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Calculation ot thermal resistance

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compr
Il national electrotechnical committees (IEC National Committees). The object of JIEC is to pro
ternational co-operation on all questions concerning standardization in the electrical and electronic field
his end and in addition to other activities, IEC publishes International Standards,(Téechnical Specificaf]
echnical Reports, Publicly Available Specifications (PAS) and Guides (heréafter referred to as

ublication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interg

the subject dealt with may participate in this preparatory work. International, governmental and

overnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cl
ith the International Organization for Standardization (ISO) in accordanee with conditions determine
greement between the two organizations.

he formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internat
lonsensus of opinion on the relevant subjects since each technical committee has representation fro
terested IEC National Committees.

EFC Publications have the form of recommendations for jaternational use and are accepted by IEC Natf]
ommittees in that sense. While all reasonable efforts _ar€é made to ensure that the technical content of]
ublications is accurate, IEC cannot be held responsible for the way in which they are used or for
hisinterpretation by any end user.

h order to promote international uniformity, IEG.National Committees undertake to apply IEC Publica
ansparently to the maximum extent possible\in their national and regional publications. Any diverg
etween any IEC Publication and the correspanding national or regional publication shall be clearly indicat
he latter.

FC itself does not provide any attestation of conformity. Independent certification bodies provide confo

rvices carried out by independept-certification bodies.

Il users should ensure that they have the latest edition of this publication.

embers of its technical committees and IEC National Committees for any personal injury, property dama
ther damage of any™nature whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising put-of the publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is dfawn to the Normative references cited in this publication. Use of the referenced publicatio
dispensable‘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 subje|
atent rights. IEC shall not be held responsible for identifying any or all such patent rights.
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This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 60287-2-1 has been prepared by IEC technical committee 20:
Electric cables.

This second edition of IEC 60287-2-1 cancels and replaces the first edition, published in
1994, Amendment 1:2001, Amendment 2:2006 and Corrigendum 1:2008. The document
20/1448/CDV, circulated to the National Committees as Amendment 3, led to the publication
of this new edition. This edition constitutes a technical revision.

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

Full
voti

Thig

A li
Cal

The]
the

related to the specific publication. At this date, the publication will be

nclusion of a reference to the use of finite element methods where analytical metheds
hot available for the calculation of external thermal resistance;

explanation about SL and SA type cables;

calculation method for T3 for unarmoured three-core cables with extruded-\inhsulation
ndividual copper tape screens on each core;

change of condition for X in 5.4;
nclusion of constants or installation conditions for water filled dugdts,in Table 4.

text of this standard is based on the following documents:
FDIS Report on Yoting
20/1561/FDIS 20/1588/RVD

information on the voting for the approval of this standard can be found in the repor
hg indicated in the above table.

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

5t of all parts in the IEC 60287 series, published under the general title Electric cable
Culation of the current rating, can be found on the IEC website.

committee has decided.that the contents of this publication will remain unchanged
stability date indicated jon the IEC website under "http://webstore.iec.ch” in the (

reconfirmed,

vithdrawn,

replaced by-a revised edition, or
amended-

are

and

on

)S_
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IMPORTANT - The “colour inside” logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.
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INTRODUCTION

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

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

Part 1: Formulae of ratings and power losses

Part 2: Formulae for thermal resistance

Part3+—Seetons—eorOperatingconditions
Thig part of IEC 60287-2 contains methods for calculating the internal thermal resistance of

cab

The

usefl. The values given in the tables are either internationally agreed, for example, elect
resiptivities and resistance temperature coefficients, or are those, which are gene
accepted in practice, for example, thermal resistivities and permittivities of materials. In
r category, some of the values given are not characteristic of the quality of new cables

lattd
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curn

Qu4
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diffgrent expectations for the life of-the cables, and in some countries design is based

ma)imum values of soil thermal resistivity, whereas in others average values are u
Particularly, in the case of soil thermal resistivity, it is well known that this quantity is
sengitive to soil moisture content and may vary significantly with time, depending on the
type, the topographical and-meteorological conditions, and the cable loading.

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

Numerical valyes should preferably be based on results of suitable measurements. O

suc
the
sur

es and the external thermal resistance for cables laid in free air, ducts and bufied.

formulae in this standard contain quantities which vary with cable design”and mate

are considered to apply to cables after a long period of use;~In order that uniform
parable results may be obtained, the current ratings should)be calculated with the va
n in this standard. However, where it is known with certainty that other values are n

ent rating declared in addition, provided that the different values are quoted.

ntities related to the operating conditions of.cables are liable to vary considerably f
stivity, the values are governed in yarious countries by different considerati

erficial comparisons between the values used in the various countries may lead
neous conclusions if they are not based on common criteria: for example, there may

h results™are already included in national specifications as recommended values, so

ey, of such values is given in IEC 60287-3-1.

calculation may be based on these values generally used in the country in question;

ials
ical
ally
this

and
ues
ore

fopriate to the materials and design, then these may. be used, and the corresponding

rom

country to another. For instance, with respect‘to the ambient temperature and soil thefmal
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that

A suggested list of the information required to select the appropriate type of cable is given in

IEC

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

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

1 |Scope

Thig part of IEC 60287 is solely applicable to the conditions of steady-state’ operatiop of
cables at all alternating voltages, and direct voltages up to 5 kV, buried directly in the grodnd,
in ducts, in troughs or in steel pipes, both with and without partial drying-out of the soil} as
well as cables in air. The term "steady state" is intended to mean”a continuous constant
curent (100 % load factor) just sufficient to produce asymptotically) the maximum conduftor
temperature, the surrounding ambient conditions being assumed constant.

Thig part of IEC 60287 provides formulae for thermal resistance.

The| formulae given are essentially literal and designedly leave open the selection of centain
impprtant parameters. These may be divided into three groups:

— parameters related to construction of a cable(for example, thermal resistivity of insulating
material) for which representative values have been selected based on published work

— parameters related to the surroundingxconditions which may vary widely, the selectioh of
vhich depends on the country in which the cables are used or are to be used;

— parameters which result from an\'agreement between manufacturer and user and which
nvolve a margin for security of(service (for example, maximum conductor temperature)

Eqguations given in this part"¢ft1EC 60287 for calculating the external thermal resistance pf a
cable buried directly in thenground or in a buried duct are for a limited number of installation
confitions. Where analytical methods are not available for calculation of external therfmal
resiptance finite element methods may be used. Guidance on the use of finite element
methods for calcul@tifig cable current ratings is given in IEC TR 62095.

2 |Normative references

Thel fallowing documents, in whole or in part, are normatively referenced in this document jand
are lindispensable for its application. For dated references, only the edition cited applies.|For
undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60287-1-1:2006, Electric cables — Calculation of the current rating — Part 1-1: Current
rating equations (100 % load factor) and calculation of losses — General
IEC 60287-1-1:2006/AMD1:2014

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 Symbols

The symbols used in this part of IEC 60287 and the quantities which they represent are given
in the following list:

external diameter of armour mm
internal diameter of duct mm
external diameter of cable, or equivalent diameter of a group of

cores in pipe-type cable mm

o Ll N £ lal L ol 4.2 .4\

CALCTTITIal uralricicl Ul LadJUlcT \uacu Il =.4. I} m
external diameter of duct mm
external diameter of metal sheath mm

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

the diameter of the imaginary coaxial cylinder which would just touch the
outside surface of the troughs of a corrugated sheath = Dj; + 21{¢g mm

the diameter of the imaginary cylinder which would just touch jthee
inside surface of the crests of a corrugated sheath = Dy -2t mm

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

constant used in 4.2.1.1

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
intensity of solar radiation (see4:2.1.2) W/m?2
screening factor for the thermal resistance of screened 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
number of loaded cables in a duct bank (see 4.2.7.4)

thermal resistance per core between conductor and sheath K-m/W
thermal-resistance between sheath and armour K-m/W
thermal resistance of external serving K-m/W

thermal resistance of surrounding medium (ratio of cable
Surface temperature rise above ambient to the losses

per unit length) K-m/W
external thermal resistance in free air, adjusted for

solar radiation K-m/W
thermal resistance between cable and duct (or pipe) K-m/W
thermal resistance of the duct (or pipe) K-m/W
thermal resistance of the medium surrounding the duct (or pipe) K-m/W

constant used in 4.2.7.2
constant used in 4.2.7.2
dielectric losses per unit length per phase W/m
losses dissipated by cable k W/m
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WroT total power dissipated in the trough per unit length W/m
Y coefficient used in 4.2.7.2
Z coefficient used in 4.2.1.1
dy external diameter of belt insulation mm
de external diameter of conductor mm
dem minor diameter of an oval conductor mm
dem major diameter of an oval conductor mm
dwm 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-sectional area and degree of compactness as the shaped one mm
g coefficient used in 4.2.1.1
h heat dissipation coefficient W/m?2K>5/4
In natural logarithm (logarithm to base e)

number of conductors in a cable
p the part of the perimeter of the cable trough which is effective for

heat dissipation (see 4.2.6.2) m
rq circumscribing radius of two or three-sector shaped

conductors mm
S1 axial separation of two adjacent cables in a herizontal group

of three, not touching mm
t insulation thickness between conductors mm
t4 insulation thickness between conductors and sheath mm
tr thickness of the bedding mm
t3 thickness of the serving mm
§ thickness of core insulation; including screening tapes plus half the

thickness of any non-metallic tapes over the laid up cores mm
ts thickness of the sheath mm
u % in 4.2.
u Lr—: in4:2.7.4
x, y| sides of duct bank (y>x) (see 4.2.7.4) mm
Om mean temperature of medium between a cable and duct or pipe °C
AO permissible temperature rise of conductor above ambient temperature K
ABgy factor to account for dielectric loss for calculating T4 for cables

in free air K
ABgs factor to account for both dielectric loss and direct solar radiation

for calculating T, for cables in free air using Figure 10 K
ABquct difference between the mean temperature of air in a duct and

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

ambient temperature K
A6y temperature rise of the air in a cable trough K
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A1, Ao ratio of the total losses in metallic sheaths and armour respectively
to the total conductor losses (or losses in one sheath or armour
to the losses in one conductor)

AM1m loss factor for the middle cable

Three cables in flat forma-
A1 loss factor for the outer cable tion without transposition,

with the greater losses with sheaths bonded at both

A'12  loss factor for the outer cable with ends
the least losses J

Pi thermal resistivity of the insulation K-m/W
Ps thermal resistivity of the filler material Kym/W
Pe thermal resistivity of earth surrounding a duct bank K-m/W
Pe thermal resistivity of concrete used for a duct bank K-m/W
Pm thermal resistivity of metallic screens on multicore cables K-m/W
PT thermal resistivity of material K-m/W
c absorption coefficient of solar radiation for the cable surface

4 |Calculation of thermal resistances

4.1| Thermal resistance of the constituent parts of a cable, T4, T, and T3

4.1 General

Clalise 4 gives the formulae for calculating the thermal resistances per unit length of|the
different parts of the cable T4, T and T3c(see 1.4 of—part—4 |IEC 60287-1-1:2006 [and
IEC|60287-1-1:2006/AMD1:2014). The thermal resistivities of materials used for insulation
and|for protective coverings are given in Table 1.

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

4.1 Thermal resistance between one conductor and sheath T
4.12.1 Single-core cables

Thelthermal resistance between one conductor and the sheath T4 is given by:

T1=ﬁln{1+—2t1}

2z de
where
oT is the thermal resistivity of insulation (K-m/W);
de is the diameter of conductor (mm);
t4 is the thickness of insulation between conductor and sheath mm).

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

Dit +Doc _t
2 S
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4.1.2.2 Belted cables
4.1.2.2.1 General

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

T :ﬁG
2r

where

G s the geometric factor

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

Dit +Doc t
“'s
2

4.12.2.2 Two-core belted cables with circular conductors

The| geometric factor G is given in Figure 2.

41)2.2.3 Two-core belted cables with sector-shaped conductors

The| geometric factor G is given by:

G=2F In{ ds }
2[’1

whdre

22t

F=1+—22 "
27 (dy +1)—t

da |s the external diameter of thie belt insulation (mm);
ri1 |s the radius of the circle circumscribing the conductors (mm);

dy |s the diameter of a circular conductor having the same cross-sectional area and degreg of
compaction as the-shaped one (mm);

t |s the insulation_thickness between conductors (mm).

4.12.2.4 Three-core belted cables with circular conductors

For|thre€-pore belted cables with circular conductors

ogz

Ty =—-1-G+0031pr —pile %
2z

where
Pi is the thermal resistivity of the insulation (K-m/W);
Pt is the thermal resistivity of the filler material (K-m/W).

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 the above
equation 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 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 t, 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 d_ :,/ch xd . (mm)

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

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

4.12.2.6 Three-core belted cables with sector-shaped conductors

The| geometric factor G for these cables depends on the shape of the sectons, which varies
from one manufacturer to another. A suitable formula is:

G=3F2|I']|: da :|
2

r4
where
Fy = +m
d, |s the external diameter of the belt insulation (mm);

rq |s the radius of the circle circumscribing thecsonductors (mm);

s the diameter of a circular conductor having the same cross-sectional area and degrefe of
compaction as the shaped one (mm);

t |s the insulation thickness between®€onductors (mm).
4.12.3 Three-core cables, metal tape screened type

4.12.31 Screened cables with circular conductors

I
s

Callles Paper insulaied-of this type may be first considered as belted cables for which 11

0,5| Then, in order_to take account of the thermal conductivity of the metallic screens,|the
resylt shall be_multiplied by a factor K, called the screening factor, which is given in Figufe 4

for different(values of 5—1 and different cable specifications.
(63

Thu: &P g
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 4.1.3.2).

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.

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 d. =,/d - d., -
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4.1.2.3.3 Screened cables with sector-shaped conductors

T1 is calculated for these cables in the same way as for belted cables with sector-shaped
conductors, but d; is taken as the diameter of a circle which circumscribes the core assembly.
The result is multiplied by a screening factor given in Figure 5.

41.2.4 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

TheJthermal resistance between one conductor and the sheath T4 is given by:

2
T1=0385pr (WJ
C |

where
d; |s the conductor diameter (mm);

t; |s the thickness of core insulation including carbon black and metallized paper tapes plus
half of any non-metallic tapes over the three laid up cores (mm);

pt |s the thermal resistivity of insulation (K-m/W).
Thig formula assumes that the space occupied by thedmetal ducts and the oil inside them |has

a thermal conductance very high compared with)*the insulation, it therefore applies
irregpective of the metal used to form the duct or.itsthickness.

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

Thelthermal resistance T1 between one’Conductor and the sheath is given by:

d
T, =035p7| 0923 - —Jc
1 pT( do+2t j

whdre

t; |s the thickness.\of core insulation including the metal screening tapes and half on jJany
hon-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.

4.12.43 Three-core cables with circular conductors, metal tape core screens,
without fillers and oil ducts, having a copper woven fabric tape binding the

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

¢ 0,62
p_ars [t ' o (do-20;
Dl’74 D, 2 d¢

where

ty =05 ([%} 216 DC]

D. is the diameter of a core over its metallic screen tapes (mm);
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ty is the average nominal clearance between the core metallic screen tapes and the average
inside diameter of the sheath (mm);

8¢ is the thickness of metallic tape core screen (mm).

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

4.1.2.5 SL and SA type cables

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

aluminium sheath. The sheath is considered to be sufficiently substantial so as to provide an
isotherm_at the outer surface of the insulation

The| thermal resistance T4 is calculated in the same way as for single-core cables.

413 Thermal resistance between sheath and armour T,

4131 Single-core, two-core and three-core cables having a common metallic
sheath

Thelthermal resistance between sheath and armour, Ty, is given by:
T2 :LpTln |:1+2£il
via Dg

where
to |s the thickness of the bedding (mm);
Dg |s the external diameter of the sheath (mm).

NOTE For unarmoured cables with extruded insuldtjen where each core has an individual screen of spaced Wires
and for unarmoured cables with a common metallissscreen over all three cores T, = 0.

4.13.2 SL and SA type cables
Thelthermal resistance of fillers;and bedding under the armour is given by:

P
T,=—1G
2 6r

whdre

G is the geametric factor given in Figure 6.

4.1.4 Thermal resistance of outer covering (serving) T3

4.1.4.4 General case

The external servings are generally in the form of concentric layers and the thermal resis-
tance T3 is given by:

r_ 1o .,{HﬂJ
3
2z D},

where
t3 is the thickness of serving (mm);

D'y is the external diameter of the armour (mm).
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NOTE For unarmoured cables D is taken as the external diameter of the component immediately beneath it, i.e.
sheath, screen or bedding.

For corrugated sheaths:

_,_3 :ipT In DOC +2 t3
2 [Doc +Ditj
)

4.1/4.2

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

whdre

Q ®

(o]

415

For|these three-core cables, we have:

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

is taken as the diameter over the binder tape.

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

T3 :p—TIn 1+ 213 +p_fa
2z Dj 74

is the geometric factor given in Figure 6 based af» the thickness of material between|the

opper tape screen and the outer covering (sgfving);

Pipe-type cables

a) [Fhe thermal resistance T¢ of thelinsulation of each core between the conductor and|the

b) ['he thermal resistance Ts is'made up of two parts:

1)

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
value to be substituted for part of T, in the rating equation of 1.4 of-—paft—=
IEC 60287-1-#+2006 and IEC 60287-1-1:2006/AMD1:2014 is the value per cable,|i.e.
the value fof 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 diamgter

Jdy @, shall be used in place of the diameter for a circular core assembly.

Jhe thermal resistance of the gas or oil between the surface of the cores and the pjpe.

is resistance 1S CalCUllated In the Same Wway as thatl palrt o 74 Whnicn IS Detween a
cable and the internal surface of a duct, as given in 4.2.7.2.

The value calculated will be per cable and should be added to the quantity calculated
in 4.1.5 b) above, before substituting for T, in the rating equation of 1.4 of-part4
IEC 60287-1-1:2006 and IEC 60287-1-1:2006/AMD1:2014.

c) 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.
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External thermal resistance Ty

4.2.1 Cables laid in free air

4.21.1 Cables protected from direct solar radiation

The thermal resistance T4 of the surroundings of a cable in air and protected from solar
radiation is given by the formula:

1
T, =
A D pag A
v [5] \ S/
whdre
= f +E
(De)?
D; |is the external diameter of cable (m)
for corrugated sheaths D. = (Do + 2 t3) - 1073 (m);
NOTE Throughout 4.2.1 D; is expressed in metres.
h |is the heat dissipation coefficient obtained either from,the above formula using|the
appropriate values of constants Z, E and g given in Table 2, or from the curves in Figlres
7, 8 and 9, which are reproduced for convenience (Wim? (K)5/4):
served cables and cables having a non-metalli¢. 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;
AbBg|is the excess of cable surface temperature above ambient temperature (see hereingfter
for method of calculation) (K).
For|cables in unfilled troughs, see 4.2.6!
Calgulation of (ABg)Ya:
A simple iterative method~of calculating (ABg)"4 is given below. The alternative graplfical
method is described in 5.7.
Calgulate
Dyh [Ty
=——— | —+To (1+ 44)+ T3 (1+ 44+ 1
A (1+/11+/12){n 2 (1+ 4)+T3 (1+ 4 2)}
then
0,25
14 AO + AO
(A0s )iq = : 114
1+ Ka (ABg)
Set the initial value of (A85)% = 2 and reiterate until (A8s) " | — (A85) " < 0,001
where

1 1 nhia Ty
Mg =Wy || —F— 2 |y —— 22
d d|:[1+7u1+7\,2 2} ! 1+7\.1+7x2i|
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This is a factor, having the dimensions of temperature difference, accounts for the dielectric
losses. If the dielectric losses are neglected, A64 = 0.

AO is the permissible conductor temperature rise above ambient temperature.

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

Where cables are directly exposed to solar radiation, T, is calculated by the method given in
4.2.1.1 except that in the iterative method (A6g)% is calculated using the following formula:

0,25
14 AD + ABg + ABgs

(A0s) 1=
" 14 Ka (a0
whdre
cD¢ H T
ADgg =————— | —+To (1+ A Ty (1+A1+ X
ds (1+M+x2){n +T (1+ A1)+ T3 (1+ 214 + 2)}

Thig is a factor which, having the dimensions of temperature~difference, accounts for direct
solgr radiation.

where
o |is the absorption coefficient of solar radiation fof.the cable surface (see Table 3);

H |is the intensity of solar radiation which should.be taken as 10°® W/m? for most latitudesj it
is recommended that the local value should\be obtained where possible;

D; |is the external diameter of cable (m)
for corrugated sheaths D] = (Dy¢ +-2'3) - 10=3 (m).

Thel| alternative graphical method is\included in Figure 10.

4.22 Single isolated buried cable

Ty :ZLpT In(uhl u2—1)
T

whqre
pT |8 the thermal resistivity of the soil (K-m/W);
2L

u F -5
De

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 Dg = D¢ + 2 {3

When the value of u exceeds 10, a good approximation (closer than 1 part in 1 000) is:

1
Ta=——P1 In(2u)

For cable circuits installed at laying depths of more than 10 m, an alternative approach for
calculating the current rating is to determine the continuous current rating for a designated
time period (usually 40 years) by applying the formulae given in IEC 60853-2, taking into
account as far as is practical seasonal variations in load and ground conditions, if any. Finite
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element modelling may provide a more versatile model for such a lifetime assessment. This
subject is under consideration.

4.2.3 Groups of buried cables (not touching)
4.2.31 General

Such cases may 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.

The : ally
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
equplly loaded identical cables, and for this problem a fairly simple solution can be dérived.

4.2.3.2 Unequally loaded cables

Thel method suggested for groups of unequally loaded dissimilar cables ‘s to calculate|the
temperature rise at the surface of the cable under consideration caused by the other cablels of
the [group, and to subtract this rise from the value of A0 used in the) equation for the rrIted
curfent in 1.4 ofpart+ IEC 60287-1-1:2006 and IEC 60287-1-1:2006/AMD1:2014. An estimate
of the power dissipated per unit length of each cable-must shall be’made beforehand, and|this
can|be subsequently amended as a result of the calculation whefe this becomes necessary.

Thus, the temperature rise AG, above ambient at the surface of the pth cable, whose rating is
being determined, caused by the power dissipated by the other (g — 1) cables in the group, is
givgn by:

Aep = Ae'lp + AeZp BN Aekp +... Aeqp
(the term AQpp, is excluded from the summation)

whdre

ABy} is the temperature rise at the-surface of the cable produced by the power Wy watt|per
unit length dissipated in cable k:

dix
AOkp :21_n PT Wi In (ﬁ]
p

The| distances dpg .and d'px are measured from the centre of the pth cable to the centrg of
cable k, and to the_tentre of the reflection of cable k in the ground-air surface respectiyely
(see Figure 1).

Thel| value-0f A6 in the equation for the rated current in 1.4 of-part4 IEC 60287-1-1:2006 jand
IEC|60287-1-1:2006/AMD1:2014 is then reduced by the amount A0, and the rating of the pth
cable\is“"determined using a value T4 corresponding to an isolated cable at position p.

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

4.2.3.3 Equally loaded identical cables
4.2.3.3.1 General

The second type of grouping is where the rating of a number of equally loaded identical
cables is determined by the rating of the hottest cable. It is usually possible to decide from the
configuration of the installation which cable will be the hottest, and to calculate the rating for
this one. In cases of difficulty, a further calculation for another cable may be necessary. The
method is to calculate a modified value of T4 which takes into account the mutual heating of
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the group and to leave unaltered the value of A6 used in the rating equation of 1.4 of-partt
IEC 60287-1-1:2006 and IEC 60287-1-1:2006/AMD1:2014.

The modified value of the external thermal resistance T4 of the pth cable is given by:

oo 7)) ). (2. (2]

I'l,
There are (g — 1) terms, with the term —~ excluded.
pp

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

Thel simpler version 2 u may be used instead of u+1/u2 —1 if suitable (see 4.2:2).

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
1 > 1 2L

Ty =—p7sInU+ u2—1)+—ln 1+ —
2r 2 S

whdre

| 2L,
u B )
De

L |s the distance from the surface of the ground to the cables axis (mm);
D¢ |s the external diameter of oné.eable (mm);
s1 |s the axial separation between two adjacent cables (mm).

When the value of u exéeeds 10, the term (u+ u? -1 ) may be replaced by (2 u).

4.2.3.3.3 Three-cables having approximately equal losses, laid in a horizontal plape;
equally spaced apart

2
Ty =%pT{In(u+wlu2—1) +In{1+(2S—LJ W%

1

The value T4 is that of the centre cable of the group and is used directly in the equation of
1.4.1 of-part4 IEC 60287-1-1:2006.

4.2.3.34 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 without transposition and/or the sheaths are bonded at
all joints, their inequality affects the external thermal resistances of the hottest cable. In such
cases the value of T4 to be used in the numerator of the rating equation in 1.4.1 of-part-4
IEC 60287-1-1:2006 is as given in 4.2.3.3.3, but a modified value of T4-must shall be used in
the denominator, and is given by:
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2
1+0,5(A1, + Aq
T4=%pT In(u+\lu2—1)+{ (s 12)]In 1+(£J

1+ 40 $1

This assumes that the centre cable is the hottest cable. The value of A1 to be used in the
rating equation of 1.4.1 ofpart4 I[EC 60287-1-1:2006 is that for the centre cable,

where
2L

u =

Bs
L |is the distance from the surface of the ground to the cables axis (mm);
D¢ |is the external diameter of one cable (mm);

s1 |is the axial separation between two adjacent cables (mm);

k'11 is the sheath loss factor for an outer cable of the group;
7»;2 is the sheath loss factor for the other outer cable of the group;

is the sheath loss factor for the middle cable of the group.

When the value of u exceeds 10, the term (u+1/u2 —1) maye replaced by (2 u).

4.24 Groups of buried cables (touching) equallydoaded
4.24.1 Two single-core cables, flat formation

4.24.11 Metallic sheathed cables

Metpllic sheathed cables are taken to be“cables where it can be assumed that there |s a

metgllic layer that provides an isothegpm at, or immediately under, the outer sheath of|the
cable.

T, = p_T(m(zu)— 0,451) foru>5

T

4.24.1.2 Non-metallic sheathed cables

Nor]-metallic sh&athed cables are taken to be cables where any metallic layer at| or
immediately uider, the outer sheath of the cable is not sufficient to provide an isotherm.

Ty =2 (in(20)- 0295) foru> 5

yi

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 4.2.7.4).

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 A, used in the rating equation of 1.4.1.1 of IEC 60287-1-1:2006 is the
average of the A, values for the three cables.
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Ts = p; (0475 N(2u)-0,346) foru>5

4.2.4.2.2 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.

T, = p, (0475 n(2u)-0142) foru =5

This
extd

formula is used for non-metallic sheathed cables having a copper wire screen and for|
rnal thermal resistance of non-metallic touching ducts (see 4.2.7.4).

4.24.3 Three single-core cables, trefoil formation

4.2,

For
of
con

For

4.2,

4.3.1 General

this configuration, L is measured to the centre of the trefoil group and’ D is the diam
bne cable. T4 is the external thermal resistance of any onecof the cables and
figuration may be with the apex either at the top or at the bottom_of the group.

corrugated sheaths, Dg = D¢ + 2 t3.

4.3.2 Metallic sheathed cables

Ty = 175 ot [In (219-0,630]

In this case, the thermal resistance ofthe serving over the sheath or armour, T3,

the

eter
the

as

calqulated by the method given in 4.1.4 shall be multiplied by a factor of 1,6.
4.24.3.3 Part-metallic covered cables (where helically laid armour or screen wires
cover from 20 % to"50 % of the cable circumference)
Thig formula is based onong lay (15 times the diameter under the wire screen) 0,7 mm
diareter, individual copper-wires having a total cross-sectional area of between 15 mmZ |and
35 mm2.
T4 =£p-|- [In (2u)-0,630]
T
In this case).the thermal resistance of the insulation T4, as calculated by the method given in
4.12.1 and the thermal resistance of the serving T3, as calculated by the method givep in
4.1 3 shall be multiplied by the following factors:
T1: by 1,07 for cables up to 35 kV
by 1,16 for cables from 35 kV to-+48 150 kV
Ts: by 1,6.
4.2.43.4 Non-metallic sheathed cables

T4 =ip-|- [In2u)+21In (u)]

NOTE__ Thi — . on.
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This formula is used for non-metallic sheathed cables having a screen of spaced copper wires
and for the external thermal resistance of touching ducts (see 4.2.7.4).

4.2.5 Buried pipes

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 Dg is the external diameter of the pipe, including anti-corrosion
covering.

4.2)6.1 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 then be very high and’the cable may
rea¢h 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
beeh used for which the dry resistivity is known.

4.26.2 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 pir ambient as:

W-
o, = 16T

whdre
WrgT Iis the total power dissipated in the trough per metre length (W/m);
p is that part of the trough perimetéer which is effective for heat dissipation (m).

NOTE_ T ity of thic§ . .

Any| portion of the perimeter;:which is exposed to sunlight, is therefore not included in|the
valye of p. The rating of a.particular cable in the trough is then calculated as for a cable in
freg air (see 4.2.1), butthe ambient temperature shall be increased by A6y,.

4.27 Cables in ducts or pipes
4.2)7.1 Géneral

The| extermal thermal resistance of a cable in a duct consists of three parts.

a) [fhe“thermal resistance of the air space between the cable surface and duct intefnal
surface T, .

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

c) The external thermal resistance of the duct T‘;'.

The value of T4 to be substituted in the equation for the permissible current rating in 1.4 of

part—+ IEC 60287-1-1:2006 and IEC 60287-1-1:2006/AMD1:2014 will be the sum of the
individual parts, i.e.:

Tya=Ty +T, +T,
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NOTE Cables in ducts which have been completely filled with a pumpable material having a
thermal resistivity not exceeding that of the surrounding soil, either in the dry state or when
sealed to preserve the moisture content of the filling material, may be treated as directly
buried cables.

4.2.7.2 Thermal resistance between cable and duct (or pipe) T,

For the cable diameters in the range 25 mm to 100 mm the following formula shall be used for
ducted cable. It shall also be used for the thermal resistance of the space between cores and
pipe surface of a pipe-type cable (see 4.1.5 b)), when the equivalent diameter of the three
corgs—thepipeTs—withimtherange—75mmmrto—+25mm—The—equivatentdiameter—+s—defined
belqw:

T, = u
4 1401(V +Y0n) De
where
U
% are constants, depending on the installations the values of whigh\are given in Table|4;
Y
D¢ |s the external diameter of the cable (mm);

vhen the formula is used for pipe-type cables (see 4.1.5/b)), De becomes the equivalent
Hiameter 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 diafmeter (mm);

four cores: D¢ = 2,50 x core outside diameter (mm);

O |s the mean temperature of the mediumofilling the space between cable and duct.| An
hssumed value has to be used initially~and the calculation repeated with a modified value
f necessary (°C).

4.2]7.3 Thermal resistance of.the duct (or pipe) itself T,

The|thermal resistance (T, )yacross the wall of a duct shall be calculated from:
" 1 DO

T, =— P1In| ==
4 27 rin ( Dd j

where

D, |s the outside diameter of the duct (mm);
Dy |s the inside diameter of the duct (mm);

pr Isthe thermal resistivity of duct material (K-m/W)

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

"

4.2.7.4 External thermal resistance of the duct (or pipe) T,

This shall be determined for single-way duct(s) not embedded in concrete in the same way as
for cable, using the appropriate formulae given in 4.2.1, 4.2.2, 4.2.3 or 4.2.4, and the external
radius of the duct or pipe including any protective covering thereon, replacing the external
radius of the cable. When the ducts are embedded in concrete, the calculation of the thermal
resistance outside the ducts is first of all made assuming a uniform medium outside the ducts
having a thermal resistivity equal to the concrete. A correction is then added algebraically to
take account of the difference, if any, between the thermal resistivities of concrete and soil for
that part of the thermal circuit exterior to the duct bank.
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correction to the thermal resistance is given by:

2-(pe —po)In (u+yu? -1)

where

N

Pe
Pc

u

Lg

v

The]
irre

Thig

5.1
Cla
in A
use
whdg

5.2

See

Den

then G= MGg

is the number of loaded cables in the duct bank;
is the thermal resistivity of earth around bank (K-m/W);

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

s the depth of laying to centre of duct bank (mm);
is the equivalent radius of concrete bank (mm) given by:

2
Inrb:li(i—ij In 1+y—2 + X
2 y\zr vy X 2

quantities x and y are the shorter and longer sides, respectively, of the duct bank sed
Epective of its position, in millimetres.

formula is only valid for ratios of Yy less than 3.

X

Digital calculation of quantities given graphically

General

Ise 5 gives formulae and methods @uitable for digital calculation for those quantities g
igures 2 to 6 and the procedure-for calculating A6y by means of Figure 10. The me
g is approximation by algebraie’ expressions, followed by quadratic or linear interpol
re necessary. The maximum:percentage error prior to interpolation is given for each cg

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

Figure 2.

ote X = t4ldy
Y. £ (2t4/t) — 1

re

wh

tion

ven
hod
tion
se.

1-ap+|(1-a?)(1-p?)|>°
Py

M = formule Mie = In

1

oo x 7
{+1+X/(1+Y)}

o =
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x _1
B _ 1y 2
a X 3
1+Y 2

Gs = Gg (X, Y), i.e. is a function of both X and Y.
Calculate the three quantities Gg (X, 0), G5 (X, 0,5) and Gg (X, 1)

where:

Gs P&
Gs (X, 0,5) = 1,067 98 — 0,065 164 8 X + 0,015 812 5 X2
Gs (X, 1) =1,067 00— 0,055 715 6 X + 0,012 321 2 X2

) faVa¥al
7 =T1;,000

Gs (X, Y) may be obtained by quadratic interpolation using the following formulas:

Gs (X, Y)=Gg (X, 0) +Y [-3Gs (X, 0)+4 Gs (X, 0,5) -6 (X, 1)]
+ Y2 [ 2Gg (X, 0) -4 Gg (X, 0,5/42 Gg (X, 1)]

Thel maximum percentage error in the calculation of G4 (X, 0), G4 (X,'0,5) and G5 (X, 1) is

than 0,5 % compared with corresponding graphical values.

5.3| Geometric factor G for three-core belted cables with circular conductors
Seg Figure 3.

Derjote X = t4/d;
Y = (2t4/t) — 1
and G = MGg

whdre

1-ap+|(1-a?) (1- g2
Py

M = formule Mie = In

Gs = Gg (X, Y), i.e., is a function of both X' and Y.
Calculate the three quantities G5 (X, 0), G5 (X, 0,5) and G5 (X, 1)

where
Gs(X,0) =1,09414-0,094 4045 X + 0,023 446 4 X2
Gs (X, 0,5) =1,096 05-0,0801857 X+ 0,017 6917 X2

ess
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Gs (X, 1) =1,09831-0,072063 1 X + 0,014 590 9 X2
and obtain Gy (X, Y) by quadratic interpolation between the three calculated values.

This may be done by substituting Gg (X, 0), Gg (X, 0,5) and Gg (X, 1) in the following formula:

Gs (X, Y)=Gs (X,0) +Y [-3Gs (X, 0)+4 Gs (X, 0,5)— G (X, 1)]
+Y2 [ 2Gg (X, 0)-4 Gg (X, 0,5) +2 G (X, 1)]

The maximum percentage error in the calculation of G5 (X, 0), G5 (X, 0,5) and Gg (X, 1) is less
tha 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

Seg Figure 4.
Derfote X = (81 p7)/(dc pm)

The| screening factor K is a function of both X and Y. Calculate“the three quantities K (X, (Q,2),
K (X, 0,6) and K (X, 1) from the following formulae according tolwhether 0 < X< 6 or 6 < X < 25.

0<X<6 K(X 02)

0,998 095 — 0,123 369 X +
0,020 262 0 X2 — 0,001 41667 X3

K (X, 0,6) = 0,999 452 — 0,089 658 9 X+
0,012 023 9 X2 — 0,000°722 228 X3
K(X,1) = 0,997 976 — 0,052 857 1 X +

0,003 452 38 X2

06k X<25 K (X, 0,2) T 0,824 160 — 0,028 872 1 X +
0,000 928 541 X2 - 0,000 013712 1 X3

K (X, 0,6) = 0,853 348 - 0,024 687 4 X +
0,0007966 967 X2 — 0,000 015 996 7 X3
K(X,1) =0,883287-0,0153782 X+

0,000 260 292 X2

K (X, Y) is then obtained by quadratic interpolation between the three calculated values. This
may be done by substitution in the following formula:

KX, Y) = K(X,0,2)+Z [-3K(X,0,2)+4K(X,0,6)-K (X,

1)
+22 [ 2K(X, 0,2) -4 K (X, 0,6) + 2 K (X,

]
1]
whgrelZ,=1,25 Y- 0,25

The maximum percentage error in the calculation of the sector correction factor is less than
0,5 % compared with graphical values.

5.5 Thermal resistance of three-core screened cables with sector-shaped conductors
compared to that of a corresponding unscreened cable

See Figure 5.

Denote X = (81 p1)/(dx pm)
Y = t1/dx


https://iecnorm.com/api/?name=f7304208bd344a455765ada9c0065dab

IEC

60287-2-1:2015 RLV © IEC 2015 - 27 -

The screening factor K is a function of both X and Y. Calculate the three quantities K (X, 0,2),
K (X, 0,6) and K (X, 1) from the following formulae according to whether 0 < X < 3, 3 < X < 6,

or 6 < X <25,
0<X<3 K(X,0,2) =1,00169-0,0945 X+ 0,007 523 81 X2
K (X, 0,6) = 1,001 71 - 0,076 928 6 X + 0,005 357 14 X2
K(X, 1) = K(X 0,6)
3<X<6 K(X, 0,2) and K (X, 0,6) are given by the same formula as for 0 < X< 3
K (X, 1) =1,001 17 — 0,075 214 3 X + 0,005 333 34 X2
6<X<25 K(X.02)=0811646—0.023 8413 X

For
and

For
valy

whdg

The]
1%

5.6

See

Den

The

+0,000 994 933 X2 - 0,000 015 515 2 X3

K (X, 0,6) =0,833 598 — 0,022 3155 X

+0,000 978 956 X2 — 0,000 015 831 1 X3
K(X,1) =0,842875-0,0227255 X

+0,001 058 25 X2 — 0,000 017 742 7 X3

and 0,2 < Y<0,6, K (X, Y) is obtained by linear interpolation”’between K (X,
,6) as follows:

o w

K (X, Y) =K (X, 0,2)+25(Y~-0,2)[K (X, 0,6) K (X, 0,2)]

es. The relevant formula is:

KX, Y)=K(X 02)+Z [-3K(X 0,2)+4K(X,06)-K(X, 1)
+22 [ 2. KX, 0,2) —4 K (X, 0,6) + 2

reZ=1,25Y-0,25

compared with graphical values.

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

Figure 6.

ote X = thickness of material between sheaths and armour expressed as a fractio
the‘outer diameter of the sheath.

lowerseurve is given by:

0<

D,2)

3 <X <25 K(X, Y) is obtained by quadratic interpolation between the three calculated

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

n of

X"'<0,03 G =27 (0,000 202 380 + 2,032 14 X — 21,666 7 X2)

0,03<X<0,15 G = 2r (0,012 652 9 + 1,101 X — 4,561 04 X2 + 11,509 3 X3)

The

The

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

upper curve is given below:

0<X<0,03 G =2 (0,000 226 19 + 2,114 29 X — 20,476 2 X?)
0,03<X<0,15 G =2r (0,014 210 8 + 1,175 33 X — 4,497 37 X2 + 10,635 2 X3)

The

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

See Figure 10.

The procedure is as follows:

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

7Dgh [T,
=——= | —+T, (1+ ) +T3 (1+ 44+ 4
A 1+/11+/12{n 2 (1+ A1)+ T3 (1+ 4 2)}

b) |ocate the line on Figure 10 with the value of a) above as ordinate, and then locate|the
boint on this line for the appropriate value of:

AD + ABgq + AB4g = constant

c) [ead off the abscissa of this point to obtain:
(Abs)7a

1) cables protected from solar radiation

1 1 nka'To
Ay =Wy || —— — 1|7, - 222
d d|:(1+7u1+7»2 Zj ! 1+7u1+7\.2 :|

if the dielectric losses are neglected, ABg 0
AbBgs =0
D) cables subjected to solar radiation

1 1 nk2 T2
NG =Wy || — > - LTy - —2 2
d d|:(1+7u1+K2 2] ! 1+}\,1+7n2 :|

if the dielectric losses are:neglected, A6gq =0

Aeds :GD; H{T1+n(1+k1)T2 +n(1+k1+k2)T3 i|

n(1+A1+X2)
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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
PE 3,5
XLPE 3,5
PPL 5,5
Polyvinyl chloride:

up to and including 3 kV cables 5.0

greater than 3 kV cables 6,0
EPR:

up to and including 3 kV cables 3,5

greater than 3 kV cables 5,0
Butyl rubber 5,0
Rubber 5,0
Protective coverings
Compounded jute and fibrous materials 6,0
Rubber sandwich protection 6,0
Polychloroprene 5,5
PVC:

up to and including 35 kV cables 5,0

greater than 35 kV cables 6,0
PVC/bitumen on corrugated aluminium sheaths 6,0
PE 3,5
Materials for-duct installations
Concrete 1,0
Fibre 4,8
Asbestos 2,0
Earthenware 1,2
PVC 6,0
PE 3,5

@ For the purposes of current rating calculations, the semiconducting screening materials
are assumed to have the same thermal properties as the adjacent dielectric materials.

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 2 — Values for constants Z, E and g for black surfaces
of cables in free air

No. Installation z E d Mode
2-a) Installation on non-continuous brackets, ladder supports or cleats, D; not greater than 0,15 m
>03Dg
— -
1 Single cable® 0,21 3,94 0,60 ao
>05 D
¥ o
P Two cables touching, horizontal 0,29 2,35 0,50 a 00
>05 Dy
e
3 |Three cables in trefoil 0,96 1,25 0,20 C%
>05 Dy
-4 -
= Three cables touching, horizontal 0,62 1,95 0,25 000
>05D;
—
5 Two cables touching, vertical 1,42 0,86 0,25 a8
>05D;
- -
3 Two cables spaced, D, vertical 0,75 2,80 0,30 OLD"
ot
>10D;
o e
7 Three cables touchingy-vertical 1,61 0,42 0,20 §
>05 D
o b
O;D*
8 Three cables spaced, D; vertical 1,31 2,00 0,20 M €
D
OT
2-b} Installation clipped direct to a vertical wall (D; not greater than 0,08 m)
9 Single cable 1,69 0,63 0,25 %:)
10 |Three cables in trefoil 094 | 079 | 020 %%
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.



https://iecnorm.com/api/?name=f7304208bd344a455765ada9c0065dab

IEC 60287-2-1:2015 RLV © IEC 2015 -31 -

Table 3 — Absorption coefficient of solar radiation
for cable surfaces

Material c
Bitumen/jute serving 0,8
Polychloroprene 0,8
PVC 0,6
PE 0,4
Lead 0,6

Table 4 — Values of constants U, Vand Y

Installation condition u "4 Y

In metallic conduit 5,2 1.4 0,011
In fibre duct in air 52 0,83 0,006
In fibre duct in concrete 52 0,91 0,010
In asbestos cement:

duct in air 52 1,2 0,006

duct in concrete 5,2 1,1 0,011
Gas pressure cable in pipe 0,95 0,46 0,002 1
Oil pressure pipe-type cable 0,26 0,0 0,002 6
Plastic ducts et et e

1,87 0,312 0,003 7

Earthenware ducts 1,87 0,28 0,003 6
Water filled ducts 0,1 0,03 0,001
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Air

Ground

Y
Cable No 1

IEC

Figure 1 — Diagram showing a group of g_cables and their reflection in
the ground-air_ surface
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circular conductors (see 4.1.2.2.2)
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05 ¢
0 05 1.0 15 20 25 30 -
dC
IEC
Figure 3 — Geometric factor G for three-core belted cables with
circular conductors (see 4.1.2.2.4)
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Screening factor K

1,0 T T T T T T T T T T T T T T T T T T T T T T T T
k 0, = thickness of metallic screen on core i
\\\ fr = thermal resistivity of insulation )
\ \ d. = diameter of conductor (circular}

\ \
09 \‘ -
\ T = NICKNEss Of INSuUlation between conaductor anad screen
\ \ €, = thermal resistivity of screening material:
\ \ 27 x 10-4 K.m/W for copper
\ \ 48 x 104 K.m/W for aluminium |
\ A\ \\
08 \\ \\
INHAN
V[N
A N
\ |\ N
\\
A\ N
YN
07 \\ N h
N N
\ SN
t
™ L =10
\\ \\‘ ™~ de
\ S <~
\\ \\\
N
\\ \\
N N
06 N
N
SRIY
C
NG - 02
N,
O’50 5 10 15 20 = 25 0 X
dC X gm
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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Screening factor K

1.0 T T T T T T T T T T T T T T T T T
6, = thickness of screen

91 = thermal resistivity of insulation

\ d, = diameter of circular conductor having the same
section and degree of compaction

U,J

\\ i = thickness of insulation between conductor and screen |

\ Om = thermal resistivity of screening material:
27 X 104 K.m/W for copper
48 x 10-4 K.m/W for aluminium

SRAL d

/'/

\
L\
W
N
\ N
07 \ N
NSRS
N o~ T
N ~
\\ \\ \\\\ I] _ TO_
N \\. dx
\\ ~— X
) = 06
\\ d,
N
\\\\
06 =3 4~ 027
dy
o5
0 5 10 15 20 25 30 %\Q@T
X m
IEC

Figure 5 — Thermal resistance of three-core screened cables with
sector-shaped conductors compared with that of a corresponding
unscreened cable (see 4.1.2.3.3)
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G
0.8
v
,/
07 <1
[ Sheaths touching P //
e -
06 // //
// A
pd
// i
05 77 ]
/| .
A4 Equal thicknesses of material]
//// between sheaths and between-
04 A7 sheaths and armour ]
/
Y
24
03 77
//
/.
/
0.2 7/
//
//
/
0.1 7
V4
/
y 4
0
0 0.05 0.10 0,15

Thickness of,material between sheaths and armour
expressadids’a fraction of the outer diameter of the sheath

IEC

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 4.1.3.2)
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRIC CABLES -
CALCULATION OF THE CURRENT RATING -

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

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprjsing
Il national electrotechnical committees (IEC National Committees). The object of JIEC is to promote
ternational co-operation on all questions concerning standardization in the electrical and, electronic field$. To
his end and in addition to other activities, IEC publishes International Standards,(Technical Specificatjons,
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as ['IEC
ublication(s)”). Their preparation is entrusted to technical committees; any IEC (National Committee interdsted

the subject dealt with may participate in this preparatory work. Internatiohal, governmental and |non-
overnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cl¢sely
ith the International Organization for Standardization (ISO) in accordanee with conditions determinefl by
greement between the two organizations.

Qo Jmdt=Q

lonsensus of opinion on the relevant subjects since each techpical committee has representation from all

E
2) Tlhe formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internat|onal
g

interested IEC National Committees.

3) IEC Publications have the form of recommendations for jnternational use and are accepted by IEC Nat|onal
Gommittees in that sense. While all reasonable efforts are made to ensure that the technical content off IEC
Hublications is accurate, IEC cannot be held responsible for the way in which they are used or for| any
misinterpretation by any end user.

4) Ip order to promote international uniformity, IEG.National Committees undertake to apply IEC Publicafions

|

tfansparently to the maximum extent possible\in their national and regional publications. Any diverggence
bHetween any IEC Publication and the corresponding national or regional publication shall be clearly indicatgd in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide confofmity
j:sessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible forl any
rvices carried out by independent-certification bodies.

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

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts| and
members of its technical cemmittees and IEC National Committees for any personal injury, property damage or
dther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)| and
gxpenses arising out-of the publication, use of, or reliance upon, this IEC Publication or any other|IEC
Rublications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publicatiops is
i

indispensabte‘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 subjefct of
pdatent rights. IEC shall not be held responsible for identifying any or all such patent rights.

A O ocnN207 0 4 =N [N ol [ =il
u n-\wv Uvu4a <0 ndo JUTTIT PTCpYarcu vy n-vw

Inte 41 | C4 | 4 b ] HES 20
n rratorrar—ottarnaar et Car—CommtteT .

Electric cables.

This second edition of IEC 60287-2-1 cancels and replaces the first edition, published in
1994, Amendment 1:2001, Amendment 2:2006 and Corrigendum 1:2008. The document
20/1448/CDV, circulated to the National Committees as Amendment 3, led to the publication
of this new edition. This edition constitutes a technical revision.

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

a) inclusion of a reference to the use of finite element methods where analytical methods are
not available for the calculation of external thermal resistance;

b) explanation about SL and SA type cables;
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c) calculation method for T3 for unarmoured three-core cables with extruded insulation and
individual copper tape screens on each core;

d) change of condition for X in 5.4;
e) inclusion of constants or installation conditions for water filled ducts in Table 4.
The text of this standard is based on the following documents:

FDIS Report on voting

20/1561/FDIS 20/1588/RVD

Fulllinformation on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.
Thig publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
A list of all parts in the IEC 60287 series, published under the general title Electric cables —
Calgulation of the current rating, can be found on the IEC website.
Thel committee has decided that the contents of this publication-will remain unchanged until
the | stability date indicated on the IEC website under "http://webstore.iec.ch" in the data

relafted to the specific publication. At this date, the publicatiof will be

reconfirmed,

vithdrawn,

replaced by a revised edition, or
Amended.
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INTRODUCTION

015

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

Eac

h 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

Par

2. O £
T

This
cab

The

usef. The values given in the tables are either internationally agreed, for example, elect
resistivities and resistance temperature coefficients, or are those, which are gene

acc
lattq
but
coni
give
app

curient rating declared in addition, provided that the different values are quoted.

Qud
one
resi
Sup
errg

different expectations for the life of-thie cables, and in some countries design is based

max
Par
sen
typ4

The]

be adopted:

Nun
suc
the
sur

=
T TPT

part of IEC 60287-2 contains methods for calculating the internal thermal resistanc
es and the external thermal resistance for cables laid in free air, ducts and bufied.

formulae in this standard contain quantities which vary with cable design”and mate

bpted in practice, for example, thermal resistivities and permittivities of materials. In
r category, some of the values given are not characteristic of the quality of new ca
are considered to apply to cables after a long period of use;~In order that uniform
parable results may be obtained, the current ratings should)be calculated with the va

fopriate to the materials and design, then these may. be used, and the correspon

ntities related to the operating conditions of . cables are liable to vary considerably f

stivity, the values are governed in yarious countries by different considerati
erficial comparisons between the values used in the various countries may lead
neous conclusions if they are not based on common criteria: for example, there may

imum values of soil thermal resistivity, whereas in others average values are uj
icularly, in the case of soil thermal resistivity, it is well known that this quantity is
sitive to soil moisture content and may vary significantly with time, depending on the
, the topographical and-meteorological conditions, and the cable loading.

following procedure for choosing the values for the various parameters should, theref

 results—are already included in national specifications as recommended values, so
calculation may be based on these values generally used in the country in questio
ey, of such values is given in I[EC 60287-3-1.

of

11

ials
ical
ally
this
bles
and
ues

n in this standard. However, where it is known with certainty that other values are more

ling

rom

country to another. For instance, with respect‘to the ambient temperature and soil thefmal

DNS.
to
be
on
sed.
ery
soil

pre,

nerical values should preferably be based on results of suitable measurements. Often

that
N; a

A suggested list of the information required to select the appropriate type of cable is given in

IEC

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

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

This
cab

in ducts, in troughs or in steel pipes, both with and without partial drying-out-ef+the soil
as cables in air. The term "steady state" is intended to mean a continlous constant

wel

curlent (100 % load factor) just sufficient to produce asymptotically the maximum condu

tem
This

The
imp

Equ
cab
con
resi
met

2

The
are
und
amg

oono
CUOUpPT

part of IEC 60287 is solely applicable to the conditions of steady-state opératio
es at all alternating voltages, and direct voltages up to 5 kV, buried directly inithe gro

perature, the surrounding ambient conditions being assumed constant.
part of IEC 60287 provides formulae for thermal resistance.

formulae given are essentially literal and designedly leaye’/open the selection of cer
brtant parameters. These may be divided into three groups”

material) for which representative values have béen selected based on published work

pbarameters related to the surrounding conditions which may vary widely, the selectio
which depends on the country in which the‘Cables are used or are to be used;

barameters which result from an agreement between manufacturer and user and w
nvolve a margin for security of service (for example, maximum conductor temperature)

ations given in this part of IEC 60287 for calculating the external thermal resistance
ditions. Where analytical methods are not available for calculation of external ther

hods for calculating cable current ratings is given in IEC TR 62095.

Normative references

following’documents, in whole or in part, are normatively referenced in this document
indispensable for its application. For dated references, only the edition cited applies.
pted™ references, the latest edition of the referenced document (including
ndments) applies.

barameters related to construction of a cable (for €éxample, thermal resistivity of insulat

e buried directly in the ground-or in a buried duct are for a limited number of installat

of
nd,
as

ctor

tain

ng

n of

hich

bf a
on
mal

stance finite element methods may be used. Guidance on the use of finite element

and
For
any

IEC 60287-1-1:2006, Electric cables — Calculation of the current rating — Part 1-1: Current
rating equations (100 % load factor) and calculation of losses — General

IEC

60287-1-1:2006/AMD1:2014

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

3

Symbols

The symbols used in this part of IEC 60287 and the quantities which they represent are given
in the following list:
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D, external diameter of armour mm
Dy internal diameter of duct mm
D¢ external diameter of cable, or equivalent diameter of a group of

cores in pipe-type cable mm
D, external diameter of cable (used in 4.2.1) m
Dq external diameter of duct mm
Dg external diameter of metal sheath mm
Doc  the diameter of the imaginary coaxial cylinder which just touches

e Crests O a corrugatled shneatn mm
Dot the diameter of the imaginary coaxial cylinder which would just touch the

outside surface of the troughs of a corrugated sheath = Dj; + 2t4 mm
Dic the diameter of the imaginary cylinder which would just touch the

inside surface of the crests of a corrugated sheath = Dy — 2t4 mm
Dj; the diameter of the imaginary cylinder which just touches the

inside surface of the troughs of a corrugated sheath mm
E constant used in 4.2.1.1
F1 coefficient for belted cables defined in 4.1.2.2.3
Fs 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 solar radiation (see 4.2.1.2) W/m?2
K screening factor for the thermal resistance of screened cables
Ka coefficient used in 4.2.1
L depth of laying, to cable axis or centre of trefoil mm
Lg distance from the soil surfaceto-‘the centre of a duct bank mm
N number of loaded cables inla duct bank (see 4.2.7.4)
T4 thermal resistance percore between conductor and sheath K-m/W
Ts thermal resistance between sheath and armour K-m/W
T3 thermal resistance of external serving K-m/W
T4 thermal resistance of surrounding medium (ratio of cable

surface temperature rise above ambient to the losses

per unit fength) K-m/W
Ts 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
T, thermal resistance of the duct (or pipe) K-m/W
T, thermal resistance of the medium surrounding the duct (or pipe) K-m/W
U constant used in 4.2.7.2
74 constant used in 4.2.7.2
Wy dielectric losses per unit length per phase W/m
Wi losses dissipated by cable k W/m
WtoT total power dissipated in the trough per unit length W/m
Y coefficient used in 4.2.7.2

coefficient used in 4.2.1.1
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external diameter of belt insulation

external diameter of conductor

minor diameter of an oval conductor

major diameter of an oval conductor

major diameter of screen or sheath of an oval conductor
minor diameter of screen or sheath of an oval conductor

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

mm

mm

mm

mm

mm

mm

mm

X, Y

coefficient used in 4.2.1.1

heat dissipation coefficient

natural logarithm (logarithm to base e)
number of conductors in a cable

the part of the perimeter of the cable trough which is effective for
heat dissipation (see 4.2.6.2)

circumscribing radius of two or three-sector shaped
conductors

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

insulation thickness between conductors

insulation thickness between conductors and¢sheath
thickness of the bedding

thickness of the serving

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

thickness of the sheath

2L inao2.

e
Lo in427.4
v

sides of duct bank (y>x) (see 4.2.7.4)
mean tempeérature of medium between a cable and duct or pipe
permissible temperature rise of conductor above ambient temperature

factor to account for dielectric loss for calculating T4 for cables
in“free air

W2

K5/4

mm

mm
mm
mm
mm

mm

mm

mm

mm
°C

Abtr
A, k2

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

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

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

temperature rise of the air in a cable trough

ratio of the total losses in metallic sheaths and armour respectively
to the total conductor losses (or losses in one sheath or armour
to the losses in one conductor)
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A1m loss factor for the middle cable

Three cables in flat forma-

015

A'11  loss factor for the outer cable tion without transposition,

with the greater losses with sheaths bonded at both
A'42  loss factor for the outer cable with ends

the least losses }
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
Pe thermal resistivity of concrete used for a duct bank K-m/W
Pm thermal resistivity of metallic screens on multicore cables K-m/W
PT thermal resistivity of material K-m/W
c absorption coefficient of solar radiation for the cable surface
4 |Calculation of thermal resistances
4.1| Thermal resistance of the constituent parts of a cable, Ty, 72 and T3
411 General

Cla
diffq
IEC
and

Where screening layers are present, for thermal calculations metallic tapes are considere

be

pap|
sha

4.1,
4.1,
The]

ise 4 gives the formulae for calculating the thermal“resistances per unit length of
rent parts of the cable T4, T, and T3 (see-1.4 of IEC 60287-1-1:2006

for protective coverings are given in Table 1.
part of the conductor or sheath while semi-conducting layers (including metallized car

er tapes) are considered as part of the insulation. The appropriate component dimens
| be modified accordingly.

2 Thermal resistance between one conductor and sheath T4
2.1 Single-core cables

thermal resistance between one conductor and the sheath Ty is given by:

T, —ﬁln{n—zdﬂ

the
and

60287-1-1:2006/AMD1:2014). The thermal resistivities of materials used for insulation

d to
bon
ons

C2r s
whdre
os is the thermal resistivity of insulation (K-m/W);
de is the diameter of conductor (mm);
t4 is the thickness of insulation between conductor and sheath mm).
NOTE For corrugated sheaths, t; is based on the mean internal diameter of the sheath which is given by:

4.1.
4.1.

The

Dit +Doc t
s
2

2.2 Belted cables
2.2.1 General

thermal resistance T1 between one conductor and sheath is given by:


https://iecnorm.com/api/?name=f7304208bd344a455765ada9c0065dab

IEC 60287-2-1:2015 © IEC 2015 -1 -

T-PLe
2r

where

G is the geometric factor

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

Dit+D0c t
“'s
2

4.12.2.2 Two-core belted cables with circular conductors

The| geometric factor G is given in Figure 2.

4.12.2.3 Two-core belted cables with sector-shaped conductors

Thel geometric factor G is given by:

G=2F1 |n|: da :|
2r1

whdre

22f

Fi=1+—22N
27 (dy *t)—t

d; |s the external diameter of the belt insulation (mm);
ri1 |s the radius of the circle circumscribing-the conductors (mm);

dy |s the diameter of a circular conductor having the same cross-sectional area and degre

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

4.12.2.4 Three-core belted cables with circular conductors

For|three-core belted-cables with circular conductors

o 0,67-1
Ty =2-G+0031p; —piJe %
2r
whdgre
Pi is the thermal resistivity of the insulation (K-m/W);
Py 1s the thermal rpqiqti\/ify of the filler material (K-m/W)

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 the above

equation 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.

The above equation 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).
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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 d, =,/ dy xd ., (mm)

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

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

41226 Three-care belted cables with sector-shaped conductars

The| geometric factor G for these cables depends on the shape of the sectors, which eries
fromh one manufacturer to another. A suitable formula is:

G=3F2|n|: da i|
2

I
whdre
27 (dy +t)—t
d, |s the external diameter of the belt insulation (mm);
ry |s the radius of the circle circumscribing the condugtors (mm);
d, |s the diameter of a circular conductor having the Same cross-sectional area and degrege of

compaction as the shaped one (mm);
t |s the insulation thickness between conduetors (mm).

4.12.3 Three-core cables, metal tape screened type

4.12.3.1 Screened cables with-circular conductors

Paper insulated of this type. may be first considered as belted cables for which tT1 is 0,5.

Theln, in order to take account of the thermal conductivity of the metallic screens, the rgsult
sha|l be multiplied by_a.factor K, called the screening factor, which is given in Figure 4 for

different values of ;—1 and different cable specifications.
C

Thus: T, =k2T G
2

Thrge-core cables with extruded insulation and individual copper tape screens on each ¢ore
should be treated as SL type cables (see 4.1.2.5 and 4.1.3.2).

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.

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 .
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4.1.2.3.3 Screened cables with sector-shaped conductors

T4 is calculated for these cables in the same way as for belted cables with sector-shaped
conductors, but d; is taken as the diameter of a circle which circumscribes the core assembly.
The result is multiplied by a screening factor given in Figure 5.

4.1.2.4 Oil-filled cables

4.1.2.4.1 Three-core cables with circular conductors and metallized paper core
screens and circular oil ducts between the cores

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

2t
T1=0385p7 (WJ
C |

whdre
d; |s the conductor diameter (mm);

ti |s the thickness of core insulation including carbon black and metallized paper tapes plus
nalf of any non-metallic tapes over the three laid up cores (mm);

pt |s the thermal resistivity of insulation (K-m/W).
Thig formula assumes that the space occupied by the/metal ducts and the oil inside them |has

a thermal conductance very high compared with)*the insulation, it therefore apgplies
irregpective of the metal used to form the duct or its/thickness.

4.12.4.2 Three-core cables with circular conductors and metal tape core screens
and circular oil ducts between the cores

Thel thermal resistance T¢ between one’conductor and the sheath is given by:

T, =035p7| 0923—— %
dC +2 ti

whdre

t; |s the thickness 'of core insulation including the metal screening tapes and half on jJany
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.

4.12.4.3 Three-core cables with circular conductors, metal tape core screens,
without fillers and oil ducts, having a copper woven fabric tape binding the
AL +h

cores-togetherand-a-corrugated-atuminivm-sheath

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

¢ 0,62
5_ 415 [t [77 Py (do-20;
""" pi4 | D, 27 de

where

t, =05 DitDic. -216D
g 2 c

D. is the diameter of a core over its metallic screen tapes (mm);
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ty is the average nominal clearance between the core metallic screen tapes and the average
inside diameter of the sheath (mm);

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

NOT

4.1.

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

2.5 SL and SA type cables

An SL or SA type cable is a three-core cable where each core has an individual lead or
aluminium sheath. The sheath is considered to be sufficiently substantial so as to provide an

isot

herm at the outer surface of the insulation

The]

4.1
4.1

The

whdg

t
Dg

NOT]
and

4.1
The]

whdg
G

4.1.

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

B Thermal resistance between sheath and armour T,

£.1 Single-core, two-core and three-core cables having a common metallic

sheath

thermal resistance between sheath and armour, Ty, is given by:

T, = Prin|1+ 21
2r Dy
re
s the thickness of the bedding (mm);
s the external diameter of the sheath (mm).

E For unarmoured cables with extruded insulation where each core has an individual screen of spaced
or unarmoured cables with a common metallicyscreen over all three cores T, = 0.

3.2 SL and SA type cables

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

re

is the geometric factor given in Figure 6.

4 Thermal resistance of outer covering (serving) T3

4141” General case

ires

The external servings are generally in the form of concentric layers and the thermal resis-
tance T3 is given by:

Ty=— Pr |n{1+—2t3J
3
2z D,

where

t3
D',

is the thickness of serving (mm);

is the external diameter of the armour (mm).
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NOTE For unarmoured cables D; is taken as the external diameter of the component immediately beneath it, i.e.
sheath, screen or bedding.

For

4.1

corrugated sheaths:

T3 :LpT In DOC +2 t3
2 (Doc +DitJ
R

4.2 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:

T3 :p—TIn(1+2£]+p—fE

via D; Via

whdre

Q2

4.1
For

a)

b)

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

is the geometric factor given in Figure 6 based af the thickness of material between
copper tape screen and the outer covering (sefving);

is taken as the diameter over the binder tape.

1) Pipe-type cables

these three-core cables, we have:

The thermal resistance T4 of thelinsulation of each core between the conductor and
screen. This is calculated by the' method set out in 4.1.2 for single-core cables.

The thermal resistance T3 is;made up of two parts:

1) The thermal resistanc¢e of any serving over the screen or sheath of each core.
value to be substituted for part of T, in the rating equation of 1.4
IEC 60287-1-4<2006 and IEC 60287-1-1:2006/AMD1:2014 is the value per cable,
the value 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 sin
core cables. For oval cores, the geometric mean of the major and minor diam

\J dyd,, shall be used in place of the diameter for a circular core assembly.

D) (The thermal resistance of the gas or oil between the surface of the cores and the p

the

the

The
of
i.e.

gle-
eter

ipe.

Tl HP H 1 lata ol 4lo tlo ot 4 £ T | - ot
TS TTOToLATIUT 1o LAlbuTatTu 1T T odlfic wdady aos Uldlt palrt Ut 174 WITICTT 1o UTTWT

cable and the internal surface of a duct, as given in 4.2.7.2.

n a

The value calculated will be per cable and should be added to the quantity calculated
in 4.1.5 b)1) above, before substituting for T, in the rating equation of 1.4 of

IEC 60287-1-1:2006 and IEC 60287-1-1:2006/AMD1:2014.

The thermal resistance T3 of any external covering on the pipe is dealt with as in 4.
The thermal resistance of the metallic pipe itself is negligible.

1.4.
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External thermal resistance T4

4.2.1 Cables laid in free air

4.2.1.1 Cables protected from direct solar radiation

The thermal resistance T4 of the surroundings of a cable in air and protected from solar
radiation is given by the formula:

T, =
A D ping VA
v [5] \ S/
whdre
h= Z +E
(De)?

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

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

NOTE Throughout 4.2.1 D; is expressed in metres.
h |is the heat dissipation coefficient obtained either froam the above formula using|the

appropriate values of constants Z, E and g given in Table 2, or from the curves in Figlrres

7, 8 and 9, which are reproduced for convenience (W/m?2 (K)5/4);

served cables and cables having a non-metalli¢, surface should be considered to have a

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

of h equal to 88 % of the value for a black surface;
ABg|is the excess of cable surface temperature above ambient temperature (see hereinafter

for method of calculation) (K).
For|cables in unfilled troughs, see 4.2.6/
Calgulation of (A8g)7a:
A sjmple iterative method~of - calculating (A6g)" is given below. The alternative graplical
method is described in 5.7.
Calgulate

rDoh [T,
=——=— | —+To (1+ 44)+ T3 (1+ 44+ 1
A (1+;L1+/12){n 2 (1+ 4)+T3 (1+ 44 2)}
then
0,25
14 AO + AO
(A0s )yq = . 1/4
1+ Ka (A0g)q

Set the initial value of (ABs)% = 2 and reiterate until (A05) "™ | — (A65)"2* < 0,001
where

1 1 nip Ty
Ay =Wy ||——— | Tj ——2 2
d d|:(1+7\.1+7\,2 2) ! 1+7x1+7\.2i|
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This is a factor, having the dimensions of temperature difference, accounts for the dielectric
losses. If the dielectric losses are neglected, A6y = 0.

AO is the permissible conductor temperature rise above ambient temperature.

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

Where cables are directly exposed to solar radiation, T, is calculated by the method given in
4.2.1.1 except that in the iterative method (A65)% is calculated using the following formula:

0,25
14 AB + ABy4 + AByg

(ABs) 1=
" 14 Ka (a05)1
whdre
cDg H T4
A0gs =———¢ |- L4 TH5 1+ Ts (1+ A1+ X
ds (1+M+7»2)[n +To (T+ A1)+ T3 (1+2q + 2)}

Thig is a factor which, having the dimensions of temperature~difference, accounts for direct
solgr radiation.

whegre
o |is the absorption coefficient of solar radiation fof.the cable surface (see Table 3);

H |is the intensity of solar radiation which should be taken as 10 W/m? for most latitudesj it
is recommended that the local value should\be obtained where possible;

D; |is the external diameter of cable (m)
for corrugated sheaths D = (Do +-2%3) - 1073 (m).

Thel| alternative graphical method is-included in Figure 10.

4.22 Single isolated buried cable

Ty :%p-r In(u+1l u2—1j
T

whdre

pT |s the thermal resistivity of the soil (K-m/W);

u F &3

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 Dg = Dy + 2 {3

When the value of u exceeds 10, a good approximation (closer than 1 part in 1 000) is:
1
T4=——prIn(2u)
2

For cable circuits installed at laying depths of more than 10 m, an alternative approach for
calculating the current rating is to determine the continuous current rating for a designated
time period (usually 40 years) by applying the formulae given in IEC 60853-2, taking into
account as far as is practical seasonal variations in load and ground conditions, if any. Finite
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element modelling may provide a more versatile model for such a lifetime assessment. This
subject is under consideration.

4.2.3 Groups of buried cables (not touching)
4.2.3.1 General

Such cases may 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.

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
equplly loaded identical cables, and for this problem a fairly simple solution can be dérived.

4.23.2 Unequally loaded cables

Thel method suggested for groups of unequally loaded dissimilar cables ‘s 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 A0 used in the equation for the rated
curlent in 1.4 of IEC 60287-1-1:2006 and IEC 60287-1-1:2006/AMD1%2014. An estimate of| the
power dissipated per unit length of each cable shall be made beforehand, and this can be
subpequently amended as a result of the calculation where this-becomes necessary.

Thus, the temperature rise A6, above ambient at the surface of the pth cable, whose rating is
beinng determined, caused by the power dissipated by‘the other (g — 1) cables in the group, is
givgn by:

(the term AOp, is excluded from the summation)

whdre

ABg}, is the temperature rise at the-surface of the cable produced by the power Wy watt|per
unit length dissipated in cable k:

dik
Aekp :21_71', P Wk In (ﬁ]
p

The| distances dpg and d'px are measured from the centre of the pth cable to the centrg of
cable k, and to the_centre of the reflection of cable k in the ground-air surface respectiyely
(se¢ Figure 1).

The| value~of A6 in the equation for the rated current in 1.4 of IEC 60287-1-1:2006 jand
IEC[60287-1-1:2006/AMD1:2014 is then reduced by the amount A0, and the rating of the pth
cable.s”determined using a value T4 corresponding to an isolated cable at position p.

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

4.2.3.3 Equally loaded identical cables
4.2.3.3.1 General

The second type of grouping is where the rating of a number of equally loaded identical
cables is determined by the rating of the hottest cable. It is usually possible to decide from the
configuration of the installation which cable will be the hottest, and to calculate the rating for
this one. In cases of difficulty, a further calculation for another cable may be necessary. The
method is to calculate a modified value of T4 which takes into account the mutual heating of
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the group and to leave unaltered the value of A6 used in the rating equation of 1.4 of
IEC 60287-1-1:2006 and IEC 60287-1-1:2006/AMD1:2014.

The modified value of the external thermal resistance T4 of the pt cable is given by:

oo 7)) 2. (2. (2]

A/
Thefre are (g — 1) terms, with the term —= excluded.
pp

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

Thel simpler version 2 u may be used instead of u+wlu2 -1 if suitable (see 4.2:2).

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

4.23.3.2 Two cables having equal losses, laid in a horizontal plane, spaced apart|
1 1 2L
Ty =— InWw+yu? -1 +=n|1+| ==
4 =5 PTyIn(U+y )5 ( s ]
whdre
| 2L,
u r ;
De

L |s the distance from the surface ofithe ground to the cables axis (mm);
D¢ |s the external diameter of oné.cable (mm);
s1 |s the axial separation between two adjacent cables (mm).

When the value of u exceeds 10, the term (u+\lu2 —1) may be replaced by (2 u).

4.23.3.3 Threecables having approximately equal losses, laid in a horizontal plahe;
equally spaced apart

2
T4 =%pT{In(u+1/u2—1) +In{1+(ﬁJ H

$1

The value T4 is that of the centre cable of the group and is used directly in the equation of
1.4.1 of IEC 60287-1-1:2006.

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 without transposition and/or the sheaths are bonded at
all joints, their inequality affects the external thermal resistances of the hottest cable. In such
cases the value of T4 to be used in the numerator of the rating equation in 1.4.1 of
IEC 60287-1-1:2006 is as given in 4.2.3.3.3, but a modified value of T4 shall be used in the
denominator, and is given by:
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2
1+0,5(A4, + A,
T4:ipT In(u+1/u2—1)+[ (s 12)}{”{&}}

1+ 4 $q

This assumes that the centre cable is the hottest cable. The value of A to be used in the
rating equation of 1.4.1 of IEC 60287-1-1:2006 is that for the centre cable,

where
_ 2L,
Bg—
L |is the distance from the surface of the ground to the cables axis (mm);

e
S1
M1y
Mz
A

Im

is the external diameter of one cable (mm);
is the axial separation between two adjacent cables (mm);

is the sheath loss factor for an outer cable of the group;
is the sheath loss factor for the other outer cable of the group;

is the sheath loss factor for the middle cable of the group.

When the value of u exceeds 10, the term (u+\/u2 —1) may‘be replaced by (2 u).

4.2,
4.2.
4.2,

Met
met
cab

4.2.

Non

4 Groups of buried cables (touching) equallydoaded

4.1 Two single-core cables, flat formation

4.1.1 Metallic sheathed cables

pllic sheathed cables are taken to be“cables where it can be assumed that there

allic layer that provides an isotherm at, or immediately under, the outer sheath of
e.

Ty = pTT(In(Zu)—O,451) foru>5

4.1.2 Non-metallic sheathed cables

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

Ty = p—T(In (2u)— 0,295) foru>5

T

s a
the

or

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 4.2.7.4).

4.2.

4.2.

4.2 Three single-core cables, flat formation

4.2.1 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 A, used in the rating equation of 1.4.1.1 of IEC 60287-1-1:2006 is the
average of the A, values for the three cables.
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T4 = p; (0,475 In(2u)-0346) fory> 5

4.2.4.2.2 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 = p, (0475 In(2u)-0142) foru=>5

Thig formula 1s used for non-metallic sheathed cables having a copper wire screen and for| the
extgrnal thermal resistance of non-metallic touching ducts (see 4.2.7.4).

4.24.3 Three single-core cables, trefoil formation
4.24.3.1 General

For|this configuration, L is measured to the centre of the trefoil group and’De is the diampgter
of one cable. T, is the external thermal resistance of any oneqof the cables and |the
configuration may be with the apex either at the top or at the bottom of the group.

For|corrugated sheaths, Dg = D¢ + 2 t3.

4.24.3.2 Metallic sheathed cables

Ty = 15 ot [In (219-0,630]

T

In t{his case, the thermal resistance of:the serving over the sheath or armour, T3 as
caldqulated by the method given in 4.1.4 shall be multiplied by a factor of 1,6.

4.24.3.3 Part-metallic covered cables (where helically laid armour or screen wirepg
cover from 20 % to'50 % of the cable circumference)

Thig formula is based onong lay (15 times the diameter under the wire screen) 0,7 |mm
diarheter, individual copper-wires having a total cross-sectional area of between 15 mmZ2 jand
35 m?2,

T, :1’—5p-|- [In (2u)-0,630]
T

In this case,.the thermal resistance of the insulation T4, as calculated by the method givepn in

4.12.1 and the thermal resistance of the serving T3, as calculated by the method givep in

4.1 3 shall be multiplied by the following factors:

T1: by 1,07 for cables up to 35 kV
by 1,16 for cables from 35 kV to 150 kV
Ts: by 1,6.

4.2.4.3.4 Non-metallic sheathed cables
1
T4 =—p71 [In(2u)+2In (u)]
2r

This formula is used for non-metallic sheathed cables having a screen of spaced copper wires
and for the external thermal resistance of touching ducts (see 4.2.7.4).
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4.2.5 Buried pipes

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

4.2.6 Cables in buried troughs
4.2.6.1 Buried troughs filled with sand

Whére cables are installed in sand-filled froughs, either completely buried or with the cdver
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 then be very high and the €able may
rea¢h 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
beeh used for which the dry resistivity is known.

4.2)6.2 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 afsthe air in the trough above
the fir ambient as:

W
Aetr = 3T—FO)T

whgre
Wt is the total power dissipated in the trough per metre length (W/m);
p 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
valye of p. The rating of a particular. eable in the trough is then calculated as for a cable in
fred air (see 4.2.1), but the ambient t€emperature shall be increased by A6y,.

4.217 Cables in ducts or pipes
4.277.1 General
The] external thermalresistance of a cable in a duct consists of three parts.

a) [Fhe thermaltresSistance of the air space between the cable surface and duct intefrnal
surface T4

b) [The thermal resistance of the duct itself, T‘i’. The thermal resistance of a metal pipg is
hegligible.

C) The external thermal resistance of the duct T‘:

The value of T4 to be substituted in the equation for the permissible current rating in 1.4 of
IEC 60287-1-1:2006 and IEC 60287-1-1:2006/AMD1:2014 will be the sum of the individual
parts, i.e.:

T " "
T4—T4 +T4 +T4

Cables in ducts which have been completely filled with a pumpable material having a thermal
resistivity not exceeding that of the surrounding soil, either in the dry state or when sealed to
preserve the moisture content of the filling material, may be treated as directly buried cables.
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4.2.7.2 Thermal resistance between cable and duct (or pipe) T,

For the cable diameters in the range 25 mm to 100 mm the following formula shall be used for
ducted cable. It shall also be used for the thermal resistance of the space between cores and
pipe surface of a pipe-type cable (see 4.1.5 b)), when the equivalent diameter of the three
cores in the pipe is within the range 75 mm to 125 mm. The equivalent diameter is defined
below:

T, = v
4 1401(V +Y0p) De

whdre

are constants, depending on the installations the values of which are given in Table|4;

O <X<<C

e |s the external diameter of the cable (mm);

when the formula is used for pipe-type cables (see 4.1.5 b)), Dg be€ofmes the equivalent
Hiameter of the group of cores as follows:

- two cores: D¢ = 1,65 x core outside diameter (mm);
- three cores: Dg = 2,15 x core outside diameter (mm);
- four cores: D¢ = 2,50 x core outside diameter (mm);

Om |s the mean temperature of the medium filling the (Space between cable and duct.| An
hssumed value has to be used initially and the calculation repeated with a modified value
f necessary (°C).

4.277.3 Thermal resistance of the duct (or-pipe) itself T,

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

" 1 DO
= — p —_—
T, o TIn [ Dy j
whdre
Dy |s the outside diameter-of the duct (mm);

Dy |s the inside diameter of the duct (mm);

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

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

"

4.2[74 External thermal resistance of the duct (or pipe) T,

This shall be determined for single-way duct(s) not embedded in concrete in the same way as
for cable, using the appropriate formulae given in 4.2.1, 4.2.2, 4.2.3 or 4.2.4, and the external
radius of the duct or pipe including any protective covering thereon, replacing the external
radius of the cable. When the ducts are embedded in concrete, the calculation of the thermal
resistance outside the ducts is first of all made assuming a uniform medium outside the ducts
having a thermal resistivity equal to the concrete. A correction is then added algebraically to
take account of the difference, if any, between the thermal resistivities of concrete and soil for
that part of the thermal circuit exterior to the duct bank.

The correction to the thermal resistance is given by:

2= (Pe —pe)In (u+yu? —1)
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where

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

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

p. is the thermal resistivity of concrete (K-m/W);

u

_ Lg
v

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

o

is the equivalent radius of concrete bank (mm) given by:

015

The]
irre

Thig

5.1
Cla
in F
use
whdg

5.2

See

Den

then G = MGg

whdg

2
Inrbzl i(i —LJ In 1+y—2 + X
2 y\n y X 2

quantities x and y are the shorter and longer sides, respectively, of the duct bank seg
Epective of its position, in millimetres.

formula is only valid for ratios of Y less than 3.
X

Digital calculation of quantities given graphically

General

ise 5 gives formulae and methods suitable fordigital calculation for those quantities g
igures 2 to 6 and the procedure for calculating ABg by means of Figure 10. The me
H is approximation by algebraic expressions, followed by quadratic or linear interpol

re necessary. The maximum percentage error prior to interpolation is given for each cz

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

Figure 2.
ote X =1t4/d;
Y = (244/t) - 1

re

1-ap+|(1-a?) (1-5%)|"°
ap

M = formule Mie = In

tion

ven
hod
tion
se.

1

oo x 7
{+1+X/(1+Y)}

o =

x _1

B o_1ey 2
o X 3
+_

1+Y 2

Gs = G5 (X, Y), i.e. is a function of both X and Y.


https://iecnorm.com/api/?name=f7304208bd344a455765ada9c0065dab

IEC 60287-2-1:2015 © IEC 2015 - 25—

Calculate the three quantities G5 (X, 0), G5 (X, 0,5) and Gg (X, 1)

where:

Gs (X, 0) =1,06019 -0,067 177 8 X + 0,017 952 1 X2
Gs (X, 0,5) =1,067 98 — 0,065 164 8 X + 0,015 812 5 X2
Gs (X, 1) =1,067 00 -0,0557156 X + 0,012 321 2 X2

Gs (X, Y) may be obtained by quadratic interpolation using the following formula:

Ge (X, V)=Gs (X, 0) + Y [-3Gs(X.0)+4 Gs (X, 05)— Gg (X, 1)]

+Y2 [ 2Gs(X,0)—4Gs (X, 0,5)+2Gs (X, 1)]

Thel maximum percentage error in the calculation of G5 (X, 0), G5 (X, 0,5) and G5 (X;1) is

thanm 0,5 % compared with corresponding graphical values.

5.3| Geometric factor G for three-core belted cables with circular conductors
Se€ Figure 3.

Derjote X = t4/d;
Y = (2t4/t) — 1
and G = MGg

whdre

1-af+ (1—a2)(1—ﬁ2)0'5
a-p

M = formule Mie = In

0L_2[1+ 2Xj+3

\/5 1+Y

Gs £ G¢ (X, Y), i.e., is a function of both X and Y.

€SS

Calculate the three quantities G5 (X, 0), G5 (X, 0,5) and Gg (X, 1)

where

Gs (X, 0) =1,094 14 — 0,094 404 5 X + 0,023 446 4 X2
Gs (X, 0,5) = 1,096 05 - 0,080 1857 X + 0,017 691 7 X2
Gs (X, 1) =1,09831-0,072063 1 X + 0,014 590 9 X2

and obtain G5 (X, Y) by quadratic interpolation between the three calculated values.

This may be done by substituting Gg (X, 0), Gg (X, 0,5) and Gg (X, 1) in the following formula:
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Gs (X, Y) = Gs (X, 0) [-3 Gs (X, 0) + 4 Gs (X, 0,5) — Gs (X, 1)]
[2G

s (X, 0)-4 Gs (X,0,5)+2 Gg (X, 1)]

<<

+
+

The maximum percentage error in the calculation of G4 (X, 0), G5 (X, 0,5) and G5 (X, 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.

Derote X = (51 p1)/(dc pm)
Y = t4/d;

Thel screening factor K is a function of both X and Y. Calculate the three quantities K (X, 0,2),
K (X, 0,6) and K (X, 1) from the following formulae according to whether 0 < X £ 6,0r 6 < X < 2%.

0<X<6 K(X 0,2) =0,998 095-0,123 369 X +
0,020 262 0 X2 — 0,001 416 67 X3

0,999 452 — 0,089 658 9 X +
0,012 023 9 X2 - 0,000 722 228 X3

K(X,1) = 0,997 976 — 0,052 857 1 X +
0,003 452 38 X2

0,824 160 — 0,028 872 1 X +
0,000 928 511 X2 — 0,0000013 712 1 X3

K (X, 0,6)

6<X<25 K(X,0,2)

K (X, 0,6) = 0,853 348 — 0,024 687.4°X +
0,000 966 967 X2 — 0,000 015 996 7 X3
K(X,1) =0,883287 —0,015378 2 X +

0,000 260 292.X2

K (X, Y) is then obtained by quadratic interpolation between the three calculated values. This
may be done by substitution in the following formula:

KX, )=KX0:2)+Z [-3K(X, 0,2)+4 K (X, 0,6)—-K (X, 1)]
+72 [ 2K(X,0,2)—4 K (X, 0,6)+2K (X, 1)]
whdre Z2=1,25 Y - 0,25

Thel maximum percentage error in the calculation of the sector correction factor is less than
0,5 |% compared.with graphical values.

5.5| Thermal resistance of three-core screened cables with sector-shaped conductors
compared to that of a corresponding unscreened cable

See Figure 5.

Denote X = (31 p7)/(dx pm)

The screening factor K is a function of both X and Y. Calculate the three quantities K (X, 0,2),
K (X, 0,6) and K (X, 1) from the following formulae according to whether 0 < X < 3, 3 < X <6,
or 6 < X <25.

0<X<3 K(X 02)
K (X, 0,6)
K (X, 1)

1,001 69 — 0,094 5 X + 0,007 523 81 X2
1,001 71 — 0,076 928 6 X + 0,005 357 14 X2
K (X, 0,6)
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3<X<6 K(X 0,2)and K(X, 0,6) are given by the same formula as for0 < X< 3
K (X, 1) =1,00117 - 0,075 214 3 X + 0,005 333 34 X2
6<X<25 K(X 0,2)=0,811646 — 0,023 8413 X
+ 0,000 994 933 X2 - 0,000 015 515 2 X3
K (X, 0,6) = 0,833 598 - 0,022 3155 X
+ 0,000 978 956 X2 — 0,000 015 831 1 X3

K(X,1) =0,842875-0,022 7255 X
+ 0,001 058 25 X2 — 0,000 017 742 7 X3

O AV4 \L

F oY e Fa N S VAWAN AVAN [ allo L H [ oo L \L
oro A >0 diuv,2 I = U,U, T\ (A, T)To UDLAITITU Uy TIicdal I TpUIdUUTT UTUWTTIT TN (A,

and| K (X, 0,6) as follows:

K(X, Y)=K (X, 02)+25(Y=0,2)[K (X, 0,6) - K (X, 0,2)]

For|3 < X < 25, K (X, Y) is obtained by quadratic interpolation between the’ three calculated

valyes. The relevant formula is:

K(X, Y)=K(X,02)+Z [-3K(X, 0,2)+4K (X,0,8) — K (X, 1)]
+22 [ 2K(X, 0,2) -4 K (XD0,6) +2 K (X, 1)]

whgre Z2=1,25Y-0,25

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

1 %) compared with graphical values.

5.6 Curve for G for obtaining the thermal resistance of the filling material between

the sheaths and armour of SL and SA type cables

Se€ Figure 6.

Derjote X = thickness of materialbetween sheaths and armour expressed as a fractio

the outer diameter of:ithe sheath.

Thel lower curve is given by:

2%.(0,000 202 380 + 2,032 14 X — 21,666 7 X2)

0<X<003 G
G=27 (0,012 652 9 + 1,101 X — 4,561 04 X2 + 11,509 3 X3)

0,03 < X<0,15

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

The| upperscurve is given below:

0 < X'<0.,03 G =27(0,000226 19 + 2,114 29 X — 20,476 2 X?)

n of

0,03<X<0,15 G =2x (0,014 210 8 + 1,175 33 X — 4,497 37 X2 + 10,635 2 X3)

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

5.7 Calculation of ABg by means of a diagram

See Figure 10.

The procedure is as follows:

a) calculate the value of K, using the formula:
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7Dgh [T,
=——2° | —+To (1+ ) +T3 (1+ 44+
A 1+/11+/12{n 2 (1+ 1)+ T3 (1+ 4 2)}

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

AD + ABgq + AB4s = constant

c) read off the abscissa of this point to obtain:

(A
\R=aa sy Ea

S

1) cables protected from solar radiation

1 1 nkg T
Ay =Wy ||l —~F—— - Ty - —22 2
d d|:(1+7\,1+7\.2 2) 1 1+7\.1+7\,2 :|

if the dielectric losses are neglected, ABg =0
Aeds = O
P) cables subjected to solar radiation

1 1 W.2T2
A0 =Wy || ——— — Ty — =282 2
d d|:(1+7u1+7\.2 2) 1 1+7\.1+7u2 :|

if the dielectric losses are neglected, A6y =0

* T1+n(1+k1)T2+n(1+7»1+k2)T3
ABys =oDe H
ds = ©O%e |: n(1+i1+2x2)



https://iecnorm.com/api/?name=f7304208bd344a455765ada9c0065dab

IEC 60287-2-1:2015 © IEC 2015 - 29 -

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
PE 3.5
XLPE 3,5
PPL 5,5
Polyvinyl chloride:

up to and including 3 kV cables 50

greater than 3 kV cables 6,0
EPR:

up to and including 3 kV cables 3,5

greater than 3 kV cables 5,0
Butyl rubber 5,0
Rubber 5,0
Protective coverings
Compounded jute and fibrous materials 6,0
Rubber sandwich protection 6,0
Polychloroprene 5,5
PVC:

up to and including 35 kV cables 5,0

greater than 35 kV cables 6,0
PVC/bitumen on corrugated aluminium sheaths 6,0
PE 3,5
Materials fopduct installations
Concrete 1,0
Fibre 4,8
Asbestos 2,0
Earthenware 1,2
PVC 6,0
PE 3,5

@ For the purposes of current rating calculations, the semiconducting screening materials
are assumed to have the same thermal properties as the adjacent dielectric materials.

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 2 — Values for constants Z, E and g for black surfaces

of cables in free air

No. Installation z E d Mode
Installation on non-continuous brackets, ladder supports or cleats, D(; not greater than 0,15 m
=203 D;
—
1 |Single cable 021 | 394 | 060 ao
>05 D
¥ o
P Two cables touching, horizontal 0,29 2,35 0,50 a 00
>05 Dy
e
3 |Three cables in trefoil 0,96 1,25 0,20 C%
>05 D3
-4 -
z Three cables touching, horizontal 0,62 1495 0,25 000
>05D;
—
5 Two cables touching, vertical 1,42 0,86 0,25 a8
>05D;
- -
3 Two cables spaced, D, vertical 0,75 2,80 0,30 OLD"
ot
>10D0;
o e
7 Three cables touchingyvertical 1,61 0,42 0,20 §
>05 D}
e
Oi
g Three ¢cables spaced, D; vertical 1,31 2,00 0,20 M €
D
oFf
Installation clipped direct to a vertical wall (Dé not greater than 0,08 m)
9 Single cable 1,69 0,63 0,25 %:)
10 |Three cables in trefoil 094 | 079 | 0,20 %9)

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 3 — Absorption coefficient of solar radiation

for cable surfaces

Material

c
Bitumen/jute serving 0,8
Polychloroprene 0,8
PVC 0,6
PE 0,4
Lead 0,6

Table 4 — Values of constants U, Vand Y

Installation condition u v Y

In metallic conduit 5,2 1,4 0,011
In fibre duct in air 52 0,83 0,006
In fibre duct in concrete 5,2 0,91 0,010
In asbestos cement:

duct in air 5,2 1,2 0,006

duct in concrete 5,2 1.1 0,011
Gas pressure cable in pipe 0,95 0,46 0,002 1
Oil pressure pipe-type cable 0,26 0,0 0,002 6
Plastic ducts 1,87 0,312 0,003 7
Earthenware ducts 1,87 0,28 0,003 6
Water filled ducts 0,1 0,03 0,001
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Figure 1 — Diagram showing a group of g.¢ables and their reflection in
the ground-air surface
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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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Screening factor K

— 35 —
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\ \
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\ \ €, = thermal resistivity of screening material:
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Figure 4 — Thermal resistance of three-core screened cables with

circular conductors compared to that of a corresponding

unscreened cable (see 4.1.2.3.1)
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Screening factor K

1.0 T T T T T T T T T T T T T T T T T T
6, = thickness of screen

01 = thermal resistivity of insulation n

\ d, = diameter of circular conductor having the same
section and degree of compaction

U,J

\\ i = thickness of insulation between conductor and screen |

\ O = thermal resistivity of screening material:
27 x 104 K.m/W for copper
48 x 104 K.m/W for aluminium

oL\ d
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\
L \\
W
N
\ N
07 \ a
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N o~ T
N —_
\\ S T b -0
N d. ]
\ \\..\\ X
N T 6 _ (6
\\ d,
N
T
P —
06 [~ 4 -
P~ =02
dy
05
0 5 10 15 20 25 0 o xer
dy X O
IEC

Figure 5 — Thermal resistance of three-core screened cables with
sector-shaped conductors compared with 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 4.1.3.2)
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CABLES ELECTRIQUES -
CALCUL DU COURANT ADMISSIBLE -

Partie 2-1: Résistance thermique —

015

Calcul de la resistance thermique

AVANT-PROPOS

a Commission Electrotechnique Internationale (IEC) est une organisation mondiale (de normalis
gomposée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de'I'lEC). L'IEC a
dbjet de favoriser la coopération internationale pour toutes les questions de normalisation°dans les doma
de I'électricité et de I'électronique. A cet effet, 'I|EC — entre autres activités§)< publie des No
internationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessible
dublic (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur_élaboration est confiée 3
domités d'études, aux travaux desquels tout Comité national intéressé par |le' sujet traité peut participer|
drganisations internationales, gouvernementales et non gouvernementales; en liaison avec I'lEC, partic
dgalement aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (I
selon des conditions fixées par accord entre les deux organisations.

es décisions ou accords officiels de I'lEC concernant les questions teChniques représentent, dans la ms
du possible, un accord international sur les sujets étudiés, étant~donné que les Comités nationaux de
intéressés sont représentés dans chaque comité d’études.

es Publications de I'lEC se présentent sous la forme de,recommandations internationales et sont agr|
dgomme telles par les Comités nationaux de I'lEC. Tous le§s efforts raisonnables sont entrepris afin que
slassure de I'exactitude du contenu technique de ses publications; I'|EC ne peut pas étre tenue responsab
Iéventuelle mauvaise utilisation ou interprétation qui ‘en.est faite par un quelconque utilisateur final.

DQans le but d'encourager l'uniformité internationalei/les Comités nationaux de I'lEC s'engagent, dans tou

esure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nation
gt régionales. Toutes divergences entre toutes Publications de I'IEC et toutes publications nationale
regionales correspondantes doivent étre indiquées en termes clairs dans ces derniéeres.

'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépend

fpurnissent des services d'évaluation’-de conformité et, dans certains secteurs, accedent aux marquep

donformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certific
ihdépendants.

ous les utilisateurs doivent stassurer qu'ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité,.ne, doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaire
andataires, y compris\ses experts particuliers et les membres de ses comités d'études et des Con
ationaux de I'lECs pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout

dommage de quelque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les

de justice) et _les\dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC o

tpute autre Publication de I'lEC, ou au crédit qui lui est accordé.

'attention ‘est attirée sur les références normatives citées dans cette publication. L'utilisation de publica
reférencées est obligatoire pour une application correcte de la présente publication.

attentlon est attirée sur Ie fait que certalns des éléments de la présente Publlcatlon de IIEC peuvent
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La présente Norme internationale |IEC 60287-2-1 a été établie par le comité d'études 20 de
I'lEC: Cables électriques.

Cette seconde édition de I'lEC 60287-2-1 annule et remplace la premiére édition, publiée en
1994, I'Amendement 1:2001, I'Amendement 2:2006 et le Corrigendum 1:2008. Le document
20/1448/CDV, circulé comme Amendement 3 aupres des Comités nationaux de I'lEC, a
conduit a la publication de cette nouvelle édition.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:
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a) ajout d'une référence a I'utilisation des méthodes des éléments finis dans le cas ou des
meéthodes analytiques ne sont pas disponibles pour le calcul de la résistance thermique
externe;

b) explication sur les cables triplombs et sous gaines d'aluminium individuelles;

c) méthode de calcul de T3 pour les cables tripolaires non armés a isolation extrudée et
écrans individuels constitués de bandes en cuivre disposés sur chaque conducteur;

d) changement de condition de X en 5.4;

e) ajout des valeurs des constantes ou conditions d'installation des fourreaux remplis d'eau
au Tableau 4.

Le tlexte de cette norme est issu des documents suivants:

Le napport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote a

abo

Cet

Une
éleg

Le
stal

relatives a la publication recherchée. A cette date, la publication sera

FDIS Rapport de vote
20/1561/FDIS 20/1588/RVD

uti a I'approbation de cette norme.
e publication a été rédigée selon les Directives ISO/IEC, Partie-2.

liste de toutes les parties de la série IEC 60287, publieés sous le titre général Ca
triques — Calcul du courant admissible, peut étre consultée sur le site web de I'lEC.

comité a décidé que le contenu de cette publication ne sera pas modifié avant la date
ilité indiquée sur le site web de I''EC sous_“http://webstore.iec.ch" dans les donn

reconduite,

supprimée,

remplacée par une édition révisée, ou
bmendée.

ant

bles

de
ées
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INTRODUCTION

L'IlEC 60287 a été divisée en trois parties de maniére a faciliter les révisions et les
adjonctions au document.

Chaque partie est subdivisée en sous-parties qui sont publiées en tant que normes séparées.

Partie 1: Formules de l'intensité du courant admissible et pertes de puissance

Partie 2: Formules relatives a la résistance thermique

Parte—3= Conditons-defonrctonrnement

La |présente partie de I'lEC 60287-2 contient des méthodes de calcul de la tesistd
thefmique interne des cables, et de la résistance thermique externe des cables posés a

libr¢, des cables enterrés et des canaux.

Les
cab

résistance, soit les valeurs généralement acceptées dans la pratique, comme les résistiy

au :Fveau international, comme les résistivités électriques et les coefficients de températufe a
themiques et les permittivités des matériaux. Certaines des valeurs de la derniére catég

ne
déj3
repf
vale
d'ad

peupent alors étre utilisées en déclarant les caraetéristiques assignées correspondanteg

cou

Les

varier considérablement d'un pays a l'autre. Par exemple, pour ce qui est de la tempéra

ami
par
diffd
des
des
la 1
utili
cell
le ty

Il c
SuiV

Les

formules de cette norme contiennent des paramétres variant aveg, Ja* spécification
e et les matériaux utilisés. Les valeurs données dans les tableaux sent soit approuv

bont pas caractéristiques de la qualité des cables neufs, mais de celles des cables a

oductibles, il convient de calculer les caractéristiqués assignées du courant avec

rant, a condition que les différentes valeurs soient indiquées.

grandeurs relatives aux conditions delfonctionnement des cables sont susceptibles

iante et de la résistivité thermiquetdu sol, les valeurs sont régies dans les différents ¢
diverses considérations. Des comparaisons héatives entre les valeurs utilisées dans
rents pays peuvent donner liew’ a des conclusions erronées, si elles ne reposent pas
criteres communs; par exemple, on peut prévoir différentes valeurs d'espérance de

Esistivité thermique du-sol, tandis que dans d'autres c'est la valeur moyenne qui
sée. En particulier, 'dans le cas de la résistivité thermique du sol, il est bien connu
b-ci est trés sensible au taux d'humidité et peut varier sensiblement dans le temps sui
pe de sol, les conditions topographiques et météorologiques et la charge du céble.

bnvient des~lors d'effectuer le choix des valeurs des différents paramétres de la fg
ante:

nce
l'air

du
ées

ités

orie

ant

subi une longue période d'utilisation. Dans le but d'obtiehir des résultats comparableps et

les

urs indiquées dans la présente norme. Toutefais,”lorsqu'on sait avec certitude [que
tres valeurs sont plus appropriées aux matériaux et a leur conception, ces derniéres

du

de
fure
ays
les
sur
vie

cables; de méme, dans-certains pays, la conception est fondée sur la valeur maximalg de

est
que
ant

con

vala

valeurs numériques devront, de préférence, étre basées sur des résultats de mesdres
'm_D_FI_rt_t_m—t_l_d_l—l_t—t_l_\les. € tels resultats sont deja souvent Inclus dans Ies speciiicalions nationales sous

forme de valeurs recommandées, de telle sorte que le calcul peut étre exécuté sur la base de
ces valeurs généralement utilisées dans le pays en question; un examen de ces valeurs

figu

re dans I'lEC 60287-3-1.

On trouvera un choix d'informations nécessaires pour sélectionner le type de cable approprié

dan

s I''EC 60287-3-1.
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CABLES ELECTRIQUES -
CALCUL DU COURANT ADMISSIBLE -

Partie 2-1: Résistance thermique —
Calcul de la résistance thermique

La [présente partie de I'lEC 60287 s'applique uniquement au fonctionnement €n-régime
permanent des cables de toutes tensions alternatives et de tensions continues jasqu'a 5|kV,
enterrés directement dans le sol, placés dans des fourreaux, des caniveaux~ou des tubes
d'agier, avec ou sans asséchement partiel du sol, ainsi que les cables posés|al'air libre| On
ent¢nd par "régime permanent" la circulation continue d'un courant constant (facteun de
charge 100 %) juste suffisant pour atteindre asymptotiquement la température maximalg de
I'ame en supposant que les conditions du milieu ambiant restent inchangées.

La présente partie de I'lEC 60287 fournit des formules pour la résistance thermique.

Les|formules proposées sont essentiellement littérales et Jaissent en principe libre le choix de
certains paramétres importants. Ceux-ci peuvent étre divises en trois groupes:

— |es paramétres liés a la constitution du cablé (par exemple résistivité thermique| de
'isolant) pour lesquels des valeurs représentatives ont été recueillies, a partir des travjaux
bubliés;
— |es paramétres liés aux conditions du milieéu ambiant qui peuvent varier considérablement,
Hont le choix dépend du pays dans lequel les cables sont ou doivent étre utilisés;

— |es paramétres résultant d'un accord entre fabricant et utilisateur et qui supposent [une
marge de sécurité en service (par\exemple température maximale du conducteur).

Les| équations figurant dans -cette partie de I'lEC 60287 pour le calcul de la résistgnce
theqmique externe d'un céble - enterré directement dans le sol, ou dans un conduit enterré
conpernent un nombre limité de conditions d'installation. Dans le cas ou des méthgdes
analytiques ne sont pas. disponibles pour le calcul de la résistance thermique externe,|les
meéthodes des éléments finis peuvent étre utilisées. Les lignes directrices relativep a
I'utilisation des méthodes des éléments finis pour le calcul des caractéristiques assignées du
coufant de cable'sont fournies dans I'lEC TR 62095.

2 |Références normatives

Lesldocuments suivants-sont cités-en référence de manicre normative —en intéagralité od en
7 )

partie, dans le présent document et sont indispensables pour son application. Pour les
références datées, seule I'édition citée s’applique. Pour les références non datées, la
derniére édition du document de référence s’applique (y compris les éventuels
amendements).

IEC 60287-1-1:2006, Cables électriques — Calcul du courant admissible — Partie 1-1:
Equations de l'intensité du courant admissible (facteur de charge 100 %) et calcul des
pertes — Généralités

IEC 60287-1-1:2006/AMD1:2014

IEC 60853-2, Calcul des capacités de transport des cables pour les régimes de charge
cycliques et de surcharge de secours — Partie 2: Régime cyclique pour des cébles de
tensions supérieures a 18/30 (36) kV et régimes de secours pour des cébles de toutes
tensions
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3 Symboles

015

Les symboles utilisés dans la présente norme et les grandeurs qu'ils représentent sont
donnés dans la liste suivante:

D;
Dq
De

diameétre extérieur de I'armure
diameétre intérieur du fourreau

diameétre extérieur du cable ou diamétre équivalent d'un groupe de
conducteurs isolés pour un cable en tuyau

mm

mm

mm

P . ¥ | el L b 4.2 4\
UldliTic© TALTCTITUT UU LAdUIT (ST TTUUTITT dU =.£.1)
diamétre extérieur du fourreau

diamétre extérieur de la gaine métallique

diamétre du cylindre coaxial imaginaire tangent
aux crétes d'une gaine ondulée

diameétre du cylindre coaxial imaginaire tangent a la
surface extérieure des caniveaux d'une gaine ondulée = Dj; + 2¢}

diamétre du cylindre imaginaire tangent a la
surface intérieure des crétes d'une gaine ondulée = Dy <214

diameétre du cylindre imaginaire tangent a la
surface intérieure des caniveaux d'une gaine ondulée

constante utilisée en 4.2.1.1

coefficient pour les cables a ceinture définis.€n)4.1.2.2.3

coefficient pour les cables a ceinture définis'en 4.1.2.2.6

facteur géométrique pour cables a ceinture

facteur géométrique des cables triplambs et sous gaines d'aluminium individuelles
intensité du rayonnement solaire;{se reporter au 4.2.1.2) W
facteur d'écran pour la résistance thermique des cables sous écran

coefficient utilisé en 4.2.1

profondeur de posespar rapport a I'axe du cable ou au centre

mm

mm

mm

mm

mm

mm

de la disposition entrefle mm
distance de la-Surface du sol au centre d'un fourreau porte-cables mm
nombre de(cables chargés dans un fourreau porte-cables (voir 4.2.7.4)

résistance thermique par conducteur isolé entre d&me et gaine métallique

ou éeran K-m/W
résistance thermique entre gaine et armure K-m/W
résistance thermique du revétement extérieur K-m/W
résistance thermique du milieu environnant (rapport de I'échauffement

de la surface du cable au-dessus du milieu ambiant aux pertes

par unité de longueur) K-m/W
résistance thermique du milieu extérieur a l'air libre tenant compte du

rayonnement solaire K-m/W
résistance thermique entre cable et fourreau (ou tuyau) K-m/W
résistance thermique du fourreau (ou du tuyau) K-m/W
résistance thermique du milieu environnant du fourreau (ou tuyau) K-m/W

constante utilisée en 4.2.7.2

constante utilisée en 4.2.7.2

pertes diélectriques par unité de longueur par W/m
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Wi pertes dissipées par le cable k W/m
WtoT puissance totale dissipée dans un caniveau par unité de longueur W/m
Y coefficient utilisé en 4.2.7.2
Z coefficient utilisé en 4.2.1.1
da diameétre extérieur de la ceinture isolante mm
d¢ diamétre extérieur de I'ame mm
dem est le petit diamétre de I'ame ovale mm
ch plus gr;md diametre d'une Ame avale mm
dm plus grand diamétre d'écran ou de gaine d'une &me ovale mm
dm plus petit diamétre d'écran ou de gaine d'une dme ovale mm
dy diameétre d'une ame circulaire équivalente ayant la méme section

et le méme degré de rétreint que I'ame sectorale mm
g coefficient utilisé en 4.2.1.1
h coefficient de dissipation de chaleur W/m2K>5/4
In logarithme naturel (logarithme en base €)

nombre d'ames dans un cable
p partie du périmétre du caniveau qui participe a la

dissipation de chaleur (voir 4.2.6.2) m
rq rayon du cercle circonscrit de deux ou trois ames

sectorales mm
S1 distance entre axes de deux cables adjacents dans une nappe horizontale

de trois cables non jointifs mm
t épaisseur de l'isolation entre ames mm
t4 épaisseur d'isolant entre &mes efigaine mm
tr épaisseur du matelas mm
t3 épaisseur du matelas extérieur mm
§ épaisseur de I'enveloppe isolante d'un conducteur isolé y compris les rubans de

blindage plus la moitié de I'épaisseur de tous les rubans non métalliques sur

I'assemblage des_conducteurs isolés mm
t3 épaisseur della gaine mm

2L
u == en4.2.

De
u e en 42074

b
X, y _ cotes dun jourreau porie-cables (y>Xx) (voir 4.2.7.4) mm
Om température moyenne du milieu entre un cable et le fourreau ou le tuyau °C
AO échauffement admissible de I'ame au-dessus de la température ambiante K
ABg facteur tenant compte des pertes diélectriques dans le calcul de T4 pour des cables

posés a l'air libre K
Abys facteur tenant compte des pertes diélectriques et du rayonnement solaire direct

pour le calcul de T, pour des cables posés a l'air libre selon la Figure 10 K
ABquct différence entre la température moyenne de I'air dans un fourreau et

température ambiante K
ABg différence entre la température en surface d'un cable placé a l'air libre et la

température ambiante K
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échauffement de I'air dans un caniveau de cable

A1, Ao rapport utilisé des pertes totales dans les gaines métalliques et les armures

respectivement aux pertes totales des dmes (ou pertes dans une gaine ou armure
aux pertes dans une ame)

A1m facteur de perte du cable médian

R . Trois cables posés en
facteur de perte du cable extérieur nappe non  transposeés,

ayant les pertes les plus importantes [ gyec gaines reliées aux

015

K

Pi
Pt
Pe
Pc
Pm
PT

4

4.1
4.1

L'Ar
diffq
I'lE

isol

Lorg
mét
cou
I'isg
con

4.1.
4.1.

facteur de perte du cable extérieur deux extrémités

ayant les pertes les plus faibles J

résistivité thermique de l’isolation K
résistivité thermique du bourrage K-
résistivité thermique du sol entourant un fourreau porte-cables K-
résistivité thermique du béton constituant un fourreau porte-cables K-1
résistivité thermique des écrans métalliques dans les cables multipolaires K-1
résistivité thermique du matériau K-

coefficient d'absorption du rayonnement solaire par la surface/du cable

Calcul des résistances thermiques

Résistances thermiques des constituants des .cables, T4, To et T3

(| Généralités

ticle 4 donne les formules pour le calculMdes résistances thermiques linéiques
rentes parties de cables T4, To etT3 (voir 1.4 de I'lEC 60287-1-1:2006 et
C 60287-1-1:2006/AMD1:2014). Les résistivités thermiques des matériaux utilisés con
bnts et revétements de protection figlirent dans le Tableau 1.

bque des couches d’écrantagé)sont présentes, pour les calculs thermiques les rub
plliqgues sont considérés comme faisant partie de I'dme ou de la gaine alors que

n/W
n/W
n/W
n/W
n/W
n/W

des
de
me

ans
les

ches semi-conductrices_(y~eompris le rubanage en papier carbone métallisé) font parti¢ de

lant. Les dimensions_) appropriées des composants doivent étre modifiées
séquence.

2 Résistance thermique entre une dme et la gaine T,

2.1 Céables unipolaires

La nésistance thermique entre une ame et la gaine T4 est donnée par:

en

PT I— 2t1—|

ou

T1 ZEIHLH d. J

p1 est la résistivité thermique de I'isolant (K-m/W);

d, estle diamétre de I'ame (mm);

t; estl'épaisseur de l'isolant entre I'ame et la gaine mm).

NOTE Pour les gaines ondulées, t; est mesurée d'aprés le diamétre intérieur moyen de la gaine qui est donné

par:

Dit +Doc _t
2 s
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4.1.2.2 Cables a ceinture
4.1.2.21 Généralités

La résistance thermique T4 entre une dme et la gaine est donnée par:

=T
2r
ou

G est le facteur géométrique

NOTE Pour les gaines ondulées, t; est mesurée d'apres le diamétre intérieur moyen de la gaine qui est\dpnné
par:

4.12.2.2 Cables bipolaires a ceinture et ames circulaires

Le facteur géométrique G est représenté a la Figure 2.

4.12.2.3 Cables bipolaires a ceinture et ames sectorales

Le facteur géométrique G est donné par:

G=2F In{ d }

21”1
ou
22t

[ W LI
27 (dy +1)—t

da pstle diamétre extérieur de la*ceinture isolante (mm);
r1 st le rayon du cercle cir¢anscrit aux ames (mm);

dy pst le diamétre d'une.ame circulaire ayant la méme section et le méme degré de rétrneint
X .
Hue I'ame sectorale_considérée (mm);

t st l'épaisseur delisolation entre les ames (mm).

4.12.2.4 Cables tripolaires a ceinture et ames circulaires

Pour les_céables tripolaires a ceinture et Ames circulaires

121
067T——

Ti=PiG10031p —pile %
2z

ou
p; estla résistivité thermique de l'isolant (K-m/W);

p; estla résistivité thermique de l'isolant du bourrage (K-m/W).

Le facteur géométrique G est donné par la Figure 3.

NOTE Pour les cables a isolation papier p; = p; et, par conséquent, le second terme du deuxiéme membre de
I’équation ci-dessus peut étre négligé.

Pour les cables a isolation extrudée, la résistivité thermique du matériau de bourrage est susceptible d’étre
comprise entre 6 K-m/W et 13 K-m/W, selon le matériau de bourrage et son degré de compression. Une valeur de
10 K-m/W est suggérée pour les bourrages en fibres de polypropyléne.
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L’équation ci-dessus s’applique aux cables a isolation extrudée dont chaque conducteur posséde un écran
individuel de fils espacés et aux cables ayant un écran métallique commun disposé sur les trois conducteurs. Pour
les cables non armés de cette constitution, la valeur t, correspond a I'épaisseur du matériau entre les ames et le
revétement extérieur (matelas extérieur).

4.1.2.2.5 Cables tripolaires a ceinture et ames ovales

Le cable doit étre considéré comme un cable a dme circulaire équivalent avec un diamétre

équivalent d = ‘/ch d,, (mm)

ou

d | U H b ] na 1 L )\
cM ColiTc yrdarnu uiarrcutc Uuc T alrtic uvailc (Imiir),

dem| est le petit diamétre de I'ame ovale (mm).

4.12.2.6 Cables tripolaires a ceinture et 4mes sectorales

o

Le facteur géométrique G de ces cables dépend de la forme des secteurs,”/qui varie
fabiicant a I'autre. Une formule appropriée est:

G=3F2|n|: da :|
2f'1

un

ou
3t
Fo=14+—— <
27 (dy )t
d, pstle diamétre extérieur de la ceinture isolante (mm);
ry estle rayon du cercle circonscrit aux ames, (mm);
d, pst le diamétre d'une ame circulaire ayant la méme section et le méme degré de rétreint

Hue I'ame sectorale considérée (mm);

t st l'épaisseur de l'isolation entre-les ames (mm).
4.12.3 Cables tripolaires, de type écranté en ruban métallique

4.12.3.1 Cables écrantés a ames circulaires

14

Les|cables a isolation.papier de ce type peuvent étre d'abord considérés comme des cablgs a
ceinture pour lesquels T1 est égal a 0,5. Puis, pour tenir compte de la conductivité thermique

des| écrans mgtalliques, le résultat doit étre multiplié par un facteur K, dit facteur d'écran,

donpé a la-kigure 4 pour différentes valeurs de ;—1 et différentes spécifications de cébles

C

Ainsi: T, =k G
27

Il convient de considérer les cables tripolaires a isolation extrudée et écrans individuels
constitués de feuillards en cuivre disposés sur chaque conducteur, comme les cables
triplombs (voir 4.1.2.5 et 4.1.3.2).

Voir 4.1.2.2.4 pour les cébles tripolaires a isolation extrudée dont chaque conducteur posséde
un écran individuel de fils espacés en cuivre ou dont I’écran métallique est commun aux trois
conducteurs.
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2.3.2 Cables métallisés a ames ovales

Le cable doit étre considéré comme un cable a ame circulaire équivalent ayant un diameétre

équ

4.1.

ivalent dC = ch ~dcm .

2.3.3 Cables métallisés a ames sectorales

T4 est calculée de la méme maniére que pour les cables a ceinture a ames sectorales, mais
d, est égal au diamétre d'un cercle qui circonscrit I'assemblage des conducteurs. Le résultat
est multiplié par un facteur d'écran donné a la Figure 5.

4.1.
4.1.

2.4 Cables a huile fluide

2.4.1 Cables tripolaires a ames circulaires, a écrans sur isolant en papier
métallisé et a canaux d'huile circulaires entre les conducteurs

La fésistance thermique entre une dme et la gaine T4 est donnée par:

PT

Cet
trou
s'ag

4.1

2t
T1=0385p7 (WJ
C |

bst le diamétre de I'ame (mm);

bst I'épaisseur de l'isolation du conducteur comgprenant les rubans de noir de carbon
He papier métallisé et la moitié de tous les rubans non métalliques couvrant I'assembl
Hes trois conducteurs (mm);

bst la résistivité thermique de l'isolant (K:m/W).

e formule suppose que l'espace 0¢ecupé par les canaux métalliques et I'huile qui

plique sans tenir compte du métal constituant les canaux d'huile ou de leur épaisseur.

2.4.2 Cables tripolaires a ames circulaires, a écrans sur isolant en ruban

métallique et-canaux d'huile circulaires entre les conducteurs

La fésistance thermique T4 entre une dme et la gaine est donnée par:

T,-035p7] 0923 - — %
dC +2 ti

age

s'y

ve a une conductivité thermiquel\tres élevée par rapport a l'isolation et par conséquent

ob l'ASnal o INealat: A A $ ranaat

e et

Y- R ation - el e BB o a—rban A Boe—ad o o
COol I CpParSSTUT UT T 1ioUTatoTT U CUTTOOCTC T CUTTTPT O TIaTIC 1TSS raualtsS Ut ot Ot oarouoT

1
T
de papier métallisé et la moitié de tous les rubans non métalliques couvrant I'assembl

des trois conducteurs (mm).

NOT

4.1.

E Cette formule est indépendante des métaux utilisés pour les écrans et pour les canaux d'huile.

243 Cables tripolaires a ames circulaires, a écrans sur isolant en ruban

age

métallique, sans bourrages et canaux d'huile, ayant un ruban en tissu de

cuivre textile liant les conducteurs et une gaine ondulée en aluminium

La résistance thermique T4 entre une dme et la gaine est donnée par:
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¢ 0,62
5415 [t [ Py (do-20;
' pi | D, 27 de

ty =05 HM} -216 DCJ
2

D. est le diamétre d'un conducteur au-dessus des rubans métalliques de I'écran (mm);

tg
31
NOT
4.1
Un
lequ

gain
isot

La rfésistance thermique T4 est calculée de la méme maniére que pour les cables unipolair

4.1,
4.1,

La fésistance thermique entre la gaine etl'armure, Ty, est donnée par:

NOT]
espd

4.1

£3.2 Cables triplombs et sous gaines d'aluminium individuelles

bst |'interstice nominal moyen entre les rubans métalliques de I'écran sur isolant\e
diametre intérieur moyen de la gaine (mm);

bst I'épaisseur de I'écran sur isolant en ruban métallique (mm).

E La formule ne dépend pas du métal utilisé pour les rubans de I'écran.

2.5 Cables triplombs et sous gaines d'aluminium individuelles

cable de type triplomb ou sous gaine d'aluminium individuelle esttun cable tripolaire d
el chaque conducteur comporte une gaine individuelle en_ plomb ou en aluminium
e est considérée comme étant suffisamment substantielle de sorte a fournir
hermie a la surface extérieure de l'isolation.

3 Résistance thermique entre gaine et armure T,

3.1 Cables unipolaires, bipolaires et tripolaires ayant une gaine métallique
commune

S

1 2t
T, =—Prin|1+ 222
2 2z { D}

bst I'épaisseur du matelas (mm);

bst le diamétre extérieur de la gaine (mm).

E  Pour les,cables non armés a isolation extrudée dont chaque conducteur posséde un écran individuel d
cés et pourles cables non armés ayant un écran métallique commun disposé sur les trois conducteurs T,

t le

ans
La
une

La

ou

G

esistance tnermigue ades bourrages et revetements situes sous armdure est aonnee par:

est le facteur géométrique donné a la Figure 6.
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41.4

4.1.41

Résistance thermique du revétement extérieur (matelas extérieur) T3

Cas général

Les revétements extérieurs sont généralement disposés en couches concentriques et la
résistance thermique T3 est donnée par:

Ty=— Pr |n{1+—2t3J
3
2z D,

ou
t3 pst
D' st

I'épaisseur du matelas extérieur (mm);

le diametre extérieur de I'armure (mm).

NOTE Pour les cables non armés D; est égal au diameétre extérieur du composant immédiatement desgous,

c'estta-dire une gaine, un écran ou un matelas.

Pour les gaines ondulées:

4.14.2

La fésistance thermique du bourrage, du frettage et du revétement extérieur est donnée pa

ou

Pt
G

D’

a

415

Pources cahles trinolaires _nous disposons de:
T ’ T

est la résistivité thermique de l'isolant du bourrage (K-m/W);

correspond au diamétre du ruban de frettage.

=i Doc +213
2r (D0C+DitJ
—2 5k

Cables tripolaires non armés a isolation extrudée et écrans individuels
constitués de bandes en cuivre disposés sur chaque conducteur

=4

2 _
T3= BT nf1+ fy PG
2z D, 67

est le facteur géométrique représenté a la Figure 6 fondé sur I'épaisseur du matéfriau
entre l'écran constitué d'une bande de cuivre et le revétement extérieur (matgelas
extérieur);

Cas des cables en tuyau

a) La résistance thermique T¢ de l'isolant de chaque conducteur entre ame et écran. Celle-ci

est

calculée par la méthode indiquée en 4.1.2 relative aux cables unipolaires.

b) La résistance thermique To comprend deux parties:

1)

La résistance thermique de chaque matelas extérieur placé sur écran ou sur gaine de
chaque conducteur. La valeur a introduire pour remplacer la partie de T, dans
I'équation du calcul du courant admissible du 1.4 de I'lEC 60287-1-1:2006 et de
I''EC 60287-1-1:2006/AMD1:2014 est la valeur par cable, c'est-a-dire que la valeur
d'un cable tripolaire est le tiers de la valeur d'un conducteur seul.

La valeur par conducteur est calculée par la méthode donnée en 4.1.3 pour le matelas
des cables unipolaires. Dans le cas de conducteurs ovales, la moyenne géométrique
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du petit diamétre et du grand diamétre 1/dM-dm doit étre utilisée a la place du
diameétre concernant un assemblage des conducteurs circulaires.

La résistance thermique du gaz ou de I'huile comprise entre la surface extérieure des
conducteurs et le tuyau. Cette résistance est calculée de la méme fagon que la partie
de T4 qui se situe entre un cable et la surface intérieure d'un fourreau, tel qu'indiqué
en 4.2.7.2.

La valeur calculée sera la valeur par cable et il convient de I'ajouter a la grandeur
calculée plus haut en 4.1.5 b)1), avant de l'introduire pour remplacer T» dans

4.2
4.2,
4.2.

La
ray(

ou

I'équation du courant admissible du 1.4 de [I'IEC 60287-1-1:2006 et de
—HHEC 6028711 2006/AMD 12014
| a résistance thermique T3 de tout type de revétements extérieurs au tuyau |est
Héterminée comme indiqué en 4.1.4. La résistance thermique du tuyau métallique|lui-
méme est négligeable.
Résistance thermique extérieure Ty
1 Cables posés a l'air libre
1.1 Cables protégés du rayonnement solaire direct
résistance thermique T4 de I'environnement d'un cable placé’a l'air libre, et protégg du
nnement solaire, est donnée par la formule:
1
Ty = * 4
7 Dg h(D8%s)
h= f +E
(De)*
est le diamétre extérieur du cable (m);
pour les gaines ondulées Bi-= (Dgc + 2 t3) - 10-3 (m);
NOTE Dans I'ensemble dew4:2.1 D; est exprimé en métres.
est le coefficient «de*dissipation de chaleur obtenu soit a partir de la formule ci-degsus
utilisant les valeurs appropriées des constantes Z, E et g données figurant dans le
Tableau 2, soit’a partir des courbes des Figures 7, 8 et 9, reproduites par souci de
commodités(W/m2 (K)5/4);
les cables revétus de jute et les cables ayant une surface non métallique doivent Btre
considérés comme ayant une surface noire. Pour les cables sans revétement extériedr, a
plomb nu ou a armure nue, il convient de prendre une valeur de h égale a 88 % dg la
valeur donnée pour une surface noire;

Pou

est I'échauffement de la surface du cable au-dessus de la température ambiante (voir ci-

aprés pour la méthode de calcul) (K).

r les cables en caniveaux non remplis, se reporter en 4.2.6.

Calcul de (Abg)Va:

Une méthode itérative simple de calcul (A6g)Ys est fournie ci-dessous. Une autre méthode
graphique est donnée en 5.7.

Calculer
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Dgh [T
Ky=——C | LT, (14 44)+T5 (1+ 4 + 4
A (1+/11+/12){n 2 (1+44)+T3 (1+ 4 2)}
puis
0,25
(A0, ):]/11 _ AB + ABgy _
1+ Ka (ABg)q
Rédler la valeur initiale de (A6g)Ya =2 et réitérer le calcul jusqu'a ce que (A65)1n/‘:
(Ags) 1 < 0,001
ou
1 1 niz T
Aoy =Wy || —— - | T ——=—=f€
d d|:[1+7\.1+7\,2 2) ! 1+7n1+7\.2:'
Il sfagit d'un facteur qui, comportant les dimensions d'unedifférence de température, 1

con

AB

4.2,

Lor;g

don
SuiV

ou

pte des pertes diélectriques. Si les pertes diélectriques.sont négligées, Abq = 0.
est I'échauffement admissible de I'dme par rapport/a la température ambiante.

1.2 Cables soumis au rayonnement solaire direct — Résistance thermique
extérieure T,

que les cables sont soumis au raypnnement solaire direct, T, est calculé par la méth

hée en 4.2.1.1, mais dans la méthode itérative (AOg)% est calculé en utilisant la forn
ante:

0,25
14 AD + ABg + ABgs

.=
" 14 Ka (a05)1

(ABs)

sDyH [T,
ABgyg =———=—— | —+To (1+ A Ty (1+X11+ A
ds (1+k1+k2)[n+2(+1)+ 3 (1+21q+ 2)}

end

ode
hule

Il s'agit dun facteur qui, ayant l[es dimensions dune diiference de temperature, rend con
'influence du rayonnement solaire.

de |

ou

(¢

H

De

est le coefficient d'absorption du rayonnement solaire par la surface du cable (voir le
Tableau 3);

est l'intensité du rayonnement solaire qu'il convient de prendre égale a 10® W/m? sous
plupart des latitudes; il est recommandé d'obtenir la valeur locale lorsque cela est
possible;

est le diamétre extérieur du cable (m)
pour les gaines ondulées D; = (Doc + 2 t3) - 10-3 (m).

Une autre méthode graphique est donnée a la Figure 10.

pte

la
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4.2.2 Un seul cable isolé enterré
Ty :%pT In(u+\l u2—1j
T

ou

pT est la résistivité thermique du sol (K-m/W);

u = -=-—;

L st la distance de la surface du sol a I'axe du cable (mm);

D¢ est le diamétre extérieur du cable (mm);
pour les gaines ondulées Dg = Do + 2 13,

Qugnd la valeur de u dépasse 10, une bonne approximation (proche de 1/pour 1 000)|est
obtenue en utilisant la formule:

1
Ta=——P1 In(2u)

Pour les circuits de cables installés a des profondeurs de posé de plus de 10 m, une aptre
appfoche pour calculer I'intensité du courant admissible consiste a déterminer l'intensité du
coufant en régime permanent pour une période de temps-désignée (généralement 40 ans) en
appliquant les formules figurant dans I'lEC 60853-2, prenant en compte dans la mesurg du
posgible, les variations saisonniéres des conditions_de charge et la nature du sol, le [cas
échpant. La modélisation par éléments finis peut.fournir un modéle plus polyvalent pour cette
évaluation de la durée de vie. Ce théme est a I'étude.

4.23 Groupe de cables enterrés (non:jointifs)
4.23.1 Généralités

Ceg cas peuvent étre résolus par«l‘application du principe de superposition, en supposant|que
chafpjue cable est assimilable -a~une source de chaleur rectiligne ne perturbant pas le [flux
thefmique d0 aux autres cables.

Ils $ont de deux types.principaux: le premier cas, le plus général, est celui d'un groupg de
cables inégalement(chargés et de construction différente, pour lequel on ne peut donner
qu'yne indication sur la méthode a suivre. Le deuxiéme cas, qui est plus particulier, est gelui
d'un groupe dewcables identiques et également chargés et pour lequel une solution simple
peut étre proposee.

4.23.2 Cables inégalement chargés

La IIG’“IUU‘U buggéléc, poOulr utrr yroupc dU babicb illéydiclllcllt b;ldlgéb Ut UIU bUIIbtlubliOn
différente, consiste a calculer I'échauffement a la surface du cable en question, provoqué par
les autres céables du groupe, et a retrancher cette valeur d'échauffement de celle de A6
utilisée dans I'équation du courant assigné du 1.4 de [I'IEC 60287-1-1:2006 et de
I''EC 60287-1-1:2006/AMD1:2014. 1l faut donc estimer auparavant la puissance linéique
dissipée par chaque céable, quitte a corriger ultérieurement ces valeurs suivant les calculs, si
nécessaire.

Ainsi, I'échauffement A0, au-dessus de la température ambiante a la surface du peme cable,
dont les caractéristiques assignées sont déterminées, provoqué par la puissance dissipée par
les autres (q — 1) cables du groupe, est fourni par:

Aep = Ae‘]p + Ae2p +... Aekp +... Aeqp
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