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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRIC CABLES -
CALCULATION OF THE CURRENT RATING -

Part 3-3: Sections on operating conditions —
Cables crossing external heat sources

FOREWORD

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

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

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

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

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 committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

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

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

International Standard IEC 60287-3-3 has been prepared by IEC technical committee 20:
Electric cables.

The text of this standard is based on the following documents:

FDIS Report on voting
20/879/FDIS 20/882/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.
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A list of all the parts in the IEC 60287 series, under the general title Electric cables —
Calculation of the current rating, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
*+ amended.
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INTRODUCTION

In the IEC 60287 series, Part 1 provides general formulae for ratings and power losses of
electric cables.

Part 2 presents formulae for thermal resistance, with Part 2-1 providing general calculation
methods for thermal resistance.

Part 2-1 provides calculation methods for dealing with groups of buried cables (see 2.2.3).
These methods assume that the cables are laid in parallel and hence every cable acts as a
parallel line heat source.

This Part 3-3 deals with the crossing of a cable, at right angles or obliquely with another
cable, and, more generally, with any linear heat source, such as steam pipes.

When heat sources are installed in the vicinity of a cable, the permissible current-carrying
capacity of the cable should be reduced to avoid overheating. But applying formulae that are
valid for parallel routes would overestimate the thermal influence of the crossing heat source
on the cable.

In this standard a general simplified method is provided to estimate the reduction of the
permissible current-carrying capacity of a cable crossed by heat sources.

Every cable and heat source is assumed to be laid horizontally.
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ELECTRIC CABLES -
CALCULATION OF THE CURRENT RATING -

Part 3-3: Sections on operating conditions —
Cables crossing external heat sources

1 Scope

This part of IEC 60287 describes a method for calculating the continuous current rating factor
for cables of all voltages where crossings of external heat sources are involved. The method
is applicable to any type of cable.

The method assumes that the entire region surrounding a cable, or cables, has uniform
thermal characteristics and that the principle of superposition applies. The principle of
superposition does not strictly apply to touching cables and hence the calculation method set
out in this standard will produce an optimistic result if applied to touching cables.

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60287 (all parts), Electric cables — Calculation of the current rating

3 Symbols
A Conductor cross-sectional area mm?
DF Ratio of the permissible current when taking into account the presence of -

crossing heat sources to the permissible current of the isolated cable
(derating factor)

1 Maximum permissible current of the rated cable when isolated A

L Depth of laying, to cable axis, of the rated cable m

L, Depth of laying of heat source 4 m

N Number of intervals in the spatial discretization for the calculations

T, Thermal resistance per core between conductor and sheath Kxm/W

T, Thermal resistance between sheath and armour Kxm/W

T, Thermal resistance of external serving Kxm/W

T, Thermal resistance of surrounding medium (ratio of cable surface Kxm/W
temperature rise above ambient to the losses per unit length)

T, Mutual thermal resistance between cable and heat source Kxm/W

T Equivalent thermal resistance of cable per conductor Kxm/W

T Total thermal resistance of cable per conductor Kxm/W

T, Thermal longitudinal resistance of a conductor K/im/W

W, Dielectric losses per unit length per phase W/m
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w, Heat generated in the rated cable, due to losses in a conductor, assuming  W/m
a conductor temperature of 20 °C
f Heat generated by external heat source & W/m
k Number of heat sources, crossing the rated cable -
z, Location of the hottest point on the route of the rated cable(z co-ordinate) m
when several crossings are considered
Zhax Distance along the cable route from the hottest point to the point where m
longitudinal heat flux is negligible

n Number of cores -

a,, Temperature coefficient of electrical resistivity at 20 °C, per Kelvin K-

B Crossing angle Radian

y Attenuation factor m-"

A Ratio of the total losses in metallic sheaths to the total conductor -

losses(sheath/screen loss factor)

A Ratio of the total losses in armour to the total conductor losses -

(armour loss factor)

o) Soil thermal resistivity Kxm/W
Por Conductor thermal resistivity Kxm/W
0. Maximum permissible conductor temperature °C
A, Conductor temperature rise due to dielectric losses K
Al Maximum permissible conductor temperature rise above ambient K

Ab(z) Temperature rise of the conductor(s) of the rated cable, due to crossing K
heat sources, at the point z in the cable route
A6(0) Temperature rise of the conductor(s) of the rated cable, due to crossing K
heat sources, at the hottest point in the cable route
A6,(z)  Temperature rise of the conductor(s) of the rated cable, due to the heat K
source, &, without taking into account longitudinal heat flux
AW Incremental heat generated due to change of conductor resistance W/Kxm
Az Length of an interval used in the calculations m

4 Description of method

4.1 General description

The conditions examined in this standard involve an external heat source crossing the route
of the rated cable(s). The crossing heat source can be located either above or below the rated
cable(s) with the crossing angle ranging from parallel to perpendicular. An example of such
situation is shown in Figure 1.
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Figure 1 — lllustration of a heat source crossing rated cable

The conductor temperature rise along the route of the rated cable, caused by the heat
generated by the crossing heat source, may be calculated using Kennelly’s principle. The
temperature rise is maximum at the crossing point and decreases with the distance from the
crossing. The distance from the crossing along the cable route, where the longitudinal heat
flux is negligible, is denoted by z,,.

As a consequence of the varying temperature rise along the cable length, a longitudinal heat
flux is generated in the conductor, which leads to a reduction in the conductor temperature
rise at the crossing, compared to the case when this longitudinal flux is ignored.

The maximum permissible current in the cable to be rated, taking into account the presence of
a crossing heat source, is obtained by multiplying the steady-state rating of the cable, without
the crossing heat source, by a derating factor, DF, related to the heating due to the heat
source:

~Ae(0)
AB  —AB
ax d

m

DF = |1 (1)

where AO(O) is the temperature rise of the conductor due to the crossing heat source, at the
crossing point.
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4.2 Single source crossing

The value of AG(O) is obtained from the following formula by dividing the distance z,, into N
intervals, each of length Az:

Az N 2 L aY2
£6(0) = w, pr(eVX _1) Sy (L+Lh)2 +(V><Az><$|n,6)2 @)
4r - (L—L,)" +(vxAzxsin B)
where
p is the soil thermal resistivity;
W, is the heat generated by external heat source;
p is the crossing angle;
L is the laying depth of the rated cable;
L, is the laying depth of the heat source.
The attenuation factor yis expressed as
Ty
7= |(1—AW xT)x—-L (3)
T}"
with
p
T — cr (4)
L 41070
T =T +n(T,+T,+T,) (5)
T=T1+nX[(1+ﬂ1)XT2+(1+/11+22)X(T3+T4)] (6)
Iy
A8, =W, x 7+nx(T2+T3+T4) (7)
AW = AWy X 1—L(0) (8)
Abnax — A6y
2
AWO _ Rxazo x I (9)
1+ apg X (Bnax — 20)
where
P, is the conductor thermal resistivity;
For copper p, =00026 Kxm/W; for aluminium p_. =0,004 9 Kxm/W.
A is the conductor cross-sectional area;
0y is the temperature coefficient of electrical resistivity for the conductor material,
1 is the maximum permissible current of the rated cable when isolated.
The remaining variables are defined in other parts of the IEC 60287 series. Documents
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