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The Open University of Sri Lanka
Diploma in Technology
ECX4234-Electrical Installation
Final Examination 2011/2012 : = '
Date  26/02/2012 __Time:9.30-12.30 hrs.
This paper contains 17 pages with Eight (8) questions. Answer Five (5) questions.

1 a) A delta connected motor is to be started using direct-on line switch. In what range would

be the starting current when compared to its full load current? : [3 marks]
b) When Star-Delta starting method is used, what would be the range of the starting current
when compared to its full load current? - [3 marks]

c) A 10 kW motor operating at 0.85 power factor at an efficiency of 95% connected to a
400V, 3 phase supply. A Star-Delta starting method is to be used for this motor. Cables
connecting the supply to the starter are single-core; p.v.c. (70°C) insulated copper
conductors running in a conduit. The cables connecting starter to the motor are also
single-core, p.v.c. copper conductors and is running in another length of a conduit.

(i) Whatis the mlnlmurn conductor cross-sectional area for both circuits, if the ambient

temperature is 35 °C? [10 marks] -
(ii) Calculate the approximate value of the current flowing between supply and the
starter cables while starting? ‘ [4 marks] -

2. The owner of domestic premises to be prov1ded with electrical wiring has the following
reqmrement for the premises:

15 Nos. of fluorescent lamps each controlled by a switch

12 Nos. of incandescent lamps each controlied by a switch

3 Nos. of air-conditioners consuming 16 A at 0.8 p.f. lagging on full load

1 Nos. of electrical heater rated at 2.0 kW .

1 Nos. of electric cooker having 3 elements each rated at 1.5 kW and oven rated

at 3.0 kW.

1 Nos. of water pump rated at 1.0 kW with a p.f. of 0.85 lag

One television consuming 200 Watts

2 Naos. of ring circuits each of capacity 30 A to cater for unSpeclf ied appliances.
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(i) Design a suitable electrical distribution system to cater for the requirements of the owner
and draw the conceptual single line diagram indicating all the figures on it. Supply to the
premises is 3 phase, 415 V (line to line), 50 Hz. [15 marks]

(i) What is your recommendation for the rating of the current requirement for the premises?
Justify your answer. . {5 marks]

3. A single-phase 230 V circuit is 40 meter long and is installed with 6 mm?® two-core (with
circuit protecting conductor) 70°C p.v.c. insulated and sheathed cables to BS 6004 having
copper conductors. The circuit is protected by a 40 A mcb (type b). Earth fault loop
impedance external to the circuit is Zg=0.35 Q. Check whether the protection conductor

satisfies with the adiabatic equation. Assume k=115) [20 marks]
Conductor cross sectional area mm” 70°C, p.v.c.insulation
Phase conductor (R;) | Protective conductor (R2) | (Ri+R;)m, [milli Ohm/meter] for Cu
6 2.5 12.6
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4. Figure Q4 shows a metal conduits joined to two sections of metal trunking in an industrial
electrical installation. Lengths of each conduit & the conductor sizes are as indicated.

Determine: .
(1) - An approximate size for the main trunking system A—» B and B—> C.  [5 marks|
(ii) The sizes of conduit for load 1 & 2 [5 marks)
(iii) Maximum number of cables in the conduit for load 3 ' [5 marks]
(iv) The conduit size for load 4 [5 marks]
A B : -
30 x 1.5 mm’ stranded
1B x 4 mm’ stranded ' c

24 x 6 mm? stranded -
5 x 10 mm’ stranded

2
18 1.5 mm? -_— 76 mm? [ qop2 o,
3
~3
' ' 8 mlong
32 mm diameter
conduit 4
E E
o © load
S g9x1.5 ITIITEZ“——N-___/
3
L Y load
1 2
load - load
Figure Q4

5. A p.v.c. insulated and sheathed cable of 2.5 mm® feeding a 230 V, 3 kW electric cooker
protected by a 16 A type B circuit breaker to BS EN 60898 is buried 10 meter along its
length directly under the plaster. Due to some fault in the cable, it had to be replaced. The
electrician, who carried out the job without burying the new cable of the same size under the

wall plaster like the old one, passed it through a conduit which already carries 6 other similar -
multicore cables. '

Show that what the electrician has done is not safe. Assume suitable values for missing
parameters. So what do you recommend him to do? : [20 Marks]
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. What are the tests you would normally carry out for a domestic electrical installation before

requesting the supply authority to provide power supply to It.? Describe all these tests,
equipment used, expected values, if any (you may use sketches) |20 Marks]

. (@) Whatis XLPE? Is it thermo setting or thermo plastic? {5 marks)

(b) A single phase 230 V circuit is installed using two-core 25 mm® copper conductor,
armoured cable having XLPE as insulation to BS 5467. The cable is connected to a
load which requires 120 A at a distance of 30 m.
(i) What would be the voltage drop if the load is operating at 0.8 power factor
lagging? . [10 marks]
(ii) What would be the voltage drop if the power factor being ignored?
[5 marks]

. a) An earth electrode having r m radius and 1 m length is buried in a uniformly distributed

soil. The earth resistivity of the soil is given as p Qm. Prove that the theoretical value of

. . . { .
the resistance of this earth electrode is £ _1n~ Q. State any assumptions made.

2zl r
17 marks]
Hence compute the resistance offered by an earth electrode with a rod length 2 m, pipe
diameter 50 mm and soil resistivity 100 Qm.? [3 marks]

b) What earthing system would you find in Sri Lanka? State the value of earth resistance
that should maintain for a domestic installation in Sri Lanka. [5 marks]

¢) Name the rod-arrangement shown in Figure Q8 designed at a construction site for the
improvement of earth resistance. What would be the resultant earth resistance if a single
rod driven to earth gives an earth resistance of 25 Chms? [5 marks]

Length of a rod =2m
Distance between each rods = 6m

6m
2m

Figure Q8
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Correcnon factors for groups of more than one circuit of single-core cables, or more than ene multicore cable
(tobe apphed to the corresponding current-carrying capacity for a single circuit in Tables 4D1 to 4D4, 4E1 to
4E4, 4F1 and 4F2, 4]1, 4K1 to 4K4, 4L1 to 4L4)y** -

Correction factor (Cg)
Reference method of installation Number of circuits or multicore cables
(sezTable 4A1) 2|3 )a|s5|6|7]|8|9|10|2|14]16]18]2
Enclosed (Method 3 or 4) or bunched and )
clipped direct to a non-metallic surface 0.80|0.7010.65 | 0.60|0.57|0.54|0.52|0.5010.48 | 0.45|0.43 |0.41{0.39|0.38
(Method 1) ) )
Single layer clipped to a Touching 0.8510.7910.7510.73|0.72]0.72|0.71 | 0.70} - - - - - -
non-metallic surface . .
(Method 1) Spaced*  |0.94|0.50(0.90]0.90{0.90 |0.90|0.90|0.0]{0.90|0.90|0.90|0.90|0.50 | 0.50 _
Single layer multicore on 4 | Touching 0.86]0:81(0.77|0.75]{0.74{0.73 {0.73 | 0.72|0.71 | 0.70| - - - -
perforated metal cable tray, )
vertical ar horizontal Spaced*# 0.91(0.89(0.88|087|087] ~ § - | - | - | - | -{ - -| -
(Method 11)
Single layer single-core Horizontal 0.90]|0.85| - - - - - - - - - - - -
on a perforated metal
cable tray, touching Vertical 0.8s5| - - - - - - - - - - - - -
{Method 11) . .
Single layer multicore touching 0.86]0.82 0.80_ 0.79|0.78 0.78 70.78 0.77 - - - - - -
on ladder supports (Method 13) )

* Spnced by a clearance between adjacent surfaces of at least one cable dinmeter (De) ‘Where the horizonts! clearance between adjacent
cables exceeds 2 De 0o comrection factor need be npphed

o

operuting temperature of any cable in the group.
- Correction faclor not tabulated.

Not applicable to mineral insulated cables, see Table 4B2.

TABLE 4B2

Correction factors for mineral insulated cables installed on perforated tray,
(to be applied to the corresponding current-carrying capacity for single -

When cables having differing conductor operating temperatures are grouped together, the current rating shall be based upen the lowest

circuits for Reference Method 11 in Table 4J1A)

Tr.ny , _ Number of | Number of multicore ‘cables or circiits
orientation Arrangement of cables trays 1 2 3 4 6 19
Horizontal | Multiconductor cahles touching 1 1.0 | 0.90 ) 0.80 | 0.80 | 0.75 { 0.75

Horizontal | Multiconductor cables spaced $ 1 10| 10 | 1.0 [095]|050 | -
Vertical Multiconductqr cables touching 1 1.0 | 090 | 0.80 1 0.75 ; 0.75 | 0.70
Vertical Multiconductor cables spaced 1 10 |0.90{050 (090|085 -
Horizontal | Single conductor cables trefoil separated £ 1 1.0 | 1.0 | 0.95

Vertical Single conductor cables trefoil separated 1 1.0 1 0.50 | 0.90

$ Spaced by a clearance between adjacent surfaces of at least one coble dismeter (De).
#1 Separated by a clearance between adjacent surfaces of at least two eable diameters (2 D).
= Comection factor not tabulated.

NOTES to Tables 4B1 and 4B2

" 1. The factors i in the table are npplicable to groups of cables all of one size. The value of current derived from apphcnnnu of the appropriate
factors is the maximum current to be carded by any of the cables in the groip.

2. If, due to known dperating conditions, a cable is expected to ey not more than 30 % of its gronped rating, it may be ignared for the
purpose of obtaining the mting factor for the rest of the group. :
For example, a grodp of N loaded cables would normally require a group reduction factor of Cg applied to the tabulated Ir. However, if M
cables in the group carry loads which are not greater than 0.3 Cglt amperes the other cables can be sized by using the group rating factor
corresponding to {N-M) cables.

operating temperature of any cable in the group.
4. Where the horizontal clearnnce between adjacent cables exceeds 2 De, no correction factor need be applied.

4 of
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TABLE 4C1
Correction fnctors for ambient temperature where protection is agamst short-circuit

00063

NOTE: This table applies where the associated overcurrent protective device is intended to provide short-circuit
protection only. Except where the device is a semi-enclosed fuse to BS 3036 the table also apphes where the device
is intended to provide ovcrload protection,

Ambient temperature (°C)

Type of Operating 30 |35 |40 |45 |50 | 55|60 | 65|70 |75 |80 |85 |90 |95
insulation temperature :
Thermosetting (rubber) 60°C {1.04( 1.0 |0.91]|0.8210.71|0.58|0.41} - - - - - - - -
(flexible cables only)
'Thermnplastic 70°C {1.03] 1.0 |0.94(0.87|0.79]0.71 |0.61 |0.50]|0.35] - - - - - -
_{General purpose pvc) :
Paper 80°C [1.02] 1.0 |0.95]{0.89|0.84|0.77|0.71 |0.63|0.55|0.45( 0.32 .- - - -
Thermosetting (rubber) 85°C [1.02] 1.0 |0.95,0,90|0.85|0.80|0.74|0.67 {0.6010.52| 0.43 | 0.30] - - -
Thermoplastic 90°C |1.03| 1.0 |0.97|0.94]0.91{0.87 |0.84| 0.80| 0.76] 0.71] 0.61} 0.50 035 - -
( high temperature pve)* )
Thermosetting '90°C |1.02| 1.0 [0.96/0.91|0.87]0.82|0.76|0.71 | 0.65|0.58 |0.50|0.41 |029] - | -
Mineral 70°C shéﬂth 1.03| 1.0 |0.93|0.85]0.77]0.67 0.57 0.45]0.31} - - - - - -
105°C sheath {1.02| 1.0 0.9610.92/0.88 | 0.84 | 0.800.7510.70{0.65 | 0.60 0.54|0.470.40|0.32

NOTES:

Correction factors for ﬂemble cords and for 85 °C and 180 °C thermosetting (rubber) msulated flexible

1.

cables are given in the relevant table of current-carrying capacity.

2. This table also applies when determining the current-carrymg capacity of a cable,
3. * These factors are applicable only to ratings in colurnns 2 to 5 of Table 4D1A.
TABLE 4C2 , ' '
Correction factors for ambient temperature where the overload protective device is a semi-enclosed fuse to BS 3036
Ambient temperature (°C)
Type of Operating | 25 1 30 | 35 {40 |45 |50 {55 {60 |65 |70 | 75 | 80.| 85 | 90 | o5
insulation temperatuse : -
"I'ﬁe_nnosetting (tubber) 60°C(1.04| 1.0 |0.96(0.91{0.87 079|056 - | - | - | - | - | - { - | -
(flexible cables only) . o _
Thermoplastic 70°C}1.03| 1.0 }0.97|0.94|0.91{0.87|0.84 0,69|0.48} - - - - - -
(General purpose pvc) )
Paper - 80°C|1.02} 1.0 |0.97/0.95|0.52|0.90[0.87(0.84 |0.76 {0.62 ;043 | - - - -
Thermosetting (rubber) -85°c|1.02| 1.0 |0.97}0.95]|0.93]0.91 |0.88 [0¥E{0:83 071 058 |0 | - | - | -
’I]uermoﬁlastic 90°C|1.03{ 1.0 |0.97|0.94|0.91}0.87 [0.84|0.80}0.76|0.72 | 0:68 | 0.63]0.49| - | -
( high temperature pvc)* ' ' '
Thermosetting .90°C|1.02 1.0‘ 0.98 [0.95{0.93 | 0.91 | 0.89 0.8710.8510.79]0.690.5610.39] - -
Mineral: bare and exposed . . :
to touch or pvc covered 70 °C shieath [ 1.03] 1.0 |0.96{0.93 | 0.85 0.86]0.79)|0.62 | 0.42| - - - - - -
Mineral: bare and not ) . (P
exposed to touch 105 °Csheath {1.02| 1.0 [0.98[0.96|0.93]0.91|0.89{0.86 0.8410.8210.7910.77 | 0.64 | 0.55 } 0.43
NOTES:-

are given in the relevant table of current-carrying capacity.

2.
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* These factors are applicable only to ratings in columns 2 to 5 of Table 4D1A.

1. Correction factors for flexible cords and for 85 t’C zmd 180 °C thermosemng (rubber) insulated flexible cables

219



\& e e e -
Cor— "6L0T LEET 0T¥L 6711 91Z1 8S0I pir| - - - - 0001
L : 116 8811 g9zl gzor | 9801 EV6 ogor | - - - - 008
) © ' S8 001 ], 8Tl <68 €56 - 978 06 119 0zZL - - 0£9
- . 6vL 06 786 8LL GE8 €Tl T6L EES 9z9 - - 0os
559 S6L. (4% 6.9 CTEL “PES P65 - L9¥ o¥s - - 0oy T
. 19¢. 659 60L 2 5€9 949 68 12:1% asy 8ZE L9E goe
s8p 69S- | SI9 08 6vS Ly £13 ove 00 98z 0zE ove
. .. 60F osy 1¢8 1A £9¥ 00¥ Sty 96T I¥% ST LT . g8l
’ : © 98t 61Y 95’ -65E oy 6Vt CI8E” (A 00E 912 44 0sT
. 80t <9€ 96E BIE " GYE - £0E 13 6ET 69T 881 0ic 0z1
¥9¢ - 11¢ IvE - ELT oot 19t ¥8c L0T (474 ¥91 (418 g6
-01¢ 13 182 ECT ovT ¥ie PET. IL1 761 OET 15t 0L
L9l L61 612 TLI © 161 Lot 81 pEl Igt {- 801 611 0s-
- LEL 791 -181 T+1 9¢1 6zl 184 011 STl 68 66 St
oo 0tl a1 (AN 9Z1 $01 PIT | 68 101 £L 08 ST
- - - - - 6L L8 89 9L 9g- 19 51
- - - - 65 £9 05 L [A4 o o1
- S - - £ Ly 9¢ It 1€ Ve 9 =
. - S - €€ |. L€ 8z (43 e 9z ¥ )
- - - T " 14 TUT 12 ¥e - .81 0T £t ©
- - - - - 81 - 02 | §61 AL S'ET vl &1
- - - - - vi et [A gel S0l 11 i
(v} v - (v) (v) (v (W) (v} (v) v) (¥ (v) (zrom)
- Al u 0t 6 8 L 9 ' ¥ € T 1
o'g afeyd | *ov asuyd | [roJen 10 [toJan 10
-somy |- qu.ouﬁ fumono) | Fomonoy | Sumone; | Buygonoy
) so[qeo.g I0(5a[qes £ 10| pueief | pusjey | puweley | pueley | .
. 'o'g aseqd | o'p Jo 'org|0'p J0 ‘o2 | *org aseyd | 'o'p 10 ‘o'v| 'o'maseyd |‘o'p 20 "o | 'a'w aseyd [*o'p o "8 | *o'B aseyd | 'o'p 10 o
@anp aseqd -esgnd ~gony | omeyd- | -senp ossyd ~2211 oseqd | -camm asupnd )
. ‘Iorsn -218us | - -o[Bus ‘salqeD -a18urs ‘sa[quo -ai8ms | ‘soiqes | -opFums ‘safqea -a[3uis ’
so[qeo g | ‘se[qeoz | "seiqeaz | pIog | 'seiqeaz | $I0g '‘sojqesg | ¥i10¢g ‘sa1qBa 7 pI0E ‘salqeo 7
: i (oA : (o Supmung 030 Tjom. vaIm
Q‘ paseds jeg{paseds jey| 10 (mudzIoy Len’ . ) - . U1J0 [[es B UD Supeinsur A[enuap ‘| [enonoss
& : Tojell, | [eonIeA " |muoziol] | siqes pajerolred wuo) | . -(1cemp paddyo) HUPUOI Of PIso[oUI) I JMPUOS WY PISOOUR)|  -8801D
. 0’“ . (318 231 7T POYOJN-o0UAIRJoY | T POWA 00Ualaay| T Poulsjy 29ualajayf | ¢ pomepy aouaeysy | 4 poylajy souslajey |Iownpuoy
. _ O\N Do 0L ‘ermgeradme) Sugerado sojotipuoy {(seradin) X IIOVAVD DNIANIVD-INIIIND-
. Q.w : Q % : Ds OF :omjeradius] Justqury . . ’ .
| OO © (SHOIDNANOD YAII0D)

Yiay 3ngavl

Il

. .ﬂumﬁ INOYHIA JO THIA ‘paInouLrn-uod ‘SI[qed, paresny (9Ad) opsejdourtaty 1), g2 9100-218u1g

B
v



*doap aSeyjoA 10818 UT JMSaI 14 TV .uEm,H_ uomu_.mﬁ POaIA Ut pagmads asoq wer Jagre| s8uroedg 4 'HION .

o
o
wamd g0 ¥00 | TZ0 0 020 ESD0 | OVT'0  OETD 2S00 - +Z0 20 0S0°0 | 09T'0 0ST'0  650°0 - 00§ 0001
620 gZ0 £60'0 | ZZ0D 120 0500 | SPT'0  OET'D 0500 - sT0 vZ0  1I80°0 | €910 OST'D 8500 - ESO'D | OCO8
6T°0 820 990°0 | 2ZD 120 TLO0 | OST'0  SET'D  TLOD | -$20  TT0 800 ST0 - vT0- 9L0°0 | SLI'0 SST'0 1800 | LT0  STO P60 | 890°0 09
0g’0 620 1800 £T0 120 98070 | 091°0C SET'0 9800 sgh L0 010 | 920  +T0 " g60°0 | SBI'D -SST'0  860°0 | 8D 90 OITO | 9800 ; OO0S
1€°0 60 0010 | 20 12°0 . SO0 | SLT'0 0PI SOT'Q | S20 Tz  TI0 | LE0  STO SIT0 | 0TO0 0910 OTT'0 | 620 920 OET'0 | S0U°0 | 00F
ZE0 60 0C10 | €zo ZTo Ocr0 |osro obT0  OET'O | LEO° ETO  FIO [ 620  STO  OSTO | 220 91’0 0ST0 10 90 0910 | S¥T°0 | O0E
PE0 6T0 O8I0 | LTO . TTO 0910 | TEO SPI'D 0STO.| 620 A AR 1€0 SZT0 SBTO ST0 8910 S8TD EE0 9T0 S61C | 08T'C | O¥C
5E0  0E0 12°0 43 A 120 | 920 S¥I0 120 | TED ¢€Z0 TTO | SEQ 920 20 620 OLTO  +20 LED  'LTO ~ 5T0 €20 | SBI
OF'0  0E£0 920 | vED €ET0 90 | OE0 OST0  .9Z0 | 920 €e0  LTO | 680 9T0  6T0 | PED  SLTO  OEO ¥0 Lz I€0 620 [ 05T
¥¥0  OE0 ZEQ | OFO  E¢0  TED | 90 0§10 ZEO | I¥0  ET0  EED SHD 920 LEO | THOD SLTD  LE0 | L¥O  LTD 60 | BED | OEI
150 IED  OF0 | L¥VO  ETO o | e¥0 SS10.  TV0 80 vE0 0| $E0 LE0 [y | 080 O0BT0 Lty 950 820 &V 9%'0 441
£9'0 1€°0 60 | o0 ¥T0 S50 | LS50 0910 E50 190 §T0 950 690 LTO €90 | 990 SBIO €90 | LD 620 €90 €90 | OL
980 TEO0 080 | 80 TO 080 | TBO SHTD (0RO 580 920 18°0 L60  BTO E60 | S6'0  D6T0 €60 | 00T 0e0 £6°0 €50 { 05
STl ZED 011 or'tT 20 071 01T oLtro OT'T 01’1 Lzo ort 0£1 820 A §TT  &pl0 YA | 0E'l 1€°0 0e'l sTT CE
§C'1 ZE0 05T gt §Z0 05T | 05T GLT0 051 Sey 6c0 08T 081 6Z0. SL1 SLT ¢ 020 ST 08’1 gEEND 081 SL'T £T
4 X 1 z X 1 z X 1 z X 1 z X 1 z X I z X 1
. 14 ¥ ¥z vz 8T 8. 8T gz | 91
2E gE gt 8t ¥y 14 ¥y tF-| 01
9 o 79 ¥'9 €L “EL EL EL| 9
£6 5'6 $'6 $'6 It 11 11 118 4
€1 ST €1 51 81 81 _ 81 81| ST
5T 5T 5T 1/ 6T . 6T 6t 6C |51
8¢ 8E 8¢ 8E 44 44 b vl 1
, (ry
(w/y/Am) (wyy/Am) (wrg/am) AEQ;EV < {myysAW) (myy/AM) {wyy/Am) /A | ()
6 8 L 9 ' S 14 £ [ 1
([es B U0 1O (Surgono; - (Jiet B UO JO " om
(Sumonoy ur *0)3 JINpuoa " ‘sfan uo 10 us *219 JIpuas feuay
(+paonds e[ pum 18[I) (Tozan ur) UE PASO[OUD) (4paouds) 30011p paddryo) T pasofsua) a'p -mmwwu
T1 Poyaiy -T1% 19POUYIRAL TI %W 11T spoay ¥ € SPOqa T1 POYIRIAL 1T % 1 SPeMiRN % £ SPOqIRA 591982 ¥ 1050mp
20U}y souarajay asuaayn] aoueyay Ealicheliyg ETeliEN ) ) soualRlay z 100
*o'g aserd-sanyg ‘S91qEd $ 10 € o1 asetyd-o[SuIs ‘sajqua 7

Do 04 ‘omeradm Sunerado s010npuo))

giay 378vV.L

{(anaur 1ad sradwe 10d) JOYA HOVLITIOA

70d-l7‘



)
P

Fopeguae?

()

FLIRN

(10-10-625 uoneniay osys 0as)

pasa aq :e% (VbQp °lqel) se[ged
poje[nsuI (oA Wumﬂﬁoﬁuﬁ Do 0L 201
9[qe} jusieAmbs o) ur waAlS sFupel
JueImd oy ‘D, 04 Surpesoxs jou
emjeradwa) © Je 9jeedo. o} paudisap
£aH088229% 10 Juswdmba 03 pajoaunos
o8 - 9[QB) STl Ur S9[QED  QIOUM

(Z0-Z15 uonensay 29s) ammjeradma)
Sumersdo  1ojompuod o a0
31qe)InNs- ST JOJOTPUOS S O] PHIIUU0D

yuowdmbs oy jBfy pouTeNadsE 2

TeUS I D, 04 Surpesoxs amyeradmsy
B J2 $9]p1ad0 JOJONpUOD B SIOUYM

xrpuadde STy} 03

aoepaad ay) Jo 7'9 wal 23s ‘oLE S
0) 250J PAsOPUI-IIASs B-Lq:pajaajord

“Taq 0] s I0j3npuod Ay -aIAYAL

T

o1 0 0ZL'0 SIT0 0610 O¥TD 0210 00
810 0210 P10 | fe0 - - - bl 910 - | ssro - 00E
170 STI'0 SLT'D KT0 . OKID 020 . . | S61°0. obT
9z'0 5TT0 7T0 L6T0 - SKI'0 970 A 68T
0£0 S0 .. 8TO. .| SED -  .SHIQ "TED €0 01
LED COET0 . 4E0 |.Tv0 . . SHTD oo 6E°0 el

S50 0ErD CEHD TS0 081 050 6v'0 56
09°0 0ET'0 65°0 690 . - -0ST0 190 L9°0 oL
180 - SETO '98°0 00T | S50 660 86°0 0§
ST'T SET'D 5§11 SET - - SSTO SE'T -SET 53
£9'1 - OVT0 09'1 06T . 0910 £8'T £8'I 4
z X d Z . . X 1
5T 6T 6T 9T
i LY Ly 01
29 6L 6L 9
ot A STl ¥
CeT 61 A 61 5T
A Cn 1€ §T
(myy/Am) | (mrAm) (wyy/Am) ()
b 3 z 1
eame
; : [euonaas
*o'B aseyd-aang ‘0w asgyd-afBas *0°p ‘ojqB2 ~-ssom
‘a[qE 2102-M0J 10 -3aIT, ‘3]qED 2100-0M, a100-0M], | Jolanpuo]

| Js 06 :ommyetodur; Superado 103anpuey)

_ (SHOIDNANOD YAILOD)
* §a]qed pajeqnsur SunJISCULIAY} PAINOULIE 1), 6§ SI0IGNIA

vray 31av1

*(anom 12d axadmre 12d) JOUA HOVITOA

S;! néE 177

236



00063

o
SIHAdNY "S'Wr " LNIHHND FALLOTJSOHd
000 0L . ool oot ,_ | 0 : L
_ I O I L B , 11
ejep A2.1909 YEn0ayy-Jo[ S, IDIMIBINURL A} 0} JaJoT H— . : : : I
. uopjeiado snoauejuejsuy Supraocad asoip Jo
§530X UJ SHUILIND JEF o>_.._uunmo.nm 104
= ‘ o = : o
V cZ8 1 LAYAl 1. 1. i -
v 00§ v 001 : S S B2 E 1 =
voor V08 . m ~
V51t V9 mﬂ == o0 W o
. o Y N
v 052 V 05 AN ////_,// AN 8 N
¥ 002 -V 0p _ AR AR LS NN z T
V091 A A4S NEX r./.. .//, N // ™ IS AN - L ' m
V5Tl v $T : S T e e e e e e e : : w0
v 001 . 0z . _ N\ Y _ R
v | /// /.//.././/.:/. / |
v 08 v 91 _ \ _./ / \ e \ ,.‘/ . / \ _
Vo AL : : /— /— X _— A / / \ ) ;
Vot V9 S N I e
Juazmyy Funey T . , / / ; ’ ‘ 4 ’ \ ’ 000 1
50%8 § 0] 995 T°() ‘suIp 10y Juaim:) . ‘ LY E : ,
60019 NI Sq 0} s0gDY pue Sy - +
86809 NI Sg 0} 18)BIq-)MIP : : . — . et i = :
f ad4T, 10] SOHSLIAJIETEYD JULMY/AUI], . . - . : = . 000 oL

-2
[

-tk N
M NSEB8BRBBBS 2B
hePPB>>D>PBDB P




———

TABLE 4At

00063

Schedule of Installation Methods of Cables (including Reference Method)

Installation method

Number

Description

FExamples

Appmpﬁata Reference
Methed for determining
current-carrying capacity

1

2

4

Open and

clipped direct:

1

Sheathed cables clipped
direct to or lying on a
non-metallic surface

Method 1

Cables embedded direct in building materials:

2

Sheathed cables
embedded directly in
masonry, brickwork,
concrete, plaster or the
like {other than thermally
jnsulating materials)

Method 1

In conduit:

3

Single-core
non-sheathed cables in
metallic or non-metallic
conduit on a wall or
ceiling

~Method 3

Single-coré
non-sheathed cables in

metallic or non-metallic
| conduit in a thermally

insulating wall or above
a thermally insulating
ceiling, the conduit
‘being in contact with a
thermally conductive
surface on one side

Method 4

Multicore cables having
non-metallic sheath, in
metallic or non-metallic
conduit on a wall or
ceiling

Method 3

T The wall is assumed to consist of an outer weatharproof skin, thermal insulation and an inner skin of plasterboard
or wood-like material having a coefficient of heat transfer not less than 10 W/m'K. The conduit is fixed so as to be
close to, but not necessarily touching, the inner skin. Heat from the cables is assumed to escape through the inner

skin only.
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TABLE 4A1 (continued)

OCF 63-

Installation methed

Number

Description

Examples

Appropriate Reference
Method for determining

current-carrying capacity

2

4

16

Sheathed cables in ducts
or voids formed by the
building structure, other
than thermally msu]atmg
materials

' Method 4

Where the cable hasa
diameter D¢ and the duct

‘hasa dmmeter not greater

than 5 De or a perimeter

not greater than 20 D,

Method 3" .

‘Where the duct has either
a diameter greater than
5 De or a perimeter
greater than 20 D
NOTE 1 - Where the
perimeter is greater than
60 De, installation’
Methods 18 to 20, as
appropriate, should be
used.

NOT-EZ-Delsthe .

Vi of vy

overall cable diameter.
For groups of cables De is
the sum of the cable
diameters.
Cables in trenches: '
17 Cables supported on the Method 12 or 13, -
wall of an open or :
ventilated trench, with as appropnate
spacings as indicated for
Reference Method. 12 or
13 as-appropriate
18 Cables in enclosed Two to six : Method 18 -
trench 450 mm wide by | g o10.core cables S Use rating factors in
300 mm deep (minimum with surfaces 3q Table 4B3 '
dimensions) ineluding separated by a s - :
100 mm cover ed by 4 .
cable diameter. .
One or two groups
of three single-core 9
cables in trefoil >4
formation. =
: M
One to four 2-core
cables or one to
_;'?1_ three 3 or 4 core §<<
cableswithall - q
cables separatedby X 5 o o
a minimum of 50 HKESTIRTK
mm '
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TABLE 4A1 (continued)
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Installation method

Number

Description

Examples

Appropriate Reference
Method for determining
current-carrying capacity

2

4

Sheathed cables in
conduit in a thermally
insulating wall ete,
(otherwise as Reference
Method 4}

Method 4
or

"Method 6 for cable type
covered by Table 4D5A.

Cables in conduit
embedded in masonry,
brickwork, concrete,
plaster or the like (other
than thermally insulating
materialg)

Method 3

In trunking:

g

Cables in trunking on a
wall or suspended in the
air

— I

P —
k

Method 3 | _

Cables in flush floor
trunking

Method 3

10

Single-core cables in
skirting trunking

Method 3

On trays:

11

Sheathed cables on a
perforated cable tray,
bunched and
unenclosed.

A perforated cable tray
is a ventilated tray

in which the holes
occupy 30 % or more of
the surface area

Rooonl

1Z o4 7

1 Method 11
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APPENDIX 12 o

" CABLE CAPACITIES OF CONDUIT AND TRUNKING

introduction .

This appendix describes a method which can be used to determine the size of conduit or trunking necessary o
accommodate cables of the same size, or differing sizes, and provides a means of compliance with Regulation
529-1. ‘

The method employs a ‘unit system’, each cable size being allocated a factor. The sum of all factors for the
cables intended’ to be run in the same enclosure is compared against the factors given for conduit or trunking, as
appropriate, in order to determine the size of the conduit or trunking necessary 10 accommodate those cables.

It has been found necessary, for conduit, to distinguish between —
1. straight runs not exceeding 3 metres in length, and

2. straight runs exceeding 3 metres, or runs of anj length incorporating bends or sets.
The term ‘bend’ signifies a British Standard 90° bend, and one double set is equivalent to one bend.

For the case 1, each conduit size is represented by only one factor. For the case 2, each conduit size has a
variable factor which is dependent on the length of run and the number of bends or sets. For a particular size
of cable the factorallocated to it for case 1 is not the same as for case 2. ’

" For trunking each size of cable has been allocated 2 factor, as has been each size of trunking.

Because of certain aspects, such as the assessment of reasonable care of pulling-in, acceptable utilisation of the
space available and the dimensional tolerances of cables, conduit and trunking, any method of standardizing the
cable capacities of such enclosures can only give guidance on the number of cables which can be accommodated.
Thus the sizes of conduit or trunking determined by the methed given in this appendix are those which can be
reasonably expected to accommodate the desired number of cables in a particular run using an acceptable
pulling force and with the minimum probability of damage to cable insulation.

Only mechanical considerations have been taken- irito account in determining the factors given in the following

tables. As the number of circuits in a conduif or trunking increases, the current-¢arrying capacities of the cables

must be reduced according to the appropriate grouping factors in Appendix 9. Tt may therefore be more attract-
_ive economically to divide the circuits concerned between two or more enclosures.

This appendix deals with the following four cases:
— Single-core p.v.c.-insulated cables in straight runs of conduit not exceeding 3m in length.

. Singlecore p.v.cinsulated cables in straight runs of conduit exéeeding 3m in length, or in runs of any length
incorporating bends or sets. '

- — Single-core p.v.c-insulated cables in trunking..

— Other sizes and types of cable in trunking.

For other c':ables and/or conduits not covered by the tables, advice on the number of cables which can be accom-
modated should be obtained from the manufacturers. '

Single-co§e ‘p.v.c.-insulqted cables in straight runs of conduif not exceeding.3m in Ieﬁgtﬁ.

For each cable it is intended to use, obtain the appropriate factor from Table 12A.

Add all the cable factors so obtained and compare with the conduit factors given i;'l Table-12B. '

The conduit size which will satisfactorily accommodate the cables is that size having a factor equal to or exceed-
ing the sum of the cable factors.
180 ,
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TABLE12A - o TABLE 12B
Cable factors for short straight runs ‘ '~ Conduit factors for short straight runs
Conductor : Conduit Factor
. Type cross- dia mm
o sectional’ ;
conductor area mm® Factor 16 _ 290
' 22 20 460
Solid ts . | a2 f 25 I 800
25 39 - 32 1400
15 31
25 43
Stranded 4 "~ 58
6 | 58_ .
10 - 146

Single-core p.v.c-insulated cables in straight runs of 'cdndu.it exceeding 3m in length or in runs of any length
incorporating bends or sets. ’ '

For each cable it is intended to use, obtain the appropriate factor from Table 12C.

Add all the cable factors so obtained ang_ compare with the condmt factors given in-Table 12D, takmg into
account the’ lenglh ‘of run it is intended to tse and the nuniber of bends and sets in that run.

The conduit size whxch will satisfactorily accommodate the cables.is that size havmg a factor equal to or ex--
ceeding the sum of the cable factors.

TABLE 12C

Cable'faé'tc}rs for long straight runs, or runs incorporating bends

Conductor
Typeof - | cross-sectional .
conductor- | area mm? - Factor
Solid 1 16
or -
stranded 15 . - 22
25 © 30
4’ 1 . 43
6 58
10 b s
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TABLE 12D

Conduit factors for runs incorporating bends

- Conduit diameter, mm ‘ )
Length | 16] 20| 25| 32] 16| 20| 25| 32| 16} 20| 25| 32| 16} 20 25| 32| 16| 20| 25| 32
i?lfn' - mf| Straight One bend - Two bends Threé bends _ Four bends
1 . 188|303 (543 |947 177|286 514900 |158 |256{463|818 [130]213 388|692
15 Covered 182|294 [528 [923]167 |270 [487 857 [143 |233 {422 | 750 111 182333600
2 by ' 177|286 |514{900|1581256 |463 [818 130|213 |388 692 | 97]159 292|529
25 | Tables124 171|278 [500 |878 .1'50 244 442 1783 [120 [196 |358 [643 | 86 |141 |260|474
3 and 12B 167 {270 1487 |857 143 [233 1422 750 {17182 333 600 | |
! 35 179|290 [521|911 [162 |263 [475 |837 136 222 [404 720 |103 [169311 |563
| 4 177|286 [514900 {158 {256 |463 |818 130 |213 388 692'| 97 [159 292|529
45 174|282 [507{889 {154 [250 |452 [800 | 125 204 [373 1667 | 91 |149 [275 |s00
5 - {171]278 500|878 150 [244 |442 [783 120 196 (358 [643 | 86 [141 |260 |474 |-
6 167[270 487 [857 |143 [233 [s22 [750 |11 182 333 [600
E 7 162|263 [475 (837 |136 [222 (404 |720 {103 {169 [311 [563
8 158256 463|818 [130 |213 388 |692 | 97 [159 |92 |529
9 154|250 452 [800 [125 [204 [373 [667 | 91 149 75 {500
| 10 150 }244 (4421783 [120 [196 [358 |643 | 86{141 P60 474

5 c;:g LT
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Single-core p.v.c-insulated cables in trunking
For each cable it is intended to use, obtain the approbriéle factor from Table 12E.
Add all the cable factors so obtained and compare wilh the factors for trunking given in Table 12F,

- The size of trunking which will satisfactorily accommodate the cables is that size having a factor equal to or
exceedmg the sum of the cable factors.

TABLE 12E TABLE 12F
Cable factors for trunking ' Factor for trunking
Conductor - Dimensions of .
Type of cross-sectional trunking
conductor area mm? | Factar , mrri X mm Factor
15 7.1 . 50x375 767
Solid . ' X
25 102 . 50%x50 - 1037
15 8.1 75.x25 | 738
25 e ... 75x315 1146
Stranded | 4 152 75 x 50 1555
6 229 . 15x75 2371
10 363 - 100x25 . 993
100 x 37.5 1542
~ 100 x50 2091
100 x 75 - 3189
100 x 100 4252

For other sizes and types of cable or trunkirig
For sizes and typés of cable and sizes of trunking other than those given in Tables 12E and 12F above, the

number of cables installed should be such that the resulting space factor (see Part 2: Definitions) does not
exceed 45%.

¢
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TABLE 4B
Allowances for diversity

00063

Purpose of final circuit

Type of premises+

fed from conductors or

Individua! household

switchgear to which Small shops, storeé, Small hotels, boarding
diversity applies installations, including offices and business houses, puest houses, otc.,
individual dweHings of premises: ' '
a block ,
1. Lighting 66% of total current 90% of total current 75% of total current
" demand demand demand
2. Heating and power | 100% of total current 100% £ 1. of largest 100% f1. of largest -
(but see 3 to 8 below)| demand up to 10 appliance +75%f1. of appliance + 80% f.1. of 2nd
amperes + 50% of any largest appliance

current demand in
excess of 10 amperes .

remaining appliances .

+60% £l. of remaining
appliances

3. Cooking appliances { 10 amperes 100% £1. of largest 100%11. of iargest appliance
: + 30% { 1. of connected applianice + 80% £ 1. of. + 80% fl. of 2nd largest
cooking appliances in 2nd largest appliance appliance
excess of 10 amperes +60% 1. of remaining | + 60% fl. of remaining
+ 5 amperes if socket- appliances appliances
" outlet incorporated in .
unit
4. Motors (other than 100% 1. of largest motor | 100% f1. of largest motor
lift motors which are +80%fl. of 2nd largest .| + 50% f.l. of remaining
subject to special motor-+ 60% f1.of re- . | motors
. consideration) maining motors . '
5. Water-heaters 100% £.1. of largest 1009 £1. of largest 100% f1. of largest

{instantaneous type)*

appliance + 100% 1. of .

_2nd largest appliance

+25%£1. of remaining
appliances :

appliance + 100%f.1. of .
2nd largest appliance
+25%f. ofremammg
appliances

appliance + 100% £, of 2nd
largest appliance +25% £.1.
of remaining appliances

6. Water-heaters no diversity allowablet
{thermostatically .
controlled) N
7. Floor warming no diversity allowablej
installations :
8. Thermal storage no diversity allowablet
space heating ' '
installations
9. Standard arrange- 100% of current demand | 100% of current demand of largest circuit
ments of final cir- of largest circujt +50% of current demand of every other circuit -
" cuitsin accordance 4+ 40% of current demand .
with Appendix 5 of every other circuit _
10. Socket outlets other | 100% of current demand | 100% of current demand | 106% of current demand
than those included | of largest point of of largest point of of largest point of
in 9 above and utilisation + 40% of utilisation + 75% of utilisation + 75% of
stationary equip- current demand of every | cusrrent demand of every | current demand of every
ment other than other point of utilisation | other point of utilisation | point in main rooms
those listed above- T (dining rooms, e"ﬁ‘.) + 40%

of current demand of
every other point of
utilisation

+ For blocks of resldenual dwellings, ls:ge hutels, large- commc:cml premises; and-factories, the allownnces are to be assessed ‘by .

a competent person.

* For the purpose of this Trble an instantaneous water-heater is deeied to'be n water- heater of nny ]oadmg which heats water
only whilé'the tap i is turmed on and therefore uses electricity intermitiently.

1 1t is important to ensure-that the distribution boards are of sufficient 1ating to take the total load connected to them without
the application of any diversity.

112
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