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International Standard.

FOREWORD

nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization co
htional electrotechnical committees (IEC National Committees). The object of IEC is to promote inte
beration on all questions concerning standardization in the electrical and electronic fields. To this
dition to other activities, IEC publishes International Standards, Technical Specifications, Technical
cly Available Specifications (PAS) and Guides (hereafter referred to as ‘IE€" Publication(s)'
Bration is entrusted to technical committees; any IEC National Committee interested in the subject d
participate in this preparatory work. International, governmental and non-goyernmental organization
the IEC also participate in this preparation. IEC collaborates closely with-the’ International Organiz
dardization (ISO) in accordance with conditions determined by agreement.between the two organiz

ormal decisions or agreements of IEC on technical matters express, as nearly as possible, an inte
ensus of opinion on the relevant subjects since each technical¢committee has representation
ested IEC National Committees.

Publications have the form of recommendations for international use and are accepted by IEC
mittees in that sense. While all reasonable efforts are_made to ensure that the technical conten
cations is accurate, IEC cannot be held responsible\for the way in which they are used or
terpretation by any end user.

der to promote international uniformity, IEC National Committees undertake to apply IEC Pub
parently to the maximum extent possible in theirnational and regional publications. Any divergence
EC Publication and the corresponding nationalor regional publication shall be clearly indicated in tH

tself does not provide any attestation of‘\conformity. Independent certification bodies provide cqg
ssment services and, in some areasgaccess to IEC marks of conformity. IEC is not responsible]
ces carried out by independent certification bodies.

sers should ensure that they have jthe latest edition of this publication.

ability shall attach to IEC or_ its directors, employees, servants or agents including individual exp
bers of its technical committees and IEC National Committees for any personal injury, property da|

damage of any nature 'whatsoever, whether direct or indirect, or for costs (including legal fg
nses arising out off the publication, use of, or reliance upon, this IEC Publication or any of
cations.

tion is drawn.tothe Normative references cited in this publication. Use of the referenced public
bensable for the correct application of this publication.

tion is drawn to the possibility that some of the elements of this IEC Publication may be the subject
5. IEC.shall not be held responsible for identifying any or all such patent rights.
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28742-1 has been prepared by IEC technical committee 20: Electric cables. |

This third edition cancels and replaces the second edition published in 2015. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) thorough redefinition of symbols used across the IEC 60287 and IEC 60853 series to realign
and unify definitions, eliminate inconsistencies and to improve cross-use of the different
parts of both IEC 60287 and IEC 60853 series;

b) improvement in the identification of tabulated materials and introduction of new materials in

the

tables;
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c) introduction of generic annular layers to improve thermal modelling of existing and future
cables designs;

d) improved calculation of 7, in the case of directly buried cables;

e) introduction of corrective factors, on relevant calculated physical characteristics to take into
account the effect of multicore lay-lengths; a dedicated annex to highlight correction factors

for

different number of cores has been introduced (Annex A);

f) improved description and formulation for the case of cables in pipe and backfill;

g) redefinition of the calculation method of T, for duct banks where y/x > 3, the new table based

method eliminates errors, extends the usability of the new formulation while keeping a
suitable conservative margin in the calculation.

The te

Full information on the voting for its approval can be found in the report on voting indic

the ab

The la

This d

accordance with ISO/IEC Directives, Part 1 and ISOAEC Directives, IEC Supplement, aV

at ww

describbed in greater detail at www.iec.ch/publicatjons.

A list ¢f all parts in the IEC 60287 series,-published under the general title Electric ca

Calcul

The cdmmittee has decided that the contents of this document will remain unchanged u

stabilit
specifi

e recpnfirmed,

o Wit

e replaced by a~evised edition, or

e am

t of this International Standard is based on the following documents:
Draft Report on voting
20/2099/FDIS 20/2106/RVD

bve table.
hguage used for the development of this International Standard is English.

bcument was drafted in accordance with ISO/IEC_Directives, Part 2, and develd

v.iec.ch/members_experts/refdocs. The main*document types developed by IH

htion of the current rating, can be found on the IEC website.

y date indicated on the \EC website under webstore.iec.ch in the data related
c document. At this date, the document will be

ndrawn,

ended.

ated in

ped in
ailable
FC are

bles —

ntil the
to the
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INTRODUCTION

The IEC 60287 series has been divided into three parts so that revisions of, and additions to

the do

cument can be carried out more conveniently.

Each part is subdivided into subparts which are published as separate standards.

Part 1:
Part 2:
Part 3:

This p
cables

The fo

Formulae of ratings and power losses;
Formulae for thermal resistance;

Operating conditions.

and the external thermal resistance for cables laid in free air, ducts and buried:

brt of IEC 60287-2 contains methods for calculating the internal thermal resistgnce of

'mulae in this document contain quantities which vary with cable design+and mIteriaIs
used. The values given in the tables are either internationally agreed, for example, el

ctrical

resistiyities and resistance temperature coefficients, or are those which are\generally accepted

in pra
consid
docum

the m
declar

Quanti
countr

ent. However, where it is known with certainty that other values are more approp
terials and design, then these may be used, and ‘the corresponding current
d in addition, provided that the different values are‘quoted.

to another. For instance, with respect to~the ambient temperature and soil t

ctice, for example, thermal resistivities and permittivities of -materials. In thigq latter
category, some of the values given are not characteristic of the quality of new cables

but are

ered to apply to cables after a long period of use. In order that uniform and comparable
results| can be obtained, the current ratings should be calculatéd, with the values given

in this
riate to
rating

lies related to the operating conditions of cables are liable to vary considerably from one

hermal

resistiyity, the values are governed in various:cauntries by different considerations. Supjerficial

compa
conclu

expect

values
case o
conten

The fo

Numer|

results|

calculd
of such

sions if they are not based on camimon criteria: for example, there can be d

soil thermal resistivity, it is\well known that this quantity is very sensitive to soil m

cal valuesishould preferably be based on results of suitable measurements. Oft
are already included in national specifications as recommended values, so t
tion(may be based on these values generally used in the country in question; a
values is given in [IEC 60287-3-1.

rFisons between the values used in the various countries can lead to errgneous

fferent

ptions for the life of the cables,~and in some countries design is based on maximum
of soil thermal resistivity, whereas in others average values are used. Particularly, in the

pisture

t and can vary significantly-with time, depending on the soil type, the topographi¢al and
meteorological conditions, and.the cable loading.

lowing proceduré for choosing the values for the various parameters should, therefore,
be adgpted:

n such
at the
survey

A suggested list of the information required to select the appropriate type of cable is given in
IEC 60287-3-1.
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ELECTRIC CABLES -
CALCULATION OF THE CURRENT RATING -

Part 2-1: Thermal resistance —
Calculation of thermal resistance

1 Scope

This pellrt of IEC 60287 is solely applicable to the conditions of steady-state operation, of

atall a
in trou
in air.
factor)
surrou

jhs or in steel pipes, both with and without partial drying-out of the soil, as‘wéll as
The term "steady state" is intended to mean a continuous constant current (100
just sufficient to produce asymptotically the maximum conductor, temperatu
nding ambient conditions being assumed constant.

This document provides formulae for thermal resistance.

The fo

fmulae given are essentially literal and designedly leavé open the selection of

important parameters. These can be divided into three groups"

— parnameters related to construction of a cable (for €xample, thermal resistivity of ins

ma

—  pan
wh

ch depends on the country in which thecables are used or will be used;

— panameters which result from an agreement between manufacturer and user and

inv

Equati
buried
conditi
resista
for cal

blve a margin for security of servigcé&(for example, maximum conductor temperatu

bns. Where analytical ,méethods are not available for calculation of external t
hce finite element methods can be used. Guidance on the use of finite element m
ulating cable current.ratings is given in [IEC TR 62095.

2 Nogrmative referéences

The fol
constit
For u

amendments) applies

cables

ternating voltages, and direct voltages up to 5 kV, buried directly in the ground; inf ducts,

cables
P load
e, the

certain

ulating

erial) for which representative values have béen selected based on published wgrk;

ameters related to the surrounding conditions which can vary widely, the seleqtion of

which
re).

bns given in this document fer’calculating the external thermal resistance of g cable
directly in the ground or-in a buried duct are for a limited number of installation

hermal
ethods

lowing-documents are referred to in the text in such a way that some or all of their gontent
utes-requirements of this document. For dated references, only the edition cited applies.
dated references, the latest edition of the referenced document (including any

IEC 60287-1-1:2023, Electric cables — Calculation of the current rating — Part 1-1: Current rating
equations (100 % load factor) and calculation of losses — General

IEC 60853-2, Calculation of the cyclic and emergency current rating of cables — Part 2: Cyclic
rating of cables greater than 18/30 (36) kV and emergency ratings for cables of all voltages
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3 Terms, definitions and symbols

3.1

Terms and definitions

No terms and definitions are listed in this document.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e |ISO Online browsing platform: available at https://www.iso.org/obp

3.2 Bymbols
The symbols used in this document and the quantities which they represent are|given
followipg list:
Ci factor to take into account the position of the neutral axis of the/helically
wound cores
Cit screening factor for the thermal resistance of screened cables
CLL length correction factor for considering laying up of cores
D! external diameter of armour mm
a
Dy internal diameter of duct mm
Dy external diameter of cable, or equivalentdiameter of a group of cores in mm
pipe-type cable
D; external diameter of cable (used in\4:2.1) m
D, external diameter of duct mm
Dy external diameter of metal sheath mm
Dy diameter of the imaginary coaxial cylinder which just touches the crests mm
of a corrugated sheath
Doy diameter of thetimaginary coaxial cylinder which would just touch the mm
outside surface.of the troughs of a corrugated sheath = D;; + 21
D;. diameter«.0f ‘the imaginary cylinder which would just touch the inside mm
surfaceof the crests of a corrugated sheath = D — 21
Dy diameter of the imaginary cylinder which just touches the inside surface mm
of.the troughs of a corrugated sheath
D, the-irnerdiameterofany-genericanhularconcentric-cable-elementlayer—mm
E constant used for the heat dissipation in air coefficient in 4.2.1.1
Eg intensity of solar radiation W/m?2
Fy coefficient for belted cables defined in 4.1.2.2.3
Fy coefficient for belted cables defined in 4.1.2.2.6
G geometric factor for belted cables
G geometric factor for SL and SA type cables
Ky coefficient used in 4.2.1
L depth of laying, to cable axis or centre of trefoil mm
Lg distance from the soil surface to the centre of a duct bank mm

in the
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https://www.iso.org/obp
https://iecnorm.com/api/?name=675fe80a380b3d05bf68f741ac93c0aa

IEC 60287-2-1:2023 © |EC 2023 -9-

I axial cable length over which the cores make one full helical turn (m)

N number of loaded cables in a duct bank (see 4.2.7)

Py part of the perimeter of the cable trough which is effective for heat m
dissipation (see 4.2.5.2)

T, thermal resistance per core between conductor and sheath K- m/W

T, thermal resistance between sheath and armour K- m/W

Ty thermal resistance of external serving K- m/W

Ty thermal resistance of surrounding medium (ratio of cable surface Keam/W
temperature rise above ambient to the losses per unit length)

T; external thermal resistance in free air, adjusted for solar radiation K- m/W

T; thermal resistance between cable and duct (or pipe) K- m/W

4 thermal resistance of the duct (or pipe) K- m/W

iy thermal resistance of the medium surrounding the duct (or‘pipe) K- m/W

U constant used in 4.2.6.3

14 constant used in 4.2.6.3

Wy dielectric losses per unit length per phase W/m

Wy losses dissipated by cable k W/im

Wtot| total power dissipated in the trough per unit length W/m

Y coefficient used in 4.2.6.3

VA coefficient used in 4.2.1.1

Cq coefficient used in 4.2.1.1

dg external diameter of belftinsulation mm

de external diameter oflconductor mm

dem minor diameter efian oval conductor mm

dem major diameterof an oval conductor mm

dm major diameter of screen or sheath of an oval conductor mm

dm miner.diameter of screen or sheath of an oval conductor mm

dy diameter of an equivalent circular conductor having the same cross- mm
sectional area and degree of compactness as the shaped one

h heat dissipation coefficient W/mZ2K5/4

hy height of the duct bank or backfill mm

In natural logarithm (logarithm to base e)

n number of conductors in a cable

74 circumscribing radius of two- or three-sector shaped conductors mm

Sq axial separation of two adjacent cables in a horizontal group of three, not mm
touching

t insulation thickness between conductors mm

1 insulation thickness between conductors and sheath mm

ty thickness of the bedding mm
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thickness of the serving mm
thickness of core insulation, including screening tapes plus half the mm
thickness of any non-metallic tapes over the laid-up cores

thickness of any generic annular concentric cable element layer mm
thickness of the sheath mm
symbol used throughout the document e.g. in 4.2

symbol used throughout the document e.g. in 4.2.6.5

width of the duct bank or backfill mm
mean temperature of medium between a cable and duct or pipe °C
permissible temperature rise of conductor above ambient temperature K

factor to account for dielectric loss for calculating T, for cables in freeair K

factor to account for both dielectric loss and direct solar radiation, for
calculating Ti for cables in free air using Figure 10

difference between the mean temperature of air in a duct.and ambient K
temperature

difference between the surface temperature of a cable'in air and ambient K
temperature

temperature rise of the air in a cable trough K

ratio of the total losses in metallic sheaths.to the total conductor losses

(or losses in one sheath to the losses in“one conductor)

loss factor for the middle cable

loss factor for the outer cable-with the|Three cables in flat formation

greater losses without transposition, with

loss factor for the outer cable with the sheaths bonded at both ends

least losses

ratio of the total losses'in armour to the total conductor losses (or losses

in one armour to the losses in one conductor)

thermal resistivity of the soil K- m/W
thermal resistivity of the insulation K- m/W
thermalsesistivity of the filler material K- m/W
thermal resistivity of earth surrounding a duct bank K- m/W
thermal resistivity of concrete used for a duct bank K- m/W
thermal resistivity of metallic screens on multicore cables K- m/W
thermal resistivity of material K- m/W

absorption coefficient of solar radiation for the cable surface
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4 Calculation of thermal resistances

4.1 Thermal resistance of the constituent parts of a cable, 7,, T, and T,

411

General

Clause 4 gives the formulae for calculating the thermal resistances per unit length of the
different parts of the cable 7y, T, and T3 (see IEC 60287-1-1:2023, Clause 4). The thermal

resistivities of materials used for insulation and for protective coverings are given in Table 1.

Subject to agreement between the manufacturer and user, measured values of the thermal

resistiy

Where
be par
paper

shall bp modified accordingly.

4.1.2

4.1.21

The thermal resistance between one conductor and the sheath T, is given by:

where

i

In casd
where

formul@tion of 4:1.3 should be used for each separate layer.

NOTE

is the thermal resistivity of insulation/(K - m/W);
is the diameter of the conductef{mm);

is the thickness of insulation/between the conductor and sheath (mm);

L. . c . . 4 .
tresTmay beused-bothfortabutatedor mew materats:

screening layers are present, for thermal calculations, metallic tapes are consid
of the conductor or sheath while semi-conducting layers (including metallized
apes) are considered as part of the insulation. The appropriate component dime

Thermal resistance between one conductor and sheath 7

Single-core cables

2
I =21n 14288 1
277.' dc CLL

5 the length correction-factor for considering laying up cores. A proposal for its calc
5 given in Annex At

the conductor screen and the insulation screen are to be considered separatsg

FFopcorrugated sheaths, ¢, is based on the mean internal diameter of the sheath which is given by:

ered to
carbon
nsions

ulation

more detailed‘evaluation of T, is preferred, for concentric annular layers as in the case

ly, the

4.1.2.2
4.1.2.2

Dit JrDoc —¢
2 s

Belted cables

1 General

The thermal resistance T between one conductor and sheath is given by:

T1:ﬂG
2r
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where

G is the geometric factor.

NOTE For corrugated sheaths, ¢, is based on the mean internal diameter of the sheath which is given by:

Dit JrDoc _t
2 s

4.1.2.2.2 Two-core belted cables with circular conductors

The geometric factor G is given in Figure 2.

4.1.2.2.3 Two-core belted cables with sector-shaped conductors

G=2F1In[ 9 j
2}”1

The ggometric factor G is given by:

where
O - T
27 (dy +1)—t
d, is the external diameter of the belt insulation {mm);

rq1 is the radius of the circle circumscribing the'conductors (mm);

« isthe diameter of a circular conductorhaving the same cross-sectional area and degree of
compaction as the shaped one (mm);

t is the insulation thickness betwéen conductors (mm).
4.1.2.2.4 Three-core belted.cables with circular conductors

For three-core belted cablés with circular conductors

0,671

7 =2LG+0,031(p;—p)e (1)
T

where
pi is the thermal resistivity of the insulation (K - m/W);

ps is the thermal resistivity of the filler material (K - m/W).

The geometric factor G is given in Figure 3.

For paper-insulated cables p; = p; and, hence, the second term on the right hand side of
Equation (1) can be ignored.

For cables with extruded insulation, the thermal resistivity of the filler material is likely to be
between 6 K- m/W and 13 K- m/W, depending on the filler material and its compaction. A value
of 10 K- m/W is suggested for fibrous polypropylene fillers.
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The above Equation (1) is applicable to cables with extruded insulation where each core has
an individual screen of spaced wires and to cables with a common metallic screen over all three
cores. For unarmoured cables of this design ¢, is taken to be the thickness of the material

between the conductors and outer covering (serving).

4.1.2.2.5 Three-core belted cables with oval conductors

The cable shall be treated as an equivalent circular conductor cable with an equivalent diameter

do =\ dogg *dgm (mm)

where

doy 18 the major diameter of the oval conductor (mm);

dem 1B the minor diameter of the oval conductor (mm).

4.1.2.2.6 Three-core belted cables with sector-shaped conductors

The gelometric factor G for these cables depends on the shape of the sectors, which varigs from
one manufacturer to another. A suitable formula is:

G=3F2|n[ da ]
2}"1

where
F2 =1 --L ;
2 (dy +1)—t
d, is the external diameter of the belt insulation (mm);

rq is the radius of the circle circumscribing the conductors (mm);

« isthe diameter of a circular.conductor having the same cross-sectional area and degree of
compaction as the shaped one (mm);

t is[the insulation thickrniess between conductors (mm).
4.1.2.3 Three-cone cables, metal tape screened type

4.1.2.31 Screened cables with circular conductors

Paper |nsulated of this type may be first considered as belted cables for which A s 0,5| Then,
t

in orddr to’take account of the thermal conductivity of the metallic screens, the result shall be
multiplied by a factor Cy4, called the screening factor, which is given in Figure 4 for different

t
values of d—1 and different cable specifications.
C

Thus: T :CK1p—TG
2

Three-core cables with extruded insulation and individual copper tape screens on each core
should be treated as SL type cables (see 4.1.2.5 and 4.1.4.2).

See 4.1.2.2.4 for three-core cables with extruded insulation and an individual screen of spaced
copper wires on each core or a common metallic screen over all three cores.
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4.1.2.3.2 Screened cables with oval-shaped conductors

The cable shall be treated as an equivalent circular conductor cable with an equivalent diameter
dC = ch 'dcm :

4.1.2.3.3 Screened cables with sector-shaped conductors

T, is calculated for these cables in the same way as for belted cables with sector-shaped
conductors, but d, is taken as the diameter of a circle which circumscribes the core assembly.
The result is multiplied by a screening factor given in Figure 5.

4.1.2.j Oil-filled cables
1

4.1.2.4. Three-core cables with circular conductors and metallized paper-core

screens and circular oil ducts between the cores

The thermal resistance between one conductor and the sheath, T4, is given by:

2t
7, = 0,385 —1
1 . [dc +2 fi J
. isthe conductor diameter (mm);

is the thickness of the core insulation including\earbon black and metallized papef tapes
pllis half of any non-metallic tapes over the three laid-up cores (mm);

p1 isthe thermal resistivity of insulation (K *m/W).

This fgrmula assumes that the space ocetipied by the metal ducts and the oil inside them has
a thermal conductance very high compared with the insulation, it therefore applies irrespective
of the netal used to form the duct or'its thickness.

4.1.2.4.2 Three-core cables with circular conductors and metal tape core scregns
and circular.oil ducts between the cores

The thermal resistance \I'{ between one conductor and the sheath is given by:

T = 0,35 pr| 0,923 - — %
dC +2ti

where

t,  is the thickness of the core insulation including the metal screening tapes and half on any
non-metallic tapes over the three laid-up cores (mm).

NOTE This formula is independent of the metals used for the screens and for the oil ducts.

4.1.2.4.3 Three-core cables with circular conductors, metal tape core screens,
without fillers and oil ducts, having a copper woven fabric tape binding the
cores together and a corrugated aluminium sheath

The thermal resistance 7y between one conductor and the sheath is given by:

0,62
475 ( 1 Py (dy—20
T1 T4 | to o ——
DC: DC 2z dC
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where

i =05/ Pt Pic | 246 p_|:
g 2 c

is

the diameter of a core over its metallic screen tapes (mm);

inside diameter of the sheath (mm);

84 is

NOTE

4.1.2.5 SL and SA type cables

An SL
alumin

isotherm at the outer surface of the insulation.

The th

413

In the
and si
compu

D, i

i

The oVerall thermalresistance of any cable element composed by several concentric 3

layers
resista

41.4

4.1.41

is the thickness of the generic concentric annular layer (mm);

the thickness of the metallic tape core screen (mm).

g is the average nominal clearance between the core metallic screen tapes and the average

The formula is independent of the metal used for the screen tapes.

um sheath. The sheath is considered to be sufficiently substantialyse‘as to proy

ermal resistance T4 is calculated in the same way as for single-core cables.

Thermal resistance of any generic annular layer

ngle or multiple insulation layers) the thermal «esistance of said annular layer
fed by the generic formula:

]'I’ :ip_rln ‘|+ﬂ L
271,' CLL

5 the internal diameter of/the generic concentric annular layer to be evaluated (m

5 the length correction factor for considering laying up cores. A proposal for its calc
5 given in AnneX A

can befcomputed as the algebraic sum of each single annular sub-layer t
hce evaluated by the above generic formula.

or SA type cable is a three-core cable where each core has an ,individual lead or

ide an

peneral case of any concentric annular layer (e.g~Semi-conductive screening el¢ments

can be

m);

ulation

nnular
hermal

Thermal resistance between sheath and armour 7,

Single-core, two-core and three-core cables having a common metallic
sheath

The thermal resistance between sheath and armour, T, is given by:

where
ty is
D

s IS

2
T2 :ipTln(1+D—t2]

2r s

the thickness of the bedding (mm);

the external diameter of the sheath (mm).
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NOTE For unarmoured cables with extruded insulation where each core has an individual screen of spaced wires
and for unarmoured cables with a common metallic screen over all three cores T, = 0.

4.1.4.2 SL and SA type cables

The thermal resistance of fillers and bedding under the armour is given by:

pT_
> =—G
2 67

where

G isfhe geometric factor given in Figure 6.

If a prdtective jacket is applied over the single phase, the additional thermal resistance shall be
evaluated as that of an additional generic annular layer (see 4.1.3).

41.5 Thermal resistance of outer covering (serving) 7,

4.1.51 General case

The external servings are generally in the form of concentric lay€rs and the thermal resistance
T3 is glven by:

where
13 is the thickness of the serving (mm);
D', s the external diameter of the.armour (mm).

NOTE For unarmoured cables D, .s‘taken as the external diameter of the component immediately beneath it, i.e.
sheath, pcreen or bedding.

For cofrugated sheaths;

D,.+2t
T3 =iPT In| ——0c <3
277,' D0C+Dit t
2 S

4.1.5.2 Unarmoured three-core cables with extruded insulation and individual
copper tape screens on each core

The thermal resistance of the fillers, binder and external serving is given by:

73 =LTin 1+2L:°’ + 2L G
via A 67

where
Ps is the thermal resistivity of the filler (K - m/W);

G is the geometric factor given in Figure 6 based on the thickness of material between the
copper tape screen and the outer covering (serving);
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Dr

4.1.6

. is taken as the diameter over the binder tape.

Pipe-type cables

For these three-core cables, the following are generally present:

a) The thermal resistance T, of the insulation of each core between the conductor and the
screen. This is calculated by the method set out in 4.1.2 for single-core cables.

b) The thermal resistance T, is made up of two parts:

1) The thermal resistance of any serving over the screen or sheath of each core. The value

the
4.2

4.21
4211

is give

with

to be substituted for part of T, in the rating equation of IEC 60287-1-1:2023, Clau

se 4 is

the value per cable, i.e. the value for a three-core cable is one-third the value of.g
core.

The value per core is calculated by the method given in 4.1.3 for the bedding of
core cables. For oval cores, the geometric mean of the major and minor di

«/dM -d_ shall be used in place of the diameter for a circular core assembly.

The thermal resistance of the gas or oil between the surface of.the cores and th

single

single-
ameter

e pipe.

This resistance is calculated in the same way as that part of T4 which is between a cable

and the internal surface of a duct, as given in 4.2.6.3.

The value calculated will be per cable and should be added to the quantity calculpted in

4.1.6 b)1) above, before substituting for T, in the ratingiequation of IEC 60287-1-1:2023,
Clause 4.
c) The thermal resistance T3 of any external covering*on the pipe is dealt with as in 4.1(4. The
rmal resistance of the metallic pipe itself istnegligible.
Fxternal thermal resistance T,
Cables laid in free air
Cables protected from direct solar radiation
The thermal resistance T, of thessurroundings of a cable in air and protected from solar radiation
N by the formula:
1
Ty = .
m Dy h(A6g)T
L Z E
e 2
(De) g ( )

where

Dg

is the external diameter of the cable (m)

for corrugated sheaths D; = (Dge +213) " 1073 (m);

NOTE Throughout 4.2.1 D; is expressed in metres.
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h is the heat dissipation coefficient obtained either from Formula (2) using the appr
values of constants Z, £ and Cg given in Table 3, or from the curves in Figure 7, F

and Figure 9, which are reproduced for convenience (W/m2 (K)5/4):
Served cables and cables having a non-metallic surface should be considered to

opriate
igure 8

have a

black surface. Unserved cables, either plain lead or armoured should be given a value

of h equal to 88 % of the value for a black surface;

Al is the excess of the cable surface temperature above the ambient temperatur
hereinafter for method of calculation) (K).

For cables in unfilled troughs, see 4.2.5.2

e (see

Calcultion of (Afg)Ya:

A simpl]e iterative method of calculating (Afg)” is given below. The alternative graphical
is desdribed in 5.7.

Calculate

Do h [T
A

ZW 7+T2 (1+ﬂ,1)+T3 (1+/1/| +/12):|

then

0,25
AG +N6
114 d
(AGs )1 = 14
1% KA (ABS ) n

Set thq initial value of (A65)% = 2 and reiterate until (A65) " . — (A65)"* < 0,001

n+

where

T
A6y =Ty 1;_1 T1_”’12—2 )
+ M+ 2 1+ 4+ 4

This i a factor{which, having the dimensions of temperature difference, accounts
dielectfic losses.) If the dielectric losses are neglected, A4 = 0.

hethod

for the

AQ is qhe permissible conductor temperature rise above the ambient temperature.

4.2.1.2 Cables directly exposed to solar radiation — External thermal resistance T;

Where cables are directly exposed to solar radiation, T; is calculated by the method g
4.2.1.1 except that in the iterative method (Afs)" is calculated using the following formu

n+l —

0,25
(AGS )1/4 _ AO + Agd + Aeds
1+ Kp (A6

iven in
la:
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where

Abys :L@)[%wz 4+ 2)+ T3 (14 14 +12)]

This is a factor which, having the dimensions of temperature difference, accounts for direct
solar radiation.

where

o is the absorption coefficient of solar radiation for the cable surface (see Table 4);

. i the intensity of solar radiation which should be taken as 103 W/m?2 for most latitlides; it
is recommended that the local value should be obtained where possible;

is the external diameter of the cable (m)

fpr corrugated sheaths D; =(Dge +2t3) - 1073 (m).

The alfernative graphical method is included in Figure 10.

4.2.2 Single isolated buried cable

Ty :%p In (u1 +\lu12 —1)

where

p  is the thermal resistivity of the soil (K - m/W);
ar

U =—1;
Le

L isthe distance from the surface.agfithe ground to the cable axis (mm);

o is[the external diameter of the cable (mm)
for corrugated sheaths D{5D, . + 2 15

The previously accepted.approximation for values of u4 exceeding 10:

T4:%p1— |n(2u1)

is congidered no longer necessary and it is preferred to avoid its use in future calculatigns.

For cabteTircuitsinstatted—attaymg depths—of more tham 0T, am attermative approach for
calculating the current rating is to determine the continuous current rating for a designated time
period (usually 40 years) by applying the formulae given in IEC 60853-2, taking into account as
far as is practical seasonal variations in load and ground conditions, if any. Finite element
modelling can provide a more versatile model for such a lifetime assessment.

4.2.3 Groups of buried cables (not touching)
4.2.3.1 General

Such cases can be solved by using superposition, assuming that each cable acts as a line
source and does not distort the heat field due to the other cables.
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These cables are of two main types: the first, and most general type, is a group of unequally
loaded cables of different construction, and for this problem a general indication of the method
only can be given. The second type, which is a more particular one, is a group of equally loaded
identical cables, and for this problem a fairly simple solution can be derived.

4.2.3.2 Unequally loaded cables

The method suggested for groups of unequally loaded dissimilar cables is to calculate the
temperature rise at the surface of the cable under consideration caused by the other cables of
the group, and to subtract this rise from the value of A9 used in the equation for the rated current
in IEC 60287-1-1:2023, Clause 4. An estimate of the power dissipated per unit length of each
cable shall be made beforehand, and this can be subsequently amended as a result of the
calculdtion where this becomes necessary.

Thus, the temperature rise Af, above ambient at the surface of the pth cable, whose rating is

being determined, caused by the power dissipated by the other (¢ — 1) cables,in the grpup, is
given by:

(the tefm Adpp is excluded from the summation)

where

Aekp is the temperature rise at the surface of the cable)produced by the power ¥, watt ger unit
Iength dissipated in cable k:

d'
Agkp :2l P Wk In [de]
T pk

The digtances dpk and d'pk are measured from the centre of the pth cable to the centre of cable

k, and|to the centre of the reflection of cable k in the ground-air surface respectively (see
Figure|1).

The vdlue of A6 in the gquation for the rated current in IEC 60287-1-1:2023, Clause 4 |s then
reduced by the amount Aé)p and the rating of the pth cable is determined using a value Ty

corresponding to an\isolated cable at position p.

This c&lculation is performed for all cables in the group and is repeated where necessary to
avoid the possibility of overheating any cable.

4.2.3.3 Equally loaded identical cables
4.2.3.3.1 General

The second type of grouping is where the rating of a number of equally loaded identical cables
is determined by the rating of the hottest cable. It is usually possible to decide from the
configuration of the installation which cable will be the hottest, and to calculate the rating for
this one. In case of difficulty, a further calculation for another cable can be necessary. The
method is to calculate a modified value of T, which takes into account the mutual heating of the

group and to leave unaltered the value of A@ used in the rating equation of IEC 60287-1-1:2023,
Clause 4.
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The modified value of the external thermal resistance T, of the pth cable is given by:

oo P8 8]

’
dpp
pp

There are (¢ — 1) terms, with the term excluded.

The dig¢tances dpk, efc., are the same as those shown in Figure T, for the first method.

The simpler version 2 u1 instead of uy +\/u12 -1 is considered no longer suitable ‘and shquld be
disconfinued (see 4.2.2).

For simple configurations of cables, this formula may be simplified considerably. The fo[lowing
examples were obtained by the use of superposition.

4.2.3.3.2 Two cables having equal losses, laid in a horizontal plane, spaced apjart
1 1 21
T, =—p In(u1 +,/u12—1j+—|n (N
2 2 S1
where
ar
u1 =1,
i

e
L isthe distance from the surface of the ground to the cables axis (mm);
is the external diameter of-one cable (mm);

s4 isfthe axial separation,between two adjacent cables (mm).

The apgproximation suggested when the value of u exceeds 10, utilizing the term +\/;' -1, is
considered no longer suitable and should be discontinued (see 4.2.2).

4.2.3.3.3 Three cables having approximately equal losses, laid in a horizontal plane,
equally spaced apart

The value T, is that of the centre cable of the group and is used directly in the equation of
IEC 60287-1-1:2023, 4.2.
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4.2.3.3.4 Three cables having unequal sheath losses, laid in a horizontal plane,
equally spaced apart

When the losses in the sheaths of single-core cables laid in a horizontal plane are appreciable,
and the sheaths are laid either without transposition or where the sheaths are bonded at all
joints, their inequality affects the external thermal resistances of the hottest cable. In such
cases the value of T, to be used in the numerator of the rating equation in IEC 60287-1-1:2023,

4.2 is as given in 4.2.3.3.3, but a modified value of 7, shall be used in the denominator, and is
given by:

2] N2 |

4 ( —— |—1:O,V\V|1: T2/ 2
Ty=5-p T'nkuﬂf\/l” _1J t 1+ A JI FJFL” JT

This agsumes that the centre cable is the hottest cable. The value of A1 to be-used in thg rating
equation of IEC 60287-1-1:2023, 4.2 is that for the centre cable,

where
L
u1 =1,
[e
L is the distance from the surface of the ground to the-cables axis (mm);
Dg is the external diameter of one cable (mm);
59 is the axial separation between two adjacent.cables (mm);
k;1 is the sheath loss factor for an outer .cable of the group;
x;z is the sheath loss factor for the other outer cable of the group;
Mm is the sheath loss factor forthe middle cable of the group.

The agproximation suggested(when the value of u exceeds 10, utilizing the term u+\/; -1, is
considered no longer suitable-and should be discontinued (see 4.2.2).

4.2.4 Groups of buried cables (touching) equally loaded
4.2.4.1 Two single-core cables, flat formation
4.2.4.11 Metallic sheathed cables

Metallic'sheathed cables are taken to be cables where it can be assumed that there is a metallic
layer that provides an isotherm at, or immediately under, the outer sheath of the cable.

Ty = %(In(w +w/u12 —1)—0,451) foruq =5

4.2.4.1.2 Non-metallic sheathed cables

Non-metallic sheathed cables are taken to be cables where any metallic layer at, or immediately
under, the outer sheath of the cable is not sufficient to provide an isotherm.

Ty :%(In(m +\lu12 —1)—0,295) foruy =5
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This formula is used for non-metallic sheathed cables having a copper wire screen and for the
external thermal resistance of non-metallic touching ducts (see 4.2.6.4).

4.2.4.2

Three single-core cables, flat formation

4.2.4.21 Metallic sheathed cables

Metallic sheathed cables are taken to be cables where it can be assumed that there is a metallic
layer that provides an isotherm at, or immediately under, the outer sheath of the cable. The
value of &4 used in the rating equation of IEC 60287-1-1:2023, 4.2.1 is the average of the A,

values

for the three cables.

4.2.4.2.

Non-m
under,

This fo

T, =p (0,475In(u1 +yu? —1)—0,346) foruy >5

2 Non-metallic sheathed cables

ptallic sheathed cables are taken to be cables where any metallicflayer at, or imme
the outer sheath of the cable is not sufficient to provide an isotherm.

T, =p (0,475In(u1 +\u? —1]—0,142) foraly > 5

rmula is used for non-metallic sheathed cables*having a copper wire screen and

externdal thermal resistance of non-metallic touching\ducts (see 4.2.6.4).

4.2.4.3

4.2.4.3.

For thi
one ca

Three single-core cables, trefoilkformation
1 General
5 configuration, L is measuredto the centre of the trefoil group and D, is the diam

ble. T, is the external thermal resistance of any one of the cables and the config

may be with the apex either at'the top or at the bottom of the group.

For co

4.2.4.3.

rugated sheaths~-Dg'= D, + 2 t3.

2 Metallic'sheathed cables

i =1’75p {In (u1 +fu? —1)—0,630}

diately

for the

eter of
uration

In this case, the thermal resistance of the serving over the sheath or armour, T3, as calculated

by the

method given in 4.1.4 shall be multiplied by a factor of 1,6.

4.2.4.3.3 Part-metallic covered cables (where helically laid armour or screen w

cover from 20 % to 50 % of the cable circumference)

ires

This formula is based on a long lay (15 times the diameter under the wire screen) 0,7 mm
diameter, individual copper wires having a total cross-sectional area of between 15 mm?2 and

35 mm

2.

7 =§p [m (m +\Ju? —1}—0,630}
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In this case, the thermal resistance of the insulation 74, as calculated by the method given in
4.1.2.1 and the thermal resistance of the serving T3, as calculated by the method given in 4.1.3
shall be multiplied by the following factors:

T,: by 1,07 for cables up to 35 kV,
by 1,16 for cables from 35 kV to 150 kV;

T3: by 1,6.
4.2.4.3.4 Non-metallic sheathed cables
T4 :_Ip In [L]M +\/u12 —1J+2|n(u1)J
2
This fogrmula is used for non-metallic sheathed cables having a screen of spaced ‘coppe|

and fo

4.2.5
4.2.51

Where
flush w
period
undesi
2,5K-
been u

4.2.5.2

An em
air am

where

Wrort
P

the external thermal resistance of touching ducts (see 4.2.6.4).

Cables in buried troughs
Buried troughs filled with sand

cables are installed in sand-filled troughs, either completely buried or with thg
ith the ground surface, there is danger that the sand Wwill dry out and remain dry f
5. The cable external thermal resistance can then-be very high and the cable car
rably high temperatures. It is advisable to calCulate the cable rating using a v

r wires

cover
br long

reach
plue of

m/W for the thermal resistivity of the sand filling unless a specially selected filling has

sed for which the dry resistivity is known.

Unfilled troughs of any type, with'the top flush with the soil surface ang
exposed to free air

birical formula is used which gives the temperature rise of the air in the trough abg
bient as:

w;
AG, = 2TOT
3R

is the total power dissipated in the trough per metre length (W/m);

isthat part of the trough perimeter which is effective for heat dissipation (m).

ve the

Any polti

value

of Py,. The rating of a particular cable in the trough is then calculated as for a cable in free air

(see 4.

4.2.6
4.2.6.1

2.1), but the ambient temperature shall be increased by Ag,,.

Cables in ducts or pipes

Overview

The external thermal resistance of buried pipes used for pipe-type cables is calculated as for
ordinary cables, using the formula in 4.2.2. In this case, the depth of laying L is measured to
the centre of the pipe and D, is the external diameter of the pipe, including anti-corrosion

covering.
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4.2.6.2 General
The external thermal resistance of a cable in a duct consists of three parts:

a) the thermal resistance of the air space between the cable surface and duct internal surface
Ty ;

b) the thermal resistance of the duct itself, 77 . The thermal resistance of a metal pipe is
negligible;

c) the external thermal resistance of the duct 7.

The value of T, to be substituted in the equation for the permissible current rating in IEC 60287-
1-1:2023, Clause 4 will be the sum of the individual parts, i.e.:

Ty =Ty +T/+T4

4.2.6.3 Thermal resistance between cable and duct (or pipe) 7}

For thg cable diameters in the range 25 mm to 100 mm the following-formula shall be uged for
ducted| cables. It shall also be used for the thermal resistance of,the space between thg cores
and pipe surface of a pipe-type cable (see 4.1.6), when the.equivalent diameter of th¢ three
cores |n the pipe is within the range 75 mm to 125 mm. The equivalent diameter is defined
below:

B U
1+0,1(P#+ Y6,,) Dg

’

I

where

U, V, Y| are constants, depending on ¢he installations the values of which are given in
Table 5;
is the external diameteryof the cable (mm);

when the formula is.used for pipe-type cables (see 4.1.6 b)), Dg becomes the eqyivalent
diameter of the/group of cores as follows:

— two cores: D, = 1,65 x core outside diameter (mm);

threécores: D, = 2,15 x core outside diameter (mm);
— _four cores: D, = 2,50 x core outside diameter (mm);

is_the mean temperature of the medium filling the space between the cable and duct.
AII dbbulllcuI vaiuc bila“ ;JC UDUUI ;Ilit;d“y c]lluI t;IU bdibuidt;ull |cpcatcu' Wltil a Il Ud|f|ed
value if necessary (°C).

4.2.6.4 Thermal resistance of the duct (or pipe) itself 7

The thermal resistance ( 7, ) across the wall of a duct shall be calculated from:

1 D
Tj=—P1In| 2
M a [Dd]

where

D is the outside diameter of the duct (mm);

(o]
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Dy is the inside diameter of the duct (mm);
T is the thermal resistivity of the duct material (K - m/W).

The value of p1 can be taken as zero for metal ducts, for other materials, see Table 1.

4.2.6.5 External thermal resistance of the duct (or pipe) 7

This shall be determined for single-way duct(s) not embedded in concrete in the same way as
for a cable, using the appropriate formulae givenin 4.2.1,4.2.2, 4.2.3 or 4.2.4, and the external
radius of the duct or pipe including any protective covering thereon, replacing the external
radius of the cable.

4.2.7 Cables or conduits laid in a medium of different thermal resistivity

When [the cables or conduits (ducts or pipes) are embedded in a medium'whose thermal
resistiyity differs from the one of the surrounding soil (backfill or concrete), the calculgtion of
the thgrmal resistance outside the cables or conduits is performed in two-steps:

o firstf of all, the external thermal resistance shall be determined) using the apprppriate
formulae given in 4.2.2, 4.2.3 or 4.2.4 assuming a uniform medium outside the caples or
corlduits having a thermal resistivity equal to the backfill or concrete;

e a dorrection is then added algebraically to take account. of the difference betwefen the
thefmal resistivities of backfill or concrete and soil for thatpart of the thermal circuit gxterior
to the bank.

The correction to the thermal resistance is given by:
M 2
o (Pe — ) In(uz +uz 1)

N, iy the number of loaded cables in the duct bank;

Pe is the thermal resistivity'of earth around the bank (K - m/W);
Pe is the thermal resistivity of concrete (K - m/W);

Lg
Us =—,

7

Lg iy the depth of laying to the centre of the duct bank (mm);

b i the.equivalent radius of the concrete bank (mm).

In the previous editions of this standard the formulation utilized to evaluate ry, the equivalent
radius of concrete bank (mm), was given by:

The quantities x and y are the shorter and longer sides, respectively, of the duct bank section
irrespective of its position, in millimetres.

This formulation was considered valid for ratios between the longer and shorter sides of a
rectangular duct bank that are less than 3.
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This old formulation is considered no longer suitable for use and shall be entirely superseded

by the

new methodology based on tabulated values.

The equivalent duct-bank radius is given by:

Lg
I"b = —
e0b

where the geometric factor G, is obtained from Table 2, values are tabulated for suitable values
of the ratio Lg/hy, and the ratio hp/wy, where:

Wb |

Such t
linear i

5 Dipital calculation of quantities given graphically.

5.1
Claus¢g
in Figu
used is
where

5.2

See Fi

Denots

then

where

is the depth of laying to the centre of the duct bank (mm);
is the height of the duct bank (mm);
is the width of the duct bank (mm).

bbulated values are valid for the table range. Intermediate valuesshall be obtai
nterpolation.

General

5 gives formulae and methods suitable for digital calculation for those quantities
Fe 2 to Figure 6 and the procedure for calculating A6 by means of Figure 10. The 1

b approximation by algebraic expressionsy followed by quadratic or linear interp|
necessary. The maximum percentage, error prior to interpolation is given for each

Geometric factor G for two-core‘belted cables with circular conductors

jure 2.
Ken =i/,
Kyq= (21‘1 /t)—'l
G = MK

hed by

5 given
nethod
olation
case.

(1 Bl a2\ nz)_o’s—‘

M = formule Mie =In { = = ;

o =

T \ 7'\ Ll

1

2’
1+ Kxt
1+KX1/(1+KY1)
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Kyq 1
B 1+Ky 2
a K x1 +§,
1+Ky1 2

Kg = Kg (KX1,KY1), i.e. is a function of both K y¢ and Ky4.

Calculate the three quantities Kg = KG(KX1,O), Kg = KG(KX1,O,5) and Kg =Kg (KX1,1)

,1,0) =1,06019-0,0671778 - K y4 +0,0179521. K 2,
Kg K1,1,O,5) =1,06798 —0,0651648 - K y4 +0,0158125 - K 2,

(
Kg (K 1,1) = 106700 -0,0557156 - K 11 +0,0123212- K4
(

K1(1,KY1) may be obtained by quadratic interpolation using.th'e following formula:

Ko (KX1,KY1) - Kg (KX1,O)+KY1 [—3KG (KX1,O)+4KG (KX1,0,5)—KG (KX1,1)]

+K2, [21(G (KX1,O) ~4Kg (KX1,O,5) +2Kg (Km,ﬂ

OT

The maximum percentage error in the calculation of Kg :KG(KX1,0), Kg :KG(KX1,O, ) and

Kg =HKg (KX1,1) is less than 0,5 % compared with corresponding graphical values.

5.3 Geometric factor G forthree-core belted cables with circular conductors

See Fipgure 3.

Denotsg K 5=t /dc
Ky :(27,‘1 /t)—1

and G = MK

where

1-ap+| (1-a?) (1—52)}0’5
M = formuleMie =In ;

a=p
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3

2Ky

1+£ 1+M
\/§ 1+Ky1

Kg =Kg (K)“,Km), i.e. it is a function of both K y4 and Kyq.
Calculate the three quantities Kg = K (KX1,0), Kg =Kg (KX1,O,5) and Kg = KG(KX1,1
Ko (K1,0) = 109414 -0,0944045 - K y +0,0234464 - K31

Kg (K/1,0,5) —1,09605 —0,0801857 - K y1 +0,0176917 "k,

Ke (K/1,1) =1,09831-0,0720631- K 1 +0,0145909K 2,

and obtain K¢ (KX1,KY1) by quadratic interpolation between the three calculated valueq.

This m
the foll

el 1+M -3
B 3 1+ Ky
a

2_{1+2KX1J+3

1+Ky1

ay be done by substitutings Kg = Kg (KX1,0), Kg = KG(KX1,O,5) and Kg =Kg (K

owing formula:

K (KX1,KY1) - Kg (KX1,0)+KY1 [—SKG (KX1,0)+4KG (Kx1.05)- Ko (KX1,1)]

+K2, [ZKG (KX1,O) —4Kg (KX1,O,5) +2Kg (KX1,1)J

tha caloylatinn ~f 1~ ) 2 { (\\ ) )

Th Baclboation s n tooa arraor o ) ) a)
e Maximum-pereentage-efrorin-the-ealeuation-eikg—kgthrmd Ko =Kok

Kg =Kg (Kx1,1) is less than 0,5 % compared with corresponding graphical values.

5.4 Thermal resistance of three-core screened cables with circular conductors
compared to that of a corresponding unscreened cable

See Figure 4.

Denote  Ky» =(51 pT)/(dcpm) and Ky =t /dg -

(1,1) in

) and
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The screening factor Cg4 is a function of both Ky4 and Ky,. Calculate the three quantities

Ck1 (KXZ,-O,Z) » Cr1 (KXz,-O,G) and Cyq (KXZ,-1) from the following formulae according to whether

O<KX2§6 or 6<KX2§25

0<Kyp<6 Ci KX2,02) 0,998095 —0,123369- K 5 +0,0202620- K2, —0,00141667 - K3,

Cral Kypa1 \ 0.997976 — 0.0528571- Ko +0.00345238 - K2

0 <Ky

Cri(K

Cir (KXZ, 0, 6) 0,999452 —0,0896589 - K y, +0,012023 - K2, —0,000722228 - K+,
(
"\

L, <25 Cyy (KXZ,-O,Z) =0,824160 —0,0288721- K y +0,000928511- K2, — 0,0000137

Cy1(X,-0,6) = 0,853348 —0,0246874 - K . +0,000966967 - K 2,4 0,000015996
Ci1(X,-1)=0,883287 —0,0153782- K -, +0,000260292 - K 25

;(1,Ky1) is then obtained by quadratic interpolation betwegen the three calculated

This miay be done by substitution in the following formula:

where

The m
0,5 %

5.5

See Fi

Denots

Crer (KX1,KY1) = Cxq (KX1,0,2) +Ky, [—3CK1 (KX1,O,2) +4K, (KX1,0,6) — Cyq (KX1,1)}

+K2 [2c,<1 (Kx1.0.2) - 4C,f{K ¢1,0,6) + 2Cxy (KX1,1)]

K; =125-Ky4—0,25.

Bximum percentage error. intthe calculation of the sector correction factor is les
compared with graphicatvalues.

Thermal resistance\of three-core screened cables with sector-shaped condy
compared to that.of a corresponding unscreened cable

gure 5.

Kyz = (51 ﬂT)/(dem)

Ky, =t4 /dv

21-K3,

7-K3,

alues.

s than

ctors

The screening factor Cy4 is a function of both K,4; and K,,. Calculate the three quantities

0<Ky353,3<Ky3<6,0r6<Kys3<25.

3<Ky3<6

0<Ky3<3 Cgi(Ky3.02)=100169-0,0945-K v +0,00752381: K33
Ci1(Kx3-0,6) =1,00171-0,0769286 K y3 +0,00535714 - K33

Ck1 (szv1) =Ck1 (KX3='0»6)

1) from the following formulae according to whether

Ck1 (Ky3, 0,2) and Cgq (K3, 0,6) are given by the same formula as for 0 < X< 3
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Cper (KX3,~1) =1,00117 —0,0752143 - K v +0,00533334 - K25
6<Ky3 <25 Cgq(Kys:0,2)=0,811646-0,0238413- K 3 +0,000994933- K5 - 0,0000155152- K33

C1 (K X3,-O,6) =0,833598 - 0,0223155 - K 5 +0,000978956 - K25 —0,0000158311- K35

Cy1(K X3,-1) = 0,842875-0,0227255 - K 4 +0,00105825 - K2, —0,0000177427 - K3,

For 0 < Ky3 =<3 and 0,2 <Ky, 0,6, K; (Ky3, Ky») is obtained by linear interpolation between
Kg (Kxi, 0,2) and K; (Ky3, 0,6) as follows:

Ko (Kx3.Ky2)= Ko (Kxs.0)+2.5(Ky —0,2)[1{G (Kx3.06)-Ka (KX3,0,2)}

For 3 Ky3 =25, Kg (Ky3, Kyp) is obtained by quadratic interpolation” between the three
calculdted values. The relevant formula is:

Ko (KX3,KY2) - Kg (KX3,0,2)+KZ [—31{@ (KX3,0,2)+4KG (KX3,0,6)—KG (KX3,1)}

+K2 [ZKG (Kx1.0.2) - 4K (K y3@'8) + 2K (KX3,1)}

where |K, =1,25-Ky, —0,25.

The maximum percentage error in the calculation of the sector correction factor is less than 1 %
compared with graphical values.

5.6 [Curve for G for obtaining the thermal resistance of the filling material between
the sheaths and armour.6f'SL and SA type cables

See Fipgure 6.

Denote Ky, = thickniess of material between the sheaths and armour expressed as a fraction
of the outer’diameter of the sheath.

The loyer curve.is given by:

04Ky, <003  G= 27t(0,000202380 +2,03214- K 4 —21,6667-K)2(4)

0,03< Ky, <015 G= 27t(0,0126529 +1101- K 4 —4,56104 - K2 4 +1 1,5093-K}4)

The maximum percentage error in the calculation of G is less than 1 %.

The upper curve is given below:

0<Ky,<003 G= 27r(0,00022619+2,1 1429 Ky, —20,4762~K)2(4)

0,03<Ky4 <015 G= 27r(0,0142108+1,17533-KX4 —4,49737 K2, +10,6352~K)3(4)

The maximum percentage error in the calculation of G is less than 1 %.
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5.7 Calculation of Ag; by means of a diagram

See Figure 10.

The procedure is as follows:

a) calculate the value of K, using the formula:

b) loc
on

c) rea

D h [T
Kp=—-—2" 122701 Ty (1 y)
A 1+}4+/12{n+ 2 (1+4)+T3 (1+ 44 + 2)}

bte the line on Figure 10 with the value of a) above as ordinate, and then locaterth
this line for the appropriate value of:

AB + ABgq + AByg = constant

Id off the abscissa of this point to obtain:

(Abs)7a

cables protected from solar radiation

A =W, ;_1 T_MZ—T2
d d 1+ 4+ 2 1 1+ 4+

if the dielectric losses are neglected, Afy =0
AHdS =0

cables subjected to solar radiation

ng =it — 1 Mg o mely
d d 1+4+1h 2 ! 1+ 4+

if the dielectric losses are neglected, AGq =0

A, :aD; e {T1 +n(1+ ) H+n(1+ 4+ 1) T3 }

n(1+ 4+ 1)

e point
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Table 1 — Thermal resistivities of materials

Material Thermal resistivity (p;)
K- m/W
Insulating materials®
Paper insulation in solid type cables 6,0
Paper insulation in oil-filled cables 5,0
Paper insulation in cables with external gas pressure 5,5

Paper insulation in cables with internal gas pressure:

a) pre-impregnated 5,5

b) mass-impregnated 6,0
Polyethylene (PE) 3,5
Cross-linked polyethylene (XLPE) 3,5
Polypropylene laminate plastic (PPLP) 5,5
Polyvinyl chloride (PVC):

up to and including 3 kV cables 5,0

greater than 3 kV cables 6,0
Ethylene propylene rubber (EPR):

up to and including 3 kV cables 3,5

greater than 3 kV cables 5,0
Isobutylene isoprene rubber (IIR) "Butyl rubber" 5,0
Other rubbers 5,0
Protective coverings
Compounded jute and fibrous materials 6,0
Rubber sandwich protection 6,0
Polychloroprene (CR) 5,5
Polyvinyl chloride (PVC):

up to and including 35 kV cables 5,0

greater than 35 kV cables 6,0
PVC or bitumen on corrugated aluminium sheaths 6,0
Polyethylene (PE) 3,5
Materials for ductinstallations
Concrete 1,0
Fibre 4,8
Asbestos 2,0
Edrthenware 1,2
Rolyvinyl chloride (PVC) 6,0
Polyethylene (PE) 3,5
Other components
Semi-conducting XLPE and PE? 2,5
Semi-conducting ethylene propylene rubber (EPR) 3,5

a8 For the purposes of current rating calculations, the semiconducting screening
materials can be assumed to have the same thermal properties as the adjacent
dielectric materials; otherwise the appropriate calculation for generic annular
layers as in 4.1.3 shall be applied.

Where plastic or elastomeric materials are used for protective coverings, the
thermal resistivities shall be taken to be the same as those for the insulating
grades of the materials given in this table.
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Table 3 — Values for constants Z, E and Cg for black surfaces of cables in free air

No. Installation z E Cg Mode
Installation on non-continuous brackets, ladder supports or cleats, De not greater than 0,15 m
20,3 D,
-
1 Single cable® 0,21 3,94 0,60
O
20,5 D,
W
2 Two cables touching, horizontal 0,29 2,35 0,50
DO
20,9 Dy
5
3 Three cables in trefoil 0,96 1,25 0,20
e
20,5 I,
4
4 Three cables touching, horizontal 0,62 1,95 0,25
a 000)
20,5|D;,
—a! b €
5 Two cables touching, vertical 1,42 0,86 0,25 ag;
20,5 P,
I
6 Two cables spaced, D, vertical 0,75 2,80 0,30 O‘LD*
e
off
21,0|Dx
— B
7 Three cables touching, vertical 1,61 0,42 0,20 a §
20,5 D,
-
. Ok .
8 Three cables spaced, D, vertical 1,31 2,00 0,20 O:De
Deg
OY
Installption’clipped direct to a vertical wall ( D, not greater than 0,08 m)
/
9 Single cable 1,69 0,63 0,25 })
10 Three cables in trefoil 0,94 0,79 0,20 &)

a8 Values for a "single cable" also apply to each cable of a group when they are spaced horizontally with a

clearance between cables of at least 0,75 times the cable overall diameter.
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Table 4 — Absorption coefficient of solar radiation for cable surfaces

Material z
Bitumen or jute serving 0,8
Polychloroprene (CR) 0,8
Polyvinyl chloride (PVC) 0,6
Polyethylene (PE) 0,4
Lead 0,6

Table 5 — Values of constants U, Vand Y

Installation condition U V Y
In metallic conduit 5,2 1,4 0,011
In fibre duct in air 5,2 0,83 0,006
In fibre duct in concrete 5,2 0,91 0,010

In asbestos cement:

duct in air 5,2 1,2 0,006
duct in concrete 5,2 1,1 0,011
Gas pressure cable in pipe 0,95 0,46 0,0021
Oil pressure pipe-type cable 0,26 0,0 0,002 6
Plastic ducts 1,87 0,312 0,003 7
Earthenware ducts 1,87 0,28 0,003 6
Water filled plastic ducts 0,1 0,03 0,001
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Figure 1 — Diagram showing a group of ¢ cables and their reflection in
the ground-air surface
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Figure 2 — Geometric factor G for two-core belted cables with
circular conductors (see 4.1.2.2.2)
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Figure 3 £’ Geometric factor G for three-core belted cables with
circular conductors (see 4.1.2.2.4)
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Figure 4 — Thermal resistance of three-core screened cables with
circular conductors compared to that of a corresponding

unscreened cable (see 4.1.2.3.1)
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