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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

ELECTRIC CABLES -

CALCULATION OF THE CURRENT RATING -

Part 2-3: Thermal resistance - Cables installed in ventilated tunnels 

FOREWORD 

1) The International Electrotechnical Commission ( I EC）陆 a worldwide orga阳zation for standardization comprising 
all national electrotechnical c。mmittees (IEC National Committees). The object of IEC is to promote international 
c。－operati。n 。n all questi。ns concerning standardization in the electrical and elect，。rnc fields. To this end and 
on addition to 。ther activities, IEC publishes lnternati。na l Standards, Technical Specoficati。ns, Technical Rep。rts,
Publicly Available Specifications (PAS) and Guides (hereafter referred t。 as "IEC Publicati。n(s)"). Their 
preparation is entrusted to technical c。mmittees; any IEC National c。mmittee interested in the subject de~lt with 
may participate in this preparatory w。rk International, g。vernmental and n。n匀。vernmental organizations liaising 
with the IEC als。 participate in this preparation. IEC collab。rates closely with the International Organization for 
Standardization (ISO) on accordance with c。ndotions determined by agreement between the tw。 organizations.

2) The formal decisions or agreements of IEC on technical matters express , as nearly as possible, an international 
consensus of opi ni。n on the relevant subjects since each techn ical co町、阿1ittee has representati。n f rom all 
interested IEC National c。mn、i ttees.

3) IEC Pu blicati。ns have the form 。f rec。mmendations for internati。nal use and are accepted by IEC National 
Committees in that sense. While all reas。nable efforts are made to ensure that the techn ical c。ntent of IEC 
Publicati。ns is accurate, IEC cann。t be held 『esp。nsible f。r the way in which they are used or f。r any 
misinterpretati。n by any end user 

4) I n 。rder t。 pr。m。te internati。na l unif。rmity, IE C Nati。nal Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their nati。nal and regional publ icati。ns . Any divergence between 
any IEC Publicati。n and the c。rresp。ndong national 。r regi。nal publication shall be clearly indicated in the latter. 

5) IEC itself does not provide any attestation of conformi ty. Independent certification bodies provide conformi ty 
assessment services and, in s。me areas, access t。 IEC marks 。f conformity. IEC 1s n。t responsible for any 
services carried out by independent certificati。n bodies 

6) All users sh。uld ensure that they have the latest editi。n of this publ icati。n

7) No liabi lity shall attach to IEC or i ts directors , employees , se阿ants or agents including 1nd1v1dual experts and 
members 。f i ts technical committees and IEC National Committees for any personal injury, property damage 。r
。ther damage of any nature whats。ever, whether direct or indirect，。r f。r c。sts (including legal fees) and 
expenses arising out of the publ ication, use of. or reliance upon, this IEC Publicati。n or any other IEC 
Publicati。ns .

8) Attention is drawn to the N。rmative references cited in this publ ication. Use 。f the referenced publ icati。ns is 
indispensable f。r the c。rrect application 。f this publ ication 

的 IEC draws attent ion to the p。ssibil ity that the implementation of this document may involve the use of (a) 
patent(s）。 I EC takes n。 p。剖ti。n concerning the evidence, val id ity 。r applicability of any claimed patent rights in 
respect there。f As of the date 。f publication 。f this document, IEC had n。t received n。tice 。f (a) patent(s), which 
may be required to implement this document. However, implementers are cauti。ned that this may not represent 
the latest information, which may be 。btai ned from the patent database available at https:l/patents iec.ch. IEC 
shall n。t be held responsible f。r idenhfyong any 。r all such patent rig hts 

IEC 60287-2-3 has been p repa red by I EC technical committee 20: Elec tri c cables. It is an 
In ternational S tandard. 

This second editio n cance ls and replaces t he fi『st edition published in 2017. This edit ion 
constitutes a technical revision . 

T h is edition inc ludes the following significant techn ica l changes w ith respect to th e previous 
edition: 

a) symbols al ignment w ith other parts of the IEC 60287 series. 
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The text of this Internat ional Standard is based on the following documents: 

Draft 

2012175/FDIS 

Rep。rt on voling 

2012182/RVD 

Full informa tion on the voting for its approval can be found in the report on voting indicated in 
the above table. 

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

This document was drafted in accordance with ISO/IEC Direct ives, Part 2, and developed in 
acco『dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www. iec.ch/members_experts/refdocs. The main document types developed by IEC are 
desc『ibed in greater deta il at www.iec.ch/publications. 

A list of all parts in the I EC 60287 series, published unde『 the gene『al title Electric cables -
Calculation of the current rating, can be found on the I EC website 

The committee has decided that the contents of this document will remain unchanged unti l the 
stability date indicated on the IEC website under webs to『e.iec.ch in the data related to the 
specific document. At this date, the document wi ll be 

• reconfi rmed, 

• withdrawn, or 

• revised. 
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INTRODUCTION 

In the IEC 60287 series, IEC 60287-1 p『ov ides general formu lae for 『atings and powe『 l osses

of electric cables. 

The IEC 60287-2 series presents formulae or calcu lat ion methods for thermal resistances 

IEC 60287-2-1 provides calcu lation methods for dealing with cables insta lled in free air 
(see IEC 60287-2-1:2015, 4.2.1). 

IEC 60287-2-2 p『ovides a method and data for calculating reduction factors for cables in groups 
running horizontally in free air. 

IEC 60287-2-1 and IEC 60287-2-2 conside『 heat t『ansfer only in a plane pe rpendicu l a『 to the 
cables; they assume there is no longitudinal heat transfer. 

This part of IEC 60287 deals with the rating for cables installed in ventilated tunnels. In such 
situations, consideration of longi tudinal temperature gradients is involved as the air flowing in 
the tunnel removes some heat from the cables. 

Heat transfer with the moving air is convective and is assumed to be either laminar or tu『bulent

depending on the air velocity. The transition situation between laminar and t u『bulent air flows 
is ignored. 

A general simplified method is provided to estimate the permissible current-carrying capacity 
of cables installed in ventilated tunnels, the ventilation being either natu『al or fo『ced.

Only steady states are considered , where the inlet air temperature and the cable loading a『e
constant for a sufficient time for steady temperatures to be achieved 

Where multiple circuits are involved, their characteristics are assumed to be identical. 

The main features of the calculation method fo『 cabl es in tunnels with forced ventilation can be 
found in Electra n。143 - 144 {1992)[1)1. as the 『eport of a CIGRE WO『king group, including the 
erratum in Electra n。209 (2003). 

1 Numbers in square brackets refer to the Bi bli。grapt、y
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ELECTRIC CABLES -
CALCULATI。N OF THE CURRENT RATING -

Part 2-3: Thern、al resistance - Cables installed in ventilated tunnels 

1 Scope 

This part of I EC 60287 describes a method for calculating the continuous curren t rating factor 
for cables of all voltages installed in venti lated tunnels. The method is applicable to any type of 
cable. 

The method applies to natural as well as forced ventilation. 

Longitudinal heat transfer within the cables and the surroundings of the tunnel is assumed to 
be negligible. 

All cables are assumed to be identica l within the tunnel and it is assumed that the tunnel cross­
section does not change with distance along the tunnel. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
const itutes requi『ements of th is document. For dated references, only the edition cited applies. 
For undated references, the latest edition of the referenced document (including any 
amendments) applies. 

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

IEC 60287-2-1 , Electric cables - Calculation of the current rating- Part 2- 1: Thermal resistance 
- Calculation of thermal resistance 

3 Terms, definitions and symbols 

3.1 Terms and definiti。ns

No terms and defini tions are listed in this document. 

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

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

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

A, inner tunnel cross-secti。nal area ”、2 

乌v heat capacity 。f the air flow W/K 

c,.;, volumetric heat capacity of air W · s/(m3 · K) 

. 
v. external diameter of cable w、

D, inner diameter of the tunnel 仰、

c,m coefhc1ent f。r the calculation 。f radiation shape factor 

I current in 。ne c。nd uct。r (RMS value) A 

Kev c。nvection 『actor

K, radiation shape factor 

K, effective e町、issivi ty

L' depth of tunnel axis w、

N number of cables 

P, Prandtl nu町、ber

Re Reynolds number 

RR 
alternating current resistance 。f conduct。r with sustained application 。f a rated 

Olm current /R i e at standard maximum permissible temperature 

T ’ the『ma l resistance pe『 core between conductor and sheath K m/W 

1, therma l resistance between sheath and armour K m/W 

T3 ther町、a l resistance of external serving K m/N 

r., equiva lent thermal resistance 。f cable surrounding K m/W 

T急急 c。nvection therma l resistance between cable and air K m/W 

r., convection th e『ma l resistance between air and inner wall of the tunnel K m/W 

r. external the『mal 『esistance of the tunnel K m/W 

r., rad iati。n thermal resistance between cable and inner wall 。f the tunnel K m/W 

r· a equiva lent star thermal resistance of air K m/N 

T噜' 
equivalent otar thermal reoiotancc al cable ’< m/W 

T飞 equiva lent sta r thermal resistance of tunnel wall K m/W 

v.,, air velocity mis 

” '•(z,) heat rem。ved by the air. at the point z，。n the cable route W/m 

w.(z,o,> heat removed by the air. at tunnel 。utlet W/rr、

w. l。sses in a conductor per unit length, assuming maximum c。nductor temperature W/rr、

II马 dielectric l。sses per unit length per phase W/m 

w.，。l t。tal heat generated by cable W/m 

Ir heat dissipation c。efficient given in IEC 60287·2·1 f。r cables in still air W/(m2 KS/4) 

kalt therma l conductivity for air W/(m K) 

” 
number of conductors 。r cores in a cable 

盒’ 
axial separation between tw。 adjacent cables (mm) m付1

s, rati。 between spacing and cable diameter 

zo reference length (see Formula (16)) 仰、
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z, co。rdinate c。rresp。nding t。 the tunnel axis 仰、

-1。t length 。f the tunnel ”、

i!.Oo fictitious increase 。f ambient temperature t。 acc。unt for the ventilati。n K 

o. temperature at gr。und level ·c 

881(0) air temperature at tunnel inlet ·c 

e.,<z,) air temperature, at the p。int z1 。n the cable r。ute •c 

o.,<z101l air temperature at tunnel 。υtlet ·c 

6飞（z,J c。nductor temperature, at the point z1 。n the cable r。ute •c 

IJC 翩翩 maximum pem、issible c。ndυctor temperature ·c 

兔（z,) ’emperature at the star point after delta-star transl•。rma ti on •c 

兔（z,) temperature of the cable surface, at the point z, on the cable route ·c 

i!,(ztot> temperature of the cable surface, at tunnel 。utlet •c 

01(z1) temperature of the inner tunnel wall, at the point z, on the cable route ·c 

o,(z，。，l temperature of the inner tunnel wall, at tunnel 。utlet •c 

λ、
rati。。f the total losses in metallic sheaths to the t。tal conductor losses (sheath or 
screen l。ss fact。『）

λ2 rati。。f the total losses in armour to the total c。nduct。r losses (armour loss fact。r)

v kinematic v阻c。sity for air 『n2/s

ρ soil them、al resistivity K m/W 

。s Stefan-a。ltzmann c。nstant W/(m2 K4) 

4 Description of method 

4 .1 General descripti。n

The method is based o n the calculat io n of the temperature of the cable surface, t he air in the 
tunnel and the tunnel wa ll , as a function of t he heat generated by the cables. 

For any location along the cable route, a set of to『mulae is developed, invo lving : 

• heat transfer formu lae describing heat transfer mechar、isms by radiation and convect ion 
between the cables, the air in the tunne l and the tunnel wall; 

• energy balance formulae for cables, ai『 in the tunnel and tunne l wa ll ; 

• heat transfer fo『mulae for conduction in t he su『roundings of t he tunnel. 

Th is set of formulae may be written in such a way that: 

• the heat removed by the a ir, Wa(Zt), is linked to the derivative of the air tempera ture with 

respect to the longitudinal coordinate of the tunnel; 

• every other formula is approximated as a thermal Ohm's law linking temperature drop and 
heat flow thro ugh a thermal res istance; t he heat flow is derived from the heat generated by 
the cables, wkt时， and the heat removed by the a ir, Wa(zt). 

Some of the therma l 『esistances depend on the air tempe『ature and consequently o n the 
distance along the tunnel. 
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This may be dealt w ith by dividing the tunnel route in to elementary lengths, so that: 

• the heat removed by the air is proportional to the difference in the a ir temperatu『e between 
elementary length outlet and inlet; 

• the thermal resistances may be considered constant for the elementary length. 

For typica l insta llat ions considered in the CIGRE work [1 ], it was recognized that assuming 
constant thermal resistances along the tunnel route, computed using temperatures at the tunnel 
outlet, does not lead to a serious e『ror.

With this assumpt ion, solving the set of formulae is stra i ghtforwa『d and the tempe『atures of the 
cable surface, air and tunnel wall are easily derived as a funct ion of the cable losses 

The permissible current is then derived from the heat transfer formu la for conduction within the 
cable linking the temperature drop between the conducto『 and the cable surface to the losses 
in the cables. 

As temperatu『es at the tunnel outlet are not known, an itera tive process is necessary. 

The heat generated by a cable, Wktot’ is assumed to be constant along the cable route and is 
calcu lated for the ma川mum permissible conductor temperature, leading to an estimate of the 
current rating that is on the safe side. 

wktot = /1 ·［叽 ·（1 ＋ 句 ＋与）＋叫］
) 1 ( 

We= RR . /2 (2) 

where 

wktot is the tota l heat generated by a cable (W/m); 

n is the number of conductors in a cable, 

We is the losses in a conducto『 per unit length, assuming maximum conductor temperature 
(W/m); 

λ 1 is the rati。。f the t。tal l。sses in r呐etalli c sheaths t。 the total c。nduct。r l。sses;

λ2 is the ratio of the total losses in armour to the tota l conducto『 losses;

Wd is the d ielectric losses per unit length per phase (W/m); 

RR is the alternating current resistance of conductor with sustained application of a rated /R 
current i.e. at standard maximum permissible temperature (O/m); 

I is the current in one conductor (RMS va lue) (A) 

4.2 Basic f。rmulae

4.2.1 General 

The following heat transfer mechanisms are taken into account: 

• rad ial heat transfer by conduction within the cable; 

• heat transfer by radiation from the cable surface to the tunnel wall ; 

• heat transfer by convection from the cable su 『face to the a ir inside the tunnel; 

• heat transfer by convection from the air inside the tunnel to the tunnel wall ; 
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• longitudinal heat transfer by convection resulting from the forced or natural flow of air along 
the tunnel. 

4.2.2 Radial heat transfer by conduction within the cable 

The conductor temperature is derived from the formula given in IEC 60287-1 -1. 

民（zt) = Bs ( zt) + We · ［η叫均）马叫川2）马J+wd ·［%叫川）] {3) 

where 

Oc(z1) is the conductor temperature. at the point z1 on the cable route (°C); 

Bs(z1) is the temperature of the cable surface, at the point z1 on the cable route （ 。C);

T1 is the thermal resistance per core between conductor and sheath (K m/W); 

T2 is the thermal resistance between sheath and a『mour (K · m/W). 

r3 is the thermal resistance of external se『ving 帐号 m川）；

z1 is the coordinate corresponding to the tunnel axis (m). 

The loss coefficients and thermal resistances are defined in IEC 60287-1-1 and IEC 60287-2-1 

4.2.3 Heat transfer by radiation from the cable surface to the inner wall 。f the tunnel 

This heat transfer is modelled by Ohm's thermal law, characte『ized by a thermal resistance: 

T.q ＝ π D; · K1 · K， 句｛( Bs ( Ztot) + 273 )2 + ( 81 ( z101) + 273 )2] [ ( Bs ( Ztot) + 273): （矶（马1 ) + 273 

where 

De* is the cable diamete『（m),

σB is Stefan-Boltzmann constant, 5,67 × 10- 8 (W/m2 · K勺，

先（z101) is the cable surface at the tunnel outlet （℃）； 

传（z101) is the tunnel surface temperatures at the tunnel outlet (°C); 

K1 is the emissivity of the cable su『face (typically 0,9 for served cable); 

K, is the rad iation shape facto『 taking into account the 『adiati on areas; 

z101 is the length of the tunnel (m). 

K, may be expressed as: 

4 户
K, ＝ －一一一_.:::E旦

' 1- ( 1- Ki) · CFm 
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where 

CFm is a coeffic ient given in Table 1 and in Annex C . 

Table 1 - CFm c。effic ient f。r radiat i。n thermal resistance calculati。n

lnstallati。n CFm 

Single cable 。

Two cables touching 0,182 

Tw。 cabl es spaced 2 x o. · 。，08’

Two cables spaced 3 x D; 0,054 

M: 0,363 
Three cables touching 

0 : 0,182 

Three cables spaced 2 x o; M: 0,163 

0: 0,081 

Three cables spaced 3 x o; M: 0,107 

0: 0,054 

Tref。H t。uching 0,348 

Key 

M Middle cable 

0 Outer cable 

4.2.4 Heat transfer by c。nvection fr。m the cable surface t。 the air inside the tunnel 

The convective heat transfer from the cable surface to the air in the tunnel depends on the air 
flow characteri stics, the velocity of the air being the leading parameter. 

Where laminar air flow occurs, the convection thermal resistance is given by Formula (5): 

as － ［叫 · h －示~］ ·[ Bs ( Ztot ) - Bat ( Ztot }]0.25 
(5) 

where 

h is the heat d issipation coefficient given in IEC 60287-2-1 to『 cables in still air 
(W/(m2 . K514)); 

。a1(z101) is the air temperature at the tunnel outlet (°C); 

。5(z101) is the temperature of the cable surface, at tunnel outlet , 

T51 is the radiation thermal resistance between the cable and inner wall of the tunnel. 

Formula (5) applies if the Reynolds number is less than 2 000. 

If the Reynolds number is higher, the thermal resistance is first assumed to be given by 
Formula (6), valid fo r turbulent air flow. 
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where 

Re is the Reynolds number; 

Re ＝坠liL旦旦
v 

v is the kinematic viscos ity for air (m2/s), 

kair is the thermal conductivity for air (W/(m · K)); 

Vair is the air velocity (m时，

(6) 

Kev is an expe『imentally determined constant convection facto『 for which values a『e given in 
Table 2. 

Table 2 - Values 。f parameter Kev 

Cable arrangement Kev 

Single cable 0, 130 

3 cables touching horizontally• 0,086 

3 cables spaced h。，izontally• 0, 115 

3 cables touching vertically• 0,086 

3 cables spaced vertically• 0, 115 

3 cables touching in trefoil 0,070 

• To be used where the spacing is larger than 2 • D9 • 

b T。 be used where the spacing is smaller or equal t。 2 • o; 

4.2.5 Heat t ransfer by c。nvecti。n from the ai r inside the tunnel t。 the inner tunnel 
wall 

This trans fer is modelled by Ohm’s thermal law, characterized by a the『mal resistance. 

If the Reynolds number is greater than 2 500, the air flow is assumed turbulent and the following 
relationship applies: 

where 

Re is the Reynolds number; 

Pr is the Prandtl numbe『，

’ - ’ at- - 0,8 0,4 
πkair · 0,023 ·Re · P; 

V,,. · D, 
Re ＝ 」i」」

ν 

(7) 
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