D\, Dy are diameters (m) of the equivalent cylindrical shapgs for the
types of iice being considered.

where
gL and gy is the ice load (N/m) corresponding respectively te. low and high probapilities of

occurrence;
o is the highest density for type of ice being considered (kg/m?3);
0 is the angle between wind direction and the.conductor.

Where slipport members are critical for lower canductor vertical loads at the supports, the
effect of| reduced vertical loads and the presence of aerodynamic lift forces should be
considered. It is suggested that the lift force per unit length is not likely to exceed 50 % of the
drag force per unit length of ice covered conductors.

6.5 Loads for construction and maintenance (safety loads)
6.5.1 General

Construction and maintenance operations are the occasions when failure of a line cqmponent
is most likely to cause injury or loss of life. These operations should be regulated to eliminate
unnecesgary and temporary loads which would otherwise demand expensive reinforging of all
supports| especially_iniice-free areas.

National |regulations and/or codes of practice generally provide minimum safety rjules and
requiremgntsiwith respect to public safety.

In addition, construction and maintenance loading cases will be established in this standard
as recommended hereafter. The system stress under these loadings shall not exceed the
damage limit, and the strength of the supports shall be verified either by testing (see
IEC 60652) or by reliable calculation methods.

6.5.2 Erection of supports

The strength of all lifting points and of all components shall be verified using a load factor y of
2,0 to be applied to the static loads produced by the proposed erection method. This factor
can be reduced to 1,5 if the operations are carefully controlled. As regard the strength factor
of components, the respective values in Tables 18 to 21 corresponding to damage limits of
components shall apply.
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6.5.3 Construction stringing and sagging
6.5.3.1 Conductor tensions

The tensions shall be calculated at the minimum temperature allowed for stringing and
sagging operations. It is recommended that in the calculation of loads on the structures,
conductor tensions of at least twice the sagging tensions be used for conductors being moved
and 1,5 times for all conductors in place.

6.5.3.2 Vertical loads

The extra load applied to the supports shall be calculated from the vertical exit angles of the
conductor, with the conductor tensions given in 6.5.3.1. The loading shall be applied to the
conductorattachmmerntpoints—or comductor strimgimgpoints i differemnt),amdstattconsider all
possible conductor stringing sequences in any combination of load and no load at thg several

support gdoints that represent the conductor stringing sequence.

6.5.3.3 Transverse loads

Angle supports shall be capable of resisting the transverse loads produced by the qonductor
tensions given in 6.5.3.1.

Although|light winds can occur during construction and maintenance, their effect is neglected
for these|calculations.

6.5.3.4 Longitudinal (and vertical) loads on temporary dead-end supports
a) Longitudinal loads

Supperts used as dead-ends during stringing and sagging shall be capable of|resisting
longitpdinal loads resulting from the sagging tensions given in 6.5.3.1 in any combination
of logd and no load at the several support points that represent the conductor|stringing
sequences.

b) Vertigal loads

If sug¢h supports are reinforced by temporary guys to obtain the required longitudinal
strenﬁth, these guys will increase the vertical loads at the attachment points anq shall be
adequately pre-stressed.if. attached to a rigid support. It will therefore be nec¢ssary to
checl the tension in(the guys and take account of the vertical loads appligd to the
attachment points.

NOTE Prg-stressing af/guys is required because of differences in deformation of guys versus latticek crossarm
when both pre subjected*to load.

6.5.3.5 Longitudinal loads on suspension supports

While th uunduut\.u ;D ;II thc Otl;lly;lly ohcavcc, [=} :uny;tud;lla: :uad cha” bc O}Jp:; d tO the
supports. This load is equal in value to the unit weight of the phase conductor, w (N/m),
multiplied by the difference in elevation of the low points of adjacent spans (m). This load
(in N) will be negligible and much less than the containment loads derived in 6.6.3 except for
unusual spans, where it shall be verified that the support can resist at least twice this load.

In operations such as conductor tie-downs, loads are applied at all conductor points and shall
be taken into account.

6.5.4 Maintenance loads

All conductor support points shall be able to resist at least twice the bare conductor vertical
loads at sagging tensions.
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Temporary lift or tension points, close to the normal attachment points of conductors and used
for maintenance or live line operations, shall also be able to resist at least twice the bare
conductor loads at sagging tensions.

A factor of 1,5 instead of 2 for the above loads can be used if the operations are carefully
controlled.

Those responsible for maintenance shall specify lifting arrangements which will not overstress
the support.

All structural members that may be required to support a lineman shall, by calculation, be able
to support a 1 500 N load, applied vertically at their midpoint, conventionally combined with
the stresgespresentdurimg Tmaimterance. T hese are usualty based o stittairattheminimum
temperathre assumed for maintenance operations.

6.6 Loads for failure containment (security requirements)
6.6.1 General

The objeftive of security measures is to minimize the probability of uncontrolled prqpagation
of failurep (cascades) which might otherwise extend well beyond the failed section, whatever
the extert of the initial failure.

The secUdrity measures detailed below provide for minimum,/security requirements ang a list of
options which may be used whenever higher security is_justified.

The loads prescribed in 6.6.3 provide conventignal lattice structures with the means of
minimizing the probability of cascade failures. These requirements are deriyed from
experieng¢e on conventional lattice structures;tbut should also be applicable to othen types of
structuref. Service experience using different types of structures or materials could glictate or
require djfferent or additional precautions that can be substituted to the above requirgments.

The system stress under these leads shall not exceed the failure limit of its components
described in 7.3.1.

6.6.2 Security requirements

Unless special limiting.devices are used, the loadings specified in 6.6.3 shall be cgnsidered
as minimum requirements applicable for most transmission lines.

In cases Wwhererincreased security is justified or required (for example on important lines, river
crossingg airlines subjected to significant ice loads), additional measures or loadinds can be

used acdarding to local practice and past experience A list of such measures appears in
6.6.3.3.

It is noted that the security requirements described in the following clauses may not be
effective in preventing cascading failures when a failure occurs in a long stretch of the line
already loaded near to, or above, its limit. In such cases, a large number of towers located in
this area may fail despite the presence of anti-cascading towers.

6.6.3 Security related loads — Torsional, longitudinal and additional security
measures

6.6.3.1 Torsional load

At any one ground wire or phase conductor attachment point the relevant, if any, residual
static load (RSL) resulting from the release of the tension of a whole phase conductor or of a
ground wire in an adjacent span shall be applied. This RSL shall be considered at sagging
temperatures without any wind or ice loads.
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The RSL for suspension structures shall be calculated for average spans and at sagging
tensions, allowance being made for the relaxation of the load resulting from any swing of the
insulator strings assemblies, deflection or rotation of the structure, foundations, articulated
crossarms or articulated supports, and the interaction with other phases conductors or wires

that may

influence this load.

The value of the RSL may be limited by special devices (slipping clamps, for example), in
which case the minimum security requirements should be adjusted accordingly.

Coincident bare conductor loads at sagging tensions shall be applied at all other attachments

points.

6.6.3.2
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Figure 15 — Simulated longitudinal conductor load
(case of a single circuit support)
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Table 13 — Additional security measures

Description of additional security measures Comment

Increase the RSL by a factor of 1,5 to 1,8 at any one Lines where higher security is justified. This

point requirement will increase the probability of a
suspension support to resist the dynamic load due to a
broken conductor

Increase the number of torsional/flexural load points to | This option may apply to double or multi-circuit lines

either two
residual st

phases or two ground wires where the
atic load (RSL) is applied

Calculate the RSL for tensions higher than the every

Advisable for angle supports or lines subjected to

day load by using wind or ice load corresponding to a 3 | severe climatic (icing) conditions

year return period in conjunction with this loading case

Insertion @f anti-cascading support at intervals, To be considered for important lines in icing dreas
typically ejvery tenth support. These supports shall be

designed for all broken conductors subjected to limit

ice and/or|wind loads
7 Strehgth of components and limit states

7.1 Ggneral
The purgose of this clause is to define limit states of linel components strengths gnd their

common

When su

statistical parameters.

pjected to increasing loads, line components may exhibit a permanent deformation at

some lodd level, particularly if the failure mode.iscductile. This level is called the damage or

serviceal]
occurs at

The tran
their dani

ility limit state. If the load is further increased, failure (or rupture) of the cd
a level called the failure or ultimatg fimit state.

age limit. It is considered jn-a damaged state if its components have excee

mponent

Emission line is considered intact when its components are used at stressgs below

ded their

damage |imit state, but without ex¢eeded any of the component’s failure limit. Finally the line
is considered to have failed if its’components have reached their failure limit. The graphical
interpretation is shown on Figure 16.
State of thle system Intact state Damage state Failure state
Strength limit of Damage Failure
componenits . .

limit Limit

(serviceability (ultimate

limit state) limit state)

IEC

Figure 16 — Diagram of limit states of line components

7.2 General formulas for the strength of components

7.2.1

With refe

General

rence to Formulas (5) and (6):

During design, each component shall satisfy load and strength requirements for reliability,
security and safety conditions. In practice, two sets of formulas (reliability and safety)
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determine the damage characteristic strength that components are required to meet, and a
third set of formulas (security) determines the failure characteristic strength that components
are required to meet. In these formulas, the reliability conditions are normally expected to be
the governing condition for the main components.

7.2.2  Values of strength factor @y

Whenever a number N of components are expected to be subjected to the same limit load Ot
during a single occurrence of a climatic event, the characteristic strength of individual
components shall be de-rated (multiplied) by a strength factor @y, This factor depends on N
and on characteristics of the strength distribution function (type and coefficient of variation vg)
of strength R.

In the aljsence of specific experience, the number N of supports subjected to the ||naximum
load intemsity during a single occurrence of climatic events can be derived from (Fablg 14.

Table 14 — Number of supports subjected to maximum load intensity
during any single occurrence of a climatic event

Loading Flat to rolling terrain Mountains
Maximum [gust wind 1(1to5) 1 (™o 2)
Maximum |ice 10 (5 to 50) 2 (1to 10)
Maximum | ice and wind 1(1to5) 1(1to5)
NOTE Values in brackets represent the typical range of supports.based on a span of 400 m.

The numper of components other than supperts can be directly derived from the number of
supports [thus selected.

Values of @y are given in Table 15 and are based on a normal distribution functign. In the
same table, the values within braCkets are based on the log-normal distribution |function.
Values derived from other distribution functions can be used if more representatiye of the
strength pf the component being designed.

In the case of high values-of vg and N (see the shaded cells with italic figures in Tlable 15),
the valug of @, is very Sensitive to the choice of the distribution function. Thus, engineering
judgemext and strength test results should be used in the selection of the appropriate
distributipn function® In Table 15 the values outside the shaded area are conservatively taken
from the |normal=distribution curve. Should the strength distribution curve be known, CIGRE
Technical Brechure 178 can be used to provide the specific values for the normaljand log-
normal distcibutions.

Practically, the lower value of @y can be considered equal to 0,70 for most cases of N and
COV of strength, while values from 0,95 to 1,0 can be used for weather events of limited
spatial extent.
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Table 15 — Strength factor @, related to the number N of components
or elements subjected to the critical load intensity

Coefficient of variation of strength v,

N 0,05 0,075 0,10 0,15 0,20 0,25 0,30

1 1,00 1,00 1,00 1,00 1,00 1,00 1,00

2 0,98 0,98 0,97 0,94 0,91 0,87 0,84

5 0,96 0,94 0,92 0,85 0,80 0,72 (0,83) 0,64 (0,80)
10 0,94 0,92 0,89 0,81 0,72 (0,82) 0,62 (0,77) 0,51 (0,73)
20 0,93 0,90 0,85 0,77 (0,83) 0,66 (0,77) 0,53 (0,73) 0,38 (0,68)
40 0,92 0,87 0,83 0.72 (0.80) 059 (0.74) 0.44 (0.69) 0,26 (0,64)
80 0,91 0,86 0,79 (0,84) 0,68 (0,77) 0,53 (0,71) 0,36 (0,65) 0,116 (0,60)
160 0,90 0,85 0,79 (0,83) 0,67 (0,76) 0,52 (0,69) 0,34 (0,62) 0,13 (0,57)

The use of the shaded cells with italic figures is explained in 7.2.2.

7.2.3 General basis for strength coordination

Transmigsion line components have different strength variations' and responses tg loading.
When supjected to given loads, failure of components in series could occur whengver load
exceeds ptrength in any component.

In order [o decide on an appropriate strength coordination, the following criteria copnstitute a
consensys within the overhead line industry:

a) The first component to fail should be chosen 'so as to introduce the least seconglary load
effec{ (dynamic or static) on other components in order to minimize the probability of a
propggation of failure (cascading effect):

b) Repajr time and costs following a failure should be kept to a minimum.

c) The first component to fail sheould ideally have a ratio of the damage limit to t:re failure
limit mear 1,0. It should be mentioned that it might be difficult to co-ordinate the sfrength of
compponents when the least reliable one has a very large strength variation.

d) A low cost component in series with a high cost component should be designeq to be at
least|as strong and reliable as the major component if the consequences of failure are as
sevelle as failure\of that major component. An exception of this criterion is| when a
component is_purposely designed to act as a load limiting device. In such a |case, its
strength has to)be well tuned with the component it is supposed to protect.

If line components such as suspension supports, tension supports, conductors, foundations
and insulpter’strings are analysed using the above criteria, it can be concluded that:

e conductors should not be the weakest component because of a), b) and c);
o fittings because of d);
e tension support because of a) and b);

e and foundations because of b) and c).

The logical consequence of the considerations above is that the suspension supports should
constitute the component with the lowest strength. When a line designed according to this rule
is subjected to climatic loads exceeding design values the suspension supports would fail
first. Despite the adoption of the above criteria there could be situations where conductors
could fail because of its wires being severed during the collapse of a lattice support.

The above strength coordination can be applied to most lines. However there will be some
situations where different criteria could be used and thus lead to another sequence of failure.


https://iecnorm.com/api/?name=307e1e9e1d9061fca658ba403cc11fc8

- 50 - IEC 60826:2017 © IEC 2017

For example, special river crossing supports could be designed stronger than the conductors.
In avalanche areas and/or in areas where construction of supports is very difficult, the
conductor may also be chosen as the weakest component, provided that supports in this area
are designed for the longitudinal forces resulting from the failure of the conductors. Otherwise
the failure of conductors would very probably lead to the failure of adjacent supports. If a line
section is made of dead-end towers capable of withstanding full tension of broken conductors,
it is also possible in those cases to design conductors weaker than towers.

7.2.4 Strength factor @g related to the coordination of strength

It is often cost-effective and a desirable feature to design some components to be more
reliable than others in order to minimize the consequences (i.e. repair time, secondary failure,
etc.) of a possible failure due to climatic event.

In order o achieve such strength coordination, a strength reduction factor @gs.is gpplied to
the strenpth of components R, chosen to be more reliable while a factor @g4'3,1,0 is applied
to the fifst component to fail. Factor &g, depends on the coefficient of\variation of both
components and is given in Table 16. It is based on a confidence of 99y% that the second
componelnt Ry will not fail before the first R4. Thus, 90 % is the confidence level on the target
sequenceg of failure.

v

Table 16 — Values of &g,

COV of R,
0,05 0,075 0,10 q,20
0,05t0 0,10 0,92 0,87 0,82 9,63
COV of| Ry
0,10 to 0,40 0,94 0,89 0,86 0,66
NOTE Injthis table, R, is the component designed meore reliable than R,.

Criteria fpr deciding on a preferred-strength coordination are discussed in CIGRE Technical
Brochure| 178, and a usually accepted strength coordination is given in Table 17. This table
provides |first for the strength. coordination between major components and, subsgpquently,
provides [for a subsequent coordination within the various elements of a major compopent.

Table 17°—Typical strength coordination of line components

Coordination within major

Major component *
components

Less reliable Afitst component likely | Suspension support Support, foundations, inteffaces
to fail whenilimit loads are
exceeded

Tension support Support, foundations, interfaces
More reliable with 90 % confidence Dead-end support Support, foundations, interfaces

(less likely to fail first when limits
loads are exceeded)

Conductors** Conductors, insulators, interfaces

*  Within each major component, the underlined component is the least reliable with 90 % confidence.

**  With the strength limits specified in Table 20, conductors are usually the most reliable component of the line.

7.2.5 Methods for calculating strength coordination factors &g

In order to develop strength coordination factors @g in the above Table 16 leading to the
target strength coordination, two methods were considered:


https://iecnorm.com/api/?name=307e1e9e1d9061fca658ba403cc11fc8

IEC 60826:2017 © |IEC 2017 -51 -

e Use of different exclusion limits: For the weakest component, use Ilimit loads in
conjunction with 10 % exclusion limit (as suggested in this approach). The next weakest
components will be designed with a lower exclusion limit (say 1 % to 2 %), corresponding
to the same limit loads.

o Design for a target confidence level in the strength coordination: Strength coordination
factors are established in such a way that the target strength coordination between two
components, as mentioned in Table 17, will be reached with a high level of confidence
(nearly 80 % to 90 %). However, due to the random nature of strength, it is theoretically
impossible to guarantee with 100 % confidence that the planned coordination of strength
will be met in all cases.

It is noted that strength coordination would be difficult and not cost efficient if a component
with a large strength variation is chosen as the first component to fail. For example. as seen
from Tabje 16, when vg4 = 0,20, the characteristic strength of the next strongest e¢omponents
would hgve to be selected such that it would meet the limit loads when multiplied |by about
0,7.

Similarly{ as seen from Table 16, it can be concluded that if suspension_supports (ustally vg =
0,05 to 10,10) are designed as the weakest components, the characteristic stilength of
foundatigns (vg is usually from 0,10 to 0,30) has to be multiplied by(a factor of 0,83 t¢ 0,93. In
this case| there is 90 % confidence that foundations will not fail before the supported ftower.

7.3 Data related to the calculation of components
7.3.1 | imit states for line components

Tables 18 to 21 specify damage limits and failure limits for line components with regard to the
system. In the absence of relevant data, these yalues constitute acceptable design limits. If
local data and national experience is available vit can be used to improve and comlplete the
tables.
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Table 18 — Damage and failure limits of supports
Supports
Tvoe Material Loading mode Damage limit Failure limit
yp or elements 9
Tension Yield (elastic) stress UItlmate (breaking)
tensile stress
All elements, Shear 90 % (elastic) shear stress Shear (breaking)
except guys stress
Lattice Compression Non-elastic deformation from //500 [ Collapse by instability
towers, self- (buckling) to /100
supporting L : = T "
or guyed owest value of: timate tengile stress
— yield stress (70 % to 75 % UTS)
Steel guys Tension — deformation corresponding to
5 % reduction in tower strength
— need to readjust tension
1 % non-elastic deformationlatithe | Local bucklifg in
top, or elastic deformation'that compression| or
Moments . . . .
impairs clearances ultimate tendile stress
Steel in tension
Compression Non elastic deformation from /500 [ Collapse by [nstability
(buckling) to //100
3 % non-élastic displacement at Ultimate tengile stress
Moments
Poles the top
Wood
Compression Non-elastic deformation from /500 | Collapse by |nstability
(buckling) t0°//100
Crack opening after release of Collapse of the pole
Permanent or loads, or 0,5 % non-elastic
Concrete non- permanent [ deformation (The width of crack
loads for concrete poles to be agreed
upon).
NOTE 1 [The deformation of compression elements is the maximum deflection from the line joining gnd points.
For elemepts subjected to moments, it is the displacement of the free end from the vertical.
NOTE 2 [is the free length of the element.
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Table 19 — Damage and failure limits of foundations

Foundations
Statically Damage limit Failure limit
Type Support type determinate
movement
v Need to readjust tension in
es
guys
Guyed
o .
No 5 % reduction in support Excessive out-of-plane
strength uplift movement (plane
Uplift 1° (degree) rotation of the formed by the other three
Yes suépo?t ) foundations) in the order of
ot v 5cmto 10 cm
AL A Differential vertical
No displacement equal to ¥/300 to
¥Y/500 with a maximum of 2 cm
Displacement corresponding to -
Yes a 5 % reduction in the support | Excessive out-of-plane
strength settflement (plane [formed by
Compress|on | All types theyother three foyindations)
Differential vertical (in the order of 5 ¢m to
No displacement equal to ¥/300 16 |10 cm)
¥Y/500 with a maximum of 2€m
Yes 2° (degree) rotation of the
support
Moments Poles - - Excessive rotatior} in the
(rotations Rotation correspanding to a order of 5° to 10°
No 10 % increase in¢the total
moment due o eccentricity

NOTE 1 [fakes into account the interaction between the support and its foundation.
NOTE 2 |A statically determinate movement is one that*does not induce internal efforts in the strycture. For
example the displacement of one foundation of a three-legged support is a statically determinate movement,
while the displacement of a four-legged support is a\statically indeterminate movement.

NOTE 3 [ is the horizontal distance between*foundations.

NOTE 4 PBome rigid foundations (e.g. pile)-may require lower limits.

Table 20 — Damage and failure limits of conductors and ground wires

Condugtors and ground‘wires Damage limit Failure limit

Lowest of:
— vibration limit*, or

— the infringement of critical
All types clearances defined by appropriate | |ltimate tensile-stress Hapture)

regulations, or

— 75 % of the characteristic
strength or rated tensile strength
(typical range in 70 % to 80 %)

A typical vibration limit is not to exceed a conductor parameter C (=H/w) = 2 000 m under initial unloaded
conditions for average temperature of the coldest month. (Refer to CIGRE Technical Brochure 273 for more
details).
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Table 21 — Damage and failure limit of interface components

IEC 2017

Type of interface components Damage limit Failure limit

Conductor

— dead-

— suspension fittings

joints
Unacceptable permanent

end and junction fittings deformation (including slippage)

Rupture

Insulators

(porcelain and glass) (glass only)

70 % strength rating or broken shed | Rupture of pin, cap, cement or shed

Composite insulators

Typically 70 % of rating particularly | Rupture
if loads are not transient

Fittings

Critical permanent deformation Rupture of fittings or shear of bolts

NOTE 1
because
becomes

NOTE 2
apart.

Normally, fittings are designed in a manner to reduce or eliminate wear. Should wear/be
f point-to-point contact, it should be considered in the design. In such a case, the\da
exceeding the excepted wear’.

The critical permanent deformation is defined as the state where the fittings eannot be eg

expected
nage limit

sily taken

7.3.2

For pract
statistica
density f

Strength data of line components

cal considerations, it is assumed that the normal density function is adequa

with brittle behaviour or subjected to stringent quality control.

This ass|
those ha

If no sp
standard
coefficier

If tests 4
u=1,28,

For addit

NOTE Th
derived fro

ing a low coefficient of variation.

bcific tests are available, the. characteristic strength R. will be found
5 R may be assumed to correspond to e = 10 %. Table 22 gives typical
t of variation vg to be used-as default value in the absence of relevant data.

re available, R = (10 %)R = (1 —u xvg) R; if R is assumed normally di
or given in Table23 for log-normal distribution function.

onal information, refer to Annex A.

b value_of- = 1,28 corresponds to a large number of samples. For fewer samples, diffe
In statistical properties of the normal distribution function can be used.

te for the

distribution of the strength of line componenisy*As indicated earlier, Idg-normal
inction can also be used to characterize strength variation, mainly for components

mption of normal density function is quitetrue for many line components, particularly

in ruling
strength

stributed,

ent values
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Table 22 - Default values for strength coefficients of variation (COV)

Component cov
Conductors and ground wires (strength usually limited by joints) 0,03
Fittings 0,05
Insulators 0,05
Steel poles 0,05
Concrete poles 0,15
Wood poles 0,20
Lattice towers 0,10
Grouted rpck anchors 0,10
Pile foundation 0,25
Foundatign with undercut or machine-compacted backfill 0,20
Foundatign with uncompacted backfill 0,30

Table 23 — u factors for log-normal distribution function for ¢ =10 %

cov u
0,05 1,26
0,10 1,24
0,20 1,19
0,30 1,14
0,40 1,08

7.3.3 Bupport design strength

Supports|shall be designed for acharacteristic strength R equal to:

S Support design loads

R.> (27)
DN Ps Pq Pc
Support design l6ads comprise the dead loads and external loads.
@y is selegted according to 7.2.2.
&g is derivedfromTeabte—H6—tis—egquato—+0-fthe—supportis—setectedas—theteast reliable

component. Note that it may be advisable to design tower parts such as crossarms and
ground wire peaks, with a sub-sequence of failure within the tower so that failure of these
parts will not cause failure of main tower body.

@q for lattice towers,Table 24 gives recommended values for @q, to take into account the
quality in calculation method, fabrication and erection. For other supports, coefficients @q
of the same order can be estimated by view of local conditions.

@c can be taken equal to 1,0, especially when the characteristic strength corresponds to a
10 % exclusion limit. If the exclusion limit varies greatly from 10 %, refer to CIGRE
Technical Brochure 178 for possible adjustments.
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Table 24 — Value of quality factor @q for lattice towers

Quality control @q
Very good quality control such as involving third party inspection 1,00
Good quality control 0,95
Average quality control 0,90

Supports subjected to full scale (type) tests shall withstand loads equivalent to R.. Tests shall
conform to the latest version of IEC 60652.

7.3.4 Foundation design strength

The maximum reactions on foundations are obtained from the design of supportsysuljjected to
the loadg defined in this standard using conventional methods of analysis -and appropriate
wind-weight span combinations, support legs and body extensions. The’ reactipns thus
obtained|are considered to be the design loads on foundations. Whep. foundation fests are
required,|these shall be performed in accordance with the latest versionyof IEC 61773.

The charpcteristic strength of foundations R, shall meet the following requirement:

Foundation design loads
DN Ps Pq D¢

c =

@, depends on the number of foundations subjected to maximum load intensity i a given
stofm event. For example, if N = 2, and €OV = 0,20, @ = 0,91 can be obtained from
Table 15.

@5 car| be obtained from Table 16, baséd on the expected strength COV. For default COV
valpes, refer to Table 22.

If characteristic strength R, is ‘derived from tests typical of actual line construction, then
@y|= 1. However, if foundation tests were carried out in a controlled environment not
typ|cal of line construction,“then it is suggested to consider @5 = 0,9.

@ car be taken equal t0:1,0, specially when the characteristic strength correspgnds to a
10 [% exclusion limit:This is usually the case when R is deducted from foundatjon tests.
In |case the exclusion limit varies greatly from 10 %, refer to CIGRE Technical
Brdchure 1784ar possible adjustments.

7.3.5 Conductor and ground wire design criteria

Conductgrs.and ground wires are designed for the highest tension resulting from all loading

liad tatha lina Thic tancion ~arrkncnAanAdc ta tha hinhact naint 1n tha conAan
cases apphediothetine—Thistension-cerrespondsto-thehigh estpointinthe span-

In this case, @ = @5 = &g = 1,0 and the maximum conductor tension shall not exceed R as
defined in Table 20.

When required, conductor tests shall comply with IEC 61089.

7.3.6 Insulator string design criteria

The calculation of the insulator strings is based on their relationship to the conductors to
which they are attached. These are dealt with in the same way as for the support/foundation
relationship. The critical design loading shall be derived from the maximum calculated
conductor loading to which the insulator strings are attached. For suspension strings, the
maximum loads are equal to the maximum resultant of the combined vertical, transverse and
longitudinal loads applied to the attachment point of the insulator string. In the case of tension
strings, it is equal to the maximum conductor tension.
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@y shall be derived in accordance withTable 15.

@3 = @g, = 0,90 for all insulator strings, for which the COV generally remains under 7 %
(see Table 16 and Table 21).
@z =1,0, and @q = 1,0 (unless poor quality material).

In addition to the above requirements, it is advisable, particularly for countries subjected to
ice loads, to select the characteristic strengths of dead-end insulators at least as high as the
characteristic strength R of attached conductors. Similarly, it is advisable to design the dead-
end fittings to withstand, at failure, about 10 % to 15 % more than the conductor characteristic
strength R.. When required, tests for fittings shall comply with EC 61284.
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Annex A
(informative)

Technical information —
Strength of line components

A.1 Calculation of characteristic strength

EC 2017

The characteristic strength is defined as the strength guaranteed with a given probability.

then the

If R is
characte

The valu
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istic strength R is given by formula:

R, = R (1 —ug vg)

e of vg depends on the type of material and the fabrication.practice (quality
ble factor u, depends on the distribution function of the strength of the cqg
he probability of exceeding the guaranteed strength, represented by the

acteristic strength of line components in most countries corresponds to an
bability of not being achieved) lower than 10.% and usually in the order
uming a characteristic strength with a ‘higher exclusion limit would p
t number of under-strength componentsand a very low exclusion limit mé
Ctive, specially for components withihigh vg. Thus, values from 2 %

thus vary between 1,60 and 2,10.

ple, in order to guarantee.a minimum yield point of 300 MPa for a given
anufacturer, knowing that'the coefficient of variation is 0,05, will generally g
ch has an mean strength)of 300 / (1 — 2,10 x 0,05) = 340 MPa. The probabi
he minimum strength (or the characteristic strength) is quite low and is in
he same approachiapplies to insulators where it was found from compiled
the characteristie’strength corresponds to a very low exclusion limit (appr

ently, the exclusion limit of 10 % used in the reliability Formula (2) can be |
cteristic'value by means of:

(A1)

control).
mponent
bxclusion

pxclusion
pf 2 % to
oduce a
y not be

to 5%

nd to a practical economic balance. If;a normal distribution is assumed for stfrength R,

grade of
roduce a
ity of not
he order
strength
bximately

elated to

or

— (1-12 R
(10%)R = (1-128vg )R _(1-128vg )R,
1-ugvRr

(10 %)R = @, R,

(A.2)

(A.3)

If the value of ug is not known, it can be estimated according to Table A.1 which is based on
the frequency of rejects calculated from the normal distribution.
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Table A.1 — Values of u, associated to exclusion limits

Estimated frequency of rejects
Frequent Some Rare
Exclusion limit e About 10 % 2%to5% <2%
ug 1,28 1,6 2,1

@, is a correction factor that can be applied to the characteristic strength R if there is enough

evidence or data to warrant that the exclusion limit of R is different from 10 %.

@y =(1-1,28 vg) / (1 - ug vg)

(A.4)

In typicall cases, @, can be considered equal to 1,0 which should normally lead.to a gatisfying

design rdliability.
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Annex B
(informative)

Formulas of curves and figures

B.1 General

The formulas provided hereinafter describe the curves in various figures of the standard.
Many of the curves in this standard were originally developed in previous IEC/TC11
documents based on a combination of theoretical studies and experimental results that were
fine tuned according to experience.

B.2 Formula for G, - Figure 4

G. =0,291 4 x In(z) + 1,046 8 (terrain type A)
G, = 0,313 3 x In(z) + 0,976 2 (terrain type B)
G, = 0,493 6 x In(z) + 0,912 4 (terrain type C)

G. = 0,615 3 x In(z) + 0,814 4 (terrain type D)

C

All aboveg formulas apply to z> 10 m. In case z < %0/ the value of G, remains congtant and
equal to the value for z = 10 m.

B.3 Formula for G — Figure 5

G =4 x 10-10%x 13-5%x 10" x L2-40~4 x L + 1,040 3
If L <200 m, G, =1

B.4 Formula for Gy= Figure 6

G, =-0,000 2 x z25/0,023 2 x z + 1,466 1 (terrain type A)

G; = -0,000,2 x %2+ 0,027 4 x z + 1,682 0 (terrain type B)

G, =-0,000 2 x z2 + 0,029 8 x z + 2,274 4 (terrain type C)
G; =-0,000 2 x z2 + 0,038 4 x z + 2,928 4 (terrain type D)

All above formulas apply to z> 10 m. In case z < 10, the value of G; remains constant and
equal to the value for z = 10 m.

B.5 Formula for C,; - Figure 8 (flat-sided members)

Cyt12=4.1727 x 2~ 6,168 1 x y + 4,008 8
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B.6 Formula for C,; — Figure 9 (round-sided members)

Cyp12= 0,229 3 x 3 +2,709 1 x 423,132 3 x 7+ 2,200 2

B.7 Formulas for C,,. — Figure 10
Cytc = 1,2 when Re < 3 x 105
Cytc = 0,75 when Re > 4,5 x 105

Cye = —1.109 8 x In(Re) + 15,197, when 3 x 10% < Re < 4.5 x 10°

xtc
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Annex C
(informative)

Atmospheric icing

C.1 General

Atmospheric icing is a general term for a number of processes where water in various forms in
the atmosphere freezes and adheres to objects exposed to the air. Generally, there are two

types of i

. precipiiaiiuu ibillg, amd

e in-clo

A third p
called “h

Precipita

e freezing rain,

e wets

e dry smpow accretion.

cing which are named according to the main processes:

ud icing.

bar frost”, does not lead to significant loadings and is not considered further.

ion icing occurs in several forms, among which the most important are

how accretion, and

ocess, where water vapour is transformed directly into the ice phase“and forms so-

C.2 Precipitation icing

Cc.21 Freezing rain

When ra|ndrops or drizzle fall through a\layer of cold air (sub-freezing temperatyres), the
water dr@plets become supercooled. Therefore, they are still in a liquid water phasp and do
not freezp before they hit the ground-or any object in their path. The resulting accrgtion is a
clear, solid ice called glaze, oftenwith icicles. This accretion is very hard and strong, and
therefore| difficult to remove. Thé.density is 800 kg/m3 to 900 kg/m3, depending on the content
of air bulbles.

Freezing|rain occurs moestly on wide plains or basins where relatively deep layers of cold air
accumulgte during spells of cold weather. When a low pressure system with a warm front with
rain pengtrates thésarea, the cold (and heavier) air may remain near the ground fand thus
favour th} formation of glaze (temperature inversion). Such a situation may persist| until the
upper winds have managed to mix the cold surface layer of air with the warmer air algft.

A similartsitaation ray-occut in-the uvcl:appilly zonres—ofcotd—atr—and—warm—ait oyot.,ms. The

warmer air, often with precipitation, is lifted over the colder air and forms a frontal zone where
precipitation is enhanced.

Usually there are only moderate winds during freezing rain events. Hence the amount of

accreted

C.2.2

ice depends on the precipitation rate and duration.

Wet show

Normally, the temperature increases as snow flakes fall through the atmosphere. If the air
temperature near the ground is above freezing, the snow flakes start to melt when passing the
0 °C isotherm and the flakes contain a mixture of ice and water (at 0 °C) until they eventually
melt totally into raindrops if the warm layer is deep enough. As long as they are only partly
melted they will adhere to objects in the airflow.
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The density may vary widely (100 kg/m3 to 800 kg/m3), but mostly from about 400 kg/m3 to
600 kg/m3. The density and intensity of accreted wet snow depends on the precipitation rate,
wind speed and temperature. If the temperature drops below 0 °C after the accretion, the
layer will freeze into a hard and dense layer with strong adhesion to the object.

Wet snow may also freeze on objects in colder air near the ground as in the case of freezing
rain.

NOTE The density of wet snow accretion (type of precipitation icing) usually increases with wind speed, thus
resulting in a smaller area exposed to wind pressure. In such case, it is possible that the resulting forces on the
cables subjected to increased wind speed (height variation of Figure 12) may be less critical than at lower wind
speed at 10 m reference height.

C.3 Dfyice

The ice drowth is said to be dry when the available heat transfer rate away from“the|object is
greater than the release of the latent heat of fusion. The density of the accretion is g function
of the fluk of water to the surface and the temperature of the layer. The resulting acqreted ice
is called poft or hard rime according to the density. A typical density for'soft rime is 300 kg/m3

and 700 kg/m3 for hard rime.

C.4 In-cloud icing

In-cloud |icing is a process whereby supercooled wat€r droplets in a cloud or fof, freeze
immediately upon impact on objects in the air flow, g:g. overhead lines in mountaips above
the cloud| base.

The ice growth is said to be dry when the transfer of potential transfer of heat away|from the
object is|greater than the release of the Jatent heat of fusion. The resulting accrefed ice is
called soft or hard rime according to its dénsity which is typically 300 kg/m3 for soft|rime and
700 kg/mP for hard rime.

The ice drowth is said to be wet when the heat transfer rate is less than the rate of Igtent heat
release. [Then the growth takes“place at the melting point, resulting in a water film on the
surface. The accreted ice is_alled glaze with a density of approximately 900 kg/m3.

The icing| rate varies mainly as a result of the following:

e liquid|water content of the air;
e median volume droplet size of the spectrum;

e wind §peed;

e temperature;
e dimensions of the iced object.

At temperatures below —10 °C, the water content of the air becomes smaller and less icing
occurs. However, 8 kg/m was recorded in Switzerland with a temperature below —20 °C and
strong winds.

Under the same conditions, the ice accretion rate will be greater for a small object than for a
large one. Thus, heavy ice loadings are relatively more important for conductors than solid
supports.

It should be noted that the heaviest in-cloud icing for specific locations, e.g. coastal
mountains is usually due to a combination of wet-snow and hard rime.
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C.5 Physical properties of ice

The physical properties of atmospheric ice may vary within rather wide limits. Typical
properties are listed in Table C.1.

Table C.1 — Physical properties of ice

Density Appearance
Type of ice Adhesion Cohesion
kg/m? Colour Shape
Glaze ice 700 to 900 Strong Transparent Cylindrical icicles Strong
Wet snow 300 to 700 Medium White Cylindrical Medium to strong
Hard rime 700 to 900 Strong Opaque to Eccentric pennants | Very strong
transparent into wind
Soft rime 200 to 600 Medium White Eccentric pennants | Low,to mgdium
into wind

C.6 Meteorological parameters controlling ice accretion
Table C.2 gives typical values of parameters that control the,ice)accretion.

Table C.2 — Meteorological parameters controlling ice accretion

Air temperature Mean wind
T . speed . Liquid water Typidal storm
ype of ice t v Droplet size content dukation
¢ m/s
Glaze ice -10<¢t <0 Any Large Medium Hours
Wet snow 0<r<3 Any Flakes Very high Hours
Hard rime -10<t <1 10.<W Medium Medium to high Days
Soft rime -20<t <1 K< 10 Small Low Days

The trangition between soft rime, hard rime and glaze for in-cloud icing is mainly a fynction of
air tempgrature and«wind speed as shown in Figure C.1. However, the curves in Fl|gure C.1
shift to tHe right with-increasing liquid water content and with decreasing object size.
Types of in-cloud icing t
30

25

Glaze
20

Wind spepd (m/s)

Hard rime
15

10

Soft rime

-25 -20 -15 -10 -5 0

Air temperature (°C) IEC

Figure C.1 — Type of accreted in-cloud icing as a function
of wind speed and temperature
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C.7 Terrain influences

C.71 In-cloud icing

The regional and local topography (large and medium scale) modifies the vertical motions of
the atmosphere and hence the cloud structure and icing. Coastal mountains along the
windward side of the continents act to force moist air upwards, leading to a cooling of the air
with condensation of water vapour and droplet growth, eventually with precipitation. The most
severe in-cloud icing occurs above the condensation level and the freezing level on freely
exposed heights, where mountain valleys force moist air through passes and thus both lift the
air and strengthen the wind.

On the | eating of
the air gnd evaporation of droplets, eventually with a total dissolution of clouds} A local
shelter df hills not more than 50 m higher on the windward side may give~a slignificant
reduction in ice loadings. For this reason, routes in high mountains may very|well be suited
for overhgead lines, provided they are sheltered against icing wind directions;

C.7.2 Precipitation icing

In genenal, precipitation icing may occur at any altitude. However, the probability of
precipitafion icing is generally greater in the valley basin thaf half way up the valley sides
because jof higher occurrence of cold air. Both freezing rainand wet snow may occur on large
plains.

The greatest amounts of wet snow may be formed, where the transverse wind component is
stronges{. Hence, an overhead line along a valley, has fewer accretions than a line|crossing
the valley.

However| smooth hills or mountains transvérse to the wind may cause the wind to s{rengthen
on the leeward side, especially if there aré*no obstacles to such a flow on this side. ombined
with wet|snow, such hillsides may have significant failure probabilities for high ice loads
combined with high wind velocities.

C.8 Guidelines for the implementation of an ice observation program

At the current time of wrifing, there seems to be practically no indirect way of getting proper
data for [design, altheugh significant efforts have been made to develop models lbased on
meteorolpgical dataiand the collection of general experience from the areas of interept. As for
any othefr type-of/structure depending on extreme values of wind speed, snow |[depth or
temperatlre,the transmission line designer needs data and measurements of the magst critical
design parameters. Therefore, a program for collecting field data is strongly reconjmended,
both from-exdstirg-everheadtines—andfrom—-espescia desigred-devices-

Field ice data can be obtained by the following means:

a) Direct measurements of icing thickness or weight of samples taken from structures and
line conductors. Ice samples fallen on the ground can be used, if consideration is given to
the shape of initial ice accretion on conductors and to the fact that fallen pieces may
represent only a fraction of the ice coating on the conductor.

b) Measurement on devices that simulate ice accretion on conductors. Devices currently
used in some countries consist of simple tubes, rods or cable assemblies, 2 m to 5m
above ground level in order to facilitate measurement.

c) Estimation of icing using conductor tension or the vertical component of weight at the
attachment point at the support.

d) Estimation of icing using the conductor sag.
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