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INTERNATIONAL ELECTROTECHNICAL COMMISSION
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Part 2-1: Thermal resistance —
— Calcutatiomof thermal resistance

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
Il national electrotechnical committees (IEC National Committees). The object of IEC is to promote internatipnal
o-operation on all questions concerning standardization in the electrical and electronic)fields. To this end|and
ih addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Repprts,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC, Publication(s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt|with
fnay participate in this preparatory work. International, governmental and non-govetnmental organizations liaising
vith the IEC also participate in this preparation. IEC collaborates closely withthe’ International Organization for
btandardization (ISO) in accordance with conditions determined by agreement between the two organizatiorns.

2) The formal decisions or agreements of IEC on technical matters expressy.as nearly as possible, an internatipnal
onsensus of opinion on the relevant subjects since each technicaleommittee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for interhational use and are accepted by IEC Natipnal
Committees in that sense. While all reasonable efforts are/made to ensure that the technical content of [IEC
Publications is accurate, IEC cannot be held responsible ‘for the way in which they are used or for|any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicafjons
fransparently to the maximum extent possible in theipnational and regional publications. Any divergence between
ny IEC Publication and the corresponding natieh@hor regional publication shall be clearly indicated in the Iatter.

5) IEC itself does not provide any attestation oficonformity. Independent certification bodies provide conformity
assessment services and, in some areas, (access to IEC marks of conformity. IEC is not responsible for|any
gervices carried out by independent certification bodies.

6) All users should ensure that they have'the latest edition of this publication.

7) INo liability shall attach to IEC or”its directors, employees, servants or agents including individual experts|and
members of its technical committees and IEC National Committees for any personal injury, property damage or
ther damage of any natureswhatsoever, whether direct or indirect, or for costs (including legal fees)|and
¢xpenses arising out of\ the publication, use of, or reliance upon, this IEC Publication or any other [IEC
Publications.

8) Attention is drawn/to*the Normative references cited in this publication. Use of the referenced publications is
indispensable for the’correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of pdtent
ights. IEC~shall not be held responsible for identifying any or all such patent rights.

commented version (CMV) of the official standard IEC 60287-2-1:2023 edition [3.0
ws’ the user to identify the changes made to the previous IEC 60287-2-1:2D15
o0 A PPN Y- O 1 1A N a0 S 1o o o 1 the

reasons of the most relevant changes, or to clarify any part of the content.

A vertical bar appears in the margin wherever a change has been made. Additions are in
green text, deletions are in strikethrough red text. Experts' comments are identified by a
blue-background number. Mouse over a number to display a pop-up note with the
comment.

This publication contains the CMV and the official standard. The full list of comments is
available at the end of the CMV.
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IEC 60287-2-1 has been prepared by IEC technical committee 20: Electric cables. It is an
International Standard.

This third edition cancels and replaces the second edition published in 2015. This edition

con

stitutes 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
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parts of both IEC 60287 and IEC 60853 series; 1

improvement in the identification of tabulated materials and introduction of new material
the tables;

introduction of generic annular layers to improve thermal modelling of existing and fut
cables designs;

improved calculation of T, in the case of directly buried cables;
introduction of corrective factors, on relevant calculated physical-characteristics to take

account the effect of multicore lay-lengths; a dedicated annex to\highlight correction fac
for different number of cores has been introduced (Annex A);

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

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

method eliminates errors, extends the usability ef the new formulation while keepin
suitable conservative margin in the calculation,

text of this International Standard is based on*the following documents:
Draft Report on voting
20/2099/FDBIS 20/2106/RVD

information on the voting for its approval can be found in the report on voting indicate
above table.

language used for the development of this International Standard is English.

5 document wds ydrafted in accordance with ISO/IEC Directives, Part 2, and develope
ordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availg
vww.iec.chimembers_experts/refdocs. The main document types developed by IEC
cribed.in_greater detail at www.iec.ch/publications.

5t<of, all parts in the IEC 60287 series, published under the general title Electric cablg
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To avoid the use of same symbol with different meanings or different symbols with the same meaning across IEC 60287 standard series, some symbols have been changed. One of the main new criteria is the use of capital letter "C" for all coefficients.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
o replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates that ilt
cdntains colours which are considered to be useful for the correct understanding of’its
cdntents. Users should therefore print this document using a colour printer.
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INTRODUCTION

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

the document can be carried out more conveniently.

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

Part 1: Formulae of ratings and power losses;
Part 2: Formulae for thermal resistance;

Pant-3—Operatimgconditions:

Thi
cables and the external thermal resistance for cables laid in free air, ducts and burjed-

Thg formulae in this document contain quantities which vary with cable design-and mater
used. The values given in the tables are either internationally agreed, for example, electn
res|stivities and resistance temperature coefficients, or are those which are’generally accep
in
catggory, some of the values given are not characteristic of the quality of new cables but
considered to apply to cables after a long period of use. In order-that uniform and comparg
results-may can be obtained, the current ratings should be caleuldted with the values give
document. However, where it is known with certainty thatother values are more appropr
to fhe materials and design, then these may be used, and.the corresponding current ra
dedlared in addition, provided that the different values aré)quoted.

Quantities related to the operating conditions of cables are liable to vary considerably from
country to another. For instance, with respect fo. the ambient temperature and soil ther
res|stivity, the values are governed in various countries by different considerations. Superfi
comparisons between the values used in the various countries—may can lead to errone
conclusions if they are not based on common criteria: for example, there-may can be diffe
expectations for the life of the cables,~and in some countries design is based on maxin
vallies of soil thermal resistivity, whereas in others average values are used. Particularly, in
case of soil thermal resistivity, it iswell known that this quantity is very sensitive to soil mois
content and-may can vary significantly with time, depending on the soil type, the topograph
and meteorological conditions{_and the cable loading.

Thg following procedure for choosing the values for the various parameters should, theref
be adopted:

Nurmerical valugs should preferably be based on results of suitable measurements. Often s
resplts are already included in national specifications as recommended values, so that
calgulation'may be based on these values generally used in the country in question; a sur
of quch,values is given in IEC 60287-3-1.

part of IEC 60287-2 contains methods for calculating the internal thermal resjstance of
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5 part of IEC 60287 is solely applicable to the conditions of steady-state operation of cal
[l alternating voltages, and direct voltages up to 5 kV, buried directly in the ground, in du
oughs or in steel pipes, both with and without partial drying-out of the soil, as-well as cal
ir. The term "steady state" is intended to mean a continuous constant cufrent (100 % |
or) just sufficient to produce asymptotically the maximum conductor\temperature,
rounding ambient conditions being assumed constant.

5 document provides formulae for thermal resistance.

formulae given are essentially literal and designedly leave’ open the selection of cer
ortant parameters. These-may can be divided into three groups:

parameters related to construction of a cable (for €éxample, thermal resistivity of insula
material) for which representative values have béen selected based on published work;

parameters related to the surrounding conditions which-may can vary widely, the selec
of which depends on the country in which the’cables are used or-are-te will be used;

parameters which result from an agreement between manufacturer and user and wk
involve a margin for security of service (for example, maximum conductor temperature)

ations given in this document forcalculating the external thermal resistance of a ca
ed directly in the ground or(in a buried duct are for a limited number of installa
ditions. Where analytical methods are not available for calculation of external ther]
stance finite element methods—may can be used. Guidance on the use of finite elem
hods for calculating cabkle current ratings is given in [IEC TR 62095.

Normative references

following/documents are referred to in the text in such a way that some or all of their con
stitutes(requirements of this document. For dated references, only the edition cited appl

undated references, the latest edition of the referenced document (including
bndments) applies.
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IEC 60287-1-1:20062023, 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


https://iecnorm.com/api/?name=bcb7d1ec44bd2b9385ad98d2f9155dc0

IEC 60287-2-1:2023 CMV © IEC 2023 -9-

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| Symbols

Thg symbols used in this document and the quantities which they represent are| given in[the
follpwing list:

Cq factor to take into account the position of the neutral axis of thehelically
wound cores

Oy screening factor for the thermal resistance of screened cables

Ll length correction factor for considering laying up of ,gores

D} external diameter of armour mm

Dy internal diameter of duct mm

Dg external diameter of cable, or equivalent diameter 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

Dol diameter of the imaginary coaxial cylinder which just touches the crests mm
of a corrugated sheath

D, diameter of the imaginary coaxial cylinder which would just touch the mm
outside surface. of the troughs of a corrugated sheath = D;; + 2¢

D diameterof“the imaginary cylinder which would just touch the inside mm
surface.of the crests of a corrugated sheath = D, — 2¢4

Dj diameter of the imaginary cylinder which just touches the inside surface mm
of'the troughs of a corrugated sheath

D, the inner diameter of any generic annular concentric cable element layer mm

E constant usedfor theheat dissipatiommarcoeffierent 4211

E, intensity of solar radiation W/m?2

F, coefficient for belted cables defined in 4.1.2.2.3

F, 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

H  intensity-of solarradiation(see4-2-12) Wim?2
P ina factor for the il . F
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Ka 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

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)

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

Ty thermal resistance between sheath and armour K-Sm/W

Ty thermal resistance of external serving K- m/W

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

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

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

T4 thermal resistance of the duct (or pipe) K- m/W

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

U constant used in 4.2.6.3

vV constant used in 4.2.6.3

Wy dielectric losses per unit length per phase W/m

/" losses dissipated by cable k Wim

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

Y coefficient used in 4.2.6.3

VA coefficient used in 4.2.1.3

Cq coefficient used in 4(1.1

dy external diameter of belt insulation mm

dg external diameter of conductor mm

dgn minor diameter of an oval conductor mm

den major-diameter of an oval conductor mm

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

dm minor 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

g coefficient used in 4.2.1.1

h heat dissipation coefficient W/m2K5/4

hy, height of the duct bank or backfill mm

In natural logarithm (logarithm to base e)

n number of conductors in a cable

P the part of the perimeter of the cable trough which is effective for m
circumscribing radius of two- or three-sector shaped conductors mm

r1
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54 axial separation of two adjacent cables in a horizontal group of three, not mm
touching

t insulation thickness between conductors mm

14 insulation thickness between conductors and sheath mm

ty thickness of the bedding mm

t3 thickness of the serving mm

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

4 thickness of any generic annular concentric cable element layer mm

ts thickness of the sheath mm

o 2L .
—rmJH_LDe 2

] Lg .

U

¥ sides-of-duetbanli~a-(see-4-27-4 mm

Uy symbol used throughout the document e.g. in 4.2

U, symbol used throughout the document e.g. in 4.2.6%

Wp width of the duct bank or backfill mm

O mean temperature of medium between a.cable and duct or pipe °C

AG permissible temperature rise of conducter above ambient temperature K

AGY, factor to account for dielectric loss for calculating T, for cables in free air K

Al factor to account for both dielegctric loss and direct solar radiation for
calculating 74 for cables infree air using Figure 10

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

AO difference betweénjythe surface temperature of a cable in air and ambient K
temperature

AG§, temperaturevise of the air in a cable trough K

Asfe  ratio ofithe total losses in metallic sheaths-and-armeurrespectively to the
total-conductor losses (or losses in one sheath-erarmeur to the losses in
oneyeonductor)

Mk loss factor for the middle cable

Ay loss factor for the outer cable with the|Three cables in flat formation
greater losses without fransposiiion, wiith

. sheaths bonded at both ends

Mo loss factor for the outer cable with the
least losses

Ao ratio of the total losses in armour to the total conductor losses (or losses
in one armour to the losses in one conductor)

p thermal resistivity of the soil K- m/W

Pi thermal resistivity of the insulation K- m/W

Ps thermal resistivity of the filler material K- m/W

Pe thermal resistivity of earth surrounding a duct bank K- m/W
thermal resistivity of concrete used for a duct bank K- m/W
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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

Calculation of thermal resistances

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

1 General

-60287-1-1:-2006/AMDB1:20142023, Clause 4). The thermal resistivities of materials used

stivities may be used both for tabulated or new materials.

2 Thermal resistance between one conductor-and sheath T,

21 Single-core cables

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

7o PT 1oy, 20
Y2r d.

2
T =2lin 14201
T ds ) QL

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

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

C__ isthelength correction factor for considering laying up cores. A proposal for its calcula

the

for

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

bre screening layers are present, for thermal calculations, metallic tapes are considered to
part of the conductor or sheath while semi-conducting layers(including metallized carpon
er tapes) are considered as part of the insulation. The appropriate component dimensipns
shdll be modified accordingly.

is given in Annex A. |2

on

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

where the conductor screen and the insulation screen are to be considered separately, the
formulation of 4.1.3 should be used for each separate layer. |3

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

(Dit + Docj
- =7 _ts
2


CLL is added to the thermal resistivity between conductor and sheath to take into account the lay length factor in three core cables or triplex cables.

This new paragraph follows CIGRE recommendation described in TB 880.
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4.1.

4.1.

2.2 Belted cables

2.21 General

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

n=LTg
2

where

G

NOT

4.1

The

4.1

The

is the geometric factor.

E For corrugated sheaths, ¢, is based on the mean internal diameter of the sheath which is giveniby:

Dit +Doc ¢
2 s

2.2.2 Two-core belted cables with circular conductors

geometric factor G is given in Figure 2.

2.23 Two-core belted cables with sector-shaped.conductors

geometric factor G is given by:

d
G=2F1In( a J
21"1

1%

where
F:] +1 +L ;
27 (dy +1t)—t
d, | is the external diametecof the belt insulation (mm);
ry | is the radius of the-cCircle circumscribing the conductors (mm);
d, |is the diameter of a circular conductor having the same cross-sectional area and degre
compaction-as the shaped one (mm);
t is the_ ihsulation thickness between conductors (mm).
4.1|12.24 Three-core belted cables with circular conductors
Forthree-core bettedtabtes withTiTcutar conductors
D 0,67;—1
7y =--G+0,031 -pi) e c
1= (pt = pi)
where
p; is the thermal resistivity of the insulation (K - m/W);

Pt

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

of

(1)
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The geometric factor G is given in Figure 3.

NoTE—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 1

Th . . . . : .
an individual screen of spaced wires and to cables with a common metallic screen over all th

cor
bet

4.1

The

dg

where

ch
d

cm

4.1

The
ong

where

0 K- m/W is suggested for fibrous polypropylene fillers.

es. For unarmoured cables of this design ¢, is taken to be the thickness of the-matg
ween the conductors and outer covering (serving).

2.2.5 Three-core belted cables with oval conductors

cable shall be treated as an equivalent circular conductor cable with an equivalent diamjg

= /dCM xd (mm)

is the major diameter of the oval conductor (mm);

is the minor diameter of the oval conductor (mm).

2.2.6 Three-core belted cables with sectof-shaped conductors

geometric factor G for these cables depends.on the shape of the sectors, which varies f
manufacturer to another. A suitable formula-is:

G:3F2|n( da ]
21’1

3t
o
27 (dy +1)—t

is the external- diameter of the belt insulation (mm);
is the radius of the circle circumscribing the conductors (mm);

is thexdiameter of a circular conductor having the same cross-sectional area and degre
campaction as the shaped one (mm);

has
ree
rial

pter

om

is the insulation thickness between conductors (mm).

4.1.2.3 Three-core cables, metal tape screened type

4.1.2.31 Screened cables with circular conductors

Paper insulated of this type may be first considered as belted cables for which h is 0,5. Then,
t

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

t
values of d—1 and different cable specifications.

c
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Thus: -H?K-&L-G-

- 2

T
T :CK1EG

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).

ced

bter

bed

bes

has

Seg 4.1.2.2.4 for three-core cables with extruded insulation and an individual screen of spa
copper wires on each core or a common metallic screen over all three cores.
4.1|12.3.2 Screened cables with oval-shaped conductors
Theg cable shall be treated as an equivalent circular conductor cable with an equivalent diamjg
de F 9om dom -
4.1)2.3.3 Screened cables with sector-shaped conductors
T, |s calculated for these cables in the same way as for bélted cables with sector-sha
conductors, but d, is taken as the diameter of a circle which'Circumscribes the core assem
The result is multiplied by a screening factor given in Figure 5.
4.112.4 Oil-filled cables
4.112.4.1 Three-core cables with circular.conductors and metallized paper core
screens and circular oil ducts’between the cores
Thg thermal resistance between one conductor and the sheath, T4, is given by:
2
7, = 0,385 '
1 & {dc +2 Zij
where
d, | is the conductor diameter (mm);
t; | is the thickness of the core insulation including carbon black and metallized paper ta
plus half{of-any non-metallic tapes over the three laid-up cores (mm);
pr1 | is the'thermal resistivity of insulation (K - m/W).
Thig-fearmula assumes that the space occupied by the metal ducts and the oil inside them
a thermmatcomductance very tighcompared-withthe-msutatiom, it thereforeapptiesirrespec

of the metal used to form the duct or its thickness.

4.1.2.4.2 Three-core cables with circular conductors and metal tape core screens

and circular oil ducts between the cores

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

T =0,35p7 | 0,923 - —%c
dC +2ti

where

ive
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t:

i 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 | Ig Py de —2 04
h=—=7 to-In| ———
DC' DC 2 dc

where

D+ D;
fg - 0,5{[%)—216 DC}

D, | is the diameter of a core over its metallic screen tapes (mm);

t is the average nominal clearance between the core metallic screen tapes and the averpage
inside diameter of the sheath (mm);

84 | is the thickness of the metallic tape core screen/(mm).
NOTE The formula is independent of the metal used for the'screen tapes.
4.112.5 SL and SA type cables

An [SL or SA type cable is a three-core cable where each core has an individual lead or
alulninium sheath. The sheath is considered to be sufficiently substantial so as to providg an
isotherm at the outer surface of the_ insulation.

Thg thermal resistance T, is:calculated in the same way as for single-core cables.

4.1(3 Thermal resjistance of any generic annular layer |4

In the general casg of any concentric annular layer (e.g. semi-conductive screening elemgnts
and single or mltiple insulation layers) the thermal resistance of said annular layer can| be
computed byghe generic formula:

1 ( 2:} 1
—_p a1
T|' -|-|n 1+ N

2z | FLL
where
7 is the thickness of the generic concentric annular layer (mm);
D, is the internal diameter of the generic concentric annular layer to be evaluated (mm);

C_ . isthelength correction factor for considering laying up cores. A proposal for its calculation
is given in Annex A.

The overall thermal resistance of any cable element composed by several concentric annular
layers can be computed as the algebraic sum of each single annular sub-layer thermal
resistance evaluated by the above generic formula.


This new subclause follows CIGRE recommendation described in TB 880.
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4.1.4 Thermal resistance between sheath and armour 7,

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

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

2
T2 :ipT|n(1+D_t2]

2r S

there
to | is the thickness of the bedding (mm);

Dy | is the external diameter of the sheath (mm).

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.

4.114.2 SL and SA type cables

Thg thermal resistance of fillers and bedding under the armour isc@iven by:
pT _

T, =—G

2" 6r

where

G | is the geometric factor given in Figure 6,

If a|protective jacket is applied over the single phase, the additional thermal resistance shal| be
evaluated as that of an additional generje annular layer (see 4.1.3).

4.115 Thermal resistance of outer covering (serving) 7,

4.1|5.1 General case

Thg external servings.are generally in the form of concentric layers and the thermal resistapce
Ty is given by:

T3 :l pT In [14_2&}
2z D!

a

where

t3 is the thickness of the serving (mm);

D', is the external diameter of the armour (mm).

NOTE For unarmoured cables pj is taken as the external diameter of the component immediately beneath it, i.e.
sheath, screen or bedding.

For corrugated sheaths:
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1 D,.+2¢
T3 :_pT In ¢ =5 3
2z Do + Dy e
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:

where

Pt
G

6

1)

c)

4.2

4.2.

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

The thermal resistance T, is made up of fwo parts:

73 =2Tn 1.2, G
27 D} 67

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

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

is taken as the diameter over the binder tape.

Pipe-type cables

The thermal resistance Ty 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.

The thermal resistance of any serving over the screen or sheath of each core. The vglue
to be substituted for part of.@Z, in the rating equation of IEC 60287-1-1:2006—prd

IEC-60287-1-1:2006/AMDB1:20142023, Clause 4 is the value per cable, i.e. the valug for
a three-core cable is one-third the value of a single core.
The value per core is.calculated by the method given in 4.1.3 for the bedding of single-
core cables. For oval cores, the geometric mean of the major and minor diamegter

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

The thermadl resistance of the gas or oil between the surface of the cores and the pjpe.
This resistance is calculated in the same way as that part of T4 which is between a cgble

and the~internal surface of a duct, as given in 4.2.6.3.
Thewvalue calculated will be per cable and should be added to the quantity calculatef in
4.1°6 b)1) above, before substituting for 7, in the rating equation of IEC 60287-1-1:2p06

: 2023, Clause 4.

The thermal resistance T3 of any external covering on the pipe is dealt with as in 4.1.4. The
thermal resistance of the metallic pipe itself is negligible.

1

External thermal resistance 7,

Cables laid in free air

4.21.1 Cables protected from direct solar radiation

The thermal resistance T, of the surroundings of a cable in air and protected from solar radiation
is given by the formula:
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1

T4 =T a1
7 Dy h (A6g)T
where with
V4
-b#
(De)f?
h — Z + K
* C
(Pe)
where
D; is the external diameter of the cable (m)

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

NOTE Throughout4.2.1 p_ is expressed in metres.

ate
e8

ea
lue

see

hod

h is the heat dissipation coefficient obtained either fromEormula (2) using the appropr
values of constants Z, E and gCg given in Table 3, or~from the curves in Figure 7, Figu
and Figure 9, which are reproduced for conveniéice (W/m2 (K)5/4);
Served cables and cables having a non-metallic surface should be considered to hay
black surface. Unserved cables, either plain lead or armoured should be given a ve
of 4 equal to 88 % of the value for a black'surface;
AQJ is the excess of the cable surface temperature above the ambient temperature (
hereinafter for method of calculatign) (K).
For|lcables in unfilled troughs, see 4.2.5.2
Calculation of (Afg)Va:
A S(Jmple iterative methad of calculating (Afg)% is given below. The alternative graphical met
is described in 5.7.
Calculate
tDgh [T
Kpn=——"0" |20 T (14 24)+ T3 (14 44 + 4
A (1+14+/12){n 2 (1+ ) +T3 (1+ 4 2)}
then
0,25
(A@S )11/11 _ AO + AHd -
1+ Kp (M),
Set the initial value of (Af)% = 2 and reiterate until (Af)"* | — (205)"* < 0,001

where
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T
Aby = Wy 1;_1 T1_”’12—2 :
+ M+l 2 1+ 4+ 4

This is a factor which, having the dimensions of temperature difference, accounts for the
dielectric losses. If the dielectric losses are neglected, Afq = 0.

A@ is the permissible conductor temperature rise above the ambient temperature.

4.2112—€abtesdirectly-exposed-to-sotarradiation—Extermat-thermatresistance—1;

Where cables are directly exposed to solar radiation, T; is calculated by the methad givep in
4.2|1.1 except that in the iterative method (Afs)" is calculated using the following formula:

0,25
(AQS )1/4 |:A9 + AHd + A'gds ]

" 14 K, (80,
Where
cDeH [T ]
e A=A ianumeicy

Abys :%[%+T2 1+ ) +T3 (1+ X4 +/12)]

Th
SO

is is a factor which, having the dimiensions of temperature difference, accounts for difect
Ir radiation.

where

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

'
=

H E|, is the intensity of'solar radiation which should be taken as 103 W/m? for most latitudef;
is recommendéd that the local value should be obtained where possible;

is the external diameter of the cable (m)
for corfugated sheaths D_ = (D, + 2 t3) - 1073 (m).

Thq alternative graphical method is included in Figure 10.

4.2 7 —Single Isolated buricd cable

2r

Ty =%p In (u1 +4/ u12—1)

where
pt is the thermal resistivity of the soil (K - m/W);
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2L 2L
H— U = —_—
De Dy
L is the distance from the surface of the ground to the cable axis (mm);

is the external diameter of the cable (mm)
for corrugated sheaths D, = D, + 2 t3

The

For
ca
per
far

mo

Lo (0 ..\
Pzt
T

previously accepted approximation for values of u4 exceeding 10:

T4=2lnp-|- |n(2u1)

onsidered no longer necessary and it is preferred to avoid its usg|n future calculations.

cable circuits installed at laying depths of more than 10'm, an alternative approach
ulating the current rating is to determine the continuous. current rating for a designated t
od (usually 40 years) by applying the formulae given in]EC 60853-2, taking into accoun

4.2
4.2
Sud

3 Groups of buried cables (not touching)
3.1 General

h cases-may can be solved by using superposition, assuming that each cable acts as a

source and does not distort the heat field due to the other cables.

The
loa
onl
ide

4.2
The

tem
the

se cables are of two main-types: the first, and most general type, is a group of unequ
led cables of different conhstruction, and for this problem a general indication of the met

can be given. The second type, which is a more particular one, is a group of equally loa
ntical cables, and-for'this problem a fairly simple solution can be derived.

3.2 Unequally loaded cables

method suggested for groups of unequally loaded dissimilar cables is to calculate
peratlire rise at the surface of the cable under consideration caused by the other cable
group, and to subtract this rise from the value of A used in the equation for the rated cur

inl

FC.60287-1-1:2006-and 1EC 60287-1-1:2006/AMD1:20142023, Clause 4. An estimate of

for
me
[ as

as is practical seasonal variations in load and ground conditions, if any. Finite element
jelling-may can provide a more versatile model forsuch a lifetime assessment.-TFhis-subjeet

ine

ally
hod
Hed

the
5 of
ent
the

power dissipated per unit length of each cable shall be made beforehand, and this can be
subsequently amended as a result of the calculation where this becomes necessary.

Thus, the temperature rise A9, 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 group, is
given by:

A0, = Ay, + Ay + ... Ay + ... Ay,

(the term Adp, is excluded from the summation)

where
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AHkp is the temperature rise at the surface of the cable produced by the power | watt per unit

length dissipated in cable k:

AD 1 0] 1AZ m(d’skw
S 2 T dpk

d'
A@kp =i p Wk In Lk
27[ dpk

The

distances dpk and d'pk are measured from the centre of the pth cable to the centre of ¢4

k, and to the centre of the reflection of cable k in the ground-air surface respectively (

Fig

The
12
cab

Thi
avo

4.2
4.2

The
is (

ire 1).

value of Ad in the equation for the rated current in IEC 60287-1-1:2006-ard{EC6028]
DO6/AMD1:201442023, Clause 4 is then reduced by the amount Ab,, and the rating of the

le is determined using a value T, corresponding to an isolated cable at’ position p.

5 calculation is performed for all cables in the group and is repeated where necessar
id the possibility of overheating any cable.

3.3 Equally loaded identical cables
3.3.1 General

second type of grouping is where the rating.ef a number of equally loaded identical cal
etermined by the rating of the hottest cable. It is usually possible to decide from

configuration of the installation which cable ‘will be the hottest, and to calculate the rating

this
me

gro
ahg

The

one. In case of difficulty, a further calculation for another cable-may can be necessary.
hod is to calculate a modified value-of*T, which takes into account the mutual heating of

Lip and to leave unaltered the value of A9 used in the rating equation of IEC 60287-1-1:2
-HHEC-60287-1-1:2006/AMD1:2014:2023, Clause 4.

modified value of the external thermal resistance T, of the pth cable is given by:

EARARTARE
dpt JUdp2 ) (dpx ) | dpq )|

I 1 ol (... |2 4

a 27Z_P"I"' k""'V"’

—>

ble
see

to

les
the
for
he
the

DO6

T S [ AR AR

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

!
dpp
pp

excluded.

The distances d, etc., are the same as those shown in Figure 1, for the first method.

The simpler version 2 u1 instead of u, +,/u12 —1 is considered no longer suitable and should be
discontinued (see 4.2.2). |5


It has been agreed to eliminate this kind of simplified terms, as nowadays calculation is done with software tools.
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For simple configurations of cables, this formula may be simplified considerably. The following
examples were obtained by the use of superposition.

4.2.3.3.2 Two cables having equal losses, laid in a horizontal plane, spaced apart

2
2L
$1

2
1+(2LJ
$1

2r

1
Ty =—
4 271'p

1
+—1In
2

In (u1 +\/u12 —1)
where

2L
De

2L
Uy =—,
D,

e

is the distance from the surface of the ground to the cables axis|(mm);

is the external diameter of one cable (mm);

The
con

4.2

is the axial separation between two adjacent cables (mm).

approximation suggested when the value ®f: exceeds 10, utilizing the term +1/u12 -1
sidered no longer suitable and should bediscontinued (see 4.2.2). |§

3.3.3

Three cables having approximately equal losses, laid in a horizontal plane,

equally spaced apart

2r

1
Ty = —
4 ZEP

In (u1 +\/u12—1)+|n

Theg vdlue T, is that of the centre cable of the group and is used directly in the equatiorlw of
IEC60UZ87-T-T:Z8082023, 4.2

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 and/for 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 60287-1-1:20062023, 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:



It has been agreed to eliminate this kind of simplified terms, as nowadays calculation is done with software tools.
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ot L [0St e | [ (20
T ! R kSJH

1+ Am 51

, , 2
Ty :%p In(u1 +«/u$—1)+{M} In{1+[2—[‘j }

H bl 4 [ T bt + 1ol = 1) 1 £ P (IR H
Th|> dSSUTTIES UTdal UITS LCTTUT LAdUIC 15 T TTULEST LalIC. TTICS vdiutT Ul'A1 LU DC USCU TIT UI1C [d |ng

eqyation of IEC 60287-1-1:20062023, 4.2 is that for the centre cable,

where

2L 2L
H— U =—;

De Dy
L is the distance from the surface of the ground to the cables axjs,(mm);
e is the external diameter of one cable (mm);

Sq is the axial separation between two adjacent cables (mm);
M, is the sheath loss factor for an outer cable of the group;
k'12 is the sheath loss factor for the other outer cdble of the group;
7‘|’m is the sheath loss factor for the middle cable of the group.

Thg approximation suggested whenthe value of u exceeds 10, utilizing the term u+\/u2 -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|14.1 Two single=core cables, flat formation
4.214.1.1 Metallic sheathed cables

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

PT

Lo (o A c =
T4 = (MmMZU = Ua3T] ro—tod—=-<
T

T, = %(In(w +yu? —1)-0,451) foruy > 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.


It has been agreed to eliminate this kind of simplified terms, as nowadays calculation is done with software tools.
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Pt

i

T, = %(m(m +yuf —1)-0,295) foruy =5

Lo (o \
Ts = 2T =0295 T —foru=>5

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

Me

val
M

4.2

Nom-metallic sheathed cables are taken to becables where any metallic layer at, orimmedia

unag

Thi
ext

4.2
4.2

Iayxr that provides an isotherm at, or immediately under, the outer sheath of’the cable.

4.2 Three single-core cables, flat formation

4.2.1 Metallic sheathed cables

e of L4 used in the rating equation of IEC 60287-1-1:20062023, 4.2.1-is the average of
alues for the three cables.

Fr—prlotreinlzn) 0346} foru -5
o =p (0,475In(u1 +yu? —1]—0,346) foruy =5

4.2.2 Non-metallic sheathed cables

er, the outer sheath of the cable is nat'sufficient to provide an isotherm.

Fr—prot7on{2a) 0442} for =5

)= p (0,475In(u1 +yu? —1}0,142) foruy =5

5 formula is used for non-metallic sheathed cables having a copper wire screen and for
prnal thermaltresistance of non-metallic touching ducts (see 4.2.6.4).

4.3 Three single-core cables, trefoil formation

4.3.1 General

allic sheathed cables are taken to be cables where it can be assumed that thenre is a metallic

lhe
the

tely

the

For this configuration, L is measured to the centre of the trefoil group and D, is the diameter of
one cable. T, is the external thermal resistance of any one of the cables and the configuration
may be with the apex either at the top or at the bottom of the group.

For

corrugated sheaths, D, = D + 2 t3.

4.2.4.3.2 Metallic sheathed cables

15
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" =1’75p {In (w . —1)—0,630}

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

Thiwmﬁmwmmmmmmﬂumm screen) 0.7 mm
diameter, individual copper wires having a total cross-sectional area of between 15 mmZ2 and

35 mm?2.

15

T :1’75,) [In (u.] +1Iu12 —1)—0,630}

In this case, the thermal resistance of the insulation 7, as calculated by the method given in
4.112.1 and the thermal resistance of the serving 75, as calculated by the method given in 411.3
shdll be multiplied by the following factors:

T4:| by 1,07 for cables up to 35 kV,

by 1,16 for cables from 35 kV to 150 kV;
T3:| by1,6.

4.2|14.3.4 Non-metallic sheathed cables

F—prlie et

2

Ty :%p In qu +m)+2ln(u1)}

Thig formula is used for non-metallic sheathed cables having a screen of spaced copper wjres
and for the externdl thermal resistance of touching ducts (see 4.2.6.4).

Thd &dernal thermal resistance of buried nines used for nine-tvne cables is ealeulated-asl for

Hg-ExXte it er i FesSiSaRee— o+ uHeq |J||J\;u Hsectorpipe-type-adiesSiscarcthateGaSHod
rd bl H oo £ [P Lo tlo: P | i £ | H L. N t~
afary—CaoreS—uSH g e—Tof e =St aSt—me—tepr—orrayr gT—i+S—mMeasutret 1o

%WW%WWMWW@%

H

4.2.5 Cables in buried troughs
4.2.51 Buried troughs filled with sand

Where cables are installed in sand-filled troughs, either completely buried or with the cover
flush with the ground surface, there is danger that the sand will dry out and remain dry for long
periods. The cable external thermal resistance-may can then be very high and the cable-may
can reach undesirably high temperatures. It is advisable to calculate the cable rating using a
value of 2,5 K - m/W for the thermal resistivity of the sand filling unless a specially selected
filling has been used for which the dry resistivity is known.
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4.2.5.2 Unfilled troughs of any type, with the top flush with the soil surface and

exposed to free air

An empirical formula is used which gives the temperature rise of the air in the trough above the
air ambient as:

Ao VTOT
3p
A%_%m
3R,
where
Wrot is the total power dissipated in the trough per metre length (W/m);
PP}, is that part of the trough perimeter which is effective for heat dissipation (m).
Any portion of the perimeter, which is exposed to sunlight, is therefore not included in the ve
of gP,,. The rating of a particular cable in the trough is then calculatedas for a cable in freg
(seg 4.2.1), but the ambient temperature shall be increased by Aff..
4.216 Cables in ducts or pipes
4.216.1 Overview
Thdg external thermal resistance of buried pipes uged/for pipe-type cables is calculated as
ord|nary cables, using the formula in 4.2.2. In thjs tase, the depth of laying L is measure
the|centre of the pipe and D, is the externdkdiameter of the pipe, including anti-corros

CcoV]

c)

The
1-1
par

ering.

6.2 General
external thermal resistance of a cable in a duct consists of three parts:

the thermal resistance of:the air space between the cable surface and duct internal surf
T4

the thermal resistance of the duct itself, 7. The thermal resistance of a metal pipg
negligible;

the external thermal resistance of the duct 7;".

value of 7, to be substituted in the equation for the permissible current rating in IEC 602

2006-and 1EC 60287-1-1-2006/AMBP1:20142023, Clause 4 will be the sum of the individ
sid.e.:

ue
air

for
i to
ion

ace

174
6.

87-
ual

Ty =T) + T+ T4

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

For the cable diameters in the range 25 mm to 100 mm the following formula shall be used for
ducted cables. It shall also be used for the thermal resistance of the space between the cores
and pipe surface of a pipe-type cable (see 4.1.6), when the equivalent diameter of the three



For cables in ducts which have been completely filled with a pumpable material, T4’ can be computed as a concentric layer assuming the cable located in the center of the duct (refer to 4.1.3).
If there are three cables in trefoil inside a duct which has been completely filled with a pumpable material, T4’ can be computed with the same approach (refer to 4.1.3) considering the equivalent diameter of the three cables as one.
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cores in the pipe is within the range 75 mm to 125 mm. The equivalent diameter is defined
below:

, U
Ty =
1+01(V +7Y0,,) Dg

where

U, V, Y are constants, depending on the installations the values of which are given in
Table 5;

D is the external diameter of the cable (mm);

e
when the formula is used for pipe-type cables (see 4.1.6 b)), Do becomestheequivalent
diameter of the group of cores as follows:

— two cores: D, = 1,65 x core outside diameter (mm);
— three cores: 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.
An assumed value-has—te shall be used initially and‘the calculation repeated with a
modified value if necessary (°C).

4.216.4 Thermal resistance of the duct (or pipe)iitself 7

Thg thermal resistance ( 7 ) across the wall of aiduct shall be calculated from:

1 D
s — P1n
N2r T (de
where

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

(o]

Dy | is the inside diameter-of the duct (mm);

p1 | is the thermal resistivity of the duct material (K - m/W).

Theg value of p; eanbe taken as zero for metal ducts, for other materials, see Table 1.

4.216.5 External thermal resistance of the duct (or pipe) 7y

Thig.shall be determined for single-way duct(s) not embedded in concrete in the same way as
for h cahln ..o.nn thao nnnrnnnn{-n Fnrm..lnn nn:nn |n /1 ’) 14292 42 ’) aord2 /1 nnA +hn axior na|

CroTOoTC T OO T gt o P P T oOpPTTat T oo cogt [ TN ErEam a7 —r¥ —raan gy —5 A~ 4 mam oy —ra 4 TO—TXTT

radius of the duct or pipe mcludmg any protectlve covermg thereon replacmg the external
rad|us of the cable A

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
resistivity differs from the one of the surrounding soil (backfill or concrete), the calculation of
the thermal resistance outside the cables or conduits is performed in two steps:
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first of all, the external thermal resistance shall be determined using the appropriate
formulae given in 4.2.2, 4.2.3 or 4.2.4 assuming a uniform medium outside the cables or

conduits having a thermal resistivity equal to the backfill or concrete;

a correction is then added algebraically to take account of the difference between

the

thermal resistivities of backfill or concrete and soil for that part of the thermal circuit exterior

to the bank.

The correction to the thermal resistance is given by:

N o—prH-fur 2t

r-yi19

N
o (Pe = po) In(uz +uf 1)

where
N, | is 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);
L L
H—t G Us =—G,
I Th
Lg | is the depth of laying to the centre of the duct bank (mm);
r, | is the equivalent radius of the concrete bank\(mm).
In the previous editions of this standard the formulation utilized to evaluate r,, the equiva

rad

The
irre

Thif

Thi
rec

us of concrete bank (mm), was given By;

™ (4 «x y2 x
npsy —|——-—| In{1+—=|+In=
2 y\m y %2 2

quantities x and y are ‘the shorter and longer sides, respectively, of the duct bank sec
spective of its position,” in millimetres.

. . ligl ¢ o5 of L han 3.
e

5 fopmigtation was considered valid for ratios between the longer and shorter sides ¢
apgwlar duct bank that are less than 3.

ent

ion

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 =
e

where the geometric factor Gy, is obtained from Table 2, values are tabulated for suitable values
of the ratio Lg/h, and the ratio /,/w, where:
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Lg is the depth of laying to the centre of the duct bank (mm);
hy is the height of the duct bank (mm);

wp  is the width of the duct bank (mm).

Such tabulated values are valid for the table range. Intermediate values shall be obtained by
linear interpolation. [7

5 Digital calculation of quantities given graphically

5.1 General

Clapse 5 gives formulae and methods suitable for digital calculation for those quantities giyen
in Higure 2 to Figure 6 and the procedure for calculating A0 by means of Figure 10. The method
used is approximation by algebraic expressions, followed by quadratic or linear interpolagion
where necessary. The maximum percentage error prior to interpolation is given for each cafse.

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

Seg Figure 2.

Denote X =1t4/de
— Y=t —*
thep— G =MGg

©ap|t-a?)1-p2)°°
oy

MM-=formuleMic-=1a

1

C \Z 12
1_;,_;
1+ XI(1+Y) |

X _1
B 1+Y 2
o X i

1+Y 2



This new method is added to the standard in order to cover more cases that were not covered in the previous edition.
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Fhe-maximum-percentage-errorin-thecaleulation-of- GG 0)-6, 505 and GG -Hsless
Denote Ky =1 /dC

Ky»] =(2l1 /l)—1
then G =MKg

where

1—aﬁ+[(1—a2)(1—ﬁ2)]0’5
o=p

M #+ formule Mie =In

1

2’
1+ Kt
1+KX1/(1+KY1)

SEIRSY
—_—
+
=
=X

Kgl=Kg (KX1,KY1), i.e. is a function of Both K¢ and Kyq.

Calgulate the three quantities Kg'= KG(KX1,O), Kg = KG(KX1,O,5) and Kg =Kg (KX1,1)
where:
Ke (KX1,0) = 1,06019~0,0671778 - K y; +0,0179521- K2,

KX1,0,5) =106798—0,0651648 - K v +0,0158125 - K2,

Kg (KX1,1) £106700-0,0557156 - K 44 +0,0123212- K2,

KX1,KY1) may be obtained by quadratic interpolation using the following formula:

Kg (KX1,KY1) - Kg (KX1,0)+KY1 [—BKG (KX1,O)+4KG (KX1,O,5)—KG (KX1,1)}

+K2, [21(G (Kx1.0)-4Ka (K ¢1,0,5)+ 2Kg (KX1,1)}

The maximum percentage error in the calculation of Kg =KG(KX1,O), Kg :KG(KX1,O,5) and

Kg =Kg (KX1,1) is less than 0,5 % compared with corresponding graphical values.
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5.3 Geometric factor G for three-core belted cables with circular conductors

See Figure 3.
Denote X =t4/de
Y =(2t/ty —4
and—— G =MGg
where
2 2|05
M-=-formuie-Mie=1tr 1—ap+|(1-a”) (1-57)
a-p
3 1
YT 13
1+ X
1+i 1+ 2 X
i 3 1+Y |
2 2 X
_£ 11 —
b \/g( +1+Y] 3
“ 2(1+2XJ+3
3 MY

where
Go{x. 0) =1, ; : *
987 3 ) = ) ) ) 2
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05
_ ‘I—aﬁ+|:(1—a2)(1—ﬂ2)J
M = formuleMie =In ;

oa=p

142 |14 2 Kxt
V31 1+ Ky

2 1+@ -3
ﬂ \/§ 1+Ky1
[

2 (1+2KX1]+3

ﬁ 1+Ky1
Kg|=Kg (KX1,KY1), i.e. it is a function of both Ky4 and Kyy.

Calculate the three quantities Kg = KG(KX1,O), Ke=Kg (KX1,0,5) and Kg =Kg (KX1,1)

where
Ko(Kx1,0) = 109414 -0,0944045 - K 1 +0,0234464 - K3
Ko|(K x1,0,5) = 109605 -0,0801857 - Ky 0,0176917 - K34

Kg (KX1,1) = 1,09831-0,0720631; Ky +0,0145909 - K2,

and obtain Kg (KX1,KY1) by quadratic interpolation between the three calculated values.

This may be done by substituting Kg = Kg (KX1,O), Kg =KG(KX1,0,5) and Kg =Kg (KX1,1 in

the[following&ormula:

K (Ky1Ky1)= Ko (Kx1,0)+ Ky [—BKG (Kx1.0)+4Kg (K x1,0.5) - Kg (KX1,1ﬂ

+K, [21(@ (Kx1.0)-4Kg (K x1,0,5)+ 2Kg (KX1,1)}

The maximum percentage error in the calculation of Kg = KG(KX1,0), Kg :KG(KX1,O,5) and

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.
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Denote—X={81-pp)HdcPm)

AV4
T L3 c

023

De

The

0<

0<

) y

ote Ky =(51 PT)/(chm) and Kxq =4l -

screening factor Cgq is a functigf/of both Kyq and Ky,. Calculate the three quanti
(KXZ,‘O,Z), CK1(KX2,-O,6) and CK1(KX2,~1) from the following formulae according to whe

KXZ <6 or 6<KX2 < 25.

Kyp <6 Ciy (KXQ,-O,Z) =0,998095-0,123369 - K 5 +0,0202620- K2, —0,00141667 - K 3,
Cyed (KXZ,-O,G) = 0,099452 - 0,0896589 - K y, +0,012023 - K2, —0,000722228 - K3,

o (KXZ,-1) = 0,997976 —0,0528571- K y, +0,00345238 - K 2,

fies

her

0<Kyp <25 Cxq(Kyx0,0.2]=0,824160—0,0288721-K v, + 0,000928511- K 2, —0,0000137121- K3
X2 k1| Bx2 X2 X2 X2

Ci1(X,-0,6) = 0,853348 —0,0246874 - Ky, +0,000966967 - K2, —0,0000159967 - K 3,

Ci1(X,1) = 0,883287 —0,0153782.- K y, +0,000260292 - K 2,

Cx1 (KX1,KY1) is then obtained by quadratic interpolation between the three calculated values.

This may be done by substitution in the following formula:
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Cyq (KX1,0,2) +K, [—3CK1 (Kx1.0.2)+4Kg (KX1,0,6) —Cpq (KX1,1)]

1K2 [2c,<1 (Kx1,0.2) - 4Cis (K 1,0.6) + 2Cxs (K X1,1)}

Ck1 (KX1!KY1)

where K, =125-K,4-0,25.

The maximum percentage error in the calculation of the sector correction factor is less than

0,5 % compared with graphical values.

2\
&)

Thermal resistance of three-core screened cables with sector-shaped conductqrs

compared to that of a corresponding unscreened cable

TarCuatc T CCquanttCo Iy (7y;
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The screening factor Cy4 is a function of both K,5; and K,,. Calculate the three quantities

Ky3 =

Denote

Kyo

Cx1 (Ky3, 0,2), Cxq (Kx3, 0,6) and Cy4 (Ky3, 1) from the following formulae according to whether

0<Ky3<3,3<Ky3<6,0r6<Ky;s25.
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0<Kyz <3 Cxq(Ky3.0, 2) =1,00169—0,0945 - K y5 +0,00752381- K25

(
Crr(Kx30.6) =1,00171-0,0769286 - K 15 +0,00535714- K2
CK1(KX3! ) CK1(KX3v'O’6)

Ky36  Cgq (Ky3, 0,2) and Cgq (Ky3, 0,6) are given by the same formula as for 0 < X

<3

For]

For]
ca

whe¢re K, =125 Ky, — 0,25+

The

compared with graphical values.

5.6

Crq ( Km,-1) —1,00117 —0,0752143 - K y 5 + 0,00533334 - K2,

Ky3<25 Cq (KX3,-0,2) =0,811646 —0,0238413 - K 5 +0,000994933 - K25 —0,0000455152 -

Ci1 (KX3,-0,6) = 0,833598 - 0,0223155 - K ;5 +0,000978956 - K 25 ~0,0000158311

Cyer (KXS,.1) = 0,842875-0,0227255 - K y5 +0,00105825 - K25 0,0000177427 - K

0 <Kyz<3and0,2<Ky, =0,6, K; (Ky3, Kyp) is obtained by (i€ar interpolation betw
K3, 0,2) and K; (Ky3, 0,6) as follows:

Ko (Kx3.Ky2)=Ka(Kx3:0)+25(Ky —0,2)[1<G (KX3,0,6)—KG (KX3,0,2)]

3 < Ky3 =25, Kg (Kya3, Kyp) is obtained by\quadratic interpolation between the th
ulated values. The relevant formula is:

KG (KX3’KY2) = KG (KX3’0’2)+KZ |:_3KG (KX3’0’2)+4KG (KX3,0,6) —KG (KX3’1):|
+K§ |:2KG (KX1,O,2) —4KG (KX3,0,6) + 2KG (KX3’1):|
maximum percentage error in the calculation of the sector correction factor is less than

Curve-for G for obtaining the thermal resistance of the filling material between
the-sheaths and armour of SL and SA type cables

K3

‘K3

w

X3

9%
0]
5

ree

1 %

Figure 6.
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Denote Ky, = thickness of material between the sheaths and armour expressed as a fraction
of the outer diameter of the sheath.

The lower curve is given by:

0<K,4<003 G-= 27r(0,000202380 +2,03214 K 1, —21,6667-K§(4)

0,03< Ky, <015 G= 27r(0,0126529+1,101~KX4 ~4,56104-K2, +11,5093-1<§;4)

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

Thg upper curve is given below:

0<Ky <003 G-= 2;:(0,00022619 +2,11429 K g —20,4762~K)2(4)

0,03<Ky4 <015 G-= 2n(0,0142108+1,‘|7533-KX4 — 449737 - K2, +10,6352~K§(4)

Thgq maximum percentage error in the calculation of<(Gis less than 1 %.
5.7 Calculation of Ag; by means of a diagram
Seq Figure 10.

Theg procedure is as follows:

a) [calculate the value of K using-the formula:

tDgh [T
Kn=—"2" | 24T (1+14)+T3 (14 4 + A
A 1+2,1+/12[n 2 (1+4) + T3 (1+ 4 2)}

b) llocate the line on Figure 10 with the value of a) above as ordinate, and then locate the ppint
on this ling,for the appropriate value of:

AB + ABgq + ABy4g = constant

c) [réad off the abscissa of this point to obtain:

(ABs)7a

1) cables protected from solar radiation

oy =[]y - T
+ M+l 2 T+ 4+

if the dielectric losses are neglected, A6y =0
Aﬁds =0

2) cables subjected to solar radiation
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o T
Aby = Wy 1t 1 T _ M2 i2
T+ 4+4 2 T+ 4+

if the dielectric losses are neglected, A8y =0

* _T1+n(1+x1)T2+n(1+k1+k2)T3
AD S reefl-
- n(1+iq+2i2)

C

(4 2 4 N |
AadszaD;EEL11+n\|+m);2+n\|+M+A2)13 J
n(1+ 4+ %)
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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 650
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 duct,installations
Concrete 1,0
Fibre 4,8
Asbesteos 2,0
Earthenware 1,2
Rolyvinyl chloride (PVC) 6,0
Polyethylene (PE) 3,5
Other components
Sem=comductmgXtPEamd-PER 25
Semi-conducting ethylene propylene rubber (EPR) 3,5

a8 For the purposes of current rating calculations, the semiconducting screening
materials-are 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 gCg for black surfaces of cables in free air

No. Installation VA E ng Mode
Installation on non-continuous brackets, ladder supports or cleats, D, not greater than 0,15 m
20,3 D,
0
1 Single cable? 0,21 3,94 0,60 ao
20,50,
—
2 Two cables touching, horizontal 0,29 2,35 0,50
20,5 Dy
e
3 Three cables in trefoil 0,96 1,25 0,20 &)
20,5 Dy
- -
4 Three cables touching, horizontal 0,62 1595 0,25 a
000
20,5 D,
—o h— €
5 Two cables touching, vertical 1,42 0,86 0,25 a 8
20,5 D
— -
6 Two cables spaced, D, vertical 0,75 2,80 0,30 O‘LD*
o7
21,0 D,
RN
7 Three cables touching, vertical 1,61 0,42 0,20 a @
20,5 Dg
-
. Ou .
8 Three cable$ spaced, D, vertical 1,31 2,00 0,20 OIDe
Deg
O?
Ingtallation(clipped direct to a vertical wall ( D, not greater than 0,08 m)
9 Single cable 1,69 0,63 0,25 3@
10 Three cables in trefoil 0,94 0,79 0,20 &)
2 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 X
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 vV Y.
In metallic conduit 5,2 1,4 0,041
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 52 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 0,0037
Earthenware ducts 1,87 0,28 0,003 6
Water filled plastic ducts 0,1 0,03 0,001
4
'
N ®
g
Ly
L
L p
k Lq
Air
d’pk Ground
Ly Lq

Cable No. 1
IEC

Figure 1 — Diagram showing a group of 4 cables and their reflection in
the ground-air surface
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2

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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5, 1
§ 1 T T T T T T T T T T T T T T T T T T T T T T T T
o 04 = thickness of metallic screen on core i
8 \ p1 = thermal resistivity of insulation 1
\\\ d, = diameter of conductor (circular)
\
0.9 I\ 14 = thickness of insulation between conductor and screen
\ ]
\ \ Pm = thermal resistivity of screening material:
\ \ 27 x 104 K.m/W for copper
\ 48 x 104 K.m/W for aluminium
)
0,8 \\ N
INEAN
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A\ N
\ N
\\
LD N
\
\ N
o TR
N
\ N -
t
N o
\ \\\ N \dc 1
\ ~
N ANE i
\\
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0,6 N ™
’ N
\\
&
S A 0,6
N -0z
N 4,
8,5 L1 >
0 5 10 15 20 25 30
91 %P1
de % pm
IEC
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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Figure 5 — Thermal resistance of three-core screened cables with
sector-shaped conductors compared to that of a corresponding

unscreened cable (see 4.1.2.3.3)
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Figure 6 — Geometric factor”’G for obtaining the thermal resistances of
the filling material between the sheaths and armour of SL
and-SA type cables (see 4.1.2.5)



https://iecnorm.com/api/?name=bcb7d1ec44bd2b9385ad98d2f9155dc0

IEC 60287-2-1:2023 CMV © IEC 2023

— 48 —

¥ 0} L[SUOIPUOD BUIAE[ "JIE 091} Ul SO|(ED JO SOJIEJINS Yoe[q JO] JUSId1}jo0d UoONedISSIp.IeoH — L ainbi4
o3
(w) s|geofeuo jo tsjewelp [euleIXg
910 710 zLo L0 800 90°0 00 200
-
® ]
I I
1® ] ==
e e —
o == L
) .![I[I, [ I~
I~
= .//l N
~. ///
//} /
////
- N
O+ S
i N
Jﬁ”l
\
l/,
AN
|eJuoZIIOY |eluozZLIoy N\
‘Bulyonoy sa|qed 9aly | ‘Buiyonoy sa|qes om| /
OO0 @, o0 /@ \
N
LA S0z e~ LAS0Z 4 = \
[losauy U 7 a|qeo s|buis O @ \
shiqeo a1y &u @ '
LaA50z A = 2acoz -

1 Jusole00 uonedissip JesH

i 1) ZW/M


https://iecnorm.com/api/?name=bcb7d1ec44bd2b9385ad98d2f9155dc0

— 49 —

IEC 60287-2-1:2023 CMV © IEC 2023

g 0} g[Ssuonipuod Buike| ‘Jle 9o} Ul SO|(ED JO SaOBNS Yoe|( JO} JUaId1}300 uoiedISSIPp JeoH — g ainbi4

o3
(w) 8|ged $uo Jo Jsjewelp [euss)xg
910 710 zLo Lo 80°0 900 ¥0°0. 200 0

- 4

| —
— €
- ®= S
I’l!l’, //
Il.l/ //
j/
| ~ //
OR=EN ~
| P ——] 14
HopN ——— N~ ,
T e S N I e //
Ill/ /// /r /
—~—] —
~~ // ///
D~ ~. s
<PX
//
. 10 ﬁ N
«a v\ 9
Jl
* @ 1 O |eolan
Sa |E9fLISA 2a @ “2( peoeds sa|qeo om|
« 9
A.O 27 pooeds sa|qeo a1yl 410
Jacoz ™+ SagoI— —
L
[ESTEN |eslan
@ ‘Buiyonoy sa|ged aalyl @ ‘Buiyono} ss|qed om|
SaS0zw e—

g
*
4
T

[se]

1/ Juse00 uonedissip jesH

w1 1) ZW/A

<
-


https://iecnorm.com/api/?name=bcb7d1ec44bd2b9385ad98d2f9155dc0

IEC 60287-2-1:2023 CMV © IEC 2023

— 50 -

ogl

0L pue

6 suoljipuod Bulke| ‘a1e 9al1j Ul Sa|qeD JO SIDBLNS Yoe|( 10} Judldlyjaos uoijedissip

jedH — 6 24nbi4

(w) 8|qeod auo jo Jsjauielp |euls)x3
600 gL0 100 900 G0'0 ¥0°0 €00 o)} L0'0 0
0= 1
I
]
//
.y
O
Y
1
[~
//
/V
~N
@\. 10421} Ul S8|qE2 381y |
@ 9|qeo a|buig
/

~

1/ JusI01Y200 uonedissip jeaH

16 ) ZW/M


https://iecnorm.com/api/?name=bcb7d1ec44bd2b9385ad98d2f9155dc0

—-51 -

IEC 60287-2-1:2023 CMV © IEC 2023

3/ s
LA

dle Ul sa|ged JO 9oueR)SISaJ [eWIdY} [BUIB}XD JO UOIje|ndjed ay} Joy ydedo — g aJ

nbi4

S +v%<+%< ZLLOM



https://iecnorm.com/api/?name=bcb7d1ec44bd2b9385ad98d2f9155dc0

-52 - IEC 60287-2-1:2023 CMV © IEC 2023

Annex A
(informative)

Correction factor for increased lengths of individual cores
within multicore cables

In multicore cables the lengths of the individual cores are increased by their laying up compared
to the length of the complete cable. For calculating physical properties like electrical resistance
or capacitance relative to the length of the completed cable a correction factor may be applied

ot L L, 1 lotadl

on

Inn

The
corg

The
or

The

evdluated as: Ny
3V

L. LE o H~ WP~ | 1 % HPi Y
Mo TOOoUTlO LAl TTa Ve UTTUTT LAalTuuTalTu at s 1miurvivudl otraryriit CUTT o.

Q

hulticore cables with round cores the factor (j| for taking into account this Iaying@ﬁar

is the diameter of the individual core (m); Q O

is the axial cable length over which the c&@ make one full helical turn (m).

factor Cy is used to take into account th %Sltlon of the neutral axis of the helically wo
b, since such axis does not generally o@espond to the core centre.

properties like thermal resistanc "&’the cable can then be found as the electrical resista
apacitance of an individual 09\@ multiplied by the lay length factor. See Formula (A.1).

N~
value of Cy for differe&)t’\é’ses is shown in Table A.1.

@a’ble A.1 - Values of C; for different cases

7~
Nunw\;-t.’)f cores 2 3 4 5 6

Y
Qhor Co. 1,16 1,29 1,53 1,80 2,08
O
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~
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List of comments

To avoid the use of same symbol with different meanings or different symbols with the same
meaning across |IEC 60287 standard series, some symbols have been changed. One of the main
new criteria is the use of capital letter "C" for all coefficients.

C| . is added to the thermal resistivity between conductor and sheath to take into account the lay
length factor in three core cables or triplex cables.

This new paragraph follows CIGRE recommendation described in TB 880.

This new subclause follows CIGRE recommendation described in TB 880.

It has been agreed to eliminate this kind of simplified terms, as nowadays calculation is_done with
software tools.

For cables in ducts which have been completely filled with a pumpable material, 7," can be
computed as a concentric layer assuming the cable located in the center of the duct (refer to 4.1.3).

If there are three cables in trefoil inside a duct which has been completely filled with a pumpable
material, 7,’ can be computed with the same approach (refer to 4.1.3), considering the equivalent

diameter of the three cables as one.

This new method is added to the standard in order to covermeore cases that were not covered in
the previous edition.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRIC CABLES -
CALCULATION OF THE CURRENT RATING -

Part 2-1: Thermal resistance —

— Calcutatiomof thermat resistance
FOREWORD

Il national electrotechnical committees (IEC National Committees). The object of IEC is to promote internati
o-operation on all questions concerning standardization in the electrical and electronicfields. To this end
h addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rep
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC, Publication(s)"). T
reparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt

ith the IEC also participate in this preparation. IEC collaborates closely withi"the’ International Organizatio
btandardization (ISO) in accordance with conditions determined by agreement between the two organizatior

onsensus of opinion on the relevant subjects since each technicallcommittee has representation fron
hterested IEC National Committees.

EC Publications have the form of recommendations for interhational use and are accepted by IEC Nati
Committees in that sense. While all reasonable efforts areszmade to ensure that the technical content of
Publications is accurate, IEC cannot be held responsible “for the way in which they are used or for
hisinterpretation by any end user.

n order to promote international uniformity, IEC National Committees undertake to apply IEC Publicaf
ransparently to the maximum extent possible in theipnational and regional publications. Any divergence betw
ny IEC Publication and the corresponding natienakor regional publication shall be clearly indicated in the I3

ssessment services and, in some areas, (access to IEC marks of conformity. IEC is not responsible for
ervices carried out by independent certification bodies.

A\l users should ensure that they havethe latest edition of this publication.

No liability shall attach to IEC or-ifs directors, employees, servants or agents including individual experts
nembers of its technical committees and IEC National Committees for any personal injury, property damag
ther damage of any nature.whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of\ the publication, use of, or reliance upon, this IEC Publication or any other
Publications.

\ttention is drawn/tothe Normative references cited in this publication. Use of the referenced publicatior
hdispensable for the’correct application of this publication.

\ttention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of pg

60287-2-1 has been prepared by IEC technical committee 20: Electric cables. It is
roational Standard.
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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

d)

cables designs;
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

f)

for different number of cores has been introduced (Annex A);
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
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methad eliminates errors_extends the nqahility of the new formulation while kpppin
suitable conservative margin in the calculation.

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

information on the voting for its approval can be found in the repart on voting indicate
above table.

language used for the development of this International{Standard is English.

5 document was drafted in accordance with ISO/IEC *Directives, Part 2, and develope
ordance with ISO/IEC Directives, Part 1 and ISOAEC Directives, IEC Supplement, availg
vww.iec.ch/members_experts/refdocs. The main document types developed by IEC
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INTRODUCTION

The IEC 60287 series has been divided into three parts so that revisions of, and additions to
the document can be carried out more conveniently.

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

Part 1: Formulae of ratings and power losses;
Part 2: Formulae for thermal resistance;

Pant-3—Operating comnditions:

Thig part of IEC 60287-2 contains methods for calculating the internal thermal resistancg¢ of
cables and the external thermal resistance for cables laid in free air, ducts and buried-

Thg formulae in this document contain quantities which vary with cable design-and materjals
used. The values given in the tables are either internationally agreed, for example, electrjcal
res|stivities and resistance temperature coefficients, or are those which are’generally accedted
in practice, for example, thermal resistivities and permittivities of fmaterials. In this latter
catggory, some of the values given are not characteristic of the quality of new cables but [are
considered to apply to cables after a long period of use. In order-that uniform and compargble
respllts can be obtained, the current ratings should be calculated-with the values given in fhis
dodument. However, where it is known with certainty that otherwvalues are more appropriatge to
the| materials and design, then these may be used, and\the corresponding current rating
dedlared in addition, provided that the different values aré)quoted.

Quantities related to the operating conditions of cables are liable to vary considerably from pne
country to another. For instance, with respect fo. the ambient temperature and soil thermal
res|stivity, the values are governed in various colntries by different considerations. Superfigial
comparisons between the values used  indthe various countries can lead to erronepus
conclusions if they are not based on common criteria: for example, there can be diffefent
expectations for the life of the cables,~and in some countries design is based on maximum
vallies of soil thermal resistivity, whereas in others average values are used. Particularly, in|the
casge of soil thermal resistivity, it isiwell known that this quantity is very sensitive to soil moisfure
content and can vary significantly*with time, depending on the soil type, the topographical gnd
mefeorological conditions, and the cable loading.

Theg following procedure for choosing the values for the various parameters should, therefore,
be pdopted:

Numerical valugs should preferably be based on results of suitable measurements. Often slich
resplts are already included in national specifications as recommended values, so that [the
calgulation'may be based on these values generally used in the country in question; a surjey
of quch,values is given in IEC 60287-3-1.

tad b

A sbggestedis

IEC 60287-3-1.
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ELECTRIC CABLES -
CALCULATION OF THE CURRENT RATING -

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

5 part of IEC 60287 is solely applicable to the conditions of steady-state operation of calj
Il alternating voltages, and direct voltages up to 5 kV, buried directly in the ground, in du
oughs or in steel pipes, both with and without partial drying-out of the soil, asswell as cal
ir. The term "steady state" is intended to mean a continuous constant cusrent (100 % |
or) just sufficient to produce asymptotically the maximum conductorstemperature,
ounding ambient conditions being assumed constant.

5 document provides formulae for thermal resistance.

formulae given are essentially literal and designedly leave open the selection of cer
ortant parameters. These can be divided into three groups*

parameters related to construction of a cable (for €éxample, thermal resistivity of insula
material) for which representative values have béen selected based on published work;

which depends on the country in which the‘¢ables are used or will be used;

parameters which result from an agreement between manufacturer and user and wh
involve a margin for security of service (for example, maximum conductor temperature)

ations given in this document for calculating the external thermal resistance of a ca
ed directly in the ground or(in a buried duct are for a limited number of installa
ditions. Where analytical methods are not available for calculation of external ther
stance finite element methods can be used. Guidance on the use of finite element meth
calculating cable current ratings is given in IEC TR 62095.

Normative references

following/documents are referred to in the text in such a way that some or all of their con
stitutes (requirements of this document. For dated references, only the edition cited appl

undated references, the latest edition of the referenced document (including
bndments) applies.
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parameters related to the surrounding conditions which can vary widely, the selection of
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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:

IEC Electropedia: available at https://www.electropedia.org/

s

o S

(2]

O O O

o
o

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

Symbols
symbols used in this document and the quantities which they represent are| given in
pwing list:
factor to take into account the position of the neutral axis of the helically
wound cores
screening factor for the thermal resistance of screened cables
length correction factor for considering laying up of cores
external diameter of armour mm
internal diameter of duct mm
external diameter of cable, or equivalent diameter of a group of cores in mm
pipe-type cable
external diameter of cable (used .in4.2.1) m
external diameter of duct mm
external diameter of metal'sheath mm
diameter of the imaginary coaxial cylinder which just touches the crests mm
of a corrugated sheath
diameter of the imaginary coaxial cylinder which would just touch the mm
outside surface. of the troughs of a corrugated sheath = D;; + 21
diametercof“the imaginary cylinder which would just touch the inside mm
surface of the crests of a corrugated sheath = D — 21
dianeter of the imaginary cylinder which just touches the inside surface mm
of the troughs of a corrugated sheath
the inner diameter of any generic annular concentric cable element layer mm
constamtused for the-heatdissipatiomimaircoefficientim4-2-11
intensity of solar radiation W/m?2
coefficient for belted cables defined in 4.1.2.2.3
coefficient for belted cables defined in 4.1.2.2.6
geometric factor for belted cables
geometric factor for SL and SA type cables
coefficient used in 4.2.1
depth of laying, to cable axis or centre of trefoil mm
distance from the soil surface to the centre of a duct bank mm

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

I

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/AW

Ty thermal resistance of surrounding medium (ratio of cable surface K-~m/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

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

77 thermal resistance of the medium surrounding the duct (of, 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/m

Wior  total power dissipated in the trough perunit 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 beltdnsulation mm

de external diameter of conductor mm

dory minor diameter of.an oval conductor mm

dep major diameterof an oval conductor mm

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

dm mingr.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/m2K3

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

2]

touching

insulation thickness between conductors mm
insulation thickness between conductors and sheath mm
thickness of the bedding mm
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s

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 backrill 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 free\air K

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

absorption coefficient of solar radiation for the cable surface

Lluct 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

r 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

A loss factor for the outer cable*with the|Three cables in flat formation
greater losses without transposition, with

b 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
thermal resistivity 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
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4 Calculation of thermal resistances

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

4.1.1 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
res|stivities may be used both for tabulated or new materials.

Where screening layers are present, for thermal calculations, metallic tapes are considered to
be part of the conductor or sheath while semi-conducting layers (including metallized carpon
paper tapes) are considered as part of the insulation. The appropriate component dimensipns
sh4lll be modified accordingly.

4.1]12 Thermal resistance between one conductor and sheath.T;

4.112.1 Single-core cables

Thg thermal resistance between one conductor and the sheath' T, is given by:

2
I =21n 1420V 1
277.' dc CLL

where
P1 is the thermal resistivity of insulation (K - m/W);
is the diameter of the conductor\(mm);

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

CL| isthelength correctionfactor for considering laying up cores. A proposal for its calculation

is given in Annex A.

In dase more detailed evaluation of T, is preferred, for concentric annular layers as in the cpse

whe¢re the conductor screen and the insulation screen are to be considered separately, |the
formulation of 4.1:3 should be used for each separate layer.

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

(Darl ),
Tz J

4.1.2.2 Belted cables
4.1.2.21 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

Thg 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

Thg geometric factor G is given by:

2,2¢ _
+—’
27 (dy +1)—t

d, | is the external diameter of the belt insulation (ram);

r1 | is the radius of the circle circumscribing the-Conductors (mm);

compaction as the shaped one (mm);
t is the insulation thickness between conductors (mm).

4.112.2.4 Three-core belted _cables with circular conductors

For|three-core belted cablés)ywith circular conductors

0,671

7 =2LG+0,031(p;—p)e
T

whefre

« | is the diameter of a circular conductorhaving the same cross-sectional area and degre

of

A%

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)

whgre
doy is the major diameter of the oval conductor (mm);

dend is the minor diameter of the oval conductor (mm).

4.1]12.2.6 Three-core belted cables with sector-shaped conductors

Thg geometric factor G for these cables depends on the shape of the sectors, which varies ffom
ong manufacturer to another. A suitable formula is:

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

where

3t
= +—,
2 (dy +1)—t
dy | is the external diameter of the belt insulation (mm);
rq | is the radius of the circle circumscribing the conductors (mm);

d, | is the diameter of a circular conductor having the same cross-sectional area and degreg of
compaction as the shaped'one (mm);

t | is the insulation thickniess between conductors (mm).
4.1)2.3 Three-core-cables, metal tape screened type

4.1)2.3.1 Screened cables with circular conductors

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

in grder, to'take account of the thermal conductivity of the metallic screens, the result shal| be
mu‘tiplied by a factor Cy4, called the screening factor, which is given in Figure 4 for diffefent

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.
Theresult is mnltiplipd hy a Qr‘rppning factor gi\/pn in Figllrp 5

4.1|2.4 Oil-filled cables

4.1)2.41 Three-core cables with circular conductors and metallized paper.core
screens and circular oil ducts between the cores

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

2t
71 =0.385p7 [m}
C 1

where

d. | is the conductor diameter (mm);
t, | is the thickness of the core insulation including“earbon black and metallized paper tapes
plus half of any non-metallic tapes over the three laid-up cores (mm);
pt | is the thermal resistivity of insulation (K m/W).

Thig formula assumes that the space ocgéupied by the metal ducts and the oil inside them has
a thermal conductance very high compared with the insulation, it therefore applies irrespeclive
of the metal used to form the duct or-its thickness.

4.1)12.4.2 Three-core cables with circular conductors and metal tape core screens
and circular@il'ducts between the cores

Theg thermal resistance \F, between one conductor and the sheath is given by:

T = 0,35 pr| 0,923 - — %
dC +2ti

where
fi|'| hicl f 1t . lation i i I I . | half Ly

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
oA [ P [de=29
" DA\ D, 2r dq
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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);

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

inside diameter of the sheath (mm);

NOT
4.1
An

1ISO

The

4.1

In t
and

computed by the generic formula:

The

layers can bescomputed as the algebraic sum of each single annular sub-layer ther

res

4.1

alullninium sheath. The sheath is considered to be sufficiently substantial so. as to provide
isofh

[¢ o)

E The formula is independent of the metal used for the screen tapes.
25 SL and SA type cables

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

erm at the outer surface of the insulation.

thermal resistance T, is calculated in the same way as for single-core cables.

3  Thermal resistance of any generic annular layer.

he general case of any concentric annular layer (e.g.(semi-conductive screening elemg
single or multiple insulation layers) the thermal resistance of said annular layer can

]’I’ :ip.rln ‘|+ﬂ L
2n D) Gy

is the thickness of the generic concentric annular layer (mm);
is the internal diameter.6f the generic concentric annular layer to be evaluated (mm);

is the length correction factor for considering laying up cores. A proposal for its calcula
is given in Annex-A.

overall thermalresistance of any cable element composed by several concentric ann

stance evdluated by the above generic formula.

4 , (_Thermal resistance between sheath and armour T,

or
an

nts
be

on

hlar
mal

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

sheath

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

2
T2 :ipTln(1+D—t2]

2r s

where

)
D

S

is the thickness of the bedding (mm);

is 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

whére

G | is the geometric factor given in Figure 6.

If a|protective jacket is applied over the single phase, the additional thermal resistance shal| be
evdluated as that of an additional generic annular layer (see 4.1.3).

4115 Thermal resistance of outer covering (serving) 7,

4.115.1 General case

Theg external servings are generally in the form of concentric layers and the thermal resistahce
T3 is given by:

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

NOTE For unarmoured cables D, is(taken as the external diameter of the component immediately beneath it| i.e.

()

shegth, screen or bedding.

For{corrugated 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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D', is taken as the diameter over the binder tape.

4.1.6

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

SCr

een. 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 aver the screen or sheath of each caore The vglue
to be substituted for part of T, in the rating equation of IEC 60287-1-1:2023, Clause # is
the value per cable, i.e. the value for a three-core cable is one-third the value ofiaisingle
core.
The value per core is calculated by the method given in 4.1.3 for the bedding of single-
core cables. For oval cores, the geometric mean of the major and )minor diamegter
«/dM - 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 the pjpe.
This resistance is calculated in the same way as that part of 74 which is between a cgble

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

The value calculated will be per cable and should be addéd to the quantity calculatef in
4.1.6 b)1) above, before substituting for T, in the rating.€quation of IEC 60287-1-1:2023,

Clause 4.

c) [The thermal resistance T3 of any external coveringyon the pipe is dealt with as in 4.1.4. The

the
4.2

4.211
42111

rmal resistance of the metallic pipe itself is hegligible.
External thermal resistance T,
Cables laid in free air

Cables protected from direct solar radiation

Thg thermal resistance T, of theisurroundings of a cable in air and protected from solar radiation

is dive

n by the formula:

T - *
* 2L h (a0,
with
h= z + FE
(D* \Cg (2)
\7e)
where

D; 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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is the heat dissipation coefficient obtained either from Formula (2) using the appropriate
values of constants Z, £ and Cg given in Table 3, or from the curves in Figure 7, Figure 8

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 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;

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

For,

Cal

As

Cal

the

Set

where

1 1 niy T,
=Wy F = ——2-2_|.
+ M+ 2 1+ 4+ 4

A6,

Thi

dielectric losses. If the dielectric losses are neglected, Afq4 = 0.

AO

»]

is the permissible conductor temperature rise above the ambient temperature.

cables inunfiled trot
G+ UhHHea—

culation of (Afg)Va:

culate

the initial value of (Afs) = 2 and reiterate until (Ad) " | — (A65)"* < 0,001

hes66-4-2.5.2

IVal
A AR

mple iterative method of calculating (Afg)” is given below. The alternative graphical method
is described in 5.7.

Do h [T
A

ZW 7+T2 (1+ﬂ,1)+T3 (1+21 +/12):|

0,25
AG+ A6
114 d
(AGs )1 = 14
1+ KA (ABS ) n

n+

is a factorqwhich, having the dimensions of temperature difference, accounts for |the

4.2.1.2 Cables directly exposed to solar radiation — External thermal resistance 7,

Where cables are directly exposed to solar radiation, T; is calculated by the method given in

4.2.1.1 except that in the iterative method (Afs)" is calculated using the following formula:

n+l —

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

ABye :LEG)V + Ty (142q)+ T3 (1+ 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);

Eo| is the intensity of solar radiation which should be taken as 103 W/m2 for most latitudes; it
is recommended that the local value should be obtained where possible;

D; is the external diameter of the cable (m)

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

The alternative 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);

2L
U F—;
D,

e
L |is the distance from the surface of‘the ground to the cable axis (mm);

D, | is the external diameter of the_cable (mm)
for corrugated sheaths D=-D . + 2 15

Thg previously accepted approximation for values of u4 exceeding 10:

T4:%p1— |n(2u1)

is considered’'no longer necessary and it is preferred to avoid its use in future calculations.

For| cable circuits installed at laying depths of more than 10 m, an alternative approach|for
cal |||sn‘ing the current rating is to determine the continuous current rqfing for a dpqiganpd 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 diaqipntpd per unit Ipngfh of each
cable shall be made beforehand, and this can be subsequently amended as a result.of [the
calgulation where this becomes necessary.

Thys, 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 group, is
given by:

(thg term Adpp is excluded from the summation)

where
A6y}, is the temperature rise at the surface of the cabl€ produced by the power ¥, watt per linit

length dissipated in cable k:

p

d'
Agkp :zl P Wk In [de]
(o pk

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

k, and to the centre of the reflection of cable k in the ground-air surface respectively (pee
Fighre 1).

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

corfesponding to an.isolated cable at position p.

Thig calculation-is performed for all cables in the group and is repeated where necessary to
avdid the possibility of overheating any cable.

4.21353 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.

Thg distances dp, etc., are the same as those shown in Figure 1, for the first method:

Thg simpler version 2 u1 instead of uy +\/u1 -1 is considered no longer suitable~arnd shoulq be
dis¢ontinued (see 4.2.2).

For|simple configurations of cables, this formula may be simplified considerably. The follow
exgmples were obtained by the use of superposition.

ng

4.213.3.2 Two cables having equal losses, laid in a horizontal plane, spaced apart

where
2L

U F—,
D,

L |is the distance from the surface™of the ground to the cables axis (mm);

is the external diameter of one cable (mm);

s4 | is the axial separationcbetween two adjacent cables (mm).

Thg approximation suggested when the value of u exceeds 10, utilizing the term +\/u12 -1, is
considered no longer suitable and should be discontinued (see 4.2.2).

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

[0 02

pp— {'”LWWﬁ +'”F+LS1 J H

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
Ty =ép In(u1 +‘/”12_1JJ{M}"{1+(2_LJ ]

1+ Am 51

Thig assumes that the centre cable is the hottest cable. The value of A4 to be used in the rafing
eqyation of IEC 60287-1-1:2023, 4.2 is that for the centre cable,

where
2L
u1 = —,
De
L is the distance from the surface of the ground to the'¢ables 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’12 is the sheath loss factor for the other outer cable of the group;
A is the sheath loss factor for the middle cable of the group.

Thg approximation suggested when the value of u exceeds 10, utilizing the term u+«/u2 -1, is
considered no longer suitable'and should be discontinued (see 4.2.2).

4.2{4 Groups of buried cables (touching) equally loaded
4.214.1 Two single-core cables, flat formation
4.2(14.1.1 Metallic sheathed cables

Metallic'sheathed cables are taken to be cables where it can be assumed that there is a metallic
IayTr 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,

vall

4.2

105 for the thres cables.

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

4.2.2 Non-metallic sheathed cables

Non-metallic sheathed cables are taken to be cables where any metalli¢'layer at, or immedia

undg

Thi
ext

4.2
4.2

For|
onsg
ma

For|

4.2

Int

er, the outer sheath of the cable is not sufficient to provide an isetherm.

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

5 formula is used for non-metallic sheathed cables\having a copper wire screen and for
brnal thermal resistance of non-metallic touching ducts (see 4.2.6.4).

4.3 Three single-core cables, trefoil formation

4.3.1 General

cable. T, is the external thermal resistance of any one of the cables and the configura
be with the apex either at'the top or at the bottom of the group.

corrugated sheaths, D, = D + 2 t3.

4.3.2 Metallic’'sheathed cables

i =1’75p {In (m +Ju? —1)—0,630}

tely

the

this configuration, L is measured\tothe centre of the trefoil group and D, is the diametér of

on

his;case, the thermal resistance of the serving over the sheath or armour, 7>, as calculz

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

ted

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

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

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 mm2.

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:

Ty:

Ty:

by 1,07 for cables up to 35 kV;

by 1,16 for cables from 35 kV to 150 kV;
by 1,6.

4.2.4.34 Non-metallic sheathed cables

Thi
and

4.2
4.2
Wh

T =21—n_p In KW +mj+2ln(u1)}

5 formula is used for non-metallic sheathed cables having a screen of spaged copper w
for the external thermal resistance of touching ducts (see 4.2.6.4).

5 Cables in buried troughs
5.1 Buried troughs filled with sand

bre cables are installed in sand-filled troughs, either completely buried or with the cdg

flugh with the ground surface, there is danger that the sand*will dry out and remain dry for |

per
und
2,5
bes

4.2

An
air

ods. The cable external thermal resistance can then be very high and the cable can re

K - m/W for the thermal resistivity of the sand filling unless a specially selected filling
n used for which the dry resistivity is known.

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

empirical formula is used which gives the temperature rise of the air in the trough above
hmbient as:

res

ver
bNg
ach

esirably high temperatures. It is advisable to caléulate the cable rating using a valug of

has

the

lue
air

Afy = Wrot
3R
where
Wrot is the total power dissipated in the trough per metre length (W/m);
Py, is that part of the trough perimeter which is effective for heat dissipation (m).
Any portion of the perimeter, which is exposed to sunlight, is therefore not included in the v3
of ApwFhe rating of a particular cable in the trough is then calculated as for a cable in freg

(see 4.2.1), but the ambient temperature shall be increased by Ad;,.

4.2.6 Cables in ducts or pipes

4.2.6.1 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

cov

ering.
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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.

Thg value of T, to be substituted in the equation for the permissible current rating in IEC 60287-
1-112023, Clause 4 will be the sum of the individual parts, i.e.:

Ty =Ty +T/+T4

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

For[the cable diameters in the range 25 mm to 100 mm the following/formula shall be used| for
dudted cables. It shall also be used for the thermal resistance ofitfie space between the cdres
and pipe surface of a pipe-type cable (see 4.1.6), when the equivalent diameter of the three
cores in the pipe is within the range 75 mm to 125 mm. The equivalent diameter is defiped
belpw:

. U
;=
1+0,1.(K+Y6,,) Dg

where

U, I, Y are constants, depending onthe installations the values of which are given in
Table 5;

D is the external diametercof the cable (mm);

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

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

three.cores: D, = 2,15 x core outside diameter (mm);
— Aolr cores: D, = 2,50 x core outside diameter (mm);

is.the mean temperature of the medium filling the space between the cable and djct.
An assumed value shall be used initially and the calculation repeated with a modified
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 approprlate formulae givenin 4.2.1,4.2.2, 4.2.3 or 4.2.4, and the external
rad UO Uf thc duut UI pl'JU |||u=ud|ng any’ pIUtUUtIVU uu‘v’ci"iny thUIUUII, IUPIGUIII\:’ thU c/\tc nal

rad|us of the cable.

4.2{7 Cables or conduits laid in a medium of different thermal resistivity

WhEgn the cables or conduits (ducts or pipes) are embedded in a mediumywhose thermal
res|stivity differs from the one of the surrounding soil (backfill or concrete),. the calculation of
the|thermal resistance outside the cables or conduits is performed in tworsteps:

o [first of all, the external thermal resistance shall be determinéd) using the appropr|ate
formulae given in 4.2.2, 4.2.3 or 4.2.4 assuming a uniform mediim outside the cables or
conduits having a thermal resistivity equal to the backfill or cobcrete;

e |a correction is then added algebraically to take account of the difference between [the
thermal resistivities of backfill or concrete and soil for that part of the thermal circuit extelrior
to the bank.

Thg correction to the thermal resistance is given by;

N,
o (P 69Nz +ud - 1)

where

N, | is the number of loaded cables in the duct bank;

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

b

Lg | is the degpth of laying to the centre of the duct bank (mm);
b is thetequivalent radius of the concrete bank (mm).

In theprevious 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 t

Lg
hy,
Wh
Sud

line

5

5.1

ne ratio Lg/h, and the ratio ,/w, 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).

h tabulated values are valid for the table range. Intermediate valués shall be obtained
ar interpolation.

Digital calculation of quantities given graphically

General

Cla
in

se 5 gives formulae and methods suitable for djigital calculation for those quantities gi
igure 2 to Figure 6 and the procedure for calculating A9 by means of Figure 10. The met

used is approximation by algebraic expressions) followed by quadratic or linear interpola

wh

5.2
Sed

re necessary. The maximum percentage(@rror prior to interpolation is given for each ca

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

Figure 2.

Denote Ky1=14 /dc

the

Ky :(21‘1 /t)—1

N G:MKG

where

1—aﬂ+[(1—a2)(1—ﬂ2)]0’5—‘.

= formule Mie = In {

by

ven
hod
ion
Ise.

o =

]

2’
1+ Kxt
1+KX1/(1+KY1)
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=Kg (KX1,KY1), i.e. is a function of both K y¢ and Ky4.

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

whe

re:

Kg (KX1,O) =1,06019—0,0671778 - K y1 +0,0179521- K 2,

K y1,0,5) = 106798 —0,0651648 - K -1 +0,0158125 - K2
X1 X1 X1

(
Kg (KX1, ) =1,06700-0,0557156 - K y1 +0,0123212: K34
(

Ky, KY1) may be obtained by quadratic interpolation using the 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

and

Thg maximum percentage error in the calculation of Kg = KG(KX1,0), Kg = KG(KX1,O,5)
Kg|=Kg (KX1,1) is less than 0,5 % coempared with corresponding graphical values.
5.3 Geometric factor G for-three-core belted cables with circular conductors
See Figure 3.
Denote K451 /dc
Ky1 :(211 /t)—
ang G =MKg
whére

1-ap [ (1-a) (1- 7))

M = formuleMie =In ;

a=p
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