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INTRODUCTION

This first edition of the REGULATIONS FOR ELECTRICAL
INSTALLATIONS in the SULTANATE OF OMAN, takes into
account, as far as possible, the latest practices and installation
methods meeting the approval of the MINISTRY OF ELECTRI-
CITY AND WATER.

It is essential that all contractors and wiremen study and abide
by the Regulations as laid down in this publication, and mn
particular the section on safety.

The Regulations contained herein come into immediate effect.

NOTE: Some of the material in the current Electrical Installa-
tion Regulations of IEE, IEC, Kuwait, Bahrain and
Abu Dhabi has been adapted as appropriate and applic-
able to the Sultanate. This is hereby acknowledged.
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SULTANATE OF OMAN
MINISTRY OF ELECTRICITY & WATER
REGULATIONS
FOR
ELECTRICAL INSTALLATIONS

SECTION 1

GENERAL

1.1

1.2

i.3

SCOPE

These Regulations apply to electrical installations such as those of :-

Residential premises

Commercial premises

Public premises

Industrial premises

Agricultural and horticultural premises

Prefabricated buildings

Construction sites, exhibitions, fairs and other temporary installations.

o N

The regulations cover :-
a) Circuits supplied at nominal voitages upto and including 415/240V A.C. 50 HZ.
b) Any wirmg not specifically covered by the specification for appliances.

¢) Fixed wirmg for telecommunications, signalling, control (exciuding mnternal wiring of
apparatus).

COMPLIANCE WITH REGULATIONS

Compliance with these Regulations 1s essential to ensure safety of life, plant, equipment and
buildings especially from the hazards of fire, electrical shocks and mishaps in the utilisation of
electricity in and around buildings.

SUBMISSION OF DRAWINGS

Schematic and wiring diagrams, iayout drawings and schedules of points with site layout should
be submitted to the Minstry of Electricity and Water (MEW) before commencement of any
eiectrical work whatsoever, large or small, new or additions, and work shall start only after
due approval of the Ministry. All work shall be carried out in accordance with the approved
drawings.



1.4

1.5

1.6

INSPECTION

All installation work will be subject to inspection and testing by the Ministry and will be con-
nected to the power supply only after the work is checked and approved by the Ministry.
ELECTRICAL SUPERVISION

All electrical installation works shall be carried out by or under the direct supervision of a
qualified electrical engineer or a supervisor holding a competency licence issued by the Ministry.
Such competency licence will be issued after necessary tests and iterview by the Ministry.

STANDARDS, MATERIALS AND WORKMANSHIP

The works shall be carried out in a neat and workmanlike manner to meet the requirements of
these regulations. All materials used shall be the best of their respective kinds and shall comply
with the latest relevant recommendations of the International Electrotechnical Commission

(LE.C.), if available, and if no TEC recommendation is available with the latest relevant British
Standard Specification (B.S.8.).

DEFINITIONS

Accessory

Any device, other than lighting fitting, associated with the wiring and current using appliances
of an nstallation, e.g. a switch, a fuse, a plug, a socket-outlet, a lampholder or ceiling rose.
Ambient temperature

The temperature of the surrounding medium under normal conditions, at a situation in which
apparatus- and cables are installed or gomg te be installed, mecluding the effect of any artificial
heating used in the building or any local source of heat.

Apparatus

Electrical apparatus, mcluding all machines, equipment and fittings, i which conductors are
used or of which they form a part.

Appliance

Any device which utilises electricity for a particular purpose, excluding a lighting fitting or an

independent motor.

Bonded (as applied to items of metal work)

Connected together electrically, not normally for the purpose of carrying current but to ensure
a common potential,

Bunched

Cables are said to be ‘bunched’ when two or more are contained within a single conduit, or
trunking or, if not enclosed, are not separated from each other.

Channel (for cabels)

A groove cut or formed in part of a building and intended to receive one or more cables, the
groove having removable or hinged covers to allow cables to be laid therein.

Circuit-breaker

A mechanical device for making and breaking a circuit both under normal conditions and

under abnormal conditions, such as those of an overload or short circuit, the circuit being,
broken automatically.



Circuit-conductor

A current-carrying conductor forming pari of a arcuit or final sub-circuit, but exciuding the
garth-continuity congductor.

Conductor  {of a core or cable) ’

The conducting portion, consisting of a singie wie or of a group of wires in contact with

cach other.

Consumer’s installation

Wiring and apparatus situated upon consumer’s premises and controlled or installed by him,
exciuding all equipment of the Minwstry of Electricity and Water.

Consumer’s terminals

The pont n the consumer’s installation at which the incoming supply of energy 1s delivered
to that installation,

Core fof a cable)

The conductor with its insulatton but not inciuding any other covering for mechanical or other
protection.

Dead

At carth potential and disconnected from any live system.

Distribution board

An assembly of parts, including main isolator, circuit breaker. one or more fuses or circuit-
breaker, arranged for the distribution of efectrical energy to final sub-circuits or other distri-
bution boards.

Duct (for cables)

A closed passage-way formed underground or in a structure and intended to receive one
or more cables which may be drawn in.

Earth-continuity conductor

The conductor connecting the consumer’s earthing terminal to those parts of an mstallation
which are required to be earthed. It may be a dedicated single core msulated cable or may be
m whole or part the metal sheath and/or armouring of a cable, earth-continuity conductor of
a cable or flexible core incorporating such a conductor.

Earth electrode

Copper rod providing an effective connection with the general mass of the earth.

Earthing lead

The final conductor by which the connection to each eiectrode 1s made.

Excess-current protection, close

Excess-current protection which will operate within four hours at 1.5 times the designed load
current of the circuit it protects.



Devices affording close excess-current protection include

(i) B.S. 88 fuses fitted with fuse-links marked to indicaie a class P or ctass Q I fusing factor.
(i) Fuses fitted with fuse-links complymg with B.S. 1361,

(i)  Mimature and moulded-case circuit-breaker complying with B.S. 3871.

Gv)  Circuit breakers set to operate at an overload not exceeding 1.5 tumes the designed load
current of the circuit.

Final sub-circuit

An outgoing circumt connected to a distribution board and intended to supply electrical energy
to current-using apparatus, either directlv or through socket outfets.

Flame proof

Applied to apparatus to denote that the containing case or other enclosure will withstand with-
out imjury any explosion of prescribed flammable gas that may occur within it under practical
condition of operation within the rating of the apparatus and will prevent transmission of flame
such as will ignite anv prescribed flammablé gas that may be present in the surrounding
atmosphere.
Flammable

A flammabie material 1s one capable of being casily 1gnited.

Flexible cord

A Hexible cable m which the cross-sectional area of each conductor does not exceed 4mm?

Fuse

A device for opening a circuit by means of a fuse-clement designed to melt when an exces-
stve current {flows. It consists of a fuse-base and fuse-link. The fuse-link shall be of the
cartridge type. For the purpose of these Regulations the current rating of a fuse is a current,
less than the munimum fusing current, that the fuse will carry continously without deterioration.

Fuse - element

That parst of a fuse which 1s designed to melt and thus open a circuit.

Insulation

A suitable non-conducting material cnclosing, surrounding. or supporting a conductor.

Intrinsically safe

(1) As applied to a cucuit or installation, denotes that any electrical sparking that may occur
m normal working conditions will be contzined, and incapable of causing an ignition of
flammable gas or vapour.

(2) As applicd to apparatus, denotes that 1t 1s so comstructed that when installed and opera-
tedd any clectrical sparking that may occur in normai working, either in the apparatus or
im the circuit associated therewith, 15 incapable of causing an ignition of the prescribed
flammable gas or vapour.

Isolator

A mechamcal device capable of opening or closing a circuit under conditions of no load or
negligible current.



Live

In relation to a conductor means that under working conditions a potentiai difference of voltage
exists between the conductor and earth.

Neutral conductor

The neutral conductor of a 3-phase 4-wire systcm or the conductor of a single phase instal-
lation which 15 earthed at the source of the supply.

Non-combustible

A non-combustible material is one which is not capable of undergoing combustion and satisfies
the performance requirements specified in the non-combustibility test of B.S 476 — Fire tests
on building materials and structures, Part 4 — Non-combustibility test for materiais.

Oil-resisting and flame-retardant sheath (of a cable)

Oil-resisting and flame-retardant sheath complying with B.S 6899 (e.g. based on polychloroprene).

Plug

A device intended for connection to flexible cord or flexible cable which can be engaged manually
with a socket outlet.

Point  (in wiring)

Any termination of the fixed wining ntended for the attachment of lighting fitting or of a device
for connecting to the supply, a current-using appliance.

P.V.C. (as insulation or sheath of cable)
Polyvinylcholoride compound complying with B.S 6746/IEC 540.

XLPE {as nsuiation of cable)
Cross linked polyethylene complymg with B.S. 5467/IEC 540.

Resistance area  (for an earth electrode only)

The area of ground (around an earth electrode) within which a voltage gradient measurable with
ordinary commercial mstruments exists when the electrode is being tested.

Shock current

A current passing through the body of 2 human or amimai and having charactenistics likely to
cause dangerous pathophysiological effects.

Socket-outlet

A device with protected current carrying contacts intended to be mounted m a fixed position
and permanentty connected to the fixed wiring of the installation, to enable the connection to
it of a flexible cord or flexible cable by means of a plug.

Space factor

The ratio (expressed as a percentage) of the sum of the effective overall cross-sectional areas of
cables forming a bunch to the internal cross-sectional area of the conduit, pipe, duct, trunking,
or channel in which they are installed.



Spur

A branch cable connected to a ring circunt.

Stationary appliance

An appliance ntended to be fixed to a supporting surface, or used in only one piace.

Switch

A mechanical device for making and breaking, non-automatically, circuit carrying current not
greatly in excess of the rated normal current.

Switch-linked

A switch the blades of which are so arranged as to maKe or break all poles simultaneously or
m a definite sequence,

Switch-board

An assembly of switchgear with or without instruments.

Switch gear

Apparatus for controlling efectrical distribution or for controlling or protecting electrical circuits,
machinery and current using apparatus,

Cable Trunking

A fabricated casing for cables normally of rectangular cross section of which one side 15 remov-
able or hinged to allow cables to be laid therein.

Voltage

The voltage by which an installation is designated. The following ranges of nominal voltage
(R.M.S. value for A.C) are defined :-

Low

Normally exceeding extra-low voltage but not exceeding 1000 volts A.C. or 1500 volis DC
between conductors or 600.A.C. volts or 900 volts DC between conductors and earth.

Extra-Low

Normally not exceeding 50 volts A.C. or 100 volts D.C. whether between conductors or to earth.



2.1

2.2

SECTION 2

REQUIRMENTS FOR SAFETY

GENERAL PRINCIPLES

In electrical 1nstallations, two major types of risk exst:

——- shock currents;

— excessive temperature likely to cause burns, fires and other njurious effects.

Persons and livestock shall be protected against dangers that may arise :
a. from contact with live parts of the installation by :
— appropriate measures to prevent contact;

— limiting the value and duration of current which can pass through a body to a value
lower than the shock current.

b. from contact with exposed metal parts by one of the following methods :

— preventing a fault current from passing through the body of any person or any live-
stock;

— limiting the value and duration of fault current which can pass through a body to a
value lower than the shock current;

— automatic disconnection of the supply on the occurrence of a fault likely to cause a
current to flow through a body in contact with exposed metal parts, where the value
of the current 1s equal to or greater than the shock current.

The electrical istallation shall be so arranged that there is oo risk of ignition of flammable
materials due to high temperature or electric arc. Also, during normal operation of the electrical
equipment, there shall be no risk of persons or livestock suffering burns.

Persons or livestock shall be protected against injury and property shall be protected against
damage due to excessive temperatures or electromechanical stresses caused by overcurrents likeiy
to arise in live conductors by

— automatic disconnection on the occurrence of overcarrent before the overcurrent attains
a dangerous value taking into account 1ts duration;

— limiting the maximum overcurrent to a safe value and duration.

Conductors other than live conductors and any other parts intended to carry a fault-current
shall be capable of carrymng that current without assuming excessive temperature.

Persons or livestock shall be protected against mmjury and property shall be protected against
any harmful effects of a fault between live parts of circuits supplied at different voltages.

Persons or livestock shall be protected against mjury and property shall be protected agamst
damage from any excessive voitage likely to arise due to other causes such as atmospheric
phenomena, switching voltage.

EQUIPMENT AND MATERIALS

Every item of electrical equipment and materials shall comply with IEC/B.S.S. and be approved
by MEW.
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2.4

2.5
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2.7

INSTALLATION WORK

For the erection of the electrical mstallation, good workmanship by switably qualified person-
nel shall be provided. All work shall be carried out by MEW registered contractors.

TESTS ON COMPLETION
On completion of an nstailation or an extension or major alterations tp an installation ;

1. tests should be made with appropriate instruments to verify as far as practicable that the
requirements of these Regulations have been met and the mnstallation is safe for connec-

tion to supply;

2. labels or other suitable means of identifications in Arabic and/or English shall be provided
to all the final sub-circuits in distribution boards and feeders in submain distribution boards
and switchboards at respective protection devices and 1solators for equipment.

The installation shall be subject to imspection and approval by MEW before connection to

supply.

CONDUCTOR SIZE
The cross section of all electrical conductors shall be determined according to :

a. therr admissible maximum temperature in the climatic conditions of the Sultanate of Oman;
b. the admissible voltage drop;
¢. the electromechanical stresses and thermal cliects likely to occur due to shortcircuits;

d. other mechanical stresses to which the conductors may be exposed.

All electrical conductors shall be adequately insulated or otherwise protected to prevent danger.

SUFTABILITY OF EQUIPMENT
Every item of electrical equipment and apparatus shall fulfill the following basic requirements:

a. shall be suitable with respect to maximum steady voltage likely to be applied as well as
overvoltage likely to occur;

b. shall be suitable with respect to the maximum steady current which 1t is to carry n normal
service (under the climatic conditions of the Suitanate) and with respect to the current likely
to be carried 1 abnormal conditions for the period during which 1t mav be expected to
flow;

c. shall be swmtable for the duty demanded of the equipment taking into account the load
factor and the climatic conditions of the Sultanate.

PROTECTIVE EQUIPMENT

a. The charactenstics of protective equipment shall be determined with respect to their function
which may be, e.g. protection against the effects of :
— overcurrent {(overtoad, short circuit);
— earth fault current;
-— overvoltage;
~— under voltage and no-voltage;
— single phasing.
'The protective devices shall operate at values of current, voltage and time which are suit-
ably related to the characteristics of the circuits and the possibilities of danger.

8



2.8

2.9

2.10

2.11

2.12

b. Every electricai circuit and sub-circuit shall be protected against excess current by circuit
breakers/cartridge type fuses of appropriate breaking capacity to automatically disconnect
the circuit at current values related to the ratmng of the circuit.

No fuse or circuit breaker other than linked circuit breaker or swiich shall be inserted
1n a conductor connected with earth.

Every single-pole switch shall be mserted in the live conductor only. Any switch connec-
ted in a conductor connected with earth, shall be a linked switch and shall be arranged to
break also all the live -conductors.

MEANS FOR ISOLATION

Where, in case of danger, there i1s necessity for immediate interruption of supply, an interrup-
ting device shall be nstailed in such a way that 1t can be easily recognised and effectively and
rapidly operated,

Disconnecting devices shall be provided so as to permit disconnection of the electrical instalia-
tion, circuits or individuai items of apparatus as required for maintenance, testing, fault detection
Or repair. .

EQUIPMENT LAYOUT

The electrical equipment shall be arranged so as to afford as may be necessary :

—— sufficient space for the initial installation and later replacement of individval items of
electrical equipment;

— accessibility for operation, testing, nspection, maintenance and repair.
IDENTIFICATION OF CONDUCTORS

Phase, neuwtral and protective -conductors shali be identifiable at least at their termunations by
colouring or other means. These conductors in insulated wires, cords and cables- shall be
identifiable by colouring or other means throughout their length. :

CONNECTIONS AND TERMINATIONS

Connections between conductors and between conductors and other electrical equipment shall
be made in such a way that safe and reliable contact is ensured. Bi-metallic conectors/lugs/
sockets shall be used for connections between conductors and terminations of dissiiilar metals
(e.g. copper and alaminium).

EARTH BONDING

All metal work other than current carrying parts liable to be charged with efectricity, if the
insulation of a conductor or live part should become defective, should be effectively bonded
and connected to earth to ensure immediate electrical discharge without danger.

In normally damp or wet situations, where electrical apparatus is present, exposed ietal parts
of other services (such as gas, water, pipes, sinks, baths) shall be bonded and effectively con-
nected with earth continuity conductor of the electrical installation.
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SECTION 3

GENERAL REQUIREMENTS

SITE CONDITIONS

The following site conditions would apply for purposes of design and selection of eguipment
and matenals.

Mean annuai ramfall 100 mm
Maximum 24 hour ramn fall 80 mm
Maximum ambient temperature 50°C
Minmum ambient temperature 5°C
Mean daily temperature 30°C
Max. temperature of metal surfaces in direct sunlight 80°C
Relative humidity — Maximum 100
Annual average 40
Height above sea level 0-2000 m
Max. wind pressure (flat surfaces, ground level) 100 kg/m? (130 KM/hr)
Daily average wind speed 4-5m/sec

Dust and sand storms can occur at any time. In coastal regions, the atmosphere 1s humid,
saline and corrosive.

The current ratings of all electrical equipment, cables, conductors and the capacity of con-
duits and trunking for wires and/or cables, shall take into account the above site conditions.

Tables 1 to 11 (Appendix IV) attached to these Regulations give the site current ratings for
cables and wires and the maximum number of cables/wires that can be installed in conduits/
trunking.

CHARACTERISTICS OF MAINS SUPPLY

All equipment and materials shall be suitable in all respects for operation on MEW mains
supply, the characteristics of which are as follows :-

Rated service voitage (3 phase 4 wire) : 415/240 volts + 6%

Neuiral ~ Solidly earthed
Trequency . 50 Hertz
Design fault level : 40 KA

Fault’ duration o1 sec

YOLTAGE DROP

The voltage drop from the consumer's mamn board to any point in his installation shall not
exceed 2.5% of the rated service voltage when all the conductors in the installation are carry-
Ing the maximum current.

10
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3.4.1

342

L2

4.3

3.5

CONDUCTORS AND CABLES
Non flexible cables

Non flexible cables for use i fixed wiring nstallation of buildings shall, for general purposes

‘and in normal situations, be PVC insulated stranded copper conductor cables' complying with

B.S. 6004/IEC 227. The minimum size of conductor shall be 1.5sq. mm (7/0.50 mm).

Inflammable/explosive situations the cables shall be mineral insulated copper sheathed comply-
g with B.S. 6207/IEC 702. The minimum size shall be 1.5 sq. mm. copper.

Flexible cables and cords

Flexible cables and cords for use in electrical installations shall be PVC insulated and sheathed
with stranded copper conductors complying with B.S. 6500/6004/IEC 227/245. The minimum
size of conductor shall be 1 sq. mm.

Cables for connection between ceiling rose and lampholder for pendant type light fithings and
for enclosed luminaire shall be heat resistant silicone rubber insulated with stranded copper con-
ductor complying with B.S. 6141. Minimum size of conductor shall be 1sq. mm.

Cables for lifts shall be braided rubber insulated travelling cables complying with B.S. 6977.

Under ground cables

Under ground cables for use mn electrical installations shall be in accordance with Standard
OES 2 of the Ministry of Electricity and Water,

Overhead line conductors

Overhead line conductors for use in electrical installations shall meet the reguirements in
Standard OES3 of the Mimstry of Electricity and Water.

LOW VOLTAGE SWITCHGEAR AND CONTROL GEAR

L.V. switchgear shall be factory built assembly (FBA), metalclad, totally enclosed, cubicie or
box type complying with B.S. 5486 / IEC 439. and generally as illustrated in Figs. 1 & 2
(Appendix V). All current carrying components of the switchgear shall be of copper.

Switchgear busbars and connections shall conform to BS 159. The Minimum creepage distance
of insulators shall be 30 mm to earth and 50 mm between phases. The minimum clearance m
ar to earth and between phases shall be 25 mm. The phase bushar, neutral bar and earth bar
shall be colour identified in accordance with clause 5.19. The neutral bar shail be of the same
cross-section as the phase busbars and the earth bar a minimum cross-section of 100 mm?

The current ratings for all equipment, components and bus bar in the FBAs under BSS/IEC
standard conditions shall in general be reduced by 20% to take account of the site conditions
(clause 3.1) if installed in well ventilated locations.

This derating shall apply to all equipment covered by the sub-ciauses 3.5.1 through 3.5.7.
A higher degree of derating should be considered, if improperly ventilated conditions exist.

Protection of persons against electric shock shall be obtamed by :

— Dbarriers and/or enclosures;

— opening of cover or door with insulated key or special tool;
— nterlocking of door with supply disconnector;

— internal barrier/shutter shielding of live parts when door is open;
— insulated operating handles or knob.
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352

3.5.3

3.5.5

3.5.6

FBA for installation indoor shall have a degree of protection IP 31 according to IEC 114 and
for outdoor 1t shall be IP 55.

Equpment installed m explosive atmosphere shall comply in addition with B.S. 5345.

AIR BREAK SWITCHES AND FUSE SWITCHES
Air break swiiches and fuse-switches / switch-fuse units shalk comply with B.S. 5419/IEC 408.

The eguipment shall be rated for ‘“‘uninterrupted duty” and normally of utilisation category
AC 22 for mixed resistive and inductive icads. For switching of purely motor load or other
highly inductive loads, category AC 23 shall apply.

Fuses used mn the switch and fuse units shall be high rupturing capacity cartridge type to
B.S. 88/IEC 269.1.

The use of re-wireable fuses 15 not permuissible.

CIRCUIT BREAKERS
Circuit breakers shall comply with BS 4752 part 1/IEC 157, and designed and manufactured
for uninterrupted duty.

Circuit breakers shall be moulded case air break type.

FUSE BOARDS

Single and three phase distribution fuse boards with ratings not exceeding 200 Amps for indivi-
duai oufgoing circuits shall be factory built assemblies complying with BS 5486 parts i
and 11/IEC 439.

MINIATURE CIRCUIT BREAKER BOARDS

Single phase and three phase miniature circmit breaker distribution boards for ratings not
exceeding 200 A per phase for incoming ciccuit and 100 A for individual outgoing circuits shall
be factory built assemblies complying with BS 5486 parts 1 and 12. An integral isotator shall
be included for isolating incoming supply.

MINTATURE CIRCUIT BREAKERS

Miniature circuit breakers (which are essentially devices for the protection of sub-circuits) shall
comply with BS 3871 of duty category M 9 having short circuit capacity of 9 KA.

Circuit breaker terminals shall be fitted with contacts having adequate and durable facings of
silver or materials not subject to progressive deterioration. Insulating materials of the circuit
breakers shali as a munmum be ciass E of BS 2757/1EC 85.

Circuit breakers shall be designed and manufactured to reference calibration temperature 45°
(average), circuit breakers shall be capable of carrying continuously, without tripping, their rated
current at an ambient temperature upto 50°C max. which is the site maximum ambient tem-
perature,

CONSUMER UNITS...

Consumer units for installation in consumer’s premises for single phase service connection for
loads upto 100 A shall be factory built assemblies complying with BS 5486 part 1 and 13.

Consumer units shall incorporate means for isolation of mains supply in the form of double
pole switch and an assembly of miniature circuit breakers for individual sub-circuits.
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3.6

3.7

3.8

39

3.10

EARTH LEAKAGE CIRCUIT BREAKERS

Earth leakage circuit breakers shall be residuai cuirent operated conforming to BS 4293 with
continuous current ratings upto and inciuding 125 A and tripping current ratings of 100 m A
for main circuits and 30 m A for sub-circuits.

SWITCHES FOR USE IN WIRING INSTALLATIONS

Switches used 1 wiring nstallations shall conform to BS 3676. For outdoor and industrial
use, switches shall be metal clad and watertight to degree of protection IP63.

PLUGS AND SOCKET-OUTLETS
a, Plugs and socket outlets for domestic and similar general use shall conform to BS 1363
with fuse links conforming to BS 1362.

b. Plugs, socket outlets, cable couplers and appliance couplers for industrial applications shall
comply with the following British Standards/IEC Recommendations.

— BS 196: For use in single phase a.c. and d.c. upto 250 voits and current
ratings upto 30 amps.

— BS 4343/IEC 309 : For use in single phase a.c. and d.c. circuits upto 250 volts and
current ratings above 30 amps.

-— BS 4343/IEC 309 : For use 1n a.c. three phase circuits for all current ratings.

CEILING ROSES

Ceiling roses for use with single or multiple pendant lighting fittings in circuits with nominal
voltage not exceeding 250 V and current rating not exceeding 5 amps shall be in accordance
with the reqairements of BS 67,

LAMPHOLDERS AND STARTER HOLDERS

Lamp holders and starter holders shall be so designed and constructed that in normal use their
performance is reliable and without danger to the user or surroundings.

Lamp holders and starter holders shall comply with the following standards :

~— BS 5042 : Part 1: Bayvonet iamp holders, for use with tungsten filament lamps to
BS 5971: Part 1 having caps to BS 5101: Part 1 on supply
voltages upto 250 V i indoor installations.

— BS 5042: Part 2/IEC 238: Edison screw lamp holders for use indoors or outdoors
in residential as well as in industriai mstallations.

— BS 5042 ;. Part 4/IEC 400: Built in lamp holders and starter holders for tubular
flourescent lamps intended for use mn a.c. circuits not exceeding 250 V.

COOKER CONTROL UNIT

Cooker control unit shall comply with BS 4177 comprising mam switch 30 A rating, an auxi-
liary switch 13 A rating and a 13 Amp socket-outlet to BS 1363,

ELECTRIC SHAVER SUPPLY UNIT

Electric shaver fixed supply units containing double wound transformer having separate input
and earth free output windings and 110 voit output socket for the supply of electric dry shavers,
shall comply with BS 3052,

The unit shall be designed and constructed to provide adequate protection against electrical
hazards.

The socket outlet shall be suitable for two pin reversible plugs to BS 4573,
The rated output shall not be less than 20 VA and not more than 50 VA,

13



3.12

3.13

3.14

3.15

PVC CONDUITS AND FITTINGS

PVC conduits and fittings for use in building electrical installations shall be from high impact
rigid PVC complying with BS 4607: Part 1 svitable for use at ambient temperature upto
50°C. The matertal shall not soften or suffer structural degradation at a temperature of 70°C
and shall be non-hygroscopic, fire retardant.

STEEL CONDUITS AND FITTINGS

Steel conduits and fittings for use in building electrical installations shall comply with BS 4568 .
Parts 1 & 2 of heavy gauge steel hot dip galvanised inside and outside, screwed type.

‘BOXES FOR ACCESSORIES

Boxes for the enclosure of clectrical accessories in electrical wiring installations of buildings
shall meet the requirements of BS 4662. .

Boxes shall incorporate means for their effective earthing.

AJRCONDITIONING EQUIPMENT

All central air-conditioning plant, window type airconditioners, and split-type awrconditioning
units for use in the Sultanate shall incorporate integral means for power factor correction to
obtain a power factor of 0.9 or better and shall be fitted with hand-reset undervoltage device
to trip on power failure,

DISCHARGE LAMPS

All lighting m.::—mm with &mnrmnmn lamps, mercury vapour, sodium vapour, fluorescent tubes,
for use in the Sultanate shall incorporate capacitors, to obtain a power factor of 0.9 or better.
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4.1

4.1.1. a

41.1. b

4.1.1. c

SECTION 4
SERVICE CONNECTION AND CONSUMER'S INSTALLATION

GENERAL

Power supply from MEW network shall be governed by terms, conditions, fees and taritfs
stipuiated in the Ministry of Electricity and Water Resolution Nos. 7/86, 12/86 and 13/86
and instructions wssued by the Mimstry from time to time.

Consumer shali, pefore commencement of building construction, solicit advice and guidance
as to type and category of service connection and availability of power supply from the con-
cerned Directorate General of Electricity.

Power supply to a building or premises shall be either from MEW low voltage network or
from a 11 KV/433 V substation 1nstalled within the building or premises.

SERVICE CONNECTION FOR LOAD NOT EXCEEDING 400 KVA

Power supply to a building or premises with a total connected load not exceeding 400 KVA
shall be in the following three categories :-

Category 1: Load not exceeding 25 KVA
Singie phase service conmection comprising :
— 3 Overhead line aluminium conductors XLPE covered 35 sq. mm
2 core underground cable Naw.vm.\w/\nu\wae}\méo copper 35 sq. mm.
— Singie phase and neutral cutout 100 Amps;
— Single phase KWh meter 20-100 Amps.

Category 2: Load from 25 KVA to 75 KVA

Three phase service connection comprising :

- 4 core underground cable XLPE/PVC/SWA/PVC copper 25/35 sq. mm.
— Three phase four wire KWh meter 50 AMPs/100 AMPs.

— Three phase and neutrai cutout 100 AMPs.

Category 3: Load from 75 KVA to 400 KVA

Three phase service connection comprising :
1. For single consumer installation :
— 4 core underground cable XLPE/PVC/SWA/PVC copper 70 to 240sq. mm. (as
appropriate).
— 200/5, 300/5 or 400/5 AMP current transformers with associated KWh meter.

—  Means for isolation of main incoming supply.

ii. TFor multi-consumer installation, the means for isolation of main incoming supply shall
still be provided; the required number of three phase and neutral 100 AMP cutouts
and three phase 4 wire 50 AMP/100 AMP KWh meters shall be grouped together and
installed either in the ground floor, or in each floor of multi-storey buildings where
rising mains are adopted. In all cases, KWh meters should be accessible for meter reading
personnel.

Drawings MEW/OH-GA/16 and 19 (Appendix V) show typical arrangements for the
three categories of service connection.
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4.1.2

4.1.3

4.2
4.2.1

422

4.23

4.2.4

SERVICE CONNECTION FOR LOAD EXEEDING 400 KVA

In cases where the total connected load exceeds 400 KVA provision shall be made in the
building premises, either space or room 5 x 5 x 4 metres for housing a transformer 11 XV /415 V
with its associated 11KV switchgear, with additional space of 2.5 x 5 metres for every
additional transformer. Padlocked metal door/gate 2 x 2.5 metres shall be provided for entry
from road side for purposes of operation, maintenance, repairs and replacements.

The consumer’s low voltage switchboard shall be installed in a room adjacent to the
11 KV/415 V substation.

Drawing No. MEW/OH-GA/17 (Appendix V) shows typical arrangements for 11 KV/415V
substation installation in consumer’s premises.

SERVICE CONNECTION TO DETACHED BUILDINGS

Normally a single service connection shall be provided for supply to a building or premises.
In case a consumer’s installation comprises installation m two or more detached / semi-
detached buildings, or distinct and separate parts of buildings, two or more service connec-
tions may be permitted. In alt such cases, each supply shall cater to distinct and independent
mstallation, and separate and independent means of isofation shall be provided to isolate
each installation.

LOAD BALANCING

In all cases where three phase supply is availed, the load shall be balanced between the
phases.

CONSUMER’S INSTALLATION
CONTROL OF INCOMING SUPPLY

Incoming supply to the consumer’s installation shall be adequately controlled by switchgear
readily accessible to the consumer which shall ncorporate :

1. means of isolation,
ii. means of close excess current protection.
iii. means of earth Jeakage protection.

MEANS OF ISOLATION

The means of isolation shall comprise a load break switch or circuit breaker arranged to
disconnect the live conductors only, with an isotating link mserfed in the neutral conductor,
the 1solating link being either securely fixed by bolts or screws or arranged to be in contact
before the switch or circuit breaker can be ciosed. Where a circuit breaker is used as a
means of supply isolation, an additional off-load isolator shall be provided as a means of
isolating the supply for maintenance of switchgear.

Where consumer installation comprises installation in two or more detached buildings, separate

means of isolation shall be provided in each detached bailding.

CLOSE EXCESS CURRENT PROTECTION

The means of close excess current protection shall be in the form of cartridge fuse link
(class P or Q1 of BS 88) inserted in each live conductor or a circuit breaker set to operate at
an overload not exceeding 1.5 times the rated current of the circuit.

EARTH LEAKAGE PROTECTION

The means of earth ieakage protection shall comprise current operated earth leakage circuit
breaker with a minimum operating current of 100 mA. The consumer’s earthing terminal shall
be connected to a suitable earth electrode provided by the consumer.
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4.2.5 SEQUENCE OF PROTECTIVE DEVICES: SINGLE CONSUMER INSTALLATION

The sequence of protective devices to meet the requirements of clause 4.2.1 mrwz be as
shown 1 the diagrams . below :

- N e I
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KWH KILOWATT HOUR METER (MEW}
S CONSUMER'S LOAD BREAK SWITCH
FS§2 CONSUMER'S MAIN FUSE
CB CONSUMER'S MAIN CIRCUIT BREAKER
ELCB CONSUMER'S CURRENT Ovmw>%mw EARTH LEAKAGE
CIRCUIT BREAKER
Db CONSUMER'S DISTRIBUTION BOARD
E CONSUMER'S EARTH ELECTRODE

42.6 SEQUENCE OF PROTECTIVE DEVICES : MULTI-CONSUMER INSTALLATION

In a multi-consumer building there shall be a mamn load break switch or circuit breaker as
the means for isolation of main incoming supply.

The service cutouts and kilowatt hour meters of all consumers shall be grouped together and
mstalled on the main electrical board of the building or a board adjacent to the main board,
(clause 4.1.1.¢).

Each individual consumer’s equipment for isolation, excess current and carth leakage protec-
tion shall, however, be installed Emao the consumer’s block/apartment fully under the
control of the consumer.

The diagram betow illustrates the required arrangement :
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427

4.2.8

4.2.9

LOCATION OF SWITCH AND CONTROL GEAR

Consumer’s main-switch/switchboard, distribution board, sub-distribution- boards shall all be
installed 1n locations to which access is available at all times. A minimum space of 1500 mm
shall be provided in the front and 600 mm on the sides, to permit safe operation, inspec-
tton and repatrs. Cubicle type switchboards with rear .access doors shall have, in addition, a
minimum space of 1000 mm in the rear. Adequate level of illumination shall be provided to
facilitate safe operation at all times.

Switches, isolators, circuit breakers shall be mounted so that the relative operating handles,
toggles, control switches, control knobs, push buttons are at a mimimum height of 1250 mm
from finished floor level.

Switchgear and distribution control equipment shall not be installed 1n damp or wet locations,
1 bathrooms, toilets, above sinks, or below any staircase.

Every switch or circuit breaker shall be labelled to indicate the apparatus or circuit it
controls.

SEGREGATION OF SUPPLY AND CONSUMER’S CABLES

Incoming supply cable or cables to the consnmer’s main board shall be totally segregated
from the consumer’s cables. If the supply cables are laid in trench, that trench shall be used
only for those cables.

CONSUMER’S EARTHING SYSTEM

An ndependant, separate earthing system shall be installed and maintained by the consu-
mer. This shall comprise the following :-

— Earth electrode of 15mm diameter copper carth rod set with driving pin and head
driven to a minimum depth of 3 metres. This shall be nstalled as near to the consu-
mer's main board as possible inside earth pit with inspection cover as per fig. 3
(Appendix V). The earth electrode shall include a corrosion resistant terminal clamp.

— PVC insulated stranded copper earth conductor (35 sq mm copper for single consumer
installation and 70 sq mm copper for multi-consumer nstallation) with crimped terminal
lugs, shall be connected between the earth electrode and the consumer’s main earthing
terminal or- bar.

— PVC insulated-earth contmuity conductor of every outgoing circuit from the consumer’s
mam board shall be connected to the main ecarthing terminal.

— The resistance of the consumer’s earthing system to the general mass of earth shall not
exceed 50 ohms. To achieve this value i areas of high soil resistivity, additional earth
electrodes with a minimum spacing of 3 metres, shall be installed.

— Consumer’s earth electrode resistance shall be measured in accordance with the method
described in Appendix VI

— All metal work, exposed conductive parts and enclosures, in the consumer’s installation
(other than live conductors and current carrying parts) shall be connected with PVC
insulated earth-continuity conductor to the mam earthing terminal.

— The consumer’s earthing system shall be connected to the MEW earthing system (MEW
tncoming cable armour/protective earth-continuity conductor ie. fifth wire of the MEW
system).

— The neutral conductor shall remain insulated throughout the mstallation and shall not
at any point be connected to the earthing system.
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4.2.10

4211

4.2.12

42.13

4.2.14

4.2.15

4.2.16

CONNECTION OF SWITCH AND CONTROL GEAR

Switches, circnt breakers, fuses, thermostats and sumilar control devices shall be connected
in live (phase} conductors only, a bolted or screwed link being connected in the neutral
conductor, If a switch or circmit breaker includes an msolating neutral link, 1t shall be arranged
to make before and open after the live (phase) poles.

PROTECTION OF INDIVIDUAL CIRCUITS

Every circuit 1 the installation shall be protected against excess current by a cartridge fuse
or circuit breaker at the origin of the circurt, namely, consumer’s switchboard, distribution
board, sub-distribution board or consumer umit. The cartridge fuse or circuit breaker shall
afford close excess current protection to the lowest rated conductor in the circuit.

Every piug connected to a socket-outlet shall be fused to afford close excess current pro-
tection to the reiative appliance circuit,

SEGREGATION OF PHASE CIRCUITS
More than one phase of supply shall not be brought mto a multi-gang switch .cox.

All socket-outlets and all lightmg points 1n a room shall be connected to the same phase.

CONNECTION OF NEUTRAL CONDUCTORS IN DISTRIBUTION BOARDS

The neutral conductors of the final subcircuits shall be connected at the distribution board
mn the same order as that in which the live conductors are connected to the fuses or circuit
breakers.

COOKING APPLIANCES

Every stationary cooking appliance in domestic premuses shall be controlled by a cooker
control switch to BS 4177 separate from the appliance and installed within 2 metres of the
appliance. It shall be connected to a separate final sub-circuit from the distribution board.
Cooking appliance shall incorporate an integra! earthing termnal.

CONTROL OF WATER HEATERS

Water heater upto 3 KW shall be controlled by a 20 AMP double pole switch, final connec-
tion to the heater being made from a flex out’et plate mounted adjacent to the heater.

The control switch for heater installed 1n a kitchen, may be located in the kitchen, But for
heater mstalled in a bathroom or toilet it shall be insialled immediatety outside the bathroom.

Water heater shall be connected to a separate final subcircuit from the distribution board.

Water heater shall incorporate an integral earthing termunal adjacent to the phase and neutral
termmnals. All terminals shall be housed in suitable recess with a splash proof removable
cover.

CONTROL OF AIR CONDITIONING UNIT/PLANT

Every room amconditioning unit shall be controlled by a double pole switch with flex outlet
mounted adjacent to the umit. The switch shall have a rating of 20 AMPs for unit with
cooling capacity upto 24000 BTU and 45 AMPs for larger units. The switch shall be con-
nected to a separate final subcircuit from the distribution board.

Supply to central airconditiomng plant shall be from the comsumer’s main board and con-
trolled by separate fuse-switches or circuit breakers forming part of the main board.
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4.2.18

4.2.20

LOAD ON LIGHTING CIRCUITS

The loading on lighting circuits in domestic installations shall not exceed 1500 watts per
final sub-circuit.

SOCKET-OUTLETS IN DOMESTIC AND COMMERCIAL INSTALLATIONS

In domestic and commercial mstailations, only double pole switched socket-outlets 13 AMP
3 pin flat type to BS 1363 shall be used.

A radial final sub-circuit may be imstalled to serve a maximum of 6 socket-outlets in rooms
other than kitchen and controlled by a 20 AMP circuit breaker n the distribution board.

A ring final circut formed by looping 1mto every socket on the ring all three conductors
{phase, neutral and earth continuity) commencing and returning to the same way in the
distribution board, may serve a maximum of 10 socket-outlets in rooms other than Kitchen,
no spurs shall be connected to a ring circwit. A ring circuit shall be controlled by a 30 AMP
cirewnt breaker,

A kitchen shall have its own ring final sub-circuit for socket-outlets; no socket-outlets in
other rooms shall be connected to it. The ring may serve a maximum of 6 socket-outlets in
the kitchen and controlled by a 30 AMP circuit breaker. If additional socket outlets are
required, a second ring shall be stalled.

No socket-outiet shall be mounted within 2 metres of any tap, sink or basin i a kitchen.

No socket-outlet other than shaver socket-outict to BS 3052 shall be installed 1n a bath room,

SOCKET-OUTLETS IN INDUSTRIAL AND OTHER NON-DOMESTIC INSTALLATIONS

For ndustrial and non-domestic applications, swiiched socket-outlets to BS 196 shall be used
i single phase circuits with corrent ratings upto 30 Amps and to BS 433/IBC 309 for single
phase circuits above 30 Amps and for three phase circuits of all current ratings.

Radial and ring sub-circmits for socket-outlets used for hand tools, hand lamps and other por-
table machinery shall be operated from single phase 116G V supply obtained from safety isola-
ting transformer to BS 3535.

Socket-outlets and plugs shall be colour coded as follows :-

- for three phase 415V a.c. crrcuits red
- for single phase 240 V a.c. circuits blue
— for single phase 110V a.c.. circuits yellow

LIGHTING SWITCHES

Locat switches for lighting points and for appliances not connected to socket-outlets shall
have a mmmum current rating of 5 AMPs. For outdoor and mdustrial use, switches shall be
metal ctad and water-tight.

Switches for control of discharge lighting shall have a current rating of not less than twice the
steady state continuous current of the circuit.

All local switches shall be mounted in readily accessible positions with the dollies at minimum
height of 1250 mm from fimished floor level.

In kitchens and in situations, other than bathrooms, where water is regularly used no switch
shall be mounted within 2 metres of any tap, basin, sink; if this is not possible, ceiling
mounted insulating cord operated switches shall be used.

In bathrooms and toilets, switches shall be of the ceiling mounted insulating cord operated
type. If wall mounted switches are used for control of lighting and exhaust fans, same shall
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4.3

4.4

4.5

be located 1m an accessible position outside the bathroom or toilet and tmmediately adjacent
to the door. Speciai wall mounted switch for control of supply to water heater shall be
similarly mounted.

Switchés for lighting and fans inside a room shall be mounted side the room on the side
of the door nearest to the door-catch, handle knob or lock approximately 150 mm from the
door frame.

MAIN CABLE ENTRY

High impact rigid PVC duct shali be provided in the building for entry of underground
service cable :

— 100 mm inside diameter for service connection under categories
i and 2 (4.1.1 a and h). .

— 150 mm inside diameter for service connection under category 3 (4.1.1 c).

MAINS SUPPLY FOR MOTORS

Mains supply 1s available at 415/240 Volts 3 phase 4 wire 50 hertz and this supply will be
permitted for single phase motors upto 5 H.P., and 3 phase motors upto 150 H.P. Where a
large number of motors above 150 H.P. are proposed. the advice of MEW shall be sought
on availing bulk supply at 11000 Volts 3 phase 50 hertz.

CONTROL AND PROTECTION FOR MOTORS

Motors of 25 HLP. and above shall be provided with earth leakage and unbalanced current
protection.

Starters shall be provided with overload retays of the thermal type with automatic compen-
sation for variation in ambient temperature between 5°C and 50°C.

All motors shall be provided with an isolator, switch or switch-fuse for isolating the motor
from the supply during periods of inspection or mamtenance. Such means of isolation
shall effectively interrupt the supply on all live conductors; it may be integral with the
control gear or may be separate but shall be n the vicinity of the control gear. An emer-
gency stop push-button shall be incorporated in the control gear.

Where starter operating circuits and ancillary apparatus are energised by any auxiliary cireuit
other than the main circuit to the motor, the isolator shall inciude ancillary contacts to effec-
tively cut off the supply to the auxiliary circuit.

All starters, switches, isolators or push-buttons shall be clearly labelled m Arabic and English
stating which machine they control and the function of the various buttons. Words likely to
cause confusion (e.g. open, close, shut) should not be used on any switch, starter. START,
STOP shall be used.

A clear schematic diagram shall be firmiy fixed inside the lid or cover of each starter, con-
troller or controi gear.

Motors and their control gear shall be located 1 well ventilated situations with adequate space
for operation, inspection and maintenance.

All single phase air conditioning units and motors above 0.5 H.P. shall be provided with
capacitors or other approved means for maintaining a power factor of 0.9 throughout the
normal working range of the units or motors.
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All three phase motors over 3 H.P. and all single phase motors above 1 H.P. shall be pro-
vided with current limiting starting equipment to effectively keep the starting current within
the following limits :

— Single phase motor 20 AMP or twice full load current whichever is the larger.

—— Three phase motor 30 AMP or twice full load current whichever is the larger.

Such starting equipment may employ any of the following types:

—— Star-Delta

-~ Primary-Resistance

— Auto-Transformer

All motors over ONE H.P. shall be provided with means of automatic disconnection from
the supply in the event of :

-~ Fajlure of the supply

— Serious drop in voltage

«—  Flow of excess current
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5.1

5.2

5.4

5.5

SECTION 5
INSTALLATION OF CONDUCTORS AND CABLES

PERMISSIBLE VOLTAGE DROP

The maximum voltage drop from the consumer’s incoming supply terminals to any pomnt n
his installation shall not exceed 2.5% of the nominal voitage when the conductors are carry-
ing full foad current (6 volts for single phase and 10 volts for three phase circuts).

CURRENT RATINGS

Current ratings for singie core and multicore cables to be adopted for use in consumer’s
installation are set out in tables 2,3,4, and 5 (Appendix IV). The current carried by the
cables at any time shall not exceed the specified ratings.

PARALLEL OPERATION

Cables shall not be operated w parallel. Where two or more incoming cables are connected
to busbars in a2 common switch board, bus-section isolators/breakers mterfocked with feeder
isolators or breakers shall be provided to inhibit parallel operation,

PROTECTION AGAINST DAMAGE

All conductors and cables shall be adequately protected against any rsk of mechanical
damage to which they may be liable n normai condition of service.

Where cables pass through holes in metalwork, rubber or piastic grummets or bushes shall
be provided or the edges lined with soft material to prevent abrasion of the cables.
METHODS OF INSTALLATION
The following methods of installation shall apply to cables in consumer’s fixed instatlation.
.. Multicore cables XLPE nsulated PVC sheathed single steel wire armoured PVC served
overall (XLPE/PVC/SWA/PVC) to BS 5467 may be installed as follows :-
«— directly buried in ground;

— aid in concrete trenches with removable cover, preferably on trays or cleated to
walls at close intervals;

— mounted on trays and cleated at close ntervals in cable shafts;
— drawn through ducts.
ii. Single core PVC insulated cable to BS 6004 shall onfy be run in conduit or trunking.

iii. PVC insulated and PVC sheathed cables with earth-continuity conductor, flat twin and
earth or 3 core, to BS 6004, may be run on metallic saddles and clips mounted on
walls or within metallic partitions i situations not liable to metallic damage. Other-
wise, the cables shall be protected by enclosure in conduit or trunking.

1iv.. Mineral insuiated cables shall be installed in flammable explosive situations where flame-
proof imstallations are necessary and in situations where high temperatures are encoun-
ted, If the atmosphere is also corrosive, the MICC cable shall be further protected with
PVC covering over the copper sheath, MICC cables shall be run on copper saddles
and cleats mounted on walls at close intervals.
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CABLES FOR LIFT

Cable shall not be installed m a lift (or hoist) shaft uniess they form part of the lift instal-
lation.

Cables for lift mstallation other than travelling cables, in such a shaft shall be:

armoured, or
MICC, or

enclosed 1n metal conduits.

CABLE SUPPORTS

Every cable mstalled in or on a building shall be supported by one of the following
methods, with supports so arranged that there i1s no mechanical strain on any cable termi-
nation.

ii.

iii.

Multicors armoured and sheathed cables, two core and earth sheathed cables, and MICC
cables may be supported by clips at spacings not exceeding the appropriate value stated
m Table 6 (Appendix IV).

Multicore armoured and sheathed cables in horizontal runs may rest on trays or in dry
and smooth concrete irench without fixing.

Non-sheathed cables shall be supported and enclosed in conduits or in trunking with-
out further fixing of cables, provided that vertical runs do not exceed 5 metres in length.
Intermediate supports for cables shall be provided if the vertical run in any situation
exceeds 5 metres.

Sheathed cables without armour may be supported and enclosed in conduits provided
vertical runs do not exceed 5 metres in length.

RADIUS OF BEND

The internal radius of bend for cable in fixed wiring shall not be less than the appropriate
value stated in Table 7 (Appendix IV).

CABLE TERMINATIONS

a.

All termimmations of cable conductors and bare conductors shall be mechanically and
electrically sound and shall be made by means of a terminal or compression type socket
and shall not impose any mechanical strain on the terminal or socket.

At all termunations, the cable insulation shall be neatly stripped without nicking the
conductor strands. The conductor shall be tightly twisted and doubled back before
being clamped with pinching screws or studs. Where two or more cables are looped
mto the same termmal, their conductors shall be tightly twisted together before being
mserted into the termina)l. Bare conductor shall not be allowed to project beyond in-
sulated shrouding of a live termunal.

Where aluminium conductors are connected to copper terminals or busbars, compres-
sion type bi-metallic lugs with copper paim and aluminium barrel shall be used.

Cable glands for multicore cables (insulated and armoured) shall be of brass compres-
sion type to BS 6121 with earth tag and PVC shroud.

The ends of mineral-insulated copper sheathed cables shall be protected from moisture
by proper seal, the insulation being thoroughly dry before the sealing material is applied.
Terminations shall comply with BS 6081.
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d. Where cables are to be connected to bare conductors or bus-bars, 1t shall be verified that
their type of insulation and/or sheath is switable for the maximum operating tempera-
ture of the bare conductors or bus-bars. The insulation and/or sheath of the cables
shall be removed for a distance of 150 mm from the connection and replaced if neces-
sary by suitable heat resisting nsulation.

JOINTS

No joints shall be permitted on any cable runs m consumer’s fixed mstallation except
MICC cables installed on surface where the length of run exceeds nommal coil length.

PROTECTION AGAINST FIRE

Where cables, conduits, ducts, or trunking pass through floor, wall, partitions or ceilings, the
surrounding hoie shall be made good with cement to the full thickness of the floor, wall,
ete. to 1nhibit spread of fire or smoke.

EARTH-CONTINUITY CONDUCTOR

Throughout the consumer’s electrical installation, an earth-continuty conductor coloured
green/vellow shall be provided and connected to the consumer’s main earthing terminal i
the distribution board. The size of the earth-continuity conductor shall be in accordance with
Table 8 (Appendix IV).

DISTRIBUTION SYSTEM IN MULTI-STOREY BUILDING
In a multi-storey building, one of the following distribution systems shall be adopted :-

1. Supplies direct from the mam board to individual consumer distribution boards, com-
prising single core PVC insulated cables installed in separate conduit for each consumes.

ii.  Sub-mam multicore cable (XLPE/PVC/SWA/PVC) from the main board to the sub-
main board on each floor, with supply cables from this sub-mamn board to individual
consumer distribution boards installed in conduits, a separate conduit being used for
each consumer.

. Rising maimn system comprising bare copper conductors supported by insulators and
totally enclosed i earthed metal trunking, duct or shaft with a combined tap-off unit
and sub-main board at each floor. The entire mising main system shall be factory made
and especially assembled for the purpose with adegquate strength to withstand short cir-
curt forces and necessary provisions for thermal expansion and contraction.

Rising main system shall comprise the following where it passes through floors :

— copper conductors: or bus-bars in unbroken lengths

— nternal fire barmers.

The floor around the rsing main shall be raised by a mmimum of 100 mm to prevent
any water draiung n the floor.

Supply cables from the sub-main board to individual consumer distribution boards shall
be installed i conduits, a separate conduit being used for each copsumer.

The rising mam system shall comply with BS 5486 : Part 2/IEC 439-2.
The current rating of each rising main system shall not exceed 400 amps.
CONSUMER’S UNDERGROUND WIRING

Consumer’s wiring installed underground for distribution between a building and a pomt of
utilisation not attached to it (e.g. another building) shall be m the form of XLPE nsulated
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PVC sheathed single galvanised steel wire armoured cable (XLPE/PVC/SWA/PVC) drawn
i duct or laid direct in ground.

The mstallation shall in general conform to MEW standard OES 2.

CONSUMER’S OVERHEAD WIRING

Consumer’s overhead wiring for distribution tetween a building and a point of utilisation
not attached to it (e.g. another building) shall be mn the form of overhead lines having con-
ductors of hard drawn aluminium or copper covered with XLPE insulation, installed on
wsulators with. wood pole supports.

The installation shall in general conform to MEW standard OES 3.

CABLES IN STEEL CONDUITS, TRUNKING OR DUCTS

Cables of a.c. circuits installed in steel conduits, trunking or duct shall be so bunched that
the cables of all phases and the neutral conductor are contained in the same conduit, trunk-
ing or duct. This shall also apply to bare conductors enclosed in steel trunking, duct
or shaft.

Where conductors pass through steel casing of any equipment or apparatus, or building steel
structurals, all phase conductors and the neutral associated with each circuit shall pass
through the hole or aperture.

Where circuits from distribution boards are bunched at the start of the runs and then separa-
ted they shall not be brought back into a common conduit.

Circuits from distinct sources of supply (e.g. from different distribution boards) shall not be
bunched in a common conduit.

SEGREGATION OF LOW VOLTAGE AND EXTRA-LOW VOLTAGE CIRCUITS

Low voltage and extra-low voltage circuits shall be segregated according to their respective
functions to prevent electrical and/or physical contact and each shall be installed in its own
separate conduit. The segregation shall be as follows :-
1 a.c. crcuits for general purpose (lighting, sock-outlets, etc.)
i. fire alarm circuits
iit. radio
1v. television
v. telephone
vi, telephone and telex
vii. sound distribution
viil,  burglar alarm

ix. bell and call circuits

Note: Extra-low voltage circuits items (iii) to (ix) may be run together on trays or in-
stalled in a common trunking or duct, but not in common conduit.

Where multicore cables are used the cores of each of the above circuits shall be contained
It separate distinct easily identifiable cables.

Fire alarm circuits may preferably be wired in mineral insulated copper sheathed cable with
overall PVC covering of ‘red’” Colour in and on a building and in multicore armoured cable
with overall PVC covering laid underground between buildings.

The terminations, switches, push-buttons, socket-outlets, cord-outlets for each of the above
crcuits shall be distinct and easily identifiable.
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FLEXIBLE CORDS AND CABLES
Current ratings for flexible cords and cables are set out in Table 1 (Appendix IV).
Where apparatus requres to be earthed, flexibles with earth core shall be used.

Where flexible cables and cords are exposed to the risk of mechanical damage, they shall
as a mimmum be sheathed with PVC or rubber and where necessary shall be armoured, the
armour not being used as sole means of. providing earth-continuity,

Flexible cords and cables shall be connected to plugs, ceiling roses and movable apparatus
with the BROWN core to phase, BLUE core to neutral and GREEN/YELLOW core to earth
terminal of accessory or frame of the apparatus.

In sitnations where high temperatures are encountered, flexible cables and cords shall be
msulated with silicone rubber type E 12 of BS 6899/TEC 540.

Where a flexible cord supports or partially supports a luminaire, the maximum mass supported
by the cord shall not exceed the values given in Table 1 (Appendix IV).

Flexible cords shall not be used as fixed wiring.

COLOUR IDENTIFICATION OF CABLE CORES

a. Colour identification of nsulated cable cores for fixed installation and of sieeve, hand
‘or disc for bare conductors shall be as follows :-

— earthing conductor green and yellow
— phase of a.c. single phase circiut red

— neutral of a.c. single or three phase circuit black

— phase R of 3 phase a.c. arcuit red

— phase Y of 3 phase a.c. circuit yellow

— phase B of 3 phase a.c. circuit blue

-—— positive of d.c. 2 wire red

— negative of d.c. 2 wire black

b. Colour identification of flexible cables and flexible cords shall be as follows :-

— live brown
— nentral blue
— earthing green and yellow
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SECTION 6

INSTALLATION OF CONDUITS, TRUNKING AND TRAYS

INSTALLATION OF CONDUITS
The conduits for each circuit shall be completely insialled before any cable 18 drawn in.

Conduits shall be securely fixed and where they are liable to mechanical damage they shall
be adequately protected.

Provision for the safe and easy drawing in of cables shall be made by use of inspection
fittings, drawboxes. Provisions shall be such that cables can be drawn-mn or replaced without
the cables being damaged or the conduit dismantled.

All runs of conduits shall be truly verticai or horizontai,

CONDUIT SADDLES

Where conduits are installed on the surface of building fabric they shall be supported by
purpose made conduit saddles or spacer bar saddles.

Supports shall be provided at a maximum spacmg of 1500 mm for galvanised steel conduit
and 1200 mm for high impact PVC conduit.

SMOOTH FINISH OF CONDUITS

The boxes of all conduits shall be smooth and free from projection which may injure
cables or obstruct thewr drawing in. Ends of condwits shall be so reamed and when they
terminate at boxes, trunking and assessories not fitted with spout entries, shall be so bushed
as to obviate abrasion of cables.

RADIUS OF BENDS

The radius of every conduit bend shall not be less than 2.5 times the outside diameter of
the conduit.

GALVANISED STEEL CONDUITS

Galvamsed steel conduit system shall be earthed and connected to the earth-continuity con-
ductor. All joints shall be made mechanically and electrically continuous by screwing. The
conduit shall not, however, be used as an earth-continuity conductor; and a separate earth-
continuity cable shall. be drawn into the conduit for every final sub-circuit.

Only . gaivanised steel conduits shall be used in the space between a roof and suspended false
ceiling, mn situations subject to fire risk and in surface mounted industrial installations. PVC
conduits shall not be used for such applications.

Galvanised steel conduits shall not be used under fioor tiles of buildings or in concealed
wiring systems embedded in walls or floors. PVC conduits shall be used for all such appli-
cations.

PVC CONDUITS AND FITTINGS

PVC conduits and fittings shall be of the unthreaded type. All joints shall be made with
vinyl cement and entries of all conduit fittings shall be designed such that reliable water
tight joints can be obtained.
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Surtace mounted PVC conduit systems shall be so supported as to allow for longitudinal
expansion and construction. A cement that shall remain in adhesive plasticised state shall be
used for expansion couplers.

FLEXIBLE CONDUITS

Flexible conduits shall only be used for the final connection of motors and other equipment
subject to vibration or adjustment of position.

PVC flexible condwts and fittings shall comply with BS 4607 part 3. Metallic flexible con-
duits and fittings shall compiy with BS 731 Part i and shall preferably be provided with
an outer sheath of PVC,

Flexible metal condmit shall not be used as the sole means of providing earth-continuity
and a separate earth-continuity cable shall be provided.

Where necessary, flexible conduit shall be adequately supported and/or protected.

In damp or wet situations flexible conduits shall be watertight and remain impervious to
ingress of water or moisture.

The ends of fexible conduit shall be securely anchored to fixed conduit and/or equipment
entries by purpose made flexible conduit adaptors.

CONDUIT SIZES

Conduits shall be limited to the following sizes:
16mm, 20mm, 25mm, 32Zmm and 50mm

CABLE TRUNKING

Cable trunking may be employed for housing singie core PVC cables at special situations
where due to space limitations it 15 not possible to mstall conduits.

Trunking shalt be constructed of galvanised steei or non-combustible nsulating material with
removable covers. Trunking and its accessories shall be manufactared from substantial sections
to provide adequate strength and rigidity. All sharp edges, burrs and other projections shall
be removed and the trunking finished smooth to prevent.injury to cables.

Trunking shall be completely installed before drawing i cables. Every entry to finished
trunking shall be so placed as to prevent the ingress of water. All removable covers
shall be securely fixed after winng 15 compieted.

Tables 10 & 11 (Appendix IV) show the number of PVC cables that can be accommodated
in different sizes of trunking.

CABLE TRAYS

Trays for supporting cables are recommended for use in warehouses, industrial buildings,
ptant and equpment rooms, cable trenches, shafts i commercial and residential buildings.
Cable tray system shall be constructed of galvanised steel or aluminium formung a rigid
structual system. Ladders, troughs, channels or perforated or solid bottom trays may be used.

Cable trays shall have sides of adequate dimensions. Ali fittings, bends, {ees, supports, fit-
tings and accessories shall be of substantial sections and of the same quality as the trays
themselves.

Cables shall be fastened securely by purpose made o:ﬁm.« cleats or saddles.
The number of multicore cables that may be installed in a perforated or solid bottom trays

shall be such that the space factors m?m: in Table 12 (Appendix IV) are not exceeded.
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SECTION 17

EARTHING AND EARTH LEAKAGE PROTECTION

CONSUMER’S EARTHING INSTALLATION

Consumer’s earthing installation shall be provided in accordance with clause 4.2.9, with
earth electrode and main earth lead connected between the electrode and the consumer’s
main earthing terminal.

EARTH-CONTINUITY CONDUCTOR

Throughout the consumer’s installation an earth-continuity PVC cable coloured green and
vellow shall be provided and connected io the main earthing terminal. The size of the earth-
continuity cable shall be as stated in Table 8 (Appendix IV).

EARTHING TERMINAL OF SOCKET-OUTLETS

The earth-continuity cable of the final sub-circuit shall be connected to the earth terminal
of the galvanised steel box for the socket-outlet.

EARTHING TERMINAL OF LIGHTING POINTS

Every lighting point shall include an earth terminal, -which may be a terminat in a metal box,
(similarly every switch position shall include an earth terminal). The earth-contimuty cable
of the final sub-circuit shall be connected to the earth terminai.

RESISTANCE OF EARTH-CONTINUITY CONDUCTOR

The resistance from any pomnt of the earth-continuity conductor to the main earth elec-
trode shall not exceed 0.50 ohm.

BONDING OF METAL WORK

All metat work of the consumer’s installation (other than current carrying parts) including
cable armour, metal conduits, ducts, trunking, cable trays, metal accessory boxes, exposed
metal work of consumer’s appliance, apparatus and equipment like airconditioming units,
washing machines. electrical cookers, water heaters, electric type-writers, copying machines,
motors, lift machinery shall be connected to the earth-continuity conductor. The connection
of each piece of equipment to the main earth-continmity conductor shall be by a separate
branch, Series method of earthing one piece of apparatus to another shall not be permitted
except in the case of socket-outlets, lighting pomnts and lighting switch point connected to
a submain circuit,

NEUTRAI. CONBUCTOR

The neutral conductor shall not be earthed at any point within the consumer’s premuises.

EARTH LEAKAGE CIRCUIT BREAKERS

Each and every consmmer’s installation shall be protected on the incoming side of the con-
sumer’s mam distribution board with residual current operated earth leakage circuit breaker
(ELCB) of the required continuous current rating and operating current of 100 mA.

Besides the main ELCB it 1s recommended that ELCB’s with the following rated operating
currents shall be provided to afford maximum protection against shock.

Under water lighting . 10mA
Socket-outlet and apparatus circuits : 30mA
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SECTION 8

INSTALLATION OF ACCESSORIES AND APPARATUS

VOLTAGE RATING
All apparatus shall be rated for a voltage of A.C. 415/240 voits 50 cycles.

CURRENT RATING

All apparatus shall be rated for a current not iess than the maximum steady current likely
to flow through it, taking into account the site service conditions (clause 3.1).

DESIGN
All apparatus shall be of a design approprate to the situation in which it 15 to be used aad
its mode of installation shall take account of the conditions likely to be encountered.

In damp situations, every item of apparatus shall be of the damp and dust-proof type and
cable entries shall be provided with glands or bushings with gaskets or be suitable to receive
screwed conduit,

No apparatus, uniess suitably protected shall be installed in a position where it 1 exposed
to water, oil, steam or vapour, or to risk' of mechanical damage.

Flame proof enclosure, intrinsically safe apparatus complymg with BS 229, BS 4683 Part 2
and BS 1259 sball be used in flammable and/or explosive situations.

TERMINAL MARKINGS AND EARTH MONITORING

a. ‘The terminal markings and disposition of the contacts of single phase switched socket-
outiet to BS 1363 for use mn domestic mstallations, are shown in Fig. 4 (Appendix V).

Figure 5 (Appendix V) shows the markings and disposition of the contacts of single phase
industriai socket-outlet to BS 196.

Figure 6 (Appendix V) shows the markings and disposition of 3 phase and earth terminals
of socket-outiet to BS 4343/IEC 309.

Figure 7 (Appendix V) shows the markings and disposition of 3 phase, neutral and earth
terminals of socket-outlet to BS 4343/TEC 309.

Socket outlets and corresponding plugs shall be wired and connected according to figures 4, 3,
6 and 7 (Appendix V).

b. In industrial situations, to eliminate the danger that may be caused due to damage to
earthing conductor of a flexible cable connected to portable and transportable equipment,
it 1s recommended that electricai earth monitoring be provided.

This may comprise the following :

— pilot contacts on plugs and sockets

— pilot core i the flexible cable i addition to earthing-continuity conductor.

— two independent earth terminals on the appliance casing.

The above to form a complete earth monitoring foop for continuous circulation of a smal
current at a safe extra-low voitage derived from the secondary winding of a double wound
transformer. This is shown diagramatically in figure 9 (Appendix V).

The entire monitoring protection shall comply with BS 4444,

LIGHTING SWITCHES

Local lighting switches' shall be of minimum 5amp capacity. In domestic installation, the
switches shall have all insulated tops and dollies. For outdoor use, switches shall be metal
clad watertight.
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Switches used to control discharge lighting circuits shall have a current raung of not less
than twice the steady current that it is required to carry.

CEILING ROSES

Ceiling roses shall be of the three or four termunal type with terrunals clearly marked or
cast into ceiling rose materials as follows :

Three terminal type : L (Lme), N (Neutral), E (Earth)
Four termmal type : L (Line), Loop-in, N (Neutral}, E (Earth)

Ceiling roses shall be securely fixed to building structure or circular gaivanised steel box to
BS 4662, and shall not hang on or strain any fixed wirmg. Flexibles shall be securely anchored
so that no pull from them can be transmitted to the conductor connections.

LAMP HOLDERS

Bayonet cap lamp holders for generai purposes shall be all mnsulated type to BS 52 section 5
and bear the marking BS 52 A for situations where the lamp-holder does not attam a tem-
perature exceeding 135°C, where the lamp holder is installed inside an enclosed luminaire,
heat resisting type complying with section 7 of BS 532 and marked BS 2H shall be used.

The centre comtact of Edison type screw lampholders shall be connected to the neutral con-
ductor.

PENDANT LIGHTING

Heat resisting flexible core, mimmum size 1.0 mm? silicone rubber msulated, shall be used for
connection between ceiling rose and lampholder for pendant type light fittings or for enclosed
luminaire.

MOUNTING HEIGHTS OF ACCESSORIES

The mounting heights of lighting accessories commonly used in electrical installations shall
be as follows:

— Lighting switch
-— Ceiling fan regulator

— 20 amp D.P. switch for water heater 1250 mm above finished floor

or A/c units level (AFFL)
- Shaver socket-outlets
~~ 13 amp switched socket-outlet for
general purpose 450 mm AFFL
— 13 amp switched socket-outlet
in kitchen 250 mm above work top
— Cooker control unit 1600 mm AFFL
— Cooker low level. connection outlet 1000 mm AFFL

PROTECTION OF CONSUMER’S SUB-CIRCUITS

All final sub-circuits in consumer’s domestic & commercial installation shall be controlled
and protected by MCB’s. Fuses (cartridge or rewirable) are not permitted for such appli-
cation.

MCB’s or cartridge fuses may be used in industrial installations.
It is recommended that all individual sub-circuits be protected by combination circuit breakers,

{earth leakage, overcurrent and short circuit) with earth feakage trip rating of 30 mA.
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EXTRA-LOW VOLTAGE APPARATUS

Electric bells and other extra low voltage apparatus shall be supplied through double wound
safety isolating transformers with cariridge fuse or M. C. B. in the secondary circuit. The
metal enciosures of such apparatus and one side of the extra-low voltage circuit shall be
earthed.

Extra-low voitage wiring shall be carried out with PVC cable of 1.0 mm? stranded copper.
Segregation of low voltage and extra-Jow voltage circuits ghall be m accordance with
clause 5.17.

ACCESSORY BOXES

Where conduits are run on surface, all branch switches, switched socket-outlets, ceiling roses,
etc. shall be mounted on galvanised steel boxes to BS 4662 especially designed for surface
mounting.

Where conduits are embedded in walls and floor slabs all branch switches, switched socket-
outlets, ceiling roses, etc. shall be mounted on galvanised steel boxes which shall be nstalled
flush with the plaster.

AUTO-TRANSFORMER IN CONSUMER’S INSTALLATION

The common terminal of any auto-transformer, used in the consumer’s imstallation shall be
connected to the neutral conductor,

WATER HEATER

Any heater or boiler used in the consumet’s installation shall incorporate an automatic device
to prevent a dangerous rise m temperature.

UNDER WATER LIGHTING

All underwater lightmg circuits shall operate at voltage not exceeding 36 volts and shall be
mstalled to ensure full safety.

Lighting fixtures shall be completely water tight and tested to ensure complete safety 1n
operation.

All metallic parts of the pool structure, inciuding remforcing steel, metal fittings, metai
enclosure for lighting fittings, low voltage transformers, accessories, shall be bonded toget-
her and connected securely to the earthing system,

All circuits feeding pool lights and other components shall be protected by a current operated
earth leakage circuit breaker having a trip rating of 10 milli amps. mstalled on the supply
side of L.V. transformer.

ELEVATORS AND ESCALATORS

Fach elevator or escalator shall be protected by a separate circuit breaker on the main switch-
board. In addition, an solating switch shall be installed on the control board for the lift
or escaiator for isolating the entire electrical supply to the equipment.

In multi-lift installations, separate sub-main for signals, lights and other equipment common
to the group, shall be provided, with separate means for isolation.

Mechanical means shall be provided for bringing down the elevator to the ground floor in dase
of power supply failure.

A fireman’s break glass type switch or similar device shall be installed adjacent to the eleva-
tor doors to bring down all the elevators to the ground floor durng an emergency.
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STAND-BY GENERATORS

Where it is intended to provided standby generator supply for purpose of maintaining power
supply under mains  failure conditions, the installation shall ensure that it is impossible to
parallel generator supply with MEW mains supply. Necessary electrical and/or mechanical
interlocks shall be provided.

The change-over circuit breaker or isolator shall have 4 poles (3 phase and neutral) for
3 phase supply and double pole (phase and peutral) to ensure that not only the phases but
also the neutrals of the two systems remain separate and distinct.

Drawing No. MEW/OH-GA/20 {Appendix V) illustrates the basic requirements of. the change-
over arrangement.

Prior to installation of a standby generator set, full details of the equipment with circut
and wiring diagrams shall be submitted to MEW for scrutiny and specific approval of MEW
obtained in writing before commencing work.

FESTOON LIGHTING

Festoon lighting system for construction site lighting or decorative lighting shall be factory
assembled with PVC insulated twin copper cable having heat resisting, oil resisting and
flame retardant polychloroprene (PCP) sheath overall with lampholder shrouded in insula-
ting material and permanently moulded to the cable sheath.

In spans exceeding 10 metres, the lighting cable shall be secured to a catenary of galvanised
steel wire with plastic or PVC coated clips or similar means at close intervais to eliminate
risk of damage to sheath or insulation.

BUILDING LIGHTNING PROTECTION

Building lightning protection earthing system shall not under any circumstances be connected
to the MEW distribution earthing system or the consumer’s carthing system for. electrical
installation.

A minimum separation of 5 metres shall be provided between earth electrodes for electrical
nstallation and building lightning protection.

The downiead for the lightning protection shall be either XLPE insulated or run on insuia-
ted saddles,
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SECTION &

INSTALLATIONS ON CONSTRUCTION AND
BUILDING SITES

GENERAL

Installations on construction and building sites shall comply with the requirements for per-
manent installations and in addition with the specific requirements of clauses 9.2 —9.11 below.

ELECTRICAL APPARATUS AND CABLING

Electricat apparatus and cabling in site installations may be subject to extreme abuse. The
use of equipment and matenials which will be suttable for and withstand the onerous duty
imposed by construction site conditions, 18 essential; correct and sensitive circuit protection,
proper earthing arrangements, and frequent mspection and testing are important.

DISTRIBUTION UNITS

Distribution units for site supplies shall comply with BS 4363 and incorporate the following
basic features :

— Suitability for transport and storage;

-—— Robustness 1 construction to resist damage from trangportation, rough handling,
heavy objects falling and exposure to atmospheric conditions;

—  Safety mm use.

PORTABLE APPARATUS AND SITE LIGHTING

A reduced voltage system operating at 110V through a double wound transformer shall be
provided for portable and hand-held tools and lamps and for site lighting other than flood
lighting.

SOCKET-OUTLETS

Single phase socket-outlets, piugs and couplers upte 30 amps shall comply with BS 196 and
above 30 amps with BS 4343,

Three phase socket-outlets, plugs and couplers shall comply with BS 4343,

All socket outlets, pings and couplers shall be splash proof.

110 V PLUGS AND SOCKETS

Plugs and sockets operating at 110V are to be identified by the coliour yellow. It is essential
that this colour is not used for plugs, socket-ovtiets and couplers operating at other voltages.

COLOUR CODE FOR ACCESSORIES

Identification c¢olours for accessories shall be as follows :

110V Yellow
240V Blue
415V Red
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EARTH LEAKAGE PROTECTION

All final sub-circuits operating at 65 volts and above shall be protected with residual current
operated earth leakage circuit breakers, having mimimum tripping current of 30 mA.

REDUCED VOLTAGE SYSTEM

Reduced voltage system operating at 110V three phase should be obtained from a double
wound transformer having its star connected secondary winding earthed so that the nominal

voltage of the sub-circuit to earth is only 110/ V3 V, 1e. approx. 65 V.,

Reduced voltage system operating at 110 V single phase would be obtamned from a double
wound transformer having the centre tap of the secondary winding earthed so that the nommal
voltage of the sub-circuit to earth is only 65 V.

CABLES

All cables used on construction sites shall have a metal sheath and/or armour which must
be continuous and effectively earthed. In the case of flexible or trailing cables such earthed
metal sheath and/or armour should be in addition to the earth core in the cable and should
not be used as the sole earth-conductor.

Cables shall be armoured having an overall covering of PVC or polychloroprene (PCP} or
a heat resisting, oil resisting and flame-retardant (HOFR) sheath overall. Non-flexible cables
shall comply with BS 5467 and flexible cables shall compty with BS 6116 with armour
and overall covering of PCP or HOFR.

Flexible cords should be of the circular type having a PCP or HOFR sheath.

LAMP HOLDERS

Types of lampholders should be selected to ensure that 110V and 240V lamps cannot{ be
inadvertently interchanged.

Edison screw lamp holders for operating on 110V or 240V supply shall be fitted with
shrouds or skirts so that neither the lamp cap nor screw part of the holder can be in-
advertently touched when the cap is engaged with the lampholder screw.

Lamp holders fitted with pin contacts intended to be pressed nto tough rubber sheath or
PCP sheath cable shall not be used. Festoon lighting system in which the lampholder is
shrouded in insulating material and permanently moulded to the cable sheath, shall be used for
illomination of discrete areas.

MAINTENANCE AND INSPECTION

Site work 15, of necessity, in a constant state of change and because of this, the associated
etectrical installation is subject to risk of damage or misuse, Strict maintenance and frequent
checking of control apparatus and protection equipment and the wiring distribution system,
by a competent person, is therefore essential to promote safety and efficient operation.
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10.1

10.2

10.3

10.4

10.5

10.6

10.7

10.8

SECTION 10

AGRICULTURAL AND HORTICULTURAL INSTALLATIONS

GENERAL

This section applies to the specially onerous conditions which are likely to be encountered in
agricuttural and horticultural installations, including the special risks arising from the pre-
sence of livestock, wet corrosive conditions, exposure to mechanical damage, weather and
neglect,

All mstallations shall comply with the requirements for building installation in general and in
addition to the specific requirements of clauses 10.2 — 10.11.

LOCATION OF SWITCHGEAR

No switchgear shall be installed within reach of livestock or in any position where access to
it may be mmpeded by livestock, in normai conditions or m panic,

ISOLATION AND CONTROL

For 1solated items of equipment like pump, remote from the main installations, a separate

means of control adjacent to the apparatus shall be provided in a readily accessible location.

PROTECTION OF CABLES
10.4.1 All cables shall be placed out of reach of livestock and clear of all vehicles.

10.4.2 Where additional protection against mechanicai damage to cables s requred, 1t
shall be provided by non-metallic high impact rigid condumit.

INSTALLATION OF CABLES

Cables buried underground shall be placed at a mummum depth of 1000 mm and further
protected with rigid PVC ducts and PVC warming tape, to avoid any risk of damage by
mnplements used for purposes of cultivation/irrigation. The routes of all cables shall be
clearly marked by cable route markers.

Cables couplers shall not be used in agricuitural installations.

In situations accessible to livestock, in and around agricuitural buildings, the installation
shall as far as practicable be of all wmsulated construction.

EARTH LEAKAGE CIRCUIT BREAKER

Every final sub-circuit shall be protected by residual current operated earth ieakage circuit
breaker with minimum  operating current of 30 mA m addition to the main earth leakage
cirewit breaker of 100 mA operating current.

PROTECTION OF EARTHING LEAD

The earthing lead of an agricultural installation shall be adequately protected against dis-
turbance or damage by livestock or by passing mechanical implements. Where the carthing
lead 1s not enciosed 10 conduit, it shall be of the armoured type.

EXTRA-LOW VOLTAGE

Considerations should be given to the use of reduced voltages for portable apparatus. Port-
able lamps or appliances used in damp situations should be operated at a voltage not
exceeding 12 volts from a 24 volt single phase a.c. supply derived from a double wound
transformer having- the centre point of its secondary winding connected with earth.
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113

11.4

11.5

i1.6

1.9

SECTION 11
TESTING AND INSPECTION

GENERAL
Every installation and every major alteration to an existing installation, shall on completion
and before being energised, be inspected and tested to verify compliance with MEW
Reguiations.

VISUAL INSPECTION

A visual inspection shall be carried out to verify if the. installation is m accordance with
approved drawings and the execution of the work and work-manship and the installation
methods adopted meet the requirements of MEW Reguiations.

COLOUR IDENTIFICATION

It shall be verified that the correct cotour identification has been adopted for all wiring and
the fuses and switches are connected in the live conductors only and links or linked-switches
are connected in the neutral conductor.

EARTH-CONTINUITY TEST

Earth-continuity test shall be carried out between the consumer’s earthing terminal and the
remote end of earth-continuity conductors.

The resistance value obtained shall not exceed 0.5 ohm.

INSULATION RESISTANCE TEST

Insulation resistance test shall be carried out on the installation. For purpose of these tests
farge installations may be divided into groups each containing 50 outlets. A 500 volts D.C.
test voltage shall be applied.

The insulation resistance to earth shall not be less than 1 mega ohm, when measured with
all poles and phases of wiring connected together, and switches and fuses all in place. The
msulation resistance when measured between all the conductors connected to any one pole

or phase of the supply and in turn all conductors connected to cach other pole or phase,
shall not be less than 1 mega ohm.

CONTINUITY TEST

Test shall be made to verify the continuity of all conductors mcluding the earth-continuity
conductor of every ring circuit.

EARTH FLECTRODE RESISTANCE MEASUREMENT

Earth electrode resistance shall be carried out in . accordance. with method described in
Appendix VI. The resistance shall not excced 50 ohms. Additional electrodes shall be
provided where necessary to obtain this value.

PROTECTION TEST

Tests shall be carried out to verify effective and correct operation of all earth leakage circuit
breakers, close excess current protection of circuit breakers and fuse-links, and other pro-
tective devices.

COMPLETION CERTIFICATE

Following the inspection and testing, a compliction certificate in the attached format shall
be submitted by the electrical contractor to MEW signed by contractor’s competent engineer.
The installation will then be further inspected and tested by MEW inspector and if found
satisfactory, the mstallation will be permitted to be connected to supply.
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APPENDIX 1
COMPLETION CERTIFICATE

(Completion. Certificate to be given by the Electrical Contractor and signed by Contractor’s Competent
Engineer /Supervisor) :

I hereby certify that the electrical installation at:

has been completed, inspected and tested, in accordance with the Regulations for Electrical Installa-
tions 1ssued by the Ministry of Electricity and Water, Sultanate of Oman and 1s now ready for
connection to mains supply.

The results are given in the attached forms.

SIgNEd & o s PAIE T
For and on Dehalf Of ... .en ittt a e et e i ie et e ae e te s s bra b br e e aaaearraaarans
Address : et e iieeiieetrees s

P R T L L L L e e R TN PR

MEW Reg. No.
and Date :
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Particulars of the installation covered by this Certificate :

New Installation.

Installation Drawings :

FORM A

It 1s anticipated that the installation would comprise the following :

Alteration/Extension to existing installation.

5. No. Description No. kv
Unit Total
01 Light points
02 Airconditioners
03 Fang
04 Single phase motors
05 Three phase motors
06 Water heaters
07 Refrigerators
08 Freezers
09 Cookers
10 13 Amps Socket outlets
1t Other loads

Comments (if any) on existing installation (where this certificate relates to an alteration or addition)

Signed: ...ooeviiiiiiniiiiiiiiaan
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1)

2)

3)

4)

5)

6)

7

FORM B

INSPECTION & TEST REPORT

Compliance with drawings

Standard of Installation
Material

Workmanship
Colour identification of wiring

Polarity checks

— Switches

— Breakers

— Links

— Linked switches

Resistance of earth-continnty conductor
from remote end to main earthing point.

Insujation resistance

— with all poles & phases connected
together and switches, fuses and
breakers all in place.

— with all conductors on one phase con-

nected together and inturn, all conduc-

tors connected to each other.
— Red
— Yellew
— Blue
— Neutral

Continnity of all conductors
— Red

— Yelow
— Blue
— Neutral

— Earth
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FORM B (CONTD.)
8) Continuity of earth-continuity conductor
in ring circuits for socket-outlets.
9) Earth Electrode Resistance
10) Earth Ieakage circuit breakers (residual : Continuous Operating
current operated type) Rating - A Current - MA
Main
Subsidiary 1)
2)
11} Load balance : Red Yellow Blue
— Lights
— Rerigerator
— Airconditioner
- Freezer
— Cooker
-~ Motors

— Water Heaters

— 13 Amp Socket
outlet

— Other loads

Signed: .......oovvieenns e Date: .ooviviieeririivianenns
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APPENDIX 1I

RECOMMENDED ILLUMINATION LEVELS

AREA LUX AREA L.UX
1. GENERAL BUILDING AREAS 2.  OFFICES AND SHOPS
Mwm_ao? passage ways MMW Drawing Boards 750
wh S 150 Reference tables and general 500
aurs Printing Room 300
Escalators 150
. H
1.2 ENTRANCES 2.2 SHOPS
Entrance halls, Lobbies waiting Conventional s.:: counters 500
— 150 Conventional will all dispiays 500
Enquiry Desks 500 Self-service 500
Gate houses 300 Super-markets 500
Food Stores 150 Car 500
General 500 General 500
i4 MEDICAL & FIRST AID 3. PUBLIC & EDUCATIONAL
CENTRES BUILDINGS
Consulting Rooms, 3.1 ASSEMBLY AND CONCERT
treatment areas 500 HAILLS, CINEMAS AND
Medical stores 100 THEATRES
Rest R
est Rooms 150 Auditorium 100
1.5 OUT-DOORS Theatres and concert halls 100
. Cinemas 50
Entr nd Exits 5
nirance a ' 0 Multi-purpose 500
Canteens, Cafeterias, Dressing rooms 300
Dining Rooms 300 Platforms and stages Spl.
lighting
1.7 STAFF ROOMS Projection rooms 150
Changing Room, Cloak Rooms 150 37 LECTURE THEATRES
Rest Rooms 150
Stores 150 General 300
Chalkboard 500
1.8 TELECOMMUNICATIONS Demonstration benches 500
Cord Switchboard Rooms 500 Examination hatls,
Apparatus Rooms 150 seminar rooms,
Teleprinter Rooms 500 lecture halls 500
Art Rooms 500
1.9 CAR PARKS Laboratories 500
Underground 50
Multi-storey parking floors 50
Ramps 15
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APPENDIX 2 (Contd.)

AREA LUX AREA LUX
4. GOVT. PUBLIC AND 5.2 HOTELS
EDUCATIONAL BUILDINGS Entrance Halls
4.1 LIBRARIES General 75
Shelves, book stack 150 Reception, Cashier 300
Study tables 300 Public Rooms
4.2 READING ROOMS Coffee Bars 150
Newspapers & Magazines 300 Dining Rooms, Restaurants
Reference libraries 500 General 100
Counters 500 WM—WWNWO Rooms 100
Mﬂ%om&um & sorting MMW Laundries 300
mnaing Cellars 150
Book  stores 100 Dining rooms, cash desks 300
43 MUSEUMS AND ART Lounges 100
GALLERIES Writing Rooms 150
Cloak Rooms 150
Exhibits insensitive to light 300
Light sensitive exhibits 150 INDOOR SPORTS, GAMES
mwoﬂm__m light- Billiard Rooms
sensitive exhibits 50 General 100
5. HOMES AND HOTELS Table Spl.
5.1 HOMES Boxing ring
. . top 1000
General 50 Gymnasium
Casual reading 150 w. ] 500
Sewing and darning 300 Swimming pool
top (water level) 500
Studies Spectator arcas 150
Desk and prolonged reading 300 Club Recreational 300
Bedrooms Tennis courts
General 50 top 500
Bedhead 150 Club 300
Kiteh Recreational 150
itchens ‘
Working Area 300 Onnnww _
Bath Rooms 100 changing rooms, showers
Halls and landings 150 locker rooms 150
Stairs 100
Worlshops 300
Garages 50
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SYMBOL

)N X

é
i

APPENDIX 111

ELECTRICAL SYMBOLS

DESCRIPTION
Distribution Board incorporating MCB’s or HRC Fuses.
Main Switchboard
M. C.B.
Fuse

Main Air Circuit Breaker.

Isolating Switch

Link

Substation Transformer 11000/415 Volt.

Switch Line (To connect up all outlets controlled by one Switch),

Circuit Line (To connect up all outiets on the same Circuit).

Clock outlet Point,

Surface Trunking

Cooker Control Unit.

Low level cooker outlet connection umit.

Exhaust Fan,

Ceiling. Mounted Fan.

Ceiling Fan Reguiator.

Underfloor trunking.
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SYMBOL DESCRIPTION

’ Telephone outiet for nternal calls.
Telephone outlet for externai calls.
Coaxial cable outlet for a television aerial.

Bell Push.

D = B D

Bell (not associated with fire alarms).

===
=25

Bell Transformer.

Water Heater ( K.W. to be stated adjacent to symbol).

Fire Alarm Break Glass Manual Contact.

®

Fire Alarm Bell.

Fire Alarm Siren.

Fire Alarm automatic smoke detector.

Fire Alarm automatic heat detector.

5 @ 0 9

Fire Alarm main indicator panel

Earth connection.

Lightning conductor earthing pit.

Time Switch.

Photo Electric Cell.

® @ [[] + D
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SYMBOL

H

& KOS Do, eve o m%“ @,

B B

DESCRIPTION

Flourescent tnbe light fitting ceiling mounted.
(Fitting reference letter shall be shown in circle and detailed in legend, to give
length of fitting and load rating plus the number of fluorescent tubes).

Fluorescent tube light fitting — wall mounted.
(Fitting reference letter shall be shown in circle and detailed in legend, to give
length of fitting and load rating plus the number of fluorescent tubes).

Tungsten light fitting — ceiling mounted.
(Fitting reference letter shall be shown n circle and described 1 legend, to give
load rating of light fiting and number of lamps).

Tungsten light fitting -— Wall monnted.
(Fitting reference shall be shown 1n circle and described in legend to give load
rating of light fitting and number of lamps).

Lighting Switch - i Way,

2 Way.

Lighting Switch

Lighting Switch - Pull cord operated.

Lighting Switch - Key operated.
13 Amp switched socket outlet (domestic).

Industrial Switched Socket Outlet (state singte phase or three phase and current
rating).

20 Amp. double pole switch with indicator lamp.
20 Amp. double poie Switch.
30 Amp. double pole Switch.
30 Amp. double pole switch with mdicator lamp.

NOTE ON THE ABOVE SWITCHES

If a lighting switch is located outside a building and exposed to weather con-
ditions then the switch shall be of the weather proof type and be denoted by
the letter “W” adjacent to the switch.

All light switches shall be assumed to be rated at 5 Amps. capacity unless
otherwise stated.

Shaver Socket outlet to BS 3052.

Combined murror light with integral shaver socket outiet to BS 3052.
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APPENDIX 1V

TABLE 1

CURRENT CARRYING CAPACITY OF FLEXIBLE CORDS
INSULATED WITH SILICONE RUBBER

) Maximum mass
. . Current rating for that can be
m. ZO. MHNG OMNOOHQ w:.—m_ﬂ H.wwwm.mﬂ a.c. m—.._HUHvOH.HQQ c%
mm Amps twin flexible cords
Kg
1 i.0 7 3
2 1.5 11 4
3 2.5 15 5
4 4.0 18 5
TABLE 2
CURRENT CARRYING CAPACITY OF P.V.C. WIRES
AND CABLES (SINGLE CORE) WITH CLOSE
EXCESS CURRENT PROTECTION
bles i Three or four cables
Size of cable Two cables in one m one trunking or
S. No. copper m:.E::nm or conduit conduit for three
mm? or single phase a.c. phase a.c.
Amps Amps
1 1.5 11 10
2 2.5 15 i3
3 4.0 20 17
4 6 25 22
5 10 35 29
6 16 45 39
7 25 59 51
8 35 72 62
9 50 116 96
10 70 139 119
11 120 200 169
Group Rating Factor :
No. of circuits 2 3 4 5 6
Rating Factor 0.8 0.7 0.65 0.6 0.57
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TABLE 3

CURRENT CARRYING CAPACITY OF TWIN &
MULTI-CORE P.V.C. INSULATED ARMOURED CABLES

Cable size m mm?

Clipped direct to a surface or on a cable tray unenclosed

One two core cable
single phase a.c. or d.c.

One three or four
core cable three phase

Amps Amps
4.0 22 19
6.0 28 24
10.0 39 33
16.0 51 44
Group Rating Factor :
No. of circuits 2 3 4 5 6
Rating Factor 0.8 0.7 0.65 0.6 0.57
TABLE 4
CURRENT CARRYING CAPACITY OF MULTI-CORE
XLPE INSULATED P.V.C. SHEATHED CABLES
COPPER CONDUCTORS
Armoured cable Armoured cable under
Cable size clipped direct to ground direct burial
in mm2 a surface or on a ground temperature 35°C
cable tray unenclosed soil resistivity 200mw/cm per °C
Amps Amps
4.0 27 3z
6.0 35 38
10.0 48 53
16.0 64 68
25.0 87 89
350 106 107
50.0 127 126
70.0 161 155
95.0 197 185
120.0 226 209
150.0 258 232
185.0 280 261
240.0 343 298
300.0 387 329
Group Rating Factor :
No. of circuits 2 3 4 5 6

Rating Factor

085 0.80 0.70 0.650 0.57
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TABLE 5

CURRENT CARRYING CAPACITY OF TWIN & MULTI-CORE MINERAL
INSULATED CABLES

65

Cables exposed to touch Cables having overall PVC covering
Nominal cross ‘ i .
sectional area Iwo single One twin cable One three TIwo single One twin cable One three
of conductors core cables, single phase core/four core cables, single phase core /four
mm? single ghgse ac and dc. corfilthree single Ehgse ac and dc. core three phase
ac. and dc. phase ac and dc
Am ;
Amps ps Amps Amps Amps Amps
1.0 15 12 10 17 13 1t
15 18 15 12 20 17 14
25 25 20 16 27 22 18
4.0 31 26 22 35 29 25
6.0 40 33 — 44 37 : —
10.0 54 — — 60 — —
Group Rating Factor :
No of circuits 2 3 4 5 6

Rating Factor : 08 07 065 06 057




09

SPACING OF SUPPORTS FOR CABLES

TABLE 6

MAXIMUM SPACING OF CLIPS, CLEATS OR SADDLES

Non-armoured rubber
P V.C. sheathed

Armoured cables

Mineral insulated copper sheathed
cable with or without

Overall dia of cable cables P.V.C covering
Horizontal Vertical Horizontal Vertical Horizontal Vertical
{mm) (mm) (mm) (mm) (mmj} {mm)

Not exceeding 10 mm 300 400 — — 600 800
Exceeding .10 mm but not 300 400 350 450 900 1200
exceeding 20 mm

Exceeding 20 mm but not 400 500 450 600 — —
exceeding 40 mm

Exceeding 40 mm 600 800 600 800 — —




TABLE 7

MINIMUM INTERNAL RADII OF BENDS

FOR CABLES IN FIXED WIRING

Insuiation type

Armoured or Overall
; diameter
unarmoured (o0m)

Multiplication factor to be
applied to overall diameter
of cable to determine
minimum internal bending
radius

PVC with circular Not exceeding 4
stranded copper Non-armoured 25 mm
conductors Exceeding 25 mm 6
XLPE multicore
with shaped Armoured Any 8
copper conductors

Copper sheath
Mineral 6

with or without Any
PVC covering

TABLE 8

MINIMUM SIZES OF EARTH-CONTINUITY

CONDUCTORS AND BONDING LEADS

Cross sectional area Cross sectional area Cross sectional area
of largest conductor of earth-continuity of bonding lead
( mm? ) conductor ( mm? ) ( mm2 )
1.5 1.5 4.0
2.5 2.5 4.0
4.0 4.0 4.0
6.0 4.0 6.0
10.0 6.0 6.0
16.0 6.0 6.0
25.0 16.0 10.0
35.0 16.0 10.0
50.0 25.0 16.0
70.0 35.0 35.0
95.0 50.0 50.0
120.0 50.0 50.0
150. and above 70.0 70.0
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TABLE 9

CAPACITIES OF BOTH GALVANISED MEIAL AND
HIGH IMPACT RIGID P.V.C. CONDUITS

29

CONDUIT SIZE

Cable

size 16 mm 20 mim 25 mm 32 mm 50 mm

mm?

A A B A B A A B

15 5 9 6 — il — — —_—

25 4 6 4 — 8 — — —

40 3 4 3 8 6 —_— —_ —_—

6.0 2 3 2 6 4 11 —_ —
10.0 —_ 2 — 3 2 6 — 10
160 — 2 —_ 3 2 5 — 9
250 —_ —_ — 2 —_— 3 8 5
350 — — —_ — _ 3 6 4
500 — —_ s _— — 2 4 3
700 — —_ e —_ —_ —_— 3 2

A - Maximum number of cables in straight runs without bends.

B - Maximum number of cables in runs with two bends or the equivalent. Where runs include additional bends, tees or other restrictions, the

numbers must be appropriately reduced
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MAXIMUM NUMBER OF PVC CABLES THAT

TABLE 10

MAY BE INSTALLED IN SURFACE
MOUNTED METAL OR PVC TRUNKING

CABLE SIZES

TRUNKING

SIZES 1.5 2.5 4.0 6.0 10 16 2590 350 500 70.0 95.0
7/05 7/067 7/0 85 7/104 1/1.35 7/1.70 7/2.14 19/1 53 1%/1.78 19/2 14 | 19/252

38 x 38 71 55 39 25 14 12 8 6 5 3 3
50 x 38 92 70 50 34 20 16 10 8 6 5 3
50 x 50 123 90 67 45 28 23 15 11 8 6 5
75 x 50 185 140 101 70 43 34 22 17 12 9 7
75 x 75 278 215 152 105 65 52 34 26 19 15 11
100 x 50 247 190 135 95 38 46 30 23 17 13 10
100 x 75 370 285 203 145 38 70 46 35 26 20 15
10 x 100 494 385 271 190 118 94 62 47 35 26 21
150 x 50 370 285 203 145 87 69 46 34 26 19 15
150 x 75 556 425 304 215 130 104 69 52 38 29 23
150 x 100 741 570 406 285 174 139 92 69 52 39 31
150 x 150 112 850 609 445 270 212 140 105 33 60 47
225 x 100 1112 850 609 440 270 212 140 105 83 60 47
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TABLE 11

MAXIMUM NUMBER OF CABLES THAT MAY BE

INSTALLED IN UNDERFLOOR TRUNKING

CABLE SIZES
TRUNKING
SIZES 15 25 4.0 60 100 160 250 350 50.0 70.0 95.0
7/0.5 7/0.67 7/0.85 7/104 1/1.35 7/1.70 7/2 14 19/1.53 19/1.78 19/2.14 19/2 52
50 x 25 48 38 26 20 13 9 6 4 3 2 2
75 x 25 72 57 39 30 19 14 9 7 5 4 3
100 x 25 96 76 52 41 26 19 12 9 7 5 4
150 x 25 144 115 79 61 39 28 19 14 10 8 6
50 x 38 72 57 39 30 19 i4 9 7 5 4 3
75 x 38 108 36 59 46 29 21 14 11 8 6 4
100 x 38 144 115 79 61 39 28 19 14 10 8 6
150 x 38 216 172 118 92 59 43 28 21 16 12 9




TABLE 12

NUMBER OF CABLES THAT MAY BE INSTALLED IN CABLE TRAYS

MULTI-CORE AND SINGLE CORE CABLES:

a)

b)

Ventilated Cable Tray :

The sum of the diametres of all cables mstalled shall not exceed 60 percent of the cable tray
width and the cables shall be mstalled in a single layer,

Solid Boftom Cable Tray :

The sum of the diametres of all cables installed shall not exceed 50 percent of the cable tray
width and the cables shall be installed in a single layer.
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APPENDIX VI

MEASUREMENT OF CONSUMER'S EARTH ELECTRODE RESISTANCE

The procedure for measurement 1s illustrated in the diagram below -

0 ()

Current 8
Source N

X P C

Z \\\\\\\\\\\\\\\\\\\C\\\\\\\\\\\\\\\\\\\\ﬁnﬁ\uﬁ

A - ammeter

<
"

voltmeter

A measured current is passed between the electrode X under test and an auxiliary electrode C (current
electrode) placed at such a distance from X that the resistance areas of the two electrodes do not
overlap. A second auxiliary electrode P (potential electrode) is placed half way between X and C
and voltage between X and P measured. The resistance of the test electrode 1s then the voltage bet-
ween X and P divided by the current flowing between C and X. To check if the measured resistance
s a true value two further readings are taken with the electrode P moved 6 metres further and
6 metres nearer to X. If three readings substantially agree, then the mean of the three readings 1s taken
as the resistance of the test eiectrode. If the readings differ. then the electrode C must be moved
further away and the test repeated.

The auxiliary electrodes are usually steel or copper-weld steel rods driven upto 80 cm nto the ground.
The electrode C may be piaced some 30 to 50 metres from the test electrode X and the electrode P
piaced midway between.

If the test is made at power frequency (50 Hertz) a double wound transformer 15 used to isolate the
test from the power mains. In this case the resistance of the voltmeter must be high (of the order of
200 ohms per volt).

Stray currents in the soil can produce serious errors i the measured value, and their elimination be-
comes extremely difficult, if the testing current is of the same frequency as the stray currents.

It is therefore recommended that an earth tester incorporating a hand driven generator be used In pre-
ference to mains power source. The earth testers usually generate direct current and have a rotary
current-reverser and synchronous rectifier mounted on the generator shaft so that alternating current is
supplied to the test circuit and the resulting potentials are rectified for measurement by a direct reading
moving coil ohm-meter. The presence of stray currents in the soil 1s indicated by the wandering of the
instrument pointer; but an increase or decrease of gencrator handle speed will cause this to disappear.
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