Electrical Cable Sizing Criteria
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1. General

The present specification deals with the selection criteria for the medium voltage and low voltage
cables.

The selection shall be performed considering:

e Operating current condition

e \oltage drop
e Short circuit current condition
e Type of cable installation

2. Site Conditions

Maximum Ambient Temperature 48 °C
Minimum Ambient Temperature 1°C
Humidity 62 %
Elevation above sea level 135m

3. Reference Documents and Standards

Electrical Design Criteria

MYV Cables Technical Specification

LV and Control Cables Technical Specification

IEC 60502-1

Power cables with extruded insulation and their accessories for rated voltages from 1 kV (Um =
1.2 kV) up to 30 kV (Um = 36 kV) — Part 1: Cables for rated voltages of 1 kV (Um = 1.2 kV)
and 3 kV (Um = 3.6 kV)

IEC 60502-2

Power cables with extruded insulation and their accessories for rated voltages from 1 kV (Um =
1.2 kV) up to 30 kV (Um = 36 kV) — Part 2: Cables for rated voltages from 6 kV (Um = 7.2 kV)
up to 30kV (Um = 36 kV)

IEC 60364-5-52
Low-voltage electrical installations — Part 5-52: Selection and erection of electrical equipment —
Wiring systems

IEC 60947-2
Low-voltage switchgear and control gear — Part 2: Circuit-breakers

IEC 61200-53

Electrical installation guide — Part 53:
Selection and erection of electrical equipment — Switchgear and control gear
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IEC 60364-4-43
Low-voltage electrical installations —Part 4-43: Protection for safety — Protection against
overcurrent

4. Cables Technical Data
The cables technical data is specified at “Cable Characteristic Table”. The meaning of any
designation at “cable characteristic table” is explained below (items from (1) to (7)):

(1) Cable cross section
It specifies the number of cores forming the cable and also cross section of each single conductor
(mm?); neutral/protective conductor is considered too.

(2) Conductor material
It defines the material of the conductor (e.g. Cu, Al).

(3) Insulation material
It is the code to specify the insulation material (e.g. XLPE, EPR, and PVC).

(4) Cable rated voltage

It specifies the voltage cable (U0/U/ Um):

UO: is the rated voltage between conductor and earth or metallic screen for which the cable is
designed.

U: is the rated voltage between conductors for which the cable is designed.

Um: is the maximum value of the "highest system voltage" for which the equipment may be
used.

(5) Resistance
It is the resistance of the conductor, in (Ohm/Km) at the insulation temperature limit.

(6) Reactance
It is the reactance of the conductor, in (Ohm/Km), at the rated frequency and according to the
type of installation.

(7) Rated current
It is the rated current “Iy” of the cable (in Amperes) specified from the applicable standards,

under the installation condition and the reference ambient temperature.

5. Cable Sizing
The following items shall be considered:

a) Short circuit capacity
b) Continuous current carrying capacity
¢) Voltage drops in normal condition & transient conditions.



d) Any special operating conditions stated in electrical design criteria and/or other project
specifications

The largest size of cables as determined from a, b, ¢ and d shall be used.

a) Short circuit capacity

Maximum short circuit current shall be considered for determining cable short circuit capacity.
The fault clearing time under short circuit conditions of power cables connected to circuit
breakers shall be calculated by the followings:

1) The backup relay operating time at maximum fault level

2) 0.05 second to cover variation of settings

3) The circuit breaker operating time

Where power cables are protected by fuses, its cut off time shall be considered.

b) Continuous current carrying capacity (lo)

Continuous current carrying capacity depends on the maximum permissible continuous
conductor temperature and various types of cable installation. When applying that temperature,
cable terminations and associated equipment shall have the ability to withstand the temperature
without damage and to dissipate the heat due to cable temperature.

¢) Voltage drop

The overall voltage drop in power cables will be limited to maximum 5% at full load and will not
exceed 15% during motor starting . This voltage drop is from the main/source to the end
consumer.

The nominal system voltage, the maximum impedance of each component and the full load
current of each cable are used for voltage drop calculations.

5.1. Continuous Current Carrying Capacity (lo)

Continuous current carrying capacity can be obtained from Annex A :Table B.2 & Table B.6 of
IEC 60502-2 for MV Cables and Annex B Table B.52.2, Table B.52.3, Table B.52.4, Table
B.52.5 & Table B.52.10 & Table B.52.12 of IEC 60364-5-52 for LV Cables.

Different methods of installation for LV Cables are explained in Annex B Table B.52.1 from
IEC 60364-5-52.

5.1.1. Maximum Allowed Current Carrying Capacity (l2)
It is maximum current that can be continuously carried by the cable at the specified installation

conditions. The maximum allowable current carrying capacity (1z) is obtained by multiplying the
cable rated current “l0” by the total derating factor (Kt), as follows:

Iz = Kt xlg(A)
Where:

Iz: maximum allowable current carrying capacity (A)
10: cable rated current (A)



Kt: total derating factor
Total derating factor for continuous current carrying capacity depends on two factors which are

calculated as below:
Kt=K1 x K2 x 0.95

Where:

K1: Ambient temperature and relevant correction factor

K2: Derating factor relevant to the type of installation

K1 which is the correction factor of cable design for an ambient temperature can be deduced as
follows:

» MV Cables

The correction factors for ambient air temperatures other than 30°C and ambient ground
temperature other than 20°C are obtained from Annex A Table B.10 & Table B.11 from
IEC 60502-2.

» LV Cables

The correction factors for ambient air temperatures other than 30°C and ambient ground
temperature other than 20°C are obtained from Annex B Table B.52.14 & Table B.52.15
from IEC 60364-5-52.

K2 which is the derating factor relevant to type of installation can be deduced as follows:

> MV cables

The K2 for groups of more than one circuit in each phase is obtained from Annex A Table
B.22 & Table B.23 from IEC 60502-2.

» LV cables

The K2 for groups of more than one circuit in each phase is obtained from Annex B Table
B.52.17, Table B.52.18, Table B.52.19, Table B.52. & Table B.52.21 from IEC 60364-5-
52.

5.2. Voltage Drop
The unitary voltage drop (DV) is obtained by the following formula:



» Foran AC system

(Rcos¢ + Xsing) 100 [0/ ]

v, ’
V.=V /3 3phor3ph+N
Vi=V/2 1 ph

DV =L*I*

Voltage drop is expressed as a percentage (%).

» For a DC system

Dy 2 2L R*100 % ]
v

Where:

V: Line to line voltage of the system (V)

R: Cable resistance (Ohm/Km)

X: Cable reactance (Ohm/Km)

@ : Power factor angle

L: One-way length of conductor (Km)

I: Phase load current (A)

5.3. Maximum Short Circuit Current

For cables and insulated conductors, all current caused by a short-circuit occurring at any
point of the circuit shall be interrupted in a time not exceeding that which brings the
insulation of the conductors to the permitted limit temperature.

1) For operating times of protective devices up to 0.1s where asymmetry of the current is
important and for current-limiting devices, “K S *” shall be greater than the value of the
let-through energy “I°t” quoted by the manufacturer of the protective device.

Therefore, the protective device shall be selected while let-through energy of the
protective device (1%t) is lower or equal to the withstand energy of the cable (K 2S ):

It <K?%S?
Where:
I1’t: is the specific let-through energy of the protective device which can be read on the curves
supplied by the manufacturer
S: is the cable cross section (mm?), in case of conductors in parallel, it is the cross section of a
single conductor

K: is a factor that depends on the cable insulating and conducting material (according to table 1)
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2) For short-circuits duration greater than 0.1 s up to 5 s, the time, in which a given short-
circuit current will raise the insulation of the conductors from the highest permissible
temperature in normal duty to the limit temperature can, as an approximation, be
calculated from the formula:

K

AS‘

Where:

S: is the minimum cross-sectional area of the conductor (mm?)

t: is the maximum duration of the fault (Sec)

K: is a factor depending on the materials of the cable (according to tablel)
I £: maximum short circuit current (A)

Type of conductor insulation
Property/ PVC PVC EPR Rubber Mineral
condition Thermoolastic | Thermoplastic XLPE 60 °C PVC Bare
P 90°C Thermosetting Thermosetting sheathed unsheathed

Conductor
cross-sectional = 300 =300 < 300 =300
area mm?
Initial . 70 90 90 60 70 105
temperature °C
Final . 160 | 140 | 160 | 140 250 200 160 250
temperature °C
Conductor
material:
Copper 115 103 100 86 143 141 115 135 115 *
Aluminium 76 68 66 57 94 93 - -
Tin-soldered
joints in copper 115 - - - - - — -
conductors
* This value shall be used for bare cables exposed to touch.

Table 1- Values of K for conductors according to IEC 60364-4-43, table 43A

For the duration “t” of the fault, three different values can be used to deal with different
C.B. opening times, according to the selectivity study.

In this project following “t” values in seconds are considered according to manufacture
catalogue:



» LV Cables (<1000V)

Iltem
1

2

»MV Cables
ltem
1

2

3

Descriptipn

Fault clearance time (FCT) for MCCB and
MPCB with fixed short circuit release time
Fault clearance time (FCT) for ACB and
MCCB with adjustable short circuit release
time

Fault clearance time (FCT) for incoming line
from transformer

Descriptipn

Fault clearance time (FCT) for outgoing (motor
and transformer) feeders

Fault clearance time (FCT) for Interconnection
feeders

Fault clearance time (FCT) for incoming line
from transformer

ta (Sec)
0.1

0.2

ta (Sec)
0.25

0.6



6. Annex A Standard references for MV cables
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Tahle B.2 = Currant ratings for single-core cables with XLPE insulation —
Rated voltage 3,6/6 kV to 18/30 KV * —
Copper conductor

Buried direct In singla-way duets Inair
in the ground
N Flat
Nominal Trefoil Flat spaced [Trefoil ducts| touching Trefail Flat. Flat apaced
area of ducts tauching
conductar
oo
'&
mm? A A A A A A A
16 108 112 103 104 125 128 150
25 140 144 132 133 163 167 196
15 168 172 157 156 158 203 238
a0 196 203 186 188 238 243 286
TO 236 246 237 234 2086 303 356
a5 288 263 271 274 361 368 434
124 333 33z 308 311 M7 A28 500
150 81 3BE 342 47 473 431 558
183 406 410 3B7 331 543 530 637
2440 468 470 447 453 &41 647 745
300 826 524 504 510 735 738 B46
404 E0G0 572 564 571 845 B3y 038
Maximum conductor temperature an G
Ambient air iemperature anc
Ground temperaturs 206G
Depth of laying 0.8m
Thermal resistwvity of soil 1.5 KmW
Thermal resistivity of carthenware ducts 1.2 Kmw

Sereens bonded at bath ends.

I Current rating calculated for cables having a rated voliage of 6110 kV.
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Table B.6 — Current rating for three.core XLFE insulated cables —
Rated voltage 3,6/6 kV to 18/30 kV * -

Copper conductor, armoured and unarmoured

Unarmeured Armoured
Buried direct | In a buried In air Buried direct | Ina buried In air
in ground duct in ground duct
Nominal area | e S—— —
of conducter : - K 5
T
mm? A A A A A A
16 101 &7 109 101 88 110
25 129 112 142 129 112 143
36 163 133 170 154 134 172
50 181 158 204 181 158 205
70 221 193 253 220 104 253
a5 262 231 304 2063 232 307
120 298 264 351 298 264 352
150 334 297 398 332 296 397
185 377 336 455 374 335 453
240 434 390 531 431 387 529
300 439 441 606 482 436 539
400 553 501 696 541 492 633
Maximum conductor temperature a0 "C
Ambient air temperature 30 "C
Ground temperature 20 °C
Depth of laying 08m
Thermal resistivity of soil 1,6 K-m/w
Thermal resistivity of earthenware ducts 1,2 K-mif

*

Current rating calculated for cables having a rated voltage of 8/10 kY.
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Table B.10 - Correction factors for ambient
air temperatures other than 30 °C

Maximum conductor Ambient air temperature
temperature ‘C
°C
20 25 35 40 45 50 55 860
a0 1,08 1,04 0,96 0,91 0,87 0,82 0,78 0,71
Table B.11 - Correction factors for ambient ground
temperatures other than 20 °C
Maximum conductor Ambient ground temperature
temperature “C
“C
10 15 25 30 as 40 45 50
g0 1,07 1,04 0,96 0,93 0,89 0,85 0,80 0,76
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Table B.22 - Raduction factors for groups of more than one multi-core cable in air -
To be applied to the current-carrying capacity for one multi-core cable in free air

Numbrer of cables
Method of i nstallation Number
of trays 1 z 3 4 [3 9
Tauthing 1 100 | o8s | og | o7 | o786 | 073
2 100 | ogr | oge | 077 | 073 | oes
3 100 | oes | o7e | 076 | 07 0.66
Cables an
perforated trays Spacad 1 100 | 100 | 098 | 095 | 08
=N
AN -
l‘—'@l 2 1.00 0,99 0,96 0,82 0,87
=20 mm -
3 100 | 0@ | oss | 091 | oss
1 100 | o@s | og | 078 | a73 | o072
2 100 | oss | og [ o7 | o7 0,70
) Tauching
Cables on verfigal
perforated trays
1 100 | oei | ose | oss | oer -
2 100 | osr | oss | 0a7 | oss -
Spaced
Touching 1 1,00 0,87 0,82 0,80 0,78 0,78
2 100 | o8 | oas | 078 | a7 | o073
cables an ladder 3 100 | o8 | o7 | 078 | o73 | a0
supports, cleats, -
atc. 1 1.00 1,00 1,000 1,00 1,00
2 100 | 088 | o9s | o987 | o6 -
3 100 | 098 | o9 | 096 | 083

MOTE 1 Valuas given ara averages for tha cable types and rangs of conductor sizes considerad. Tha spread of valuas is
generally lass than 5 %.

MOTE 2 Factors apply to single layer groups of cables as shown abowe and do not apply when cables are installad in more
than ane layer touching sach other. Values for such installations may be significantly lower and must ba determined by an
appropriate method.

MOTE 3 Values are given for vartical spacings betwesan trays of 300 mm and at least 20 mm betwean trays and wall. For closer
spacing, the factors should be reduced.

MOTE 4 Valuas are given for harizontal spacing batwaan trays of 225 mm with trays mountad back to back. For closer spacing,
the faciors should be reduced.

14




Table B.23 = Reduction factors for groups of more than one circuit of single-core cables
(Note 2) = To be applied to the current-carrying capacity for one circuit of single-core
cables in free air

Number of three-phase Use as a
Methed of installation Nu;::ar of circults (Hote 5) multiplier to
Y= 4 2 3 rating for
Touching 1 0,98 0,81 08av
Perforated Three cahles in
Lrays 2 0,96 087 0,81 harizantal
(Note 3] farmation
2 20mm
3 0,95 0,85 078
Touching 1 1,00 0ar 0,96
Ladder
suppaorts, Three cables in
cleats atc. 2 0,898 0,83 0,89 harizantal
farmation
{Nate 3]
a 0,97 0,90 0,86
1 1.00 088 0,96
Parforatad
Lrays 2 0,97 0,93 0,89
(Mote 3)
3 0,96 0,8z 0,86
=
Vertical 226m 1 1,00 0,91 0,89
perforated I i 220 ’ ' ! Three cables
trays Gg' i in trefoil
P h
(Nate 4) BEF 2 1,00 | ogo | oge armation
B Spaced
1 1,00 1,00 1,00
Laddar
supparns,
cleats, atc. 2 0,97 0,95 0,93
(Mote 3)
3 0.96 094 0,90
MOTE 1 Waluss given are averages for the cable types and range of conductor sizes considerad. The spread
of values is generally less than 5 %a.
MOTE 2 Faetorz are given for single |ayers of eables (or trefoll groups) a2 zhown in the able and do not apply
when cables are installed in more than one layer touching each other. Values for such installations may be
significantly |ower and should be determined by an appropriate method.
MOTE 3 Values are given for vertical spacings betwean trays of 300 mm. For closer spacing, the factors
should be raduced.
NOTE 4 Values are given far harizontal s pacing between trays of 225 mm with trays mountad back to back.
Far closer spacing. the factors should be reduced.
NOTE 5 For circults having more than one cable in parallel per phase, each three phase set of conductors
should be considerad as a circuil for the purpos e of this table.
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7. Annex B Standard references for MV cables
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Table B.52.1 - Installation reference methods forming basis
of tabulated current-carrying capacities

Table and calumn

Current-carrying capacities
far single circults

Reference method of Installation Thermaop Ther tting | Mineral Amblent Group
Insulated Insulated insulated |temperature| reduction
factor factor
Mumber of cares
2 3 2 3 2and 3
1 2 3 4 5 b 7 B 9
Insulated
cduct ingla-
‘”30;':;:;3;',“3,3 A | Bs22 |BB24 | BE23 | BS2E | - B5214 | B.52.17
Room conduil in'a Col.2 | Cal.2 | Col.2 | Cal 2
thermally insulated
wal |
Multi-care cable
mé?,,f:ﬁ'ffr',ts:ﬂ;ed a2 | B.52.2 | B.S2.4 | BE2.3 | B52E - B.52.14 B.E2.17
wall Col. 3 Col. 3 Col. 3 Col. 3 excepl D
(Table
B.EZ 1%
zpplies)
Insulated
canductars (single-
core cables) in | B1 | B52.2 | B.S24 | BS23 | B.E2E - B.52.14 B.52.17
condull on a Cal. 4 Cal, 4 Col, 4 Cal, 4
wooden wall
Multi-core
cabie in canduil B2z | B52.2 | B.524 | B.E2.3 | B52E B52.14 B.52.17
| B2 52 B2 52, - .52 B2
on a woaden vl €a.5 | CalB | Col.5 | Col.5
Single-core or
e o™ | ¢ | 522 [ B524 | BE23 | 526 | 70°c | BE214 | BEZAT
Wl 1 Ries 32 B2, .52, B2, B2
# wooden wa Ca b | Colé | Col & | Col & | Sheath
B.52.4
105 G
Shealh
B.52.7
Multi-care
cable in ducls
+] B522 | B524 | BEZ3 | BE2E - B.52.15 B.521%
in the ground Cal. 7 Cal. 7 Col. 7 Cal. 7
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Table B.52.1 {confinued)

Table and column

Current-carylng capacltles
for single clrcults
Reference method of Installation Thermoplastic | Thermosetting | Minerzl | Amblant Group
Insul ated Insulated ngulated |temperature| reduction
factor factor
Number of cores
2 3 z 3 rand3
1 Fi a 4 L} & 7 a ¥
L
Shealhed single- | D2 Cal B Col B Cal B Cal B CalE
care ar mulli-cae
cablag diract in tha
graund.
H Mulli-care cabike in
free air
E Capper Capper Jac B.52.14 B.52.20
B.52.10 B.52.12 Shaath
Alurriniurm Aluminium B.52E
e B.52.11 B.52.13 105 ¢
Chearance 1o wall nat Sheath
less than 0,2 limes B.52.9
cable diameler o
Single-care cabks,
lauching in free aw
4 F Capper Capper 70 °C B.52.14 B.52.21
B.52.10 B.52.12 Sheath
g B.528
Aluminium Alurinium 105 *C
Clearance 1o wall nal B.52.11 B.8212 ;h;“;'
lazz 1han ona cabla : :
diameler
[0] Single-care cabks,
spaced in free air
¥ G Capper Capper 70 'C B.52.14 -
B.52.10 B.5i2.12 Sheatlh
A B.52.E
"atleast one Alurminium Alurinium 105 'C
Icub;lc diameter B.52.11 B.52.13 Sheath
E b [ RC) B.529
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Table B.52.2 — Current-carrying capacities in amperes
for methods of installation in Table B.52.1 -
PVC insulationftwo loaded conductors, copper or aluminium -
Conductar temperature: 70 'C, ambient temperature: 30 *C in air, 20 *C in ground

Installation methods of Table B.52.1
Nominal Al A2 B1 Bz < 1)1 Dz
s:::i:?\-nl —_
area o ‘@ ‘E@‘ @ @ @ 00T | HHH
conductor - Pl Inn
—] | BB
mrer ) M __@
1 2 3 4 5 ] 7 8
Coppar
1,8 14,8 14 17,8 16,5 19,5 22 22
2,5 19,5 18,5 24 23 27 29 28
4 26 i a2 0 36 ar kL]
] kL] a2 41 A 46 46 4A
10 4 43 A7 a2 A3 60 64
16 i1 67 T4 [ ah iR B3
25 B0 5 10 0 112 99 110
35 99 92 125 m 138 19 132
] 119 110 1 133 160 140 156
70 151 139 192 168 213 173 192
a5 182 167 232 2m 258 204 230
120 210 192 269 232 299 23 261
150 240 219 300 258 344 261 293
185 273 248 34 294 a9z 292 i
240 321 | 400 344 461 EEL gz
300 57 334 458 394 530 ire 427
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Table B.52.3 - Current-carrying capacities in amperes
for methods of installation in Table B.52.1 -
XLPE or EPR insulation, two loaded conductors/copper or aluminium -
Conductor temperature: 90 *C, ambient temperature: 30 *C In air, 20 *C In ground

Installation methods of Table B.52.1
Nominal A1 A2 B B2 [ D1 D2
sactional
area of
conductor @ @
et
mm? ‘@ | | E-_?@|
1 2 3 4 5 b 7 :]
Copper
1.5 1% 135 23 22 24 25 27
2,5 26 25 i an EK] EE] 35
4 a5 a3 42 10 45 43 ah
h 45 47 fid i1 kL] B L1
10 61 57 78 49 80 " 17
16 B1 76 100 " 107 " 100
25 106 99 133 19 138 116 129
a5 1353 1 164 146 1m 139 1556
50 158 145 198 176 ne 164 183
70 200 183 263 221 269 203 225
95 241 220 06 265 28 239 270
120 278 253 54 305 gz 2n aoe
150 k1] 790 avi 34 an 06 343
185 67 329 449 BT 06 343 387
kLN did AR4 628 459 99 596 ddf
300 484 442 603 532 693 446 502
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Table B.52.4 - Current-carrying capacities in amperes

for methods of installation in Table B.52.1 =

FPVC insulation, three loaded conductors/copper or aluminium -
Conductor temperature: 70 *C, ambient temperature: 30 *C in air, 20 *C in ground

Installation methods of Table B.52.1

Mominal A1 A2 B1 B2 c D1 D2
cross-seclional
area of — -
conductor T
mm? ‘@\ ‘ @ @ @
1 Z 3 4 5 L] 7 B
Copper
1,5 13,5 13 15,5 15 17,5 18 19
2.5 18 11,5 21 20 24 24 24
4 24 23 28 27 2 a0 33
b 1| 29 i 34 41 L] 4
10 42 ki) 50 L 57 a0 54
16 54 52 b8 62 76 &4 TO
25 73 il B% BO b B2 92
k1) BY 83 110 99 19 98 110
50 108 99 134 18 144 116 130
70 136 125 171 149 184 143 162
95 164 150 207 179 223 169 193
120 188 172 239 206 259 192 220
150 216 196 262 225 299 217 246
185 245 223 296 255 i 243 278
240 286 261 346 297 403 280 azo
300 iz 298 394 339 464 ST 359
Table B.52.5 - Current-carrying capacilies in amperes
for methods of installation in Table B.52.1 -
¥LPE or EPR insul ation, three loaded conductors/copper or aluminium -
Conductor temperature: 90 °C, ambient temperature: 30 °C in air, 20 *C in ground
Installation methods of Table B.52.1
Mominal Al A2 Bl B2 c D1 D2
saclional
area of I
conductar
ialli=e gl =c o
1 2 3 4 5 6 ¥ 8
Copper
1,5 17 16,5 20 19,5 22 21 23
258 23 22 28 >4 i 2% a0
4 31 10 a7 15 40 16 a9
& 44 3B 48 44 52 14 49
10 54 51 o6 a0 T 5& a5
14 73 a8 BE BO 25 75 B4
25 95 B9 117 105 119 P 107
35 117 1c9 144 128 147 115 129
50 141 130 175 154 179 135 153
Fiv] 179 164 222 194 229 147 186
o5 214 197 267 233 278 197 226
120 243 227 312 268 322 223 257
150 285 259 42 100 371 251 287
185 324 295 384 340 424 281 324
240 380 346 450 398 500 324 378
od 435 396 514 455 BT 345 41%
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Table B.52.10 - Current-carrying capacities in amperes
for installation methods E. F and G of Table B.52.1 -
PVC insulation, copper conductors -
Conductor temperature: 70 °C, reference ambient temperature: 30 °C

Installation mathods of Table B 521
Multi-core cables Single-core cables
ot [Teossca| TN, | Toojonted| iy (Tt et
;:;ﬁ::;m conductors conductors | touching CO';I:LI;::FTS Horizontal Vertical
area of
conductor _
I'I'IITIJ
or 0r v %99
R At S T |
Method E Method E Method F Method F Method F Method G Mathod G
1 2 k] 4 8 b T B
1.5 22 18.5 - - - - -
25 3 25 - - - - -
4 40 34 - - - - -
b 51 43 - - - - -
10 70 &0 - - - - -
16 ¥4 a0 - - - - -
25 113 101 131 110 114 144 130
35 1438 126 162 137 143 181 162
50 180 153 194 167 174 Fakl 197
70 232 196 251 palil 225 281 254
kil 282 238 304 264 275 341 in
120 328 276 352 08 kyal %4 62
150 are 19 406 356 are 456 419
185 434 64 463 409 427 541 480
240 fid 4310 Gdb 485 07 415 R69
300 f93 497 629 561 587 7% 459
400 - - 754 .31 Y] BR2 95
5 - - 868 749 789 iy 20
A30 - - 1005 B85 905 1138 1070

MOTE 1 Circular conductors are assumed for sizes up to and including 16 mm?. Values for larger sizes relate ta
shaped conduciors and may safely ba applied 1o circular conductors.

MOTE 2 £, is the external diameter of the cable.
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Table B.52.12 - Current-carrying capacities in amperes
for installation metheds E, F and G of Table B.52.1 -
XLPE or EPR insulation, copper conductors -
Conductor temperature: 30 *C, reference ambient temperature: 30 °C

Installation methods of Table B.52.1
Multl-core cables Single-core cables
Two loaded Three Three lcaded conduclars, Nat
Nominal :ml::;ge:g Tmuk::?gr:ﬂ cenductars cclriljlflfcetdars Touching Spaced
CrONS. touching trefeil Horirontal Wertical
sectional
araa of
canductaor !
e e e i (1|
Method E Method E Method F Method F F Method G Method G
1 2 3 4 3 & 1 8
15 26 23 - - - - -
2,5 36 3z - - - - -
4 49 4z - - - - -
] a3 a4 - - - - -
10 B& 75 - - - - -
16 115 100 - - - - -
25 149 127 161 135 141 182 141
35 185 158 200 169 176 226 201
50 225 192 242 207 26 275 246
o 289 246 310 268 279 353 318
a5 352 298 377 378 342 430 389
120 410 346 437 383 400 500 454
150 473 399 504 444 At 577 327
185 542 A58 575 510 533 B 405
240 41 538 67% H0T 634 81 e
3nn T4 a1 783 03 Ti6 |02 233
400 - - 940 B3 BAB 1065 1008
500 - - 1083 b 998 1253 1169
630 - - 1254 1 0f6 1151 1454 1 362

MOTE 1 Gircular conductors are assumed for sizes up to and including 16 mme. Val ues for larger sizes relate to shapad
conductors and may safely be applied to circular condudars.

MOTE 2 £, isthe external diameter of the cabla.
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Table B.52.14 - Correction factor for ambient air temperatures other than 30 °C
to be applied to the current-carrying capacities for cables in the air

Insulation
t-a;:)na?lael:lra’ Mineral®
0w PVC XLPE and EFR b::fecatr:‘c;u:;ed t:lrc| Bare not exposed
POSEE | to touch 105 °C
to tauch 70 °C
10 1,22 1,158 1,26 1,14
15 117 112 1,20 111
20 1,12 1,08 1,14 1,07
25 1.06 1,04 1.07 1,04
El 1,00 1,00 1.00 1,00
ki 0,94 0,96 0,93 0,96
10 Q87 [ 0,85 Q.92
a5 0,79 0.87 0,78 0.88
50 0,9 0,82 0.67 0,84
55 0,61 0,76 0,57 0,80
60 050 on 0,45 0,759
65 - 0,65 - 0,70
7o - 0,58 - 0.65
75 - 0,50 - 0,60
30 - 0.4 - 0,54
85 - - - 0,47
90 - - - 0,40
95 - - - 0,32

a

For higher ambient temperatures, consult the manufacturer,

Table B.52.15 - Correction factors for ambient ground temperatures other than 20 °C
to be applied to the current-carrying capacities for cables in ducts in the ground

Ground Insulation
te mperature
“C PVC XLPE and EPR
10 110 1.07
15 1,05 1,04
20 1,00 1,00
25 0,95 0.96
30 0.89 0.93
35 0,84 0,89
a0 0,11 0,85
a5 0,mn 0,80
50 0,63 0.76
55 0,585 on
60 0,45 0,65
65 - 0.60
70 - 0,53
75 - 0,46
B0 - 0,38
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Table B.52.17 - Reduction factors for one circuit or one multi-core cable
or for a group of more than one circuit, or more than one multi-core cable,
te be used with current-carrying capacities of Tables B.52.2 to B.52.13

To be used with

ltem ﬂ-"mfﬁﬂ"{[ﬂ Number of circuits or multi-core cables current-carrying
(cables a) capacities,
1 2 3 4 -1 ] 7 3 @ 12 16 20 reference
1 Bunched in arr, on a 1,00 | 060 070 | 065 | 060 [ 057 | 054 | 052 [ 050 | 045 [ 047 | 038 B.52.2
surface, embaddad or 10B&213
enclosed Methods A to F
2 |Single layer onwall, floor | 1,00 | 085 | 079 | 075 (073 (002 [ 072 | 071 | 0,70
or unperforaled cable ray BE2 2
lems r
sys toB527
N " . Method C
3 |Single layer ficed directly | %5 | 081 | 072 | 066 | 0.66 | 064 | 063 | 062 | 061 No further reduction
under a woonden ceiling factor for more than
4 |single layerona 100 | 088 | 082 | 077 | 0,75 | 073 | 073 | 072 | 072 | e crcutear
perforated horizontal or
vertical cable fray BS2 8
syslems loB.52.13
5  |single layer on cabie 100 | 087 | 082 | 080 (080079 [ 079 [ 078 | 078 Methods £ and F
| edder systems or cleals
et

NOTE 1 These faclors are applicable to uniform groups of cables, equally loaded.

NOTE 2 Where horizontal clearances between adjacent cables exceeds twice their overall diameter, no reduction faclor need be
applied.

NOTE 3 The same factors are applied to:
- groups of lwa or three single-core cables;
= mulli-core cables,

NOTE 4 If a system consists of both two- and three-core cables, the lotal number of cables is taken as the number of circuits, and
the corresponding factor is applied 1o the tables for two loaded conductors for the two-core cables, and 1o the tables for three
loaded conductors for the three-core cables.

NOTE & If a group consists of m single-core cables it may either be considered as o2 circuits of two loaded conductors or o3
circults of thres loaded conductors.,

NOTE & The values given have been averaged over the range of conductor sizes and lypes of inslallation included in Tables
B.52.2 10 B.52.13 the overall accuracy of tabulated values is within & %.

NOTE 7 For seme installalions and for other methods not provided for in the above lable, it may be appropriale lo use faclors
calculated for specific cases, see for example Tables B.52.20 and B.52.21.
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Table B.52.18 - Reduction factors for more than one circuit,
cables laid directly in the ground -
Installation method D2 in Tables B.52.2 to B.52.5 —
Single-core or multi-core cables

Number Cable to cable clearance?®
of cireults (cahles':::uching] ?1?:"?:::: 0.125m 025 m 0.5m
2 0,75 0.80 0.85 0.90 0.90
3 0,65 070 0.75 0,80 0,85
4 0,60 0,60 0,70 0,75 0,80
5 0,55 0.55 0.65 070 0,80
6 0,50 0,56 0,60 0,70 0,80
7 0,45 0.51 0.59 .67 0.76
8 0.43 0.48 .57 0.65 0.75
9 0,41 0,46 0,55 0,63 0,74
12 0.36 0.42 .51 0.59 0.7
16 0,32 0,38 047 056 0,68
20 0,29 0,38 0,44 053 0,68

# Mulli-core cables

2 Singlecore cables

NOTE 1 Walues given apply 1o an installation depth of 0,7 m and a sail thermal resistivity of 2,6 K- miW.
They are average values for the range of cable sizes and types quoted for Tables B.52.2 to B.52.5. The
pracess of averaging, together with rounding off, can resull in same cases in errors up 1o +10 % (Where
mare precise values are required thay may be calculated by mathads given in IEC 60287-2-1)

NOTE 2 In case of athermal resistivity lower than 2,5 K- m/W the corrections faclars can, in general, be
increased and can be calculaled by the methods given in IEC 60287-2-1,

NOTE 3 If a circuil consists of m parallel conductors per phase, then for determining the reduction
factar, this circult should be considersd as m eircults.
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Table B.52.19 — Reduction factors for more than ene circuit,
cables laid in ducts in the ground -
Installation method D1 in Tables B.52.2 to B.52.5

A) Multi-core cables in single-way ducts

Number of cables Duct to duct clearance®
it 0,25 m 0.5 m 1.0m
(ducts touching) . ‘ :

2 0,85 0,90 0,95 0,95
3 0,78 0.85 0.90 0.95
4 70 0,80 0,85 0,90
5 0,65 0,80 0,85 0,90
4] 0,60 0.80 0.80 0.90
T 0.57 0.76 0.80 088
8 0,54 0,74 0,78 0,88
o 0,52 0,73 0,77 0.87
10 0,49 0,72 0,76 086
1 0,47 0,70 0,75 0,86
12 0,45 0.69 0,74 0,85
13 0,44 0,68 0,73 085
14 0,42 0,68 0,72 0,84
15 0.4 0.67 0,72 0.84
16 0,39 0,66 0n 0,83
17 0,38 0,65 0,70 0,83
8 0,37 0,65 0,70 083
19 0,35 0,64 0,69 0,82
20 0,34 0.63 0.68 082
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B) Single-core cables in non-magnetic single-way ducts

Number of single-
core circults of two Duct to duct clearance®
of three cables
i 0,25 m 05m 1.0m
(ducts touching) ) - "

2 0.80 0,90 0,30 0.95
3 0.70 0.80 0,85 .90
4 0,65 0.7% 0,80 .9
5 D.60 0,70 0,80 .90
] 0.40 0,70 0,80 0.90
7 0,53 0,66 0,78 0.87
8 0,50 0,63 0,74 0,87
L] 0.47 0,61 0,73 0.86
o 0,45 0,59 072 0,85
1 0.43 0.57 0,70 0.85
1z 0,41 0,56 0,69 .84
13 0.3% 0,54 0,68 .84
14 0,37 0,53 D68 .83
15 0.35 0.52 0,67 .83
16 0,34 061 D, 6 .83
17 0.33 0.50 0,65 0.a2
| 0.3 0,49 0,65 .82
19 0.30 0,48 0,64 0,82
20 b.2% 0,47 0,63 o.M

A Mulli-core cables

@.@

Y Single-care cables

oeL. @

MNOTE 1 Values g|VEI’I Eww‘ to an Installation cleptn af 0,7 m and a soll thermal I'ESIS"U“Y of 25 K -mfw.
They are suerage values for the I'EﬂgE of cable sizes and |yPE§ quoted for Tables B.52.2 to B.52.5. The
process of averaging, legethet with raunding off, can rasull in Same cases in errors up lo £10 %. Where
mere precise values are required they may be calculated by methods given in the IEC 60287sefies.

NOTE 2 I case of a thermal resistivity lower than 2,5 K -mAW the corrections facters can, in general, be
increased and can be calculaled by the methods given in IEC 60287-2.1

NOTE 3 If a circuil consists af # parallel conductors per phase, then for determining the reduclion factar
this circuit shall be considered as f circuits.
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Table B.52.20 - Reduction factors for group of more than one multi-core cable
to be applied to reference current-carrying capacities for multi-core cables in free air —
Method of installation E in Tables B.52.8 to B.52.13

MNumber Number of cables per tray or ladder
Method of installation in Table A.52.3 of trays
or 1 2 3 4 & 9
ladders
Touching
1 100 | oes | oB2 | 079 | o7e | 073
2 100 | 087 | 080 | 077 | 0,73 | 0,68
3 100 | o8e | 079 | 076 | o.m 0.66
Ferforated & 1.00 0,84 077 073 0.68 0.64
cable tray
systems #
(nate 3)
1 100 | 100 | 098 | 095 | 0.9 -
2 100 | 099 | 09s | 092 | 087 -
3 100 | 098 | 095 | o 0.85 -
1 100 | o88 | 082 | 078 | 0,73 | 0,72
2 100 | 088 | o8 076 | 0.7 0.70
Vertical
perfarated
cable tray a1
systems
{(rate 4) e
@ ®
i H 1 100 | o9 089 | os8 | 087 -
ey L3S
Q 2 100 | 091 | 028 | 0&7 | oes -
| 225 1 F
@ @
Touching
RN ONS A Ot ONT O a7 , i T T X
.531'”2@&&@ 1 a, o84 | 078 | 075 | o.n 0,68
Unperforaled | 31 2 0,97 0,83 076 | 072 | 0,68 | 0,63
cable tray
systems ooy oYovo 3 097 | ez | 075 | 071 .66 | 0861
(66/55,66,00/50)
& a97 | o;m 0,73 | 069 | 063 | 058
=20 mm = 300 mm
Cable ladder | 42 1 100 | 087 | 082 | 080 | 079 | 078
syslems, - 2 100 | oes | oBo | o7 | oge | 073
cleats, el I 3 100 | 088 | 079 | 076 | 073 | 070
(nate 3) 3 100 | o4 | 077 | 073 | 0.8 | 0.4
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Table B.52.20 (continued)

Number Number of cables per tray or ladder
Method of installation in Table A.52.3 of trays
or 1 2 3 4 & 9
ladders
1 1.00 1.00 1.00 1.00 1.00 -
2 1,00 | 0,99 | 098 | 097 | 096 -
3 .00 | 098 | 097 | 09 | 093 -

NOTE 1 Values given are averages lor the cable lypes and range of conduclor sizes considered in Tables A 52.B
to A 5213, The spread of valugs (s genarally 18ss than 5 %.

NOTE 2 Faclors apply lo single layer groups of cables as shown above and do not apply when cables are installed In
more than ane layer touching each ather. Values for such inslallalions may be significantly lower and has to be
determined by an appropriate method,

NOTE 3 Values are given for vertical spacing between cable Irays of 300 mm and al least 20 mm between cable
trays and wall. For closer spacing the factors should be reduced.

NOTE 4 Walues are given for horizontal sgacln between cable trays of 225 mm wilh cable rays mounled back lo
back. For closer spacing the factors should be reduced.

30




Table B.52.27 - Reduction factors for groups of one or more circuits of single-core
cables to be applied to reference current-carrying capacity for one circuit of single-core
cables in free air - Method of installation F in Tables B.52.8 to B.52.13

Number af three-phase Use as a
Number of [ circuils per tray or ladder multiplier to
Mathod of installation in Table A52.3 trays or current.
ladders 1 2 3 carrying
capacily for
Touching
Perforated
cable tray ! €.28 on 0.87 Three cables in
syslems kL 2 0,96 0,87 0,81 horlzontal
formatian
(nata 3) 3 0,95 .85 0,78
=20 mm
Touching
Vertieal
perforated 1 0,96 0.86 _ Three cables in
cable Iray 1 ) ' varhical
syslems 2 0,95 0,84 - formatian
(mate 41
Touching
Cable laddar
systems, 2 1 1.00 o9 0.96 Three cables in
33 2 0,98 .93 0,89 horlzontal
cleals, elc. tormatian
(nate 3) 34 3 0,97 0.90 D.86
Perfaratad i 1,00 0.98 0.96
cable ray
syslems a 2 0,97 o.93 D89
(nata 3) i 0,96 .92 D86
Varlical
erforated
Babie ray | ;1 1 1.00 o9 0.8% | Theee cables in
syslems 2 1,00 0,90 pae | Irefail Tarmaticn
(nate 43
Cable ladder [ 32 1 1,00 1,00 1.00
syslems,
cleate, ate. | 33 2 0,57 0.95 0.93
(nate 3) 4 3 0,96 0,94 0.90
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Table B.52.21 (continued)

NOTE 1 Values given are averages for the cable types and range of conductor sizes considered in Table B.52 8 1o
B.52.13. The spread of values is generally less than & %.

NOTE 2 Factors are given for single layers of cables (or trefoll groups) as shown in the table and do naot apply whan
cables are inslalled in more than one layer touching each other. Values for such installations may be significantly

lower and should be determined by an appropriale method.

NOTE 3 WValues are given for vertical spacing between cable trays of 300 mm and at least 20 mm between cable trays
and wall. For closer spacing the factors should be reduced,

NOTE 4 Values are given for horizontal spacing between cable Irays of 2256 mm with cable trays mounted back lo
back. For closer spacing the factors should be reduced.

NOTE & For circuils having more than one cable in parallel per phase, each three phase st of conductors should
be considered as a circuit for the purpose of this table.

NOTE 6 If a circuit consists of m parallel conduclors per phase, lhen for delermining the reductien faclor this circuil
should be considered as m circuits,
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