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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRIC CABLES -
CALCULATION OF THE CURRENT RATING -

Part 3-1:-Seetions-on Operating conditions —
Site reference-operating conditions-and-selection-of cabletype

Q = Tt = Q

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compr
Il national electrotechnical committees (IEC National Committees). The object of IEC\ 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, Technical Specificaf]
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter” referred to as

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

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 accordapce)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
onsensus of opinion on the relevant subjects since each technical ‘committee has representation fro
terested IEC National Committees.

EC Publications have the form of recommendations for international use and are accepted by IEC Nat
ommittees in that sense. While all reasonable efforts are“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
isinterpretation by any end user.

ansparently to the maximum extent possible in<their national and regional publications. Any diverg
etween any IEC Publication and the corresponding national or regional publication shall be clearly indicat
he latter.

FC itself does not provide any attestatiognof conformity. Independent certification bodies provide confo
ssessment services and, in some areas; access to IEC marks of conformity. IEC is not responsible fof
ervices carried out by independent ¢ertification 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 out~efithe publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn, to the Normative references cited in this publication. Use of the referenced publicatio
dispensablg-forthe 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.

sing
mote
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h order to promote international uniformity, IEC National Committees undertake to apply IEC Publications

Ence
bd in
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o liability shall attach to IEC or its directors, employees, servants or agents including individual expertq and
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is-rédline version of the official IEC Standard allows the user to identify the chan
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International Standard IEC 60287-3-1 has been prepared by IEC technical committee 20:
Electric cables.

This second edition cancels and replaces the first edition published in 1995 and
Amendment 1:1999. This edition constitutes a technical revision. This edition includes the
following significant technical changes with respect to the previous edition:

a) the updated list of national laying conditions is now covered in Annex A;

b) Clause 5 about the information required from the purchaser for the selection of the
appropriate type of cable has been removed.

Th n 4 bl 4 ol ol lo ol lo £all H ol 4
[CATUT IS Staltudiu 15 UdsTU UTT UTNTT TUTTUWITTY UUCUTITTITLS.

FDIS Report on voting
20/1714/FDIS 20/1730/RVD

Fulllinformation on the voting for the approval of this standard can be found ‘in the reporf on
voting indicated in the above table.

Thig publication has been drafted in accordance with the ISO/IEC Dirgctives, 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.

The| reader's attention is drawn to the fact that AnnexcA lists all of the “in-some-country”
clayses on differing practices of a less permanent{pnature relating to the subject of |this
standard.

Thel committee has decided that the contents, of:this publication will remain unchanged until
the |stability date indicated on the IEC wehsite under "http://webstore.iec.ch" in the data
related to the specific publication. At this date; the publication will be
e feconfirmed,

e Wwithdrawn,

e feplaced by a revised edition,_or

e amended.

IMPIORTANT - 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 ifs 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 subparts which are published as separate standards.

Part

Part

1: Formulae for ratings (100 % load factor) and power losses

2: Formulae for thermal resistance

Par

Thig
soil

Qus
one

Superficial comparisons between the values used in the various‘/countries may lead

errg
diffd
max
Par

sengitive to soil moisture content and may vary significantly with time, depending on the

typq
The

be adopted.

Numerical values should preferably be baséd on results of suitable measurements. O
such results are already included in national specifications as recommended values, so

the
su

=

2. O t'H Or-aratin-c P~ H TP
VT OoCTTUoUTTo Ot OpoTatity CUTTUTtIoTTS

part of IEC 60287-3 contains reference ambient temperatures and thermal resistivitiels of

in various countries.-Also-in this section-is-an-outline of the information required-fromythe

ntities related to the operating conditions of cables are liable to vary,considerably from
country to another. For instance, with respect to the ambient temperature and soil theqmal
resiptivity, the values are governed in various countries by different consideratipns.

neous conclusions if they are not based on common criteria:(for example, there may
rent expectations for the life of the cables, and in some_cQuntries design is based

to
be
on

imum values of soil thermal resistivity, whereas in others average values are usged.

icularly, in the case of soil thermal resistivity, it is wellknown that this quantity is

, the topographical and meteorological conditions,{&and the cable loading.

ery
soil

following procedure for choosing the values for'the various parameters should, therefpre,

ften
that

calculation may be based on thesesvalues generally used in the country in questiop; a

ey of such values is given in this‘part of IEC 60287-3.
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ELECTRIC CABLES -
CALCULATION OF THE CURRENT RATING -

Part 3-1:-Seetions-on Operating conditions —
Site reference-operating conditions-and-selection-of cable-type

017

Thig
all-g
trou

in ajr. The term "steady state" is intended to mean a continuous constant current (100 %
factpr

surf
Fhig

This
by

oono
Ao S A

part of IEC 60287-3 is applicable to the conditions of steady-state operation of cable|
Hiernating voltages—and-direct-voltages—up-to-5-KkV, buried directly in the ground,5in du

ghs or in steel pipes, both with and without partial drying-out of the soil, as_well as ca

) just sufficient to produce asymptotically the maximum conductom temperature,

ounding ambient conditions being assumed constant.

document defines site reference conditions, however the géngral values are superse
pecific national requirements.

Normative references

s at
cts,
bles

load

the

ded

No

ISO|
add

e are no normative referegces in this document.
Terms and definitions
erms and definitiohs are listed in this document.

and IEC maijntain terminological databases for use in standardization at the folloy
Fesses:

EC Electropedia: available at http://www.electropedia.org/

S&,0Online browsing platform: available at http://www.iso.org/obp

ing

4 Reference ambient temperatures and thermal resistivities of soil in various

4.1

countries

Standard Operating conditions — Site reference conditions

In order to use the formulae given in the various parts of IEC 60287, numerical values for the
physical quantities should be chosen relating to the operating conditions.

It is obviously possible to compare the results of two calculations of current rating only when

the

assumptions made and the numerical values of the parameters are known.

In particular, the quantities related to the operating conditions of cables are-liable likely to
vary considerably from one country to another. An enquiry into this subject has been carried

out

and a number of countries have replied.
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Annex A summarizes the operating conditions used in various countries. Attention is drawn
to the fact that the information in Annex A is intended only as a guide for cable installation
designers when data provided by a user is incomplete. Care-must should be taken not to |
draw unjustified conclusions from comparisons of values for different countries. It should be
remembered that the values adopted in any particular country are governed by many factors
some of which might not be of equal importance in other countries.

Values relating to the operating conditions are given in Annex A for the following countries:

Australia Italy Portugal
Austria Japan Spain
Canada Mexico South Africa
China Netherlands Sweden
Egypt New Zealand Switzerland
Fin]Jand Norway United Kingdom
France Oman United States of America
Gefmany Poland
4.2| Procedure when values are not provided in national tables
4.2 General
It i§ recommended that when there is no value laid dowfivin the national tables for
reference ambient temperature, thermal resistivity of the\soil or solar radiation, the va
givgn in 4.2.2, 4.2.3 and 4.2.4 should be adopted.
4.2 Ambient temperatures at sea level
Seg Table 1.

Table 1 — Ambient\femperatures at sea level

Ampbient air Ambient ground temperature
temperature at a depth of 1 m
Climate
Min, Max. Min. Max.
e °C °C °C
Tropical 25 55 25 40
Subtropical 10 40 15 30
Temperate 0 25 10 20

It is| essential that ‘current ratings should be valid for the maximum temperatures given.
lower values<are for winter ratings if required. The values correspond with the tempera
limi{s of winter and summer, alternatively rainy and dry seasons.

the
ues |

The
ture

1ken

Wheén/no“information about the depth of laying is given, the standard depth is to be t
as 1.m.
4.2.3 Thermal resistivity of soil

See Table 2.
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Table 2 — Thermal resistivity of soil

Thermal resistivity Soil conditions Weather
K-m/W conditions

0,7 Very moist Continuously moist
1,0 Moist Regular rainfall

2,0 Dry Seldom rains

3,0 Very dry Little or no rain

Solar radiation
is adopted.

4.2f
Whe¢n no information about the intensity of solar radiation a value of 1 000 W/m?2
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Annex A
(informative)

Values relating to the operating conditions in various countries

A.1 Australia

Standard-conditions Thermal characteristics of the soil

Seit Thermal resistivity, nominal 1,2 K-m/W
Soi| ambient temperature, summer 25 °C
Soi| ambient temperature, winter 18 °C

Depth of laying of cables ?

Volfage range 1:L.V. cables
under footways 0,5 m
under roadways 0,75 m

Volfage range 2: 11 kV cables
under footways and roadways 0,8 m

Volfage range 3: 33 kV cables and higher voltages
under footways and roadways

1,0 m
Airlambient temperature
Makimum, summer +40 °C
Makimum, winter +30 °C

@ |Measured from the ground surface to the centre of the-cable, or to the centre of a trefoil group.
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A.2 Austria
Thermal characteristics of the soil
KmAAD
Thermal resistivity, nominal, season 1 (wet) 1,0 K-m/W
Thermal resistivity, dry zone, season 1 (dry) 2,5 K-m/W
Tan

£ .
+eHrperarares

Terpperature, season 1 20 °C

Depth of laying-for-buried of cables

Albables uptotkv—— — 700 mm
e e e T — it
B R ——
Oiltfiled-cables upto 220 kV—— 1 200 mm

Volfage range 1: up to 1 kV 0,7 m
Voltage range 2: > 1 kV up to 30 kV 0,8

Voltage range 3: > 30 kV 1,2

Airlambient temperature

Avegrage value 20 °C
Makimum +40 °C

Mirfimum -20 °C
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Canada

There are no recognized Canadian national values of soil thermal resistivity and temperature,
and depth of laying, however the values shown below are typical. It is recommended that,
where feasible, soil tests are performed for cable installations.

Thermal characteristics of the soilfor—cables—directly
buried or ind

I

B
Th¢rmal resistivity, nominal 0,5 to 3,0 K-m/W
(Crjtical temperature 50 °C)
Temperature, season 1 (summer) 20 25 °C
Temperature, season 2 (winter) -5 °C
ave . .
Depth of laying of cables (minimum cover)
Paper insulated, solid and non-draining cables for voltages up 1,1 m
to 69 kV
Solid insulation (butyl, ethylene propylene rubber, p.v.c., cross- 0,9 m
linded polyethylene, etc.) cables for voltages up to 46 kV
Oil[filled cables for voltages up to 345 kV 1,1
Piple-type (gas or oil pressure) cables for voltages up to 345 k\/ 1,1 m
Airlambient temperature
Makimum 5 to 40 °C
Mirfimum -40 -55 to -20 °C
Cytlic ratings
Crifical temperature 50 °C
Drying out is not considered for cables ¥geoncrete duct banks

Where direct measurements-of soil thermal resistivity are not available, it is usual to assunje a

thenmmal resistivity of 0,9 K-m/W. However in cases where it is foreseen that there may e a

progressive deterioration of the thermal characteristics of the environment over a perio
s, and in cases where the climatic conditions may give rise to significant seas

yea
vari
resi

Ref
des

H of
bnal

ations, it is ‘recommended that the current-carrying capacity be based on a therqmal

stivity of 1.2°K-m/W.

brence~is not made to lower values of resistivity, during winter, as a basis for sys

grrfo.any significant extent.

tem
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A.4 China
Thermal characteristics of the soil
Thermal resistivity 1,0to0 1,2 K-m/W
Temperature, summer 30 °C
Temperature, winter 5 °C

Depth of laying of cables

<1 kV 0,7

>1 kV up to 35 kV 0.7

>110 kV up to 500 kV 1,0
Airlambient temperature
Makimum 40 °C
Mirlimum -10 °C

Solar radiation

Int¢nsity of solar radiation 1000 W/m?2
A.5 Egypt

Th¢rmal characteristics of the soil

Thermal resistivity 1,2 K-m/W

Temperature, summer 35 °C

Temperature, winter 0 °C

Depth of laying of cables

<1 kV 0,4

>1 kV up to 35 kV 0,8

2110 kV up to 500 kV 2 1,2
AirJambient temperature
Makimum 47 °C
Mirfimum -5 °C

Solar radiation

Intgnsity of solar radiation =1 000 W/m?

@ |INote at soil temperature 25 °C.
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Finland

Thermal characteristics of the soil

Thermal resistivity

Average value to be used for rating calculations. 1,0 K-m/W
For submarine cables where the soil is completely saturated with 0,4 K-m/W
water

Temperature

Maximum value 15 °C
Mirfimum value 0 °C
(average value 5 °C to 10 °C, exceptional maximum 20 °C)

Depth of laying of cables

All [cables up to 36 kV 0,7 m

All [cables up to 52 kV 1,0 m

All [cables up to 123 kV 1,3 m

All [cables up to 245 kV 1,5 m

The actual depth depends on local conditions

Airlambient temperature

Reference value for rating calculations 25 °C
Makimum value 35 °C
Mirfimum value -20 °C



https://iecnorm.com/api/?name=b7c6021f469209fb5070b96dd175bdcd

-14 - IEC 60287-3-1:2017 RLV © IEC 2017

A.7 France

Thermal characteristics of the soil
Thermal resistivity, nominal, summer 1,20 K-m/W

Thermal resistivity, nominal, winter 0,85 K-m/W
{for main connestio sat228 ane-400 .;F“. direct il it

Thermal resistivity, dry zone?, summer 2,5 K-m/W
Thermal resistivity, dry zone? winter 2,5 K-m/W
Temperature, summer
20 KV cables 20 °C
63 kV, 90 kV, 225 kV-255-kV and 400 kV cables
hot area 25 ©C
intermediate area 22 °C
cold area 20 °C

Temperature, winter
20 kV cables 10 °C
63 kV, 90 kV, 225 kV;255-kV and 400 kV cables

hot region 17 °C
intermediate region 15 °C
cold region 13 °C

Depth of laying of cables

20 kV cables
00 in_Paris.
200 0C ) v _
in Paris 1,0to 1,2
outside Paris city 0,8

63 KV, 90 kV, 225 kV;-2556-kV and 400 k\.cables 1,3

Airlambient temperature
Makimum 30 °C
Mirlimum 20 °C

CyctHitratings
Critical temperature, summer 55 °C

Critical temperature, winter 60 °C

Solar radiation

Intensity of solar radiation 1000 W/m?

2 Drying out of the soil is only considered for high voltage systems.
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Germany

indicated values are taken as a basis as standard values for current rating calculations

unless there are any requirements specified for the thermal resistivity of the soil, the
temperature and the depth of laying.

Thermal characteristics of the soil

Thermal resistivity, average value 1,0 K-m/W

Thermal resistivity, for calculations considering a dry zone near 2,5 K-m/W

the cable — for the dry zone

Tefperature, maximum value Z0 T

Temperature, minimum value 0 °C

Temperature, average value 10 °C

Depth of laying of cables

For cables > 60 kV 1,2

For cables < 60 kV 0,72

Airlambient temperature

Makimum 30 °C

Mirfimum -20 °C

Avg¢rage value 10 °C

a8 |In spite of being calculated for 0,7 m, often cables at 20 kV to 30/k\* are laid at 0,9 m to 1,0 m depth.
A9 Italy

Theérmal characteristics of the soil

Thermal resistivity, maximum value 1,0 K-m/W

If the thermal characteristics of the soil are found to be poor, a suitable backfill is used and reference is madg to

a thhermal resistivity intermediate between that of the backfill and that of the surrounding soil.

Temperature, maximum value (to be used in calculations) 20 °C

Temperature, minimum value 5 °C

Depth of laying of cables-for-&irpctly buried-cables

Thip depth is the maximum_adopted unless otherwise specified.

Upfto 12 kV 0,8 m

Up|to 17,5 kV 1,0 m

Up|to 24 kV 1,2 m

Up|to 36 kV 1,5 m

Up|to 72.kV 1,8 m

Uplto 220 kV 2.2 m

Air ambient temperature

Maximum value (to be used in calculations) 30 °C

Minimum value 0 °C

Maximum daily excursion 20 °C

In summer, the maximum temperature may sometimes, for a few hours daily, be higher
by 5 °C (and in special cases even more) than the above-mentioned maximum value. Such an
occurrence is considered to be acceptable due to its short duration.
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A.10 Japan

1,5

151
A

Thermal characteristics of the soil

Thermal resistivity, nominal 1,0 K-m/W

K-m/W, 1,0 K-m/W and 0,6 K m/W for dry, normal and wet soil respectively. No distinction for seasons

Temperature, summer 25 °C

FCwriTTeT
limum-value—10-°C

De
D
Ppag
ol
1,2

r

In g

the
for

bth of laying of cables

pct burial:
- . 33 1\ 200
. . 500

m for places where the pressure of vehicle or other heavy goods may be applied. 0,68 A for other places

uct:
b than 66 k\V/—1200-mm
k\V.-andover—1 500 mm

use of duct which withstands the pressure of vehicle or other heavy doods is required (there is no regulati
the depth of duct).

A
Ma
304

r

ambient temperature
Kimum, summer 40 °C

o e

Intg

Solar radiation

nsity of solar radiation 1000 W/m?2

Jap
ther
by

hnese Cable Makers’ Association ‘Standard JCS 0501, gives the calculation formula
mal resistance of soil for a 24ayer model having two different thermal resistivities divi
the boundary such as ground water level. Therefore, the ground water level is

pargmeter for variations in thefrmal resistivity.

e of
ded
one



https://iecnorm.com/api/?name=b7c6021f469209fb5070b96dd175bdcd

IEC 60287-3-1:2017 RLV © IEC 2017

A.11 Mexico

17 -

Thermal characteristics of the soil

Thermal resistivity, nominal season 1 (summer)

(¢))

=

orthern Mexico

Joast Mexico

The¢rmal resistivity, dry zone season 2 (winter)
Youthern Mexico

Jentral Mexico

Northern Mexico

Joast Mexico

of 1,5 K-m/W, however it is recommended that a s
for [critical cable links.

Temperature, season 1 (summer) A\Q)
Sofithern Mexico \O
Central Mexico \jr

W
Nofthern Mexico C)

Cogst Mexico .
Temperature, season (ﬁter)
Soljithern Mexico C)

Ceftral Mexico@
Nofthern M @:
éo

Coast

(Crf ti&/temperature 50 °C)

1,0to 5,5
0,9 t&/@%

A\
’(S\to 2,8
1,0 to 3,0
QQ 0,8 to 4,7

g\\\} 0,6 t02,9

30
25
35
30

25
20
30
25

Qq’ K-m/W

K-m/W

K-m/W
K-m/W
K-m/W
K-m/W

°C
°C
°C
°C

°C
°C
°C
°C

Southern Mexico 0,8to0 2,4 K-m/W

Central Mexico 1,0to0 2,5 K-m/W

Northern Mexico 0,5to0 4,0 K-m/W

Coast Mexico 0,5to0 3,0 K-m/W
Thermal resistivity, nominal season 2 (winter)

Jouthern Mexico 1,0 to 2,0 K-m/W QY

dentral Mexico 1,3 t0 2,1 K-m/W QS/

Northern Mexico 0,8 to 3,6 K~m/)<\

Joast Mexico 0,8to 2,7 KA@V
Thgrmal resistivity, dry zone season 1 (summer) N .

outhern Mexico 1,4 to 3,9 fb, K-m/W
dentral Mexico 1,6 to 4,0 q;\ K-m/W

Whlere direct measurements of soil thermal resistivj @!e not available, it is usual to assume a thermal resisti
y of the thermal characteristics of the soil is carried ouf

vity

calculations

When soil temperature measurements are not available a reference value of 25 °C is often used for rating
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A.11 Mexico (continued)

Depth of laying of cables 2P

Voltage range 1: up to 1 kV cables (maximum 2 circuits)
Under footways 0,3
Under roads 0,5

Voltage range 2: > 1 kV up to 35 kV cables (5 kV, 15 kV, 25 kV
and 35 kV, maximum 4 circuits)

Under footways 0,3
Under roads 0,5 m A
Volkage range 3: > 35 kV up to138 kV cables (69 kV, 85 kV, \/
118 kV and 138 kV, maximum 2 circuits) /\Q‘
Only under roadways (normal terrain) 1,0 m Q'\
Only under roadways (phreatic zone or rock soils) 0,5 m.q/
Volkage range 4: > 161 kV up to 230 kV cables (161 kV and /'\
230 kV, maximum 2 circuits) /\fb
Only under roadways (normal terrain) 1,2 (13)
Only under roadways (phreatic zone or rock soils) 0,7 %Q
Volkage range 5: > 400 kV cables (maximum 2 circuits) C)
Only under roadways (normal terrain) 1,4\Q/
Only under roadways (phreatic zone or rock soils) , a.n
AirJambient temperature Q\(
Makimum (annually) \\Q
Youthern Mexico 5\0 25 to 35 °C
dentral Mexico \(\Q 20 to 26 °C
Northern Mexico $\' 36 to 45 °C
Joast Mexico ) 26 to 36 °C
4\
Mirfimum (annually)
_ O
Youthern Mexico (\}‘ 8 to 18 °C
dentral Mexico C)\\ 1to 12 °C
Northern Mexico ‘. -5 to +10 °C
Joast Mexico @ 12 to 20 °C
Avdrage (annually) C)
Youthern Me '@0 28 °C
dentral M& 21 °C
North exico 30 °C
Co@)‘/\exico 29 °C

Cyclic ratings
Critical temperature or temperature rise 35 to 50 °C

The critical temperature is highly dependant on the soil composition and location. It may also vary due to
seasonal influences and/or cyclic loading. It is recommended to investigate the critical temperature during a soil
survey, unless it can be demonstrated that no drying out of the soil will occur.
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A.11 Mexico (concluded)

Solar radiation ©

Intensity of solar radiation

Southern Mexico 650 to 850 W/m?
Central Mexico 700 to 900 W/m?
Northern Mexico 850 to 1 100 W/m?
Coast Mexico 800 to 1 000 W/m?

Thg—values given above Tor soll thermal resistivily and temperature correspond o measurements m
different locations in Mexico at different depths (0,9 m, 1,2m and 1,5 m). It is recommended that,
feapible, soil measurements are made for cable installations.

a
are always laid in HDPE ducts. N

Depths may be greater depending on any underground obstacles along the cable route. Q

periods.

Measured from the ground surface to the top of the cable ducts, or to the top of a trefoil duct g&)u:. Cafles

.
Direct normal irradiance or beam solar radiation value, maximum annual values pféeént for short time

g at
ere
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A.12 Netherlands

Thermal characteristics of the soil
eastern part of the country ———— 0,8 Kim/W
Thermal resistivity, nominal 1,00 K-m/W

It is recommended that a survey of the thermal characteristics of the soil is carried out for critical cable links.

Thermal resistivity, dry zone 2,5 K-m/W
It is recommended that a survey of the thermal characteristics of the soil is carried out for critical cable links.
Temperature, maximum 20 °C
Terhperature, winter 5 °C
Ternperature, average 15 °C
Depth of laying-for-directly-buried of cables
Cablesupto10kNV——— 700-mm
Cablesabove 10k 1 000-mm
Up|to 30 kV 0,7 to 1,0
Ab¢ve 30 kV 1,2
Airlambient temperature
Makimum 30 °C
Mirlimum -5x10 °C
Avgrage 20 °C
Cytlic ratings
Crifical temperature 30 °C
Th¢ critical temperature is highly dependent on soil composition and location. It may also vary due to season4l
influences and/or cyclic loading. It is recommended\torinvestigate the critical temperature during a soil surveyj},
unless it can be demonstrated that no drying out of'the soil will occur.
Solar radiation
Int¢nsity of solar radiation 1000 W/m?2
The|ltwo zone model is regdlarly used to calculate the current rating of MV cable systems jand

inci
zon
30 9

Caf
cab
sep

entally for HV systems. The parameter used to define the boundary between wet and
bs is the absolutestemperature, isotherm at this boundary, usually in the range betw
C (MV cables) and 50 °C (HV cables).

le circuits aretaken to be thermally independent if the separation is not less than 3 m.

brationsis-not less than 5 m to consider a cable circuit as thermally independent.

dry
een

For

es installed deeper than 3 m, such as in horizontal directional drilling, the mininpum
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A.13 New Zealand

Thermal characteristics of the soil

Thermal resistivity, nominal 1,2 K-m/W
Soil ambient temperature, summer 15 °C
Soil ambient temperature, winter 15 °C
Depth of laying of cables 2
This depth is the minimum adopted unless otherwise specified
Voltage range 1: L.V.

under footways 0,5 m

under roadways 0,75 M
Volkage range 2: 11kV

under footways and roadways 1,0 m
Volkage range 3: 33kV and higher

under footways and roadways 1,0 m
Airlambient temperature
Makimum summer +30 °C
Makimum winter +30 °C

Measured from the ground surface to the centre of the cable, or tog the’centre of a trefoil group.

A.14 Norway

Thermal characteristics of the soil
The¢rmal resistivity, average value to be used in calculations 1,0 K-m/W
Temperature, Southern Norway max./min. 17/0 °C
Temperature, Central Norway max./min. 15/0 °C
Temperature, Northern Norway max./min. 13/-5 °C
Depth of laying of cables (minimum yvalue)

1 kV 0,5

above 1 kV 0,7 m
AirJambient temperature
Makimum value (tozbe-Used in calculations) 25 °C
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A.15 Oman

Thermal characteristics of the soil

Thermal resistivity, nominal 2,5 K-m/W
No distinction for seasons

Temperature, maximum 40 °C

Temperature, minimum 10 °C

Depth of laying of cables

All cables up to 1 kV 0,5 m
All cables above 1 kV 0,8
AirJambient temperature
Makimum 55 °C
Mirfimum 10 °C

Solar radiation

Intgnsity of solar radiation 1200 W/m?2

A.16 Poland

The¢rmal characteristics of the soil
The¢rmal resistivity, average value to be used in calculations 258 1,0 K-m/W
The¢rmal resistivity, nominal, season 2

Temperature, average value to be used in calculations 15 20 °C

—

ethperature, minimum value 5 °C

bth of laying of cables-for-directly buried-cables

gﬂiws

up to and includin@\36' kV 0,7
above 36 kV 1,0

>

irlambient temperature

Aveérage value {olbe used in calculations 25 °C
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A.17 Portugal

Thermal characteristics of the soil

Thermal resistivity, nominal, summer 1,2 K-m/W
Thermal resistivity, nominal, winter 0,85 K-m/W
Thermal resistivity, nominal, submarine cables 1,0 K-m/W
Soil ambient temperature, summer 20 °C
Soil ambient temperature, winter 10 °C

Depth of laying of cables

Thip depth is the minimum adopted unless otherwise specified A
Voltage range up to 1 kV 0,7 m Q}/
Volkage range up to 30 kV 1,0 m '<\
Volkage range up to 400 kV 1,2 m
ge range vp QO
AirJambient temperature y\’ .
Airlambient temperature, summer (at sea level) 30 "b"C
’
Airlambient temperature, winter (at sea level) 20 q;\ °C
Airfambient temperature, minimum 0 (1/ °C
Solar radiation O
Int¢nsity of solar radiation \QS{)OO W/m?2
O

A.18 Spain QQQ

Thefe are no recognized Spanish national @nes of soil thermal resistivities, ambjient
temperatures and depth of laying, the values® wn below are typical

Thérmal characteristics of the soil &9\'\

Thgrmal resistivity, Cables <0,6/1 kV AQ) 1 K-m/W
Thgrmal resistivity, Cables >0,6/1 kV a (618/30 kV 1,5 K-m/W
The¢rmal resistivity, Cables >18/30‘ k 1 K-m/W

Whlere concrete is used for the @E installation it should be
corlsidered for the calculation a‘vélue of 0,85 K m/W for the 0,85 K-m/W

voliime occupied by the c@ete

Temperature 25 °C
Vi
Depth of laying of, c&b’es
0__@ 0,6t0 1,5 m
Air ambie%@m\perature
Mafimuf ) 40 °C

So|a?¥ﬁiiation

Intensity of solar radiation 1000 W/m?2
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A.19 South Africa

Thermal characteristics of the soil

Thermal resistivity, nominal 1,2 K-m/W
No distinction for seasons

Temperature, season 1 25 °C

No distinction for seasons °C

Depth of laying of cables

Voltage range 1: low voltage 0,5 m
Volkage range 2: all higher voltages 0,8
AirJambient temperature

Nopfinal 30 °C

Solar radiation

Int¢nsity of solar radiation (inland) 1250 Wim?2
Int¢nsity of solar radiation (coast) 1000 W/m?2
A.20 Sweden

Thérmal characteristics of the soil

Thgrmal resistivity, average value to be used in calculations 150 K-m/W
Whlere the soil is completely saturated with water and for 0,4 K-m/W
sullmarine cables where the bottom is covered with sand

Makimum value for submarine cables 1,0 K-m/W
Forl important cables, a measurement of the resistivityzand soil 0,6 K-m/W
corjditions on the sea bottom is recommended, otherwise:

Temperature, maximum value 15 °C
Temperature, minimum value 0 °C

(fof main part of the year between 5 °C\and 10 °C)

Depth of laying of cables
For directly buried cables and for)short road crossings by means of ducts

All|cables up to 24 kV 0,7 m
Paper-insulated cablesiup to 52 kV 0,7 m
Oil{filled cables upo 420 kV 1,0 to 1,52 m

2 |The depth_depends on local conditions. Less than 1 000 mm is not used.
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A.21 Switzerland

Thermal characteristics of the soil

T istivity:
. ¢ ;
Thermal resistivity, nominal, summer (May — October) 1,0 K-m/W
Thermal resistivity, nominal, winter (November — April) 0,85 K-m/W
Thermal resistivity, rocky soil, summer 1,3 K-m/W
Thermratreststivityrocky-Sotwinter 3 awarraas
Tetpperature:
ki . . 00 °C
ik 0°C 5°0 .
MDE An—additional senditio sase—ofpermanentload s
ave'; aximy t.e perature-of the-soil-near the-cabletin-orderto
Temperature, summer 20 °C
Temperature, winter 10 °C
Depth of laying of cables
Nofmally—1-000-mm
Voltage range 10 kV to 30 kV 0,8
Voltage range 50 kV to 400 kV 1,0
Airlambient temperature
Makimum, outdoor 30 °C
Mirlimum, outdoor -25 °C
Solar radiation
Int¢nsity of solar radiation, Swiss plateau (Mittélland) 1000 W/m?2
Intg¢nsity of solar radiation, Alpine region¢(tAlpenraum) 1200 W/m?2
Calles are usually laid in HDPE pipes.
Dry|ng out is usually nefyeonsidered (otherwise, rho_dry is 2,5 K-m/W; T_boundary is 50 °C).
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A.22 United Kingdom

Thé¢rmal characteristics of the soil Q/C)
Thgrmal resistivity, nominal, winter 1,05 S\\ K-m/W
Thg¢rmal resistivity, nominal, summer 1,2 Q O K-m/W
Thgrmal resistivity, dry zone, winter 1,05 Q K-m/W
Thermal resistivity, dry zone, summer K-m/W
1. v 3,000
(crifical temperature 50 °C)
Temperature, winter \(\QO °C
Temperature, summer Q\ 15 °C
)
Depth of laying of cables A’\Q)
O 0,9 min. (general) m
p and above , min. (substation sites m
134 kV and ab \{:\' 0,75 mi b i i
,-\§ 0,825 min. (Scotland) m
AirJambient temperature |
Makimum @ ’ 30 °C
Mirfimum ("() 10 °C
7
Solar radiation .
Int¢nsity of sﬁgﬁdiation 1000 W/m?

e
&
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A.22.2 LVIMV

Thermal characteristics of the soil

Thermal resistivity, nominal 1,2 K-m/W

Thermal resistivity, nominal, season 2 ls\lé)acsiiosrt]isnction for

Thermal resistivity, dry zone 1.2 K-m/W

(critical temperature 50 °C)

Temperature, season 1 15 °C

Teporatro—soaeon2 No distinction for °C
seasons

Depth of laying of cables

Volkage range 1: 1 kV 0,5 m

Voltage range 2: 3 kV to 33 kV 0,8 m

Airlambient temperature

Nofninal 25 °C

1 k) cables in buildings 30 °C

Solar radiation

Intgnsity of solar radiation 1000 W/m?

Hisforically a 3 m circuit separation at normal cable depths is assumed to be thermally
indgpendent — under review.

A.23 United States of America

The¢rmal characteristics of the soil

Thermal resistivity, nominal 0,9 K-m/W
Tethperature 20°C

Temperature, season 1 25 °C
Temperature, season 2 15 °C

Depth of laying of cables

Nofinal 0,9 m

>

ambient temperature

50 °C

When circuits are separated 3,7 m (12 feet) or more they are considered thermally
independent.
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Intefnational Standard IEC 60287-3-1 has been prepared by IEC technical committee
Eledtric cables

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRIC CABLES -
CALCULATION OF THE CURRENT RATING -

Part 3-1: Operating conditions —
Site reference conditions

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprjsing

Il national electrotechnical committees (IEC National Committees). The object of IEC\ is to pro
imternational co-operation on all questions concerning standardization in the electrical and'electronic field
this end and in addition to other activities, IEC publishes International Standards, Technical Specificat

echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter” referred to as

mote
. To
ons,
“IEC

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

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

non-

overnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates clgsely

ith the International Organization for Standardization (ISO) in accordapce)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

Qo

terested IEC National Committees.

EC Publications have the form of recommendations for intefnational use and are accepted by IEC Nat

|
q
Hublications is accurate, IEC cannot be held responsible for the way in which they are used or for
misinterpretation by any end user.

Ih order to promote international uniformity, IEC National Committees undertake to apply IEC Publica
tfansparently to the maximum extent possible_jn'¢their national and regional publications. Any diverg
hetween any IEC Publication and the correspondihg national or regional publication shall be clearly indicat
the latter.

IEC itself does not provide any attestationof conformity. Independent certification bodies provide confo
ssessment services and, in some areas; access to |IEC marks of conformity. IEC is not responsible for
rvices carried out by independent ¢ertification bodies.

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

o liability shall attach to IEC or its directors, employees, servants or agents including individual experts|
embers of its technical committees and IEC National Committees for any personal injury, property dama
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising ouf~ef.'the publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn, to the Normative references cited in this publication. Use of the referenced publicatio
indispensable~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 subije]
atent rights. IEC shall not be held responsible for identifying any or all such patent rights.

0 by

onal

onsensus of opinion on the relevant subjects since each technical*¢ommittee has representation from all

onal

ommittees in that sense. While all reasonable efforts are“made to ensure that the technical content off IEC

any

ions
ence
bd in

mity

any

and
e or
and
IEC

hs is

ct of

20:

This second edition cancels and replaces the first edition published in 1995
Amendment 1:1999. This edition constitutes a technical revision. This edition includes the
following significant technical changes with respect to the previous edition:

a) the updated list of national laying conditions is now covered in Annex A;

and

b) Clause 5 about the information required from the purchaser for the selection of the

appropriate type of cable has been removed.
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The text of this standard is based on the following documents:

FDIS Report on voting
20/1714/FDIS 20/1730/RVD

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

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

Al

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

The

clayses on differing practices of a less permanent nature relating to the subject of
standard.

Thel committee has decided that the contents of this publication will remgin unchanged

the

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

reconfirmed,
vithdrawn,
feplaced by a revised edition, or

hmended.

5T of all parts In the TEC 6025/ series, published under the general title Eleciric cablés —

reader's attention is drawn to the fact that Annex A lists all of the “in-some-country”

this

intil

stability date indicated on the IEC website under "http://webstoré.iec.ch" in the data
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INTRODUCTION

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

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

Part

Part

1: Formulae for ratings (100 % load factor) and power losses

2: Formulae for thermal resistance

Par

Thig
soil

Qus
one

2. 0O\
J. U

in various countries.

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

part of IEC 60287-3 contains reference ambient temperatures and thermal resistivjties of

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

mal

resiptivity, the values are governed in various countries by different consideratipns.

Superficial comparisons between the values used in the various .countries may lead

errg
diffd
max
Par

sengitive to soil moisture content and may vary significantly‘with time, depending on the

type

The
be &

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

suc
the
su

=

neous conclusions if they are not based on common criteria: fof’example, there may
rent expectations for the life of the cables, and in some countries design is based

icularly, in the case of soil thermal resistivity, it is well, known that this quantity is

, the topographical and meteorological conditions, and the cable loading.

dopted.

N results are already included in national’specifications as recommended values, so

ey of such values is given in this part'of IEC 60287-3.

to
be
on

imum values of soil thermal resistivity, whereas in othersDaverage values are used.

ery
soil

following procedure for choosing the values for4he' various parameters should, therefpre,

ften

that

calculation may be based on these values generally used in the country in question; a
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ELECTRIC CABLES -
CALCULATION OF THE CURRENT RATING -

Part 3-1: Operating conditions —
Site reference conditions

017

This
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with
inte
asy
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This
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Thefe are no normative references in this document.

No

ISO
add

4.1
In 0
phy

It is
the

oono
CUpNPT

oltages, buried directly in the ground, in ducts, troughs or in steel pipes, both“with

mptotically the maximum conductor temperature, the surrounding ambient conditions b
imed constant.

document defines site reference conditions, however the generalywalues are superse
pecific national requirements.

Normative references

Terms and definitions
erms and definitions are listed in this document.

and IEC maintain terminological databases for use in standardization at the folloy
fesses:

EC Electropedia: available at http://Awww.electropedia.org/

SO Online browsing platforms available at http://www.iso.org/obp

countries

Operating conditions — Site reference conditions
rder to use the.formulae given in the various parts of IEC 60287, numerical values for
sical quantities 'should be chosen relating to the operating conditions.

obviously possible to compare the results of two calculations of current rating only w
assumptions made and the numerical values of the parameters are known.

In ¢

Reference ambient temperatures and thermal resistivities of soil in varioug

part of IEC 60287-3 is applicable to the conditions of steady-state operation of €ables at

nd

out partial drying-out of the soil, as well as cables in air. The term "steady state" is
nded to mean a continuous constant current (100 % load factor) just sufficient to produce

ing

ded

ving

the

hen

articular, the quantities related to the operating conditions of cables are likely to

ary

considerably from one country to another. An enquiry into this subject has been carried out

and

a number of countries have replied.

Annex A summarizes the operating conditions used in various countries. Attention is drawn
to the fact that the information in Annex A is intended only as a guide for cable installation
designers when data provided by a user is incomplete. Care should be taken not to draw
unjustified conclusions from comparisons of values for different countries. It should be
remembered that the values adopted in any particular country are governed by many factors
some of which might not be of equal importance in other countries.

Values relating to the operating conditions are given in Annex A for the following countries:

Australia Italy Portugal

Austria Japan Spain


http://www.iso.org/obp
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Canada Mexico South Africa
China Netherlands Sweden
Egypt New Zealand Switzerland
Finland Norway United Kingdom
France Oman United States of America
Germany Poland
4.2 Procedure when values are not provided in national tables

4.2 General

It ig
refe
givg

recommended that when there is no value laid down in the national tables“for
rence ambient temperature, thermal resistivity of the soil or solar radiationy the va
nin4.2.2,4.2.3 and 4.2.4 should be adopted.

4.2 Ambient temperatures at sea level

See

It is
low
limi

Table 1.
Table 1 — Ambient temperatures at sea level
Ambient air Ambient-ground temperature
temperature ata/depth of 1 m
Climate
Min. Max. Min. Max.
°C °C °C °C
Tropical 25 55 25 40
Subtropical 10 40 15 30
Temperate 0 25 10 20
essential that current ratings should *be valid for the maximum temperatures given.

br values are for winter ratings if required. The values correspond with the tempera
s of winter and summer, alternatively rainy and dry seasons.

the
ues

The
ture

Wheén no information about the depth of laying is given, the standard depth is to be taken

as 1

4.2,
See

4.2.

m.
3 Thermal resistivity of soil
Table 2.
Table 2 — Thermal resistivity of soil
Thermal resistivity Soil conditions Weather
K-m/W conditions
0,7 Very moist Continuously moist
1,0 Moist Regular rainfall
2,0 Dry Seldom rains
3,0 Very dry Little or no rain
4 Solar radiation

When no information about the intensity of solar radiation a value of 1 000 W/mZ2 is adopted.
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Annex A
(informative)

Values relating to the operating conditions in various countries

A.1 Australia

Thermal characteristics of the soil

Thermal resistivity, nominal 1,2 K-m/W
Soil-ambient-temperature —summer 25 °C
Soi|l ambient temperature, winter 18 °C

Depth of laying of cables 2

Volfage range 1: L.V. cables
under footways 0,5 m
under roadways 0,75 m

Voltage range 2: 11 kV cables
under footways and roadways 0,8 m

Voltage range 3: 33 kV cables and higher voltages
under footways and roadways

1,0 m
Airlambient temperature
Makimum, summer +40 °C
Makimum, winter +30 °C

a8 |Measured from the ground surface to the centre of the.sable, or to the centre of a trefoil group.

A.2l Austria

Thérmal characteristics of the soil

Thermal resistivity, nominal, season 1 (wet) 1,0 K-m/W
Thermal resistivity, dry zone, season~I~(dry) 2,5 K-m/W
Terpperature, season 1 20 °C

Depth of laying of cables

Voltage range 1: upto t+kV 0,7 m
Voltage range 2: «>\1'kV up to 30 kV 0,8

Voltage range-3i\. > 30 kV 1,2
Airlambjent-temperature

Avgrage value 20 °C
MaXirram T40 T

Minimum -20 °C
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Canada

There are no recognized Canadian national values of soil thermal resistivity and temperature,
and depth of laying, however the values shown below are typical. It is recommended that,
where feasible, soil tests are performed for cable installations.

Thermal characteristics of the soil

Thermal resistivity, nominal 0,5 to 3,0 K-m/W

(Critical temperature 50 °C)

Temperature, season 1 (summer) 25 °C

Termnperature, season 2 (winter) -5 °C

Depth of laying of cables (minimum cover)

Paper insulated, solid and non-draining cables for voltages up 1,1 m

to 69 kV

Solid insulation (butyl, ethylene propylene rubber, p.v.c., cross- 0,9 m

linded polyethylene, etc.) cables for voltages up to 46 kV

Oil[filled cables for voltages up to 345 kV 1,1

Piple-type (gas or oil pressure) cables for voltages up to 345 kV 1,1 m

Airlambient temperature

Makimum 5to 40 °C

Mirfimum -55 t0,*20 °C

Cyt¢lic ratings

Crifical temperature 50 °C

Drying out is not considered for cables in concrete duct banks
Where direct measurements of soil thermal\{resistivity are not available, it is usual to assume a
thenmmal resistivity of 0,9 K-m/W. However in cases where it is foreseen that there may e a
progressive deterioration of the thernmial characteristics of the environment over a period of
yeals, and in cases where the climatic conditions may give rise to significant seas¢nal
variptions, it is recommended that the current-carrying capacity be based on a theqmal
resiptivity of 1,2 K-m/W.
Reference is not made to“lower values of resistivity, during winter, as a basis for system
des|gn to any significant.extent.
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A.4 China
Thermal characteristics of the soil
Thermal resistivity 1,0to0 1,2 K-m/W
Temperature, summer 30 °C
Temperature, winter 5 °C

Depth of laying of cables

<1 kV 0,7

>1 kV up to 35 kV 0.7

>110 kV up to 500 kV 1,0
AirJambient temperature
Makimum 40 °C
Mirfimum -10 °C

Solar radiation

Intgnsity of solar radiation 1000 W/m?2
A.5( Egypt

Thérmal characteristics of the soil

Thermal resistivity 1,2 K-m/W

Temperature, summer 35 °C

Temperature, winter 0 °C

Depth of laying of cables

<1 kV 0,4 m
>1 kV up to 35 kV 0,8
2110 kV up to 500 kV 2 1,2
AirJambient temperature
Makimum 47 °C
Mirfimum -5 °C

Solar radiation

Intgnsity of solar radiation =1 000 W/m?

@ |INote at soil temperature 25 °C.
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Finland

Thermal characteristics of the soil

Thermal resistivity

Average value to be used for rating calculations. 1,0 K-m/W
For submarine cables where the soil is completely saturated with 0,4 K-m/W
water

Temperature

Maximum value 15 °C
Mirfimum value 0 °C
(average value 5 °C to 10 °C, exceptional maximum 20 °C)

Depth of laying of cables

All [cables up to 36 kV 0,7 m

All [cables up to 52 kV 1,0 m

All [cables up to 123 kV 1,3 m

All [cables up to 245 kV 1,5 m

The actual depth depends on local conditions

Airlambient temperature

Reference value for rating calculations 25 °C
Makimum value 35 °C
Mirfimum value -20 °C
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A.7 France

Thermal characteristics of the soil

Thermal resistivity, nominal, summer 1,20 K-m/W
Thermal resistivity, nominal, winter 0,85 K-m/W
Thermal resistivity, dry zone?, summer 2,5 K-m/W
Thermal resistivity, dry zone?, winter 2,5 K-m/W

Temperature, summer

20 KV cables 20 °C
63 kV, 90 kV, 225 kV, 400 kV cables
hot area 25 °C
intermediate area 22 °C
cold area 20 ©C

Temperature, winter

20 KV cables 10 °C
63 kV, 90 kV, 225 kV and 400 kV cables
hot region 17 °C
intermediate region 15 °C
cold region 13 °C
Depth of laying of cables
20 KV cables
in Paris 1,0t0 1,2 m
outside Paris city 0,8 m
63 kV, 90 kV, 225 kV and 400 kV cables 1,3 m
Airlambient temperature
Makimum 30 °C
Mirlimum 20 °C

Cyt¢lic ratings
C
Cc

=

ifical temperature, summer 55 °C

=

ifical temperature, winter 60 °C

Solar radiation

Int¢nsity of solar radiation 1000 W/m?2

a8 |Drying out gfithe soil is only considered for high voltage systems.
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A.8 Germany

The indicated values are taken as a basis as standard values for current rating calculations
unless there are any requirements specified for the thermal resistivity of the soil, the
temperature and the depth of laying.

Thermal characteristics of the soil

Thermal resistivity, average value 1,0 K-m/W
Thermal resistivity, for calculations considering a dry zone near 2,5 K-m/W
the cable — for the dry zone

Tefperature, maximum value Z0 T
Temperature, minimum value 0 °C
Temperature, average value 10 °C

Depth of laying of cables

For cables > 60 kV 1,2

Forl cables < 60 kV 0,72

Airlambient temperature

Makimum 30 °C
Mirfimum -20 °C
Avg¢rage value 10 °C

a8 |In spite of being calculated for 0,7 m, often cables at 20 kV to 30/k\* are laid at 0,9 m to 1,0 m depth.
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A9 ltaly

Thermal characteristics of the soil
Thermal resistivity, maximum value 1,0 K-m/W

If the thermal characteristics of the soil are found to be poor, a suitable backfill is used and reference is made to
a thermal resistivity intermediate between that of the backfill and that of the surrounding soil.

Temperature, maximum value (to be used in calculations) 20 °C

Temperature, minimum value 5 °C

Depth of laying of cables

Thip depth is the maximum adopted unless otherwise specified.

Upfto 12 kV 0,8 m
Upl|to 17,5 kV 1,0 m
Up|to 24 kV 1,2 m
Up|to 36 kV 1,5 m
Upfto 72 kV 1,8 m
Up|to 220 kV 2,2 m
Airlambient temperature

Makimum value (to be used in calculations) 30 °C
Mirlimum value 0 °C
Makimum daily excursion 20 °C

In gummer, the maximum temperature may sometimes, for a few hours daily, be higher
by 8 °C (and in special cases even more) than therabove-mentioned maximum value. Such an
occurrence is considered to be acceptable due*to its short duration.

T I Z.Y

A.10 Japan

Thérmal characteristics of the soil
The¢rmal resistivity, nominal 1,0 K-m/W
1,5|K-m/W, 1,0 K-m/W and 0,6 K m/W,for dry, normal and wet soil respectively. No distinction for seasons

Temperature, summer 25 °C

Depth of laying of cables
Dirgct burial: 1,2 m for.places where the pressure of vehicle or other heavy goods may be applied. 0,6 m for
other places

In quct: the use of.duct which withstands the pressure of vehicle or other heavy goods is required (there is no|
reglulation for the-depth of duct).

AirJambient.temperature

Makimum, summer 40 °C
Solarradiation

Intensity of solar radiation 1000 W/m?2

Japanese Cable Makers’ Association Standard JCS 0501, gives the calculation formulae of
thermal resistance of soil for a 2 layer model having two different thermal resistivities divided
by the boundary such as ground water level. Therefore, the ground water level is one
parameter for variations in thermal resistivity.

A.11 Mexico

Thermal characteristics of the soil
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Thermal resistivity, nominal season 1 (summer)

- 15—

Z 0O O

Z 0O O

for [critical cable links.
Temperature, season 1 (summer)
Solfithern Mexico

Central Mexico

Nofthern Mexico

Cogst Mexico

Temperature, season 2 (winter)
Solithern Mexico

Central Mexico

Nofthern Mexico

Cogst Mexico

(Crjtical temperature 50 °C)

30
25
35
30

25
20
30
25

Southern Mexico 0,8to 2,4 K-m/W
Central Mexico 1,0to0 2,5 K-m/W
Northern Mexico 0,5to 4,0 K-m/W
Coast Mexico 0,5to0 3,0 K-m/W
Thermal resistivity, nominal season 2 (winter)
Southern Mexico 1,0t0 2,0 K-m/W
Central Mexico 1,310 2,1 K-m/W
Northermvexico U,0 10 5,0 N-ITI/VV
Joast Mexico 0,8 to 2,7 K-m/W
Thermal resistivity, dry zone season 1 (summer)
outhern Mexico 1,4 to 3,9 K-m/W
entral Mexico 1,6 to 4,0 K-m/W
orthern Mexico 1,0t0 5,5 K-m/W
Joast Mexico 0,9to 3,5 K-m/W
Thermal resistivity, dry zone season 2 (winter)
outhern Mexico 1,1t02,8 K-m/W
entral Mexico 1,0 to 3,0 K-m/W
orthern Mexico 0,8 to 4,7 K-m/W
Joast Mexico 0,6 to 2,9 K-m/W

Where direct measurements of soil thermal resistivity are not-available, it is usual to assume a thermal resisti
of 1,5 K-m/W, however it is recommended that a survey of the\thermal characteristics of the soil is carried ouf

°C
°C
°C
°C

°C
°C
°C
°C

ty

calfulations

When soiltemperature measurements are not available a reference value of 25 °C is often used for rating
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A.11 Mexico (continued)

Depth of laying of cables 2P

Voltage range 1: up to 1 kV cables (maximum 2 circuits)
Under footways 0,3
Under roads 0,5

Voltage range 2: > 1 kV up to 35 kV cables (5 kV, 15 kV, 25 kV
and 35 kV, maximum 4 circuits)

Under footways 0,3

Under roads 0,5

Voltage range 3: > 35 kV up to138 kV cables (69 kV, 85 kV,
1184 kV and 138 kV, maximum 2 circuits)

Only under roadways (normal terrain) 1,0
Only under roadways (phreatic zone or rock soils) 0,5

Voltage range 4: > 161 kV up to 230 kV cables (161 kV and
230 kV, maximum 2 circuits)

Only under roadways (normal terrain) 1,2
Only under roadways (phreatic zone or rock soils) 0,7

Voltage range 5: > 400 kV cables (maximum 2 circuits)

Only under roadways (normal terrain) 1,4
Only under roadways (phreatic zone or rock soils) 0,9
AirJambient temperature
Makimum (annually)
Southern Mexico 25 to 35 °C
Jentral Mexico 20 to 26 °C
Northern Mexico 36 to 45 °C
Joast Mexico 26 to 36 °C
Mirlimum (annually)
Southern Mexico 8to 18 °C
dentral Mexico 1to 12 °C
Northern Mexico -5to +10 °C
Joast Mexico 12 to 20 °C
Avgrage (annually)
Southern Mexico 28 °C
dentral Mexico 21 °C
Northern*Mexico 30 °C
Joast Mexico 29 °C

Cyclic ratings
Critical temperature or temperature rise 35 to 50 °C

The critical temperature is highly dependant on the soil composition and location. It may also vary due to
seasonal influences and/or cyclic loading. It is recommended to investigate the critical temperature during a soil
survey, unless it can be demonstrated that no drying out of the soil will occur.
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A.11 Mexico (concluded)

Solar radiation ©

Intensity of solar radiation

Southern Mexico 650 to 850 W/m?
Central Mexico 700 to 900 W/m?
Northern Mexico 850 to 1 100 W/m?
Coast Mexico 800 to 1 000 W/m?

Thd values given above for soll thermal resistivily and temperature correspond to measurements madg at
different locations in Mexico at different depths (0,9 m, 1,2m and 1,5 m). It is recommended that,~whlere
feapible, soil measurements are made for cable installations.

a8 |Measured from the ground surface to the top of the cable ducts, or to the top of a trefoil duct group. Caljles
are always laid in HDPE ducts.

Depths may be greater depending on any underground obstacles along the cable route.

¢ |Direct normal irradiance or beam solar radiation value, maximum annual values presént for short time
periods.

A.12 Netherlands

Thérmal characteristics of the soil
The¢rmal resistivity, nominal 1,00 K-m/W

It i3 recommended that a survey of the thermal characteristics ofi\the soil is carried out for critical cable links.

The¢rmal resistivity, dry zone 2,5 K-m/W

It i3 recommended that a survey of the thermal characteristics of the soil is carried out for critical cable links.
Temperature, maximum 20 °C

Temperature, winter 5 °C

Temperature, average 15 °C

Depth of laying of cables

Up|to 30 kV 0,7 to 1,0

Abgve 30 kV 1,2

Airlambient temperature

Makimum 30 °C
Mirfimum -10 °C
Avgrage 20 °C

Cyt¢lic ratings
C

=

ifical temperature 30 °C

Th¢ cfitical temperature is highly dependent on soil composition and location. It may also vary due to seasona
influences and/or cyclic loading. It is recommended to investigate the critical temperature during a soil surveyl
unless it can be demonstrated that no drying out of the soil will occur.

Solar radiation

Intensity of solar radiation 1000 W/m?2

The two zone model is regularly used to calculate the current rating of MV cable systems and
incidentally for HV systems. The parameter used to define the boundary between wet and dry
zones is the absolute temperature, isotherm at this boundary, usually in the range between
30 °C (MV cables) and 50 °C (HV cables).

Cable circuits are taken to be thermally independent if the separation is not less than 3 m. For
cables installed deeper than 3 m, such as in horizontal directional drilling, the minimum
separation is not less than 5 m to consider a cable circuit as thermally independent.
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A.13 New Zealand

Thermal characteristics of the soil

Thermal resistivity, nominal 1,2 K-m/W
Soil ambient temperature, summer 15 °C
Soil ambient temperature, winter 15 °C

Depth of laying of cables 2
This depth is the minimum adopted unless otherwise specified

Voltage range 1: L.V.

under footways 0,5 m
under roadways 0,75 M
Voltage range 2: 11kV

under footways and roadways 1,0 m

Voltage range 3: 33kV and higher

under footways and roadways 1,0 m
AirJambient temperature
Makimum summer +30 °C
Makimum winter +30 °C

a8 |Measured from the ground surface to the centre of the cable, or to¢ the”centre of a trefoil group.

A.14 Norway
Thermal characteristics of the soil
Thgrmal resistivity, average value to be used in calculations 1,0 K-m/W
Temperature, Southern Norway max./min. 17/0 °C
Temperature, Central Norway max./min. 15/0 °C
Temperature, Northern Norway max./min. 13/-5 °C

Depth of laying of cables (minimum value)
1 kV 0,5
above 1 kV 0,7 m

Al

rlambient temperature

Makimum value (tozbe-Used in calculations) 25 °C
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5 Oman

Thermal characteristics of the soil

Thermal resistivity, nominal 2,5 K-m/W
No distinction for seasons
Temperature, maximum 40 °C
Temperature, minimum 10 °C
Depth of laying of cables

All cables up to 1 kV 0,5 m

All cables above 1 kV 0,8
AirJambient temperature
Makimum 55 °C
Mirfimum 10 °C
Solar radiation
Intgnsity of solar radiation 1200 W/m?2

A.16 Poland

Thermal characteristics of the soil
The¢rmal resistivity, average value to be used in calculations 150 K-m/W
The¢rmal resistivity, nominal, season 2
Temperature, average value to be used in calculations 20 °C
Temperature, minimum value 5 °C
Depth of laying of cables

up to and including 36 kV 0,7

above 36 kV 1,0 m
AirJambient temperature
Avgrage value to be used in calculations 25 °C
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A.17 Portugal
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Thermal characteristics of the soil

Thermal resistivity, nominal, summer 1,2 K-m/W
Thermal resistivity, nominal, winter 0,85 K-m/W
Thermal resistivity, nominal, submarine cables 1,0 K-m/W
Soil ambient temperature, summer 20 °C
Soil ambient temperature, winter 10 °C
Depth of laying of cables

Thip depth is the minimum adopted unless otherwise specified

Voltage range up to 1 kV 0,7 m
Voltage range up to 30 kV 1,0 m
Voltage range up to 400 kV 1,2 m
AirJambient temperature

Airlambient temperature, summer (at sea level) 30 °C
Airlambient temperature, winter (at sea level) 20 °C
Airlambient temperature, minimum 0 °C
Solar radiation

Intgnsity of solar radiation 17000 W/m?2

A.18 Spain

Thefe are no recognized Spanish national¢values of soil thermal resistivities, amb

temperatures and depth of laying, the values;shown below are typical

ient

The¢rmal characteristics of the soil

The¢rmal resistivity, Cables <0,6/1 kV 1 K-m/W
The¢rmal resistivity, Cables >0,6/1 kV and _$18/30 kV 1,5 K-m/W
Thermal resistivity, Cables >18/30 kV' 1 K-m/W
Where concrete is used for the Cable installation it should be
cor|sidered for the calculation.a value of 0,85 K m/W for the 0,85 K-m/W
voltime occupied by the concrete
Temperature 25 °C
Depth of laying oficables

0,6 to 1,5 m
AirJambient.temperature
Makimum 40 °C
Solarradiation
Intensity of solar radiation 1000 W/m?2



https://iecnorm.com/api/?name=b7c6021f469209fb5070b96dd175bdcd

IEC

60287-3-1:2017 © IEC 2017 -21-

A.19 South Africa

Thermal characteristics of the soil

Thermal resistivity, nominal 1,2 K-m/W

No distinction for seasons

Temperature, season 1 25 °C

No distinction for seasons °C

Depth of laying of cables

Voltage range 1: low voltage 0,5 m

Voltage range 2: all higher voltages 0,8

AirJambient temperature

Nofninal 30 °C

Solar radiation

Intg¢nsity of solar radiation (inland) 1250 WHm?2

Intgnsity of solar radiation (coast) 1000 W/m?
A.20 Sweden

Thermal characteristics of the soil

Thgrmal resistivity, average value to be used in calculations 150 K-m/W

Whlere the soil is completely saturated with water and for 0,4 K-m/W

suljmarine cables where the bottom is covered with sand

Makimum value for submarine cables 1,0 K-m/W

Foll important cables, a measurement of the resistiyity<and soil 0,6 K-m/W

corjditions on the sea bottom is recommended, otherwise:

Temperature, maximum value 15 °C

Temperature, minimum value 0 °C

(fof main part of the year between 6.°C and 10 °C)

Depth of laying of cables

For directly buried cables and for short road crossings by means of ducts

All|cables up to 24 kV 0,7 m

Paper-insulated cables’up to 52 kV 0,7 m

Oil{filled cables up‘to 420 kV 1,0 to 1,52 m

The depth-depends on local conditions. Less than 1 000 mm is not used.
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A.21 Switzerland

Thermal characteristics of the soil

Thermal resistivity, nominal, summer (May — October) 1,0 K-m/W
Thermal resistivity, nominal, winter (November — April) 0,85 K-m/W
Thermal resistivity, rocky soil, summer 1,3 K-m/W
Thermal resistivity, rocky soil, winter 1,3 K-m/W
Temperature, summer 20 °C
Temperature, winter 10 °C

Depth of laying of cables

Voltage range 10 kV to 30 kV 0,8

Voltage range 50 kV to 400 kV 1,0

Airlambient temperature

Makimum, outdoor 30 °C
Mirlimum, outdoor -25 °C

Solar radiation

Intgnsity of solar radiation, Swiss plateau (Mittelland) 1 000 W/m?2

Intgnsity of solar radiation, Alpine region (Alpenraum) 1200 W/m?2

Cables are usually laid in HDPE pipes.
Drying out is usually not considered (otherwise, rha/dry is 2,5 K-m/W; T_boundary is 50 °C).

A.22 United Kingdom

A.221 HV
Thérmal characteristics of the soil
Thermal resistivity, nominal, winter 1,05 K-m/W
The¢rmal resistivity, nominal, summer 1,2 K-m/W
The¢rmal resistivity, dry zone, winter 1,05 K-m/W
Thermal resistivity, dry zone, summer 3.0 K-m/W

(crifical temperature 50 °G)
Temperature, winter 10 °C

Temperature, summer 15 °C

Depth of layingiof cables

0,9 min. (general) m
133 kV and above 0,75 min. (substation sites) m
0,825 min. (Scotland) m
Air ambient temperature
Maximum 30 °C
Minimum 10 °C

Solar radiation

Intensity of solar radiation 1000 W/m?
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A.22.2 LVIMV
Thermal characteristics of the soil
Thermal resistivity, nominal 1,2 K-m/W
Thermal resistivity, nominal, season 2 ls\leoa(;iosr:isnction for
Thermal resistivity, dry zone 12 K-m/W
(critical temperature 50 °C) ’
Temperature, season 1 15 °C
Termporatro—soason2 glé)agi)sr:isnction for °C
Depth of laying of cables
Voltage range 1: 1 kV 0,5 m
Voltage range 2: 3 kV to 33 kV 0,8 m
AirJambient temperature
Nofninal 25 °C
1 k)M cables in buildings 30 °C
Solar radiation
Intgnsity of solar radiation 1000 W/m?

Hisforically a 3 m circuit separation at normal cable depths is assumed to be thern

indgpendent — under review.

A.23 United States of America

ally

The¢rmal characteristics of the soil

Thermal resistivity, nominal 0,9 K-m/W
Temperature, season 1 25 °C
Temperature, season 2 15 °C
Depth of laying of cables

Nominal 0,9 m
AirJambient temperature

Makimum 50 °C
Mirfimum 2 °C

Wheén circuits® are separated 3,7 m (12 feet)
indgpendent.

more they are

considered therm

ally
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CABLES ELECTRIQUES -
CALCUL DU COURANT ADMISSIBLE -

Partie 3-1: Conditions de fonctionnement —
c " s o rofé

AVANT-PROPOS

a Commission Electrotechnique Internationale (IEC) est une organisation mondiale ~de\ normalisgtion
omposée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de®|EC). L'IEC a |pour
bjet de favoriser la coopération internationale pour toutes les questions de normalisatioh dans les domgines
e I'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités, » ‘publie des Nofmes
ternationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessiblep au
ublic (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur.élaboration est confiée q des
omités d'études, aux travaux desquels tout Comité national intéressé par lessujet traité peut participer| Les
rganisations internationales, gouvernementales et non gouvernementales, (eéniliaison avec I'lEC, partic|pent
galement aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO),
elon des conditions fixées par accord entre les deux organisations.

2) Ues décisions ou accords officiels de I'lEC concernant les questions\téchniques représentent, dans la mgsure
u possible, un accord international sur les sujets étudiés, étant‘donné que les Comités nationaux de |'IEC

téressés sont représentés dans chaque comité d’études.

S Q- 00 O0T ="Q 0O [~

3) Ues Publications de I'lEC se présentent sous la forme defecommandations internationales et sont agrgées
omme telles par les Comités nationaux de I'lEC. Tous I€s ‘efforts raisonnables sont entrepris afin que |'IEC
assure de l'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsable de

Eventuelle mauvaise utilisation ou interprétation qui gn“est faite par un quelconque utilisateur final.

®w O -

4) Dans le but d'encourager I'uniformité internationaleyles Comités nationaux de I'lEC s'engagent, dans toute la
esure possible, a appliquer de fagon transparenie les Publications de I'lEC dans leurs publications nationales
t régionales. Toutes divergences entre toutes”Publications de I'IEC et toutes publications nationalef ou

Bgionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

o O N I |

5) YIEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendants
burnissent des services d'évaluation(de conformité et, dans certains secteurs, accedent aux marquep de
onformité de I'lEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certification

dépendants.

= Q oh

6)
7)

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

ucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaire§ ou
andataires, y compris-ses experts particuliers et les membres de ses comités d'études et des Conités
ationaux de I'lEC, pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout gutre
ommage de queldue) nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les|frais
e justice) et leshdépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC ou de
bute autre Publication de I'lEC, ou au crédit qui lui est accordé.

8) Uattention(est attirée sur les références normatives citées dans cette publication. L'utilisation de publications

Eférencées est obligatoire pour une application correcte de la présente publication.

S QO QO 0 3 >

9) Uattention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent [faire
I'lobjet’de droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits
€ Drevets et de ne pas avolr signare 1eur existence.

La Norme internationale IEC 60287-3-1 Ed.2 a été établie par le comité d'études 20 de I'lEC:
Céables électriques.

Cette deuxiéme édition annule et remplace la premiére édition publiée en 1995 et
I'Amendement 1:1999. Cette édition constitue une révision technique. Cette édition inclut les
modifications techniques majeures suivantes par rapport a I'édition précédente:

a) la liste mise a jour des conditions de pose nationales est maintenant couverte par
I'Annexe A;

b) [I'Article 5 relatif aux informations exigées de I'acheteur pour permettre la sélection du type
approprié de cable a été supprimé.
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Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
20/1714/FDIS 20/1730/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette norme.

Cette publication a été rédigée selon les Directives ISO/IEC, Partie 2.

Uns
éled

L’at
des
de |

Le
stal

relatives & la publication recherchée. A cette date, la publication Séra

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

différences a caractére moins permanent inhérentes a certains pays, concernant le s
B présente norme.

omité a décidé que le contenu de cette publication ne sera pas‘modifié avant la datd
ilit¢ indiquée sur le site web de I'lEC sous "http://webstoretie¢.ch” dans les donn

reconduite,
supprimeée,
remplacée par une édition révisée, ou

hmendée.

ention du lecteur est attirée sur le fait que I'’Annexe A énumeére tous les @rticles trairant

bles

ujet

de
ées
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INTRODUCTION

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

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

Partie 1: Equations de l'intensité du courant admissible (facteur de charge 100 %) et calcul

des

pertes

Par
Par

La
réfé

Les
vari
ami
par
les

sur
de

de

utili
cell
le ty

Il c

ie 2: Equations de la résistance thermique
ie 3: Conditions de fonctionnement

brésente partie de I'lEC 60287-3 contient des valeurs des températures,ambiantes
rence et des résistivités thermiques des sols dans divers pays.

données relatives aux conditions de fonctionnement des cables ‘sont susceptibles
br considérablement d'un pays a l'autre. Par exemple, pour ce\qui est de la tempéra
iante et de la résistivité thermique du sol, les valeurs sont regies dans les différents g
diverses considérations. Des comparaisons superficielles ‘entre les valeurs utilisées d
Hifférents pays peuvent conduire a des conclusions erroneeés, si elles ne sont pas fond
des critéres communs: par exemple, il peut y avoir des attentes différentes pour la du
ie des cables, et dans certains pays, la conception est basée sur les valeurs maxim
résistivité thermique du sol, alors que dans d'autres pays, les valeurs moyennes 3
5ées. En particulier, dans le cas de la résistivité thermique du sol, il est bien connu
p-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 par conséquent d'adopter las méthode suivante pour le choix des valeurs

differents parametres.

Il c
mes
nati
exé
exa

bnvient que les valeurs numeériques soient, de préférence, basées sur des résultats
ures valables. De tels:. tésultats sont déja souvent inclus dans les spécificat
bnales sous forme de{ valeurs recommandées, de telle sorte que le calcul peut

cuté sur la base de ces valeurs, généralement utilisées dans le pays en question
men de ces valeur§:est donné dans la présente partie de I'lEC60287-3.

de

de
ture
ays
ans
ées
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hles
sont
que
ant

des

de
ons
Btre
un
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CABLES ELECTRIQUES -
CALCUL DU COURANT ADMISSIBLE -

Partie 3-1: Conditions de fonctionnement —
Conditions du site de référence

La

permanent des cables de toutes tensions enterrés directement dans le sol, placés dans

four
cab
cou

la témpérature maximale a I'ame en supposant que les conditions du milieu ambiant re

con

Le

géngrales sont remplacées par les exigences spécifiques nationales.

2

Le |

Auc

L'1S
en |

4.1

brésente partie de I'lEC 60287-3 s'applique aux conditions de fonctionnement €na-rédi

reaux, caniveaux ou tubes d'acier, avec ou sans asséchement partiel du sat;, ainsi que
es posés a l'air libre. On entend par «régime permanent» la circulation,Continue d
rant constant (facteur de charge 100 %) assez suffisant pour produire asymptotiquerTt

S

stantes.

présent document définit les conditions du site de référence, cependant les vale

Références normatives

résent document ne contient aucune référencehormative.

Termes et définitions

un terme n'est défini dans le présent document.

ormalisation, consultablescaux adresses suivantes:

EC Electropedia: disponible a I'adresse http://www.electropedia.org/

SO Online browsing*platform: disponible a I'adresse http://www.iso.org/obp

des sols«dans divers pays

Conditions de fonctionnement — Conditions du site de référence

(LN el S AYaVaY o tw 2NNH |

Afi
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Valeurs des-températures ambiantes de référence et résistivités thermiques

me

des

les
'un
ent
ent

urs

O et I'EC tiennent & jour des bases de données terminologiques destinées a étre utilisées

de

choisir les valeurs numériques des grandeurs physiques en fonction des conditions de
fonctionnement.

Il n'est évidemment possible de comparer les résultats de deux calculs de courant admissible

que

si les hypothéses faites et les valeurs numériques des parameétres sont connues.

En particulier, les grandeurs relatives aux conditions de fonctionnement des cables sont
susceptibles de varier considérablement d'un pays a un autre. Une enquéte a été effectuée a
ce sujet et un certain nombre de pays a répondu.

L'Annexe A résume les conditions de fonctionnement utilisées dans divers pays. L'attention
est attirée sur le fait que les renseignements contenus dans I'Annexe A sont proposés
seulement comme un modéle pour les concepteurs d'installations de cables lorsque les
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données fournies par un utilisateur sont incomplétes. Il convient de se garder de tirer des
conclusions erronées a partir de la comparaison des valeurs de divers pays. Il convient de
rappeler que les valeurs adoptées dans un pays particulier sont fonction d'un grand nombre
de facteurs dont certains pourraient ne pas avoir le méme degré d'importance dans d'autres

pays.

Les valeurs relatives aux conditions de fonctionnement sont données a I'Annexe A pour les
pays suivants:

Australie Italie Portugal

Autrictre Japom Espagme

Capada Mexique Afrique du Sud

Chine Pays-Bas Suéde

Egypte Nouvelle Zélande Suisse

FinlJande Norvége Royaume-Uni

France Oman Etats-Unis d!Amérique
Allgmagne Pologne

4.2| Reégle lorsque les valeurs ne sont pas fournies dans/es tables nationales
4.2.1 Généralités
La recommandation est qu'il convient d'adopter les yaleurs données en 4.2.2, 4.2.3 et 4(2.4

lorspu'il n'y a pas de valeurs indiquées dans les\tables nationales pour la température
ambiante de référence, la résistivité thermique du.sol ou le rayonnement solaire.

4.2.2 Températures ambiantes au niveaude la mer

Voif Tableau 1.
Tableau 1 — Températures ambiantes au niveau de la mer
Température ambiante de Température ambiante du sol a
I'air 1 m de profondeur
Climat

Min. Max. Min. Max.

°C °C °C °C

Tropical 25 55 25 40

Subtropical 10 40 15 30

Tempéré 0 25 10 20

L'essentiel est qu'il convient que le courant admissible soit valable pour les températures
maximales indiquées. Les valeurs inférieures sont destinées au courant admissible en hiver si
nécessaire. Les températures ambiantes maximales et minimales correspondent
respectivement aux régimes d'été et d'hiver, ou de saison séche et de saison pluvieuse.

Lorsque les informations relatives a la profondeur de pose ne sont pas données, la
profondeur standard a prendre est de 1 m.

4.2.3 Résistivité thermique du sol

Voir Tableau 2.
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Tableau 2 — Résistivité thermique du sol

Résistivité thermique Conditions du sol Conditions
atmosphériques
K-m/W
0,7 Trés humide Constamment humide
1,0 Humide Averses réguliere
2,0 Sec Pluies peu fréquentes
3,0 Tres sec Peu ou pas de pluies

4.2.|4 Rayonnement solaire

Lorgqu'il n'y a pas d'informations relatives a l'intensité du rayonnement solaire, une valeuf

1 000 W/mZ2 est adoptée.

de
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Annexe A
(informative)

Valeurs relatives aux conditions de fonctionnement dans divers pays

A.1 Australie

Caractéristiques thermiques du sol

Résistivité thermique, nominale, 1,2 K-m/W
Température ambiante du sol, I'été 25 °C
Température ambiante du sol, I'hiver 18 °C

Prgfondeur de pose des cables @

Plalge de tensions 1: cables de basse tension

sous trottoirs 0,5 m

sous chaussées 0,75 m
Plajge de tensions 2: cables de 11 kV

sous trottoirs et chaussées 0,8 m
Plalge de tensions 3: cables de 33 kV et plus

sous trottoirs et chaussées

1(0 m

Température ambiante de I'air
Makimale, I'été +40 °C
Makimale, I'hiver + 30 °C

a8 |Mesurée de la surface du sol au centre du cable,.od’au centre d'un groupe de cables en trefle.

A.2| Autriche

Caractéristiques thermiques du.sol

Résistivité thermique, nominale| saison 1 (humide) 1,0 K-m/W
Résistivité thermique, zoneséche, saison 1 (séche) 2,5 K-m/W
Température, saison 1 20 °C

Prqdfondeur de pose'dées cables

Plajge de tensions:ds jusqu'a 1 kV 0,7 m
Plage de tensiens 2: > 1kV jusqu'a 30 kV 0,8 m
Plage de tensions 3: > 30 kV 1,2 m
Tempgérature ambiante de I'air

Va:Eur movyenne 20 °C
Maximale +40 °C

Minimale -20 °C
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Il n'existe pas de valeurs canadiennes nationales reconnues de résistivité thermique du sol,
de température et de profondeur de pose, les chiffres donnés ci-dessous sont des valeurs
typiques. Il est recommandé, lorsque cela est possible, d'effectuer des essais de sols pour les
installations de cables.

Caractéristiques thermiques du sol

L'a

Résistivité thermique, nominale 0,5a 3,0 K-m/W
(Température critique 50 °C)

Température, saison 1 (été) 25 °C
Température, saison 2 (hiver) -5 °C
Prqfondeur de pose des cables (couverture minimale)

Cables isolés au papier a matiére stabilisée et non migrante, pour 1,1 m
deqd tensions allant jusqu'a 69 kV

Cables a isolation solide (butyle, caoutchouc d'éthyléne- 0,9 m
projpyléne, p.v.c., polyéthyléne réticulé, etc.) pour des tensions

jusfiu'a 46 kV

Cables a huile fluide pour des tensions allant jusqu'a 345 kV 1,1

Cables en tuyau (a pression de gaz ou d'huile) pour des 1,1

tenpions jusqu'a 345 kV

Température ambiante de I'air

Makimale 5a40 °C
Mirlimale -55 a -20 °C
Régime cyclique

Température critique 50 °C

Esechement n'est pas considéré pour les cables.dans des faisceaux de fourreaux en béton

Lors

cas
ther
clim
recq
ther

Ne
d'un

mique de 1,2 K-m/W.

projet deyréseau de quelque importance.

que des mesures directes de la, resistivité thermique du sol ne sont pas disponibles, il
géngralement admis de prendrg une résistivité thermique de 0,9 K-m/W. Cependant, dans
ou l'on prévoit qu'il peut-exister une détérioration progressive des caractéristiq
miques de l'environneément au cours des années, et dans les cas ou les condit
atigues peuvent occasionner un accroissement sensible des variations saisonniéres, il
mmandé de déterminer la capacité de transport de courant a partir d'une résist

bas se référer aux plus faibles valeurs de résistivité, pendant I'hiver, pour établir les b3

est
les
ues
ons
est
vité

Ses
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A.4 Chine

— 35 —

Caractéristiques thermiques du sol

Résistivité thermique 1,0a1,2 K-m/W
Température, été 30 °C
Température, hiver 5 °C
Profondeur de pose des cables

<1 kV 0,7 m

>1 kV jusqu'a 35 kV 0,7

2110 kV jusqu'a 500 kV 1,0
Température ambiante de I'air
Makimale 40 °C
Mirlimale -10 °‘C
Rayonnement solaire
Intg¢nsité du rayonnement solaire 1000 W/m?2

A.5 Egypte

Caractéristiques thermiques du sol
Régistivité thermique 1,2 K-m/W
Température, été 35 °C
Température, hiver 0 °C
Prgqfondeur de pose des cables

<1 kV 0,4 m

>1 kV jusqu'a 35 kV 0,8

2110 kV up to 500 kV 2 1,2
Température ambiante de I'air
Makimale 47 °C
Mirfimale -5 °C
Rayonnement solaire
Intg¢nsité du rayonnementsolaire =1 000 W/m?

a8 |Pour une température du sol de 25 °C.
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