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Foreword 
 
 
This Malaysian Standard was developed by the Working Group on Electrical Installation of 
Buildings under the authority of the Industry Standards Committee on Generation, 
Transmission and Distribution of Energy. Development of this standard was carried out by The 
Electrical and Electronics Association of Malaysia which is the Standards-Writing Organisation 
(SWO) appointed by SIRIM Berhad to develop standards for electrical installation, protection 
and insulation practices. 
 
This standard is not intended to replace MS IEC 60364, Electrical installations of buildings. It 
incorporates the Malaysian national deviations and orientation in the application of the 
Malaysian Standards in compliance with Malaysian national regulatory frameworks and with 
due consideration given to prevailing electrical installations practices. 
 
Major modifications in this revision are as follows: 
 
a)  Amendmends to standard voltages as per IEC 60038: IEC Standard Voltages (To comply 
  with Suruhanjaya Tenaga - Pemberitahuan: Voltan Nominal). 
 
b)  Additional requirements for Residual Current Device (RCD). 
 
c)  Additional requirements for Surge Protection Device (SPD). 
 
d)  Additional requirements for cable installation and management method to harmonize with 
  MS 1979. 
 
e)  Revised voltage drop requirements as per IEC 60364. 
 
f)  General requirements of earthing arrangements to harmonize with MS 1979. 
 
This Malaysian Standard cancels and replaces MS 1936:2007, Electrical installation of 
buildings - Guide to MS IEC 60364. 
 
Compliance with a Malaysian Standard does not of itself confer immunity from legal obligations. 
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Introduction  
 
 
MS IEC 60364 is a series of international standards developed by the Technical Committee 64 
of International Electrotechnical Commission (IEC) which provides the rules and guidelines for 
the planning, design, selection and erection, and inspection and testing of low voltage (LV) 
electrical installations of buildings so as to provide minimum safety requirements and proper 
functioning of the use intended. The international standards contain rules and guidelines which 
are general in nature, suitable for a broad spectrum of the multiple domestic, commercial, 
industrial, and similar LV electrical installations and national practices of the many countries all 
over the world that have adopted the MS IEC 60364 series as their national standards including 
Malaysia. 
 
To ensure that the MS IEC 60364 series is in compliance with the Malaysian regulatory 
frameworks and is user friendly to Malaysian designers, supervisors, wiremen, similar electrical 
practitioners; this standard has been developed with focus on compliance with the Malaysian 
regulatory frameworks, incorporating the Malaysian national deviations and prevailing national 
electrical installations practices. This Standard will also serve as the source material for 
capacity building training of designers, supervisors, wiremen and other electrical practitioners, 
thus contributing towards promoting MS IEC 60364 series as the Malaysian Standards on LV 
Electrical Installations of Buildings. 
 
In developing this Malaysian Standard, due consideration has been given to almost all electrical 
installations that receive their LV a.c. supply from public electricity supply body which has a 
Malaysian specific supply characteristics as described below: 
 
a)   With effect from 1 January 2008 

 
a.c. voltage: Up to 1 000 V a.c. 50/60 Hz; other frequencies are not excluded 
d.c. voltage: Up to 1 500 V d.c. with + 10 % ripple voltage 
 

b)   Up to and inclusive of 31 December 2007 
 
Voltage: 240 V a,c. for single phase 2-wire system 

 415 V a.c. for three phase 4-wire system 
 Variation is +5 % and -10 % 

 
Frequency:  50 Hz ± 1 % 
 
Wiring system: TT system (the user has to establish its own installation earth) 

 
c)   With effect from 1 January 2008 per MS IEC 60038, IEC standard voltages (To comply 

with Suruhanjaya Tenaga - Pemberitahuan: Voltan Nominal) 
 
Voltage: 230 V a.c. for single phase 2-wire system 

 400 V a.c. for three phase 4-wire system 
 Variation is +10 % and -6 % 

 
Frequency:  50 Hz ± 1 % 
 
Wiring system: TT system (the user has to establish its own installation earth) 
 
NOTE. V a.c is root mean square (rms) steady-state voltage fluctuation under normal condition. 
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Figure 1. Linkage of components in electrical safety system 
 
Further history and background of electricity industry can be found in Annex A. 
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Electrical installations of buildings - Guide to MS IEC 60364  
 
 

1  Scope 
 
This Malaysian Standard serves as a guide on the use of MS IEC 60364 series. 
 
 

2  Normative references 
 
The following normative references are indispensable for the application of this standard. For 
dated references, only the edition cited applies. For undated references, the latest edition of 
the normative reference (including any amendments) applies. 
 
MS 1586: Part 3, Low voltage fuses - Part 3: supplementary requirements for fuses for use by 
unskilled persons (Fuses mainly for household and similar applications)  
 
MS 1979:2015, Electrical installations of buildings - Code of practice (First revision) 
 
MS IEC 60038, IEC standard voltages 
 
MS IEC 60204-1, Safety of machinery - Electrical equipment of machines - Part 1: General 
requirements 

 
MS IEC 60332-1, Tests on electric cables under fire conditions Part 1: Test on a single vertical 
insulated wire or cable 
 
MS IEC 60364-1, Electrical installations of buildings - Part 1: Fundamental principles, 
assessment of general characteristics, definitions 
 
MS IEC 60364-4-41:2007, Low-voltage electrical installations - Part 4-41: Protection for safety 
- Protection against electric shock 
 
MS IEC 60364-4-42, Electrical installations of buildings - Part 4-42: Protection for safety - 
Protection against thermal effects 
 
MS IEC 60364-4-43:2003, Electrical installations of buildings - Part 4-43: Protection for safety 
- Protection against overcurrent 
 
MS IEC 60364-4-44:2007, Electrical installations of buildings - Part 4-44: Protection for safety 
- Protection against voltage disturbances and electromagnetic disturbances 
 
MS IEC 60364-5-51:2007, Electrical installations of buildings - Part 5-51: Selection and erection 
of electrical equipment - Common rules 
 
MS IEC 60364-5-52:2003, Electrical installations of buildings - Part 5-52: Selection and erection 
of electrical equipment - Wiring systems 
 
MS IEC 60364-5-53:2003, Electrical installations of buildings - Part 5-53: Selection and erection 
of electrical equipment - Isolation, switching and control 
 
MS IEC 60364-5-54:2004, Electrical installations of buildings - Part 5-54: Selection and erection 
of electrical equipment - Earthing arrangement and protective conductors 
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MS IEC 60364-5-55, Electrical installations of buildings - Part 5-55: Selection and erection of 
electrical equipment - Other equipment  
 
MS IEC 60364-6-61:2003, Electrical installations of buildings - Part 6-61: Verification - Initial 
verification 
 
MS IEC 60529, Degrees of protection provided by enclosures (IP Code) 
 
MS IEC 61008-1, Residual current operated circuit-breakers without integral overcurrent 
protection for household uses (RCCBs) - Part 1: General rules 
 
MS IEC 61009, Residual current operated circuit-breakers with integral overcurrent protection 
for household and similar uses (RCBOs) 
 
MS IEC 61024-1:2001, Protection of structure against lightning - Part 1: General principles 
 
MS IEC 61386-1, Conduit systems for cable management - Part 1: General requirements 
 
MS IEC 61643, Low voltage surge protective devices (all parts) 
 
MS IEC 62305, Protection against lightning (all parts) 
 
IEC 60445, Basic and safety principles for man - machine interface, marking and identification 
- Identification of equipment terminals, conductor terminations and conductors 
 
IEC 60617, Graphical symbols for diagrams 
 
IEC 60949, Calculation of thermally permissible short-circuit currents, taking into account non-
adiabatic heating effects 
 
IEC 62275, Cable management systems - Cable ties for electrical installations 
 
BS 7430, Code of practice for protective earthing of electrical installations 
 
Electricity Regulations 1994 
 
Electricity Supply Act 1990 (Act 447) 
 
Electricity Supply Application Handbook, Tenaga Nasional Berhad 
 
Fire Services Act 1988 (Act 341) and Regulations 
 
IEE Wiring Regulations, Up to 16th Edition 
 
Uniform Building By - Laws 1984 (Act 133) and Regulations 
 
Occupational Safety and Health Act 1994, (Act 514)  
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Section 1: Fundamental principles, assessment of general characteristics 
and definitions 
 
This section makes reference to MS IEC 60364-1 which contains fundamental principles, 
assessment of general characteristics and definitions of electrical installations so as to provide 
electrical and mechanical safety and intended functionality and use. The compliance to the 
requirements contained herein is intended to ensure that electrical installations conform to 
fundamental principles. 
 
1.1  Protection for safety 
 
The most current requirements, unless specified otherwise, of Malaysian regulatory 
frameworks, mandatory standards and similar shall apply automatically, even though 
completely not mentioned as requirements, and shall take precedent if any requirement is more 
stringent than that of MS IEC 60364 series, such as but not limited to: 
 
a) Electricity Supply Act 1990 (Act 447); 

 
b) Fire Services Act 1988 (Act 341); 

 
c) Uniform Building By - Laws 1984 (Act 133); 

 
d) Occupational Safety and Health Act 1994 (Act 514); 

 
e) Land codes; and 

 
f) List of mandatory standards by the Department of Standards Malaysia. 
 
Any additional requirements of specific electrical installations, such as but not limited to, 
chemical and food processing, pharmaceutical, etc. shall be complied with and incorporated 
into the design of the specific electrical installations. 
 
1.1.1  Protection against electric shock  
 
Danger from electric shock can arise from direct contact or indirect contact with live parts of the 
installation. 
 
The electrical installation shall be designed to prevent persons and livestock from direct contact 
with live parts of the installation. This can be achieved by preventing a current from passing 
through the body of the person or livestock or alternatively, by limiting the current which can 
pass through the body to a safe value. 
 
Metal parts of an electrical installation, which are normally not live, may become live during an 
electrical fault. A person coming into contact with the metal may receive an electric shock due 
to indirect contact. Means shall be provided to protect a person from the danger of indirect 
contact. This can be achieved by: 
 
a)  preventing a fault current from passing through the body of a person; 
 
b)  limiting the fault current; 
 
c)  ensuring automatic disconnection of the supply within the permitted disconnection time; 
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d) ensuring effective protective earthing system; and 
 
e) ensure effective equipotential bonding system. 
 
1.1.2  Protection against thermal effects  
 
During normal operation, electrical equipment shall not become so hot as to present a risk of 
burns to persons or livestock. During an electrical fault the electrical installation shall not pose 
a risk of ignition of flammable materials due to high temperature caused by the electric arc.  
 
1.1.3  Protection against overcurrent  
 
In an overcurrent situation, excessive temperatures or high electromechanical stresses may be 
produced that can cause injury to persons or livestock and damage to equipment and property. 
Means shall be provided to: 
 
a)  disconnect and isolate an overcurrent situation; and 
 
b)  limit the maximum overcurrent to a safe value and duration. 
 
1.1.4  Protection against fault current  
 
Fault currents can be many times the circuit rated current. Apart from the live conductor, all 
other conductive parts and equipment intended to carry a fault current or maybe affected by 
the fault current shall be capable of doing so without attaining excessive temperatures and 
affecting their properties and intended use. 
 
1.1.5  Protection against overvoltage  
 
Means shall be provided to protect persons or livestock against injury and property against 
damage as a result of a fault between live circuits supplied at different voltages or from 
excessive voltages, e.g. due to lightning or switching. 
 
1.2  Design of the electrical installation  
 
An electrical installation shall be designed to: 
 
a)  provide for protection of persons, livestock and property; and  
 
b)  function properly. 
 
Information required as the basis for design are: 
 
a)  nature of the supply available (a.c. or d.c.);  
 
b)  conductor arrangement; 
 
c)  voltage, frequency and their tolerances, maximum current allowable and prospective short 

circuit current, protective measures inherent in the supply; 
 
d)  nature of the load; 
 
e)  requirement of emergency supply;  
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f) environmental conditions; and 

 
g) special requirements 

 
The design shall comply with appropriate requirements regarding: 
 
a)  conductor sizing; 
 
b)  type of wiring and installation method; 
 
c)  characteristics of protective equipment; 
 
d)  emergency control;  
 
e)  disconnecting and isolating devices; 
 
f)  prevention of mutual influence; and 
 
g)  access for installation, operation and maintenance. 
 
1.3  Selection of electrical equipment  
 
Electrical equipment used shall have characteristics appropriate for the design and fulfil the 
following requirements: 
 
a)  the nominal voltage as schedule in Suruhanjaya Tenaga - Pemberitahuan: Voltan Nominal; 
 
b)  the current rating shall be suitable for the maximum steady current in normal service. It 

should take into consideration the current likely to be carried in abnormal condition and the 
period it may be expected to flow; 

 
c)  the equipment shall be suitable for the duty demanded of it taking into account the load 

factor and normal service conditions; 
 
d)  all electrical equipment shall be selected to withstand the stresses and environmental 

conditions of the location of its use. The standard allows an item of equipment to be used 
although it does not have the properties corresponding to the location provided that 
additional protection is taken. In cases of doubt or for new equipment, the qualified electrical 
practitioner shall carry out and document a risk assessment to certify its suitability for use; 
and 

 
e) all electrical equipment shall not present harmful effects to other equipment or impair the 

supply. The standard lists power factor, inrush current, asymmetrical load and harmonics 
as factors which have a harmful effect. 

 
1.4  Erection and initial verification of electrical installation  
 
The electrical installation shall be of good workmanship carried out by qualified personnel using 
proper materials. Identification of conductors, reliable electrical connections and measures 
taken to eliminate risk of fire should be considered in the process of erection. 
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All new electrical installations shall be tested and inspected before being placed in service. This 
requirement shall also apply to installations which have undergone important modifications. 
 
1.5  Assessment of general characteristics 
 
The following general characteristics shall be assessed. 
 
1.5.1  Maximum demand and coincidence  
 
The determination of maximum demand is essential for economic and reliable design of an 
installation. Coincidence may be used in the determination of maximum demand.  
 
Tables A and B of the Electricity Regulations 1994 provide guidelines for calculating current 
demand and coincidence. 
 
1.5.2  Types of distribution system  
 
Electricity distribution systems are characterised by the system of live conductors or the type 
of system earthing. For a.c. system it can be single phase, three phase 3-wire or three phase 
4-wire whereas for d.c. system it can be 2-wire or 3-wire. 
 
For both a.c. or d.c. supply the following types of system earthing are in use: 
 
a) TT system;  
 
b)  TN-S system; 
 
c)  TN-C-S system (Not permitted in Malaysia);  
 
d)  TN-C system (Not permitted in Malaysia); and 
 
e)  IT system.  
 
The TT system (see Figure 2) is the predominant earthing system used in Malaysia. The TT 
system is characterised by the power system having one point directly earthed. The exposed 
conductive parts of the installation are connected to the earth electrode in the installation and 
which is independent of the electrodes of the power system. 
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Figure 2.  TT systems 
 
1.5.3  Assessing the source of supply 
 
An assessment shall be made of the source of available supply. Characteristics such as 
voltage, current, frequency, prospective short circuit current and ability to meet the maximum 
demand of the installation shall be assessed.  
 
Supplies for safety services (or essential services) and standby systems, especially when it is 
a requirement of the authorities, shall also be assessed for their capacity, reliability and 
availability. 
 
1.6  Division of installation 
 
Installations shall be divided into several circuits to avoid danger and minimise inconvenience. 
In the event of an electrical fault it facilitates safe investigation and testing. 
 
1.7  Compatibility 
 
Usage of some electrical equipment may have an effect on other electrical equipment or on the 
supply system and their characteristics shall be assessed. These equipment may have the 
following characteristics: 
 
a)  transient overvoltages; 
 
b)  rapidly fluctuating loads; 
  
c)  high starting currents; 
 
d)  harmonic currents; 
 
e)  high frequency oscillations; 
 
f)  earth leakage currents; and 
 
g)  necessity to install additional connections to earth. 
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All equipment shall meet appropriate electromagnetic compatibility (EMC) requirements. 
 
1.8  Maintainability 
 
Considerations shall be given to the frequency and extent of maintenance to be made on the 
installation. These factors influence the provisions to be made for ease and safety during 
maintenance. 
 
1.9  Safety services 
 
Consideration shall be given for sources of supply for safety services as derived from storage 
batteries and generator sets or a separate feeder from the public supply which is independent 
of the normal feeder. 
 
 

Section 2: Protection for safety - Protection against electric shock 
 
This section makes reference to MS IEC 60364-4-41 which deals with protection against 
electric shock. Protection against electric shock can be effected in the following ways: 
 
a)  protection against both direct and indirect contact; 
 
b)  protection against direct contact; and 
 
c)  protection against indirect contact. 
 
2.1  Protection against both direct and indirect contact  
 
Protection against both direct and indirect contact can be effected by using SELV (Safety Extra 
Low Voltage). SELV is an extra low voltage system (less than 50 V a.c. or 120 V d.c.) where 
the source is derived from one of the following:  
 
a)  safety isolation transformer; 
 
b)  generator; and 
 
c)  battery. 
 
Live parts of SELV circuits shall be safely isolated from other earthed systems as well as from 
other low voltage systems. This means the circuit conductors of SELV system shall be installed 
in such a way that it is physically separated from those of other circuit conductors. The plugs 
and socket outlets of SELV shall not be interchangeable with those of other systems. Socket 
outlets shall not have a protective conductor. If the voltage exceeds 25 V a.c. or 60 V d.c. 
protection against direct contact by barriers and insulation capable of withstanding 500 V a.c. 
rms for 1 min is required. 
 
Where the circuits are already earthed, SELV is not required and Protected Extra Low Voltage 
(PELV) system is used. 
 
An example of SELV usage is in handheld lamps used to inspect large boilers. 
 
A PELV system belongs to the category of Extra Low Voltage (ELV) system but the circuits are 
earthed. Protection against direct contact shall be provided by: 
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a) barrier or enclosure with degree of protection IP2X; and 
 
b) barrier or insulation that can withstand a test voltage of 500 V a.c. rms for 1 min. 
 
FELV (Functional Extra Low Voltage) system is one in which not all of the requirements for 
SELV and/or PELV have been fulfilled. Supplementary measures shall be taken for protection 
against direct and indirect contact as follows: 
 
a)  protection against direct contact shall be provided by barriers or enclosures and by 

insulation; and 
 
b)  barrier or insulation that can withstand a test voltage of 500 V a.c. rms for 1 min; and 

 
c)  protection against indirect contact shall be provided by connecting exposed metal parts to 

earth or connecting the metal part to the non-earthed equipotential bonding conductor. 
 
2.2  Protection against direct contact  
 
Electric shock arising from direct contact takes place when a person comes into contact with a 
live part such as when a person accidentally touches a bare live conductor. 
 
Methods used for protection against direct contact are: 
 
a)  insulating the live parts; 
 
b)  providing barrier or enclosure; 
 
c)  providing obstacles; and 
 
d)  placing out of reach. 
 
2.2.1  By insulating the live parts  
 
Protection against direct contact can be effected by covering the live parts with insulation. A 
common example would be the insulation of the conductors of a cable using PVC or XLPE 
material which can only be removed by means of a tool. The insulation material should be 
chosen so that it can withstand the service stresses to which it may be subjected. In this context 
cements, paints, varnishes, lacquers or similar are not considered to provide adequate 
insulation for protection against electric shock. 
 
2.2.2  By the use of barriers or enclosures  
 
Protection against unintentional direct contact can be effected by placing the live part behind 
barriers or inside enclosures with degree of protection IP2X. Briefly, IP2X protection means 
solid bodies greater than 12 mm would not be able to penetrate the enclosures. 
 
The requirement becomes more stringent if the barrier or enclosure is a horizontal top surface 
which is readily accessible. In this case the protection requirement is increased to at least IP4X. 
 
Barriers or enclosures shall be firmly secured in place or removed or open only with the use of 
a tool or key. Otherwise the barrier can be removed only after disconnection of supply to the 
live part. 
 
 



MS 1936:2016 

10 © STANDARDS MALAYSIA 2016 - All rights reserved 

 
 
 
 
2.2.3  By the use of obstacles (Access by authorised electrical practitioner only) 
 
Obstacles can be used to prevent unintentional contact with a live part. 
 
For example, in some installations, the low voltage terminal connection of an 11/0.400 kV 
transformer is not enclosed but it is protected by a cover made of wire mesh. 
 
2.2.4  By placing out of reach (Access by authorised electrical practitioner only) 
 
Protection against indirect contact by placing out of arm’s reach (see Figure 3) can be satisfied 
by ensuring a separation of 2.5 m in the vertical direction or 1.25 m in the horizontal direction. 
 

 
 

Figure 3. Zone of arm’s reach 
 
2.2.5  Additional protection by residual current devices (RCD)  
 
Protection afforded by residual current devices (RCD), e.g. residual current circuit breaker is 
not recognised as the sole means of protection against direct contact. It shall only be used to 
supplement the protection provided by circuit breaker such as miniature circuit breaker (MCB) 
or fuses. The RCD should have a rated operating current not exceeding 30 mA. 
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The use of RCD as a means of protection against leakage currents can be found in Regulation 
36 of the Electricity Regulations 1994. It should be noted that the use of voltage operated earth 
leakage circuit breakers (ELCB) is no longer allowed and only current operated RCDs are to 
be used. 
 
In operation, a RCD shall ensure the disconnection of all live (phase and neutral) conductors in 
the protected circuit. Disconnection of protective earthing conductor is not permitted. 
 
Only live (phase and neutral) conductors shall pass through the magnetic circuit of an RCD. 
Ensure the direction of the current flow in live conductors passing through the magnetic circuit 
of an RCD is correct to eliminate nuisance tripping of RCD due to magnetic flux imbalance. 
 
The protective earthing conductor of any circuit shall not pass through the magnetic circuit of 
an RCD. 
 
Double pole RCD for single phase residential or similar installation and single phase final 
distribution board with an incoming equal or less than 100A shall have rated residual operating 
current not exceeding 100 mA immediately after the incoming circuit breaker/isolator. 
 
Four pole RCD for three phase residential or similar installation and three phase final 
distribution board with an incoming equal or less than 100A shall have rated residual operating 
current not exceeding 100 mA immediately after the incoming circuit breaker/isolator 
 
RCD with rated residual operating current not exceeding 30 mA shall be installed in installations 
where portable or fixed apparatus such as electric power tools, hair-dryer, electric kettle and 
washing machine, is used.  
 
RCD with rated residual operating current not exceeding 30 mA can be installed to protect an 
individual final power circuit or to protect a group of final power circuits. 
 
RCDs with rated residual operating current not exceeding 10 mA shall be installed in all circuits 
under the following instances: 
 
a)  where the floor is likely to be wet such as water fountain, water features, bathroom, kitchen, 

swimming pool, garden or any outdoor area where exposed to rain or water spray; 
 
b)  for the protection of equipment and apparatus, such water heating system, booster pumps 

and similar; and 
 
c)  (recommended) where supplying apparatus used by children, elderly, uninformed 

consumers who are sick, or similar. 
 
If an installation is protected by a single RCD of rated residual operating current not exceeding 
30 mA, it shall be located at the origin of the installation, that is, immediately after the main 
incoming isolator at the consumer unit or main switchboard. 
 
RCD should be tested at least every six months to ensure its proper operation. The test shall 
be carried out in accordance to the Electricity Supply Act 1990 and the Electricity Regulations 
1994, the recommendation of the manufacturers and/or good maintenance practice. 
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2.3  Protection against indirect contact 
 
An electric shock arising from contact with exposed conductive part (generally metal part) which 
is normally not hazardous live but which becomes hazardous live under fault condition is an 
example of electric shock caused by indirect contact. An example of this is when the live 
conductor of an electric kettle accidentally comes into contact with the earthed metallic body.  
In the time before the residual current device acts to interrupt the circuit, a person who touches 
the kettle’s body will experience an electric shock. 
 
The standard lists five methods as adequate for providing protection against indirect contact: 
 
a)  automatic disconnection of supply; 
 
b)  use of Class II equipment; 
 
c)  non-conducting location (Under the supervision of authorised electrical practitioner only); 
 
d)  earth-free local equipotential bonding (Under the supervision of authorised electrical  

practitioner only); and 
 
e)  electrical separation. 
 
2.3.1  Need for automatic disconnection of supply  
 
A protective device, e.g. circuit breaker or fuse is required to automatically disconnect/isolate 
the supply to the circuit.  
 
An RCD shall be installed in the circuit immediately after the circuit breaker to limit the touch 
voltage not exceeding 50 V a.c. or 120 V d.c., the operation time of the RCD will generally be 
faster than the operation time of the circuit breaker of fuse. 
 
Protection against earth fault leakage current by a RCD shall fulfil the following condition:  
 

 50 ps IZ V a.c. 

 
where ZS is the earth fault loop impedance. 
 
Practically for TT earthing system, ZS is approximately equal to RE, the electrical installation 
earth resistance for 50/60 Hz low voltage electrical supply. 
 

pI   is the rated residual operating current of the RCD with circuit response (disconnection) 

time as follows: 
 
a) G (general type) (maximum response time): 
 

i) I ∆p ≤ 300 milliseconds; and 
 
ii) 5 x I ∆p ≤ 40 milliseconds. 
 

b) S (selective type) or T (delayed type) (minimum - maximum response time); 
 

i) I∆p ≥ 130 - ≤ 500 milliseconds; and 
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ii) 5 x I ∆p ≥ 50 - ≤ 150 milliseconds. 

 
G type RCD only shall be used for protection of all final circuits. 
 
2.3.1.1  Earthing  
 
Exposed conductive parts, e.g. metal parts of electrical equipment shall be connected to a 
protective conductor, e.g. the protective earth wire in a TT system. 
 
The installation protective earthing and equipotential bonding systems shall be connected to 
the electricity provider earthing system via earth by earthing electrode system per BS 7430 or 
equivalent. 
 
2.3.1.2  Equipotential bonding  
 
The following extraneous conductive parts in an installation shall be connected to the main 
equipotential bonding system: 
 
a) conductive water, gas pipes and similar; 

 
b) conductive parts of all building services, such as metallic cable management system, fire 

protection services and HVAC; and  
 

c) structural metal parts, conductive platform, skid or similar. 
 
The equipotential bonding shall be connected to the protective earthing at the main protective 
earth terminal via the main equipotential bonding terminal only, except where supplementary 
(local) equipotential bonding is implemented. 
 
If the conditions for automatic disconnection as described in 2.3.1 above cannot be fulfilled then 
a local bonding known as supplementary equipotential bonding shall be applied. This means 
all accessible exposed conductive parts of fixed equipment shall be connected together and to 
the protective conductors of all equipment including socket outlets. Supplementary 
equipotential bonding is effective when the following condition is satisfied: 
 

 V50x  pa IR  

where 
 
IΔp  is the rated operating residual current; and 
 
Ra  is the resistance of the earth electrode and protective conductor (Earth loop resistance). 
 
2.3.2  Use of Class II equipment or equivalent insulation  
 
Protection against indirect contact can be fulfilled by using Class II equipment or using 
supplementary insulation or reinforced insulation. Class II equipment have double or reinforced 
insulation. Equipment with double insulation is identified by the symbol as in  
Figure 4. 
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Figure 4. Symbol for double insulation 
 
2.3.3  Non-conducting location  
 
The basic aim of this protective measure is to prevent simultaneous contact with parts which 
may be at different potentials due to failure of the basic insulation. It requires effective 
supervision by authorised electrical practitioner and is not common. 
 
Measures to achieve this are as in the following conditions: 
 
a)  a space separation of not less than 2.5 m is sufficient otherwise the extraneous conductive 

part shall be insulated to withstand at least 2 000 V; 
 
b)  there shall be no protective conductor in a non-conducting location; and 
 
b) the insulation resistance of insulating walls and floors shall not be less than 50 kΩ if the 

nominal voltage of the installation does not exceed 500 V and not less than  
100 kΩ for installation exceeding 500 V.  

 
2.3.4  Protection by earth free equipotential bonding  
 
All exposed metal parts are connected together (including extraneous conducting parts such 
as water pipes) but at the same time they are not connected to earth. It requires effective 
supervision by authorised electrical practitioner and is not common. 
 
2.3.5  By electrical separation  
 
The purpose of electrical separation of a circuit is to prevent electric shock from indirect contact 
with metal parts which may become energised due to faulty insulation.   
 
Examples are circuits supplied through an isolating transformer or supplied through a 
generator. The voltage shall not exceed 500 V and there should not be a connection to earth. 
The common bathroom shaver unit is an example of such a circuit. 
 
 

Section 3: Protection for safety - Protection against thermal effects 
 
This section makes reference to IEC 60364-4-42 which deals with protection against thermal 
effects. When an electric current flows through a conductor, the heat that is produced may be 
sufficient to cause burns or even fires. Persons, fixed equipment adjacent to electrical 
equipment shall be protected against the harmful effects of the heat produced. 
 
Regulatory requirements, such as but not limited to Fire Services Act 1988 (Act 341) and 
Regulations, and Uniform Building By - Laws 1984 (Act 133) and Regulations shall take 
precedence if more stringent. 
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3.1  Protection against fire  
 
Where the electrical equipment can produce sufficient heat to cause a fire hazard to adjacent 
materials, the equipment shall be protected in one of the following manners: 
 
a)  mount the equipment within non-combustible materials that can withstand the maximum 

temperatures produced and which has low thermal conductance; 
 
b)  screen the equipment from hazardous materials; and 
 
c)  provide sufficient separation between the equipment and the hazardous materials. 
 
Where the electrical equipment can produce arcs or sparks, then it shall be: 
 
a)  totally enclosed in arc-resistant materials which are non-combustible, low thermal 

conductance and adequate thickness; 
 
b)  screened from building materials which may be adversely affected by the heat produced; 

and 
 
c)  provide sufficient separation between the equipment and the building materials. 
 
Where the electrical equipment contains significant quantities of flammable liquid adequate 
precautions shall be taken to prevent the spread of fire and its by products from the burning 
liquid to other parts of the building. 
 
Appropriate measures for protection against fire shall be chosen in regard to the following 
conditions of use: 
 
a)  emergency evacuation;  
 
b)  nature of materials; 
 
c)  combustible construction materials; and 
 
d)  fire propagation structures. 
 
3.1.1  Emergency evacuation  
 
Where possible, wiring systems should not be run in escape routes. If this is not avoidable, 
wiring or enclosures shall be chosen so as not to propagate a fire and shall not attain 
temperatures that can ignite surrounding materials. 
 
Switchgear and controlgear installed in escape routes shall be put in boxes made of  
non-combustible materials. 
 
3.1.2  Nature of materials  
 
The following clauses apply to BE2 (fire risk) conditions.  
 
In a dusty environment the electrical equipment shall not cause its enclosures to reach 
temperatures which may result in a risk of fire. Motors used in these locations shall be protected 
against excessive temperature rise.  
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Luminaires shall be housed within enclosures with a degree of protection at least to IP4X in 
Table 51A of MS IEC 60364-5-51:2007. Lamps shall be protected by robust covers or grilles 
where mechanical damage is anticipated. 
 
Switchgear for protection, control and isolation shall be placed outside locations representing 
BE2 conditions unless it is in an enclosure with protection class IP4X. 
 
Wiring shall be of the type that cannot propagate flame and shall satisfy the test under fire 
conditions specified in MS IEC 60332-1. Other wiring systems which incidentally traverse these 
locations shall have no joints/connections along the route while in these locations.  
 
To minimise the risk of fire arising from fault currents, the circuit shall be protected by a residual 
current device with rated residual operating current not exceeding 0.1 A for residential 
installation and final distribution board, and 0.3 A for others or monitored by a continuous 
insulation monitoring device. Note that installation of an RCD complying with the Electricity 
Regulations 1994 will also satisfy this requirement. 
 
Where combustible dust is present, the air intake of forced air heating installations shall be 
located away from such locations. 
 
3.1.3  Combustible constructional materials  
 
Precautions shall be taken to ensure that electrical equipment cannot cause a fire to the walls, 
floors and ceilings. 
 
3.1.4  Fire propagating structures  
 
The shape of some structures may facilitate the spread of fires. Under this circumstance, care 
shall be taken to prevent the electrical installation from propagating a fire. It is also 
recommended to install fire detectors. 
 
3.2  Protection against burns  
 
During operation, electrical equipment which is within arm’s reach shall not attain temperatures 
likely to cause burns to persons otherwise, they shall be put behind a guard. Temperature limits 
as shown in the Table 1 shall be satisfied. 
 

Table 1.  Temperature limit 
 

Accessible parts Material of accessible 
surfaces 

Maximum temperatures 

(°C) 

Hand held means of 
operation 

Metallic 

Non-metallic 

55 

65 

Parts intended to be touched 
but not hand-held 

Metallic 

Non-metallic 

70 

80 

Parts which need not be 
touched for normal operation 

Metallic 

Non-metallic 

80 

90 

 
Additionally, electrical equipment shall comply with the requirements of MS IEC 60204-1. 
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3.3  Protection against overheating 
 
Protection against overheating is applied to forced air heating systems and to appliances 
producing hot water or steam. 
 
To prevent overheating in forced air heating systems, it shall be ensured that the required air 
flow be established before the heating elements are activated. When the air flow is stopped, 
the heating element shall be stopped. Two temperature limiting devices, independent of each 
other, shall be installed to prevent permissible temperatures from being exceeded. 
 
Appliances producing hot water or steam shall have means to prevent overheating. An example 
is the use of thermostats to cut off electricity supply before overheating occurs. 
 
3.4  Requirements of thermal cut-off devices 
 
Any thermal cut-off device shall have manual reset. Thermal cut-off device should have visual 
status indicator. 
 
 

Section 4: Protection for safety - Protection against overcurrent  
 
This section makes reference to IEC 60364-4-43 which deals with protection against 
overcurrent. Overcurrents cause temperature rise which can damage insulation, joints, 
terminations or the surrounding materials. In the extreme the thermal effect of overcurrent may 
result in a fire. Hence there is a need to provide overload and overcurrent protection. 
 
4.1  Overload current 
 
An overload current is an overcurrent present in a circuit which is electrically sound, e.g. due to 
overloading. 
 
4.2  Overcurrent 
 
An overcurrent is a current exceeding the rated value which, for a conductor, is its current 
carrying capacity. It can be an overload, short circuit or earth fault. 
 
4.3  Requirement to provide overcurrent protection device (OPD) for all phases  
 
OPD shall be provided for all phase conductors. The OPD of the conductor experiencing the 
overcurrent shall be trip to disconnect the electricity supply to the conductor but conductors in 
the other phases need not be. This requirement is not valid for three phase circuit supplying 
equipment such as motor, where disconnection of faulted phase conductor can result in single 
phasing failure of the equipment  
 
4.4  Protection of neutral conductor in a TT system  
 
The neutral conductor in a TT system having the same cross sectional area as the phase 
conductors need not be provided with overcurrent protection. If the cross section area is less 
than the phase conductor then an overcurrent detection device shall be provided. Detection of 
overcurrent in the neutral conductor shall cause the phase conductor to trip but shall not trip to 
disconnect the neutral conductor is not required. 
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In case the neutral conductor has to be disconnected for any reason, then the neutral conductor 
shall not be disconnected before the phase conductors. On restoration, it shall be re-connected 
at the same time or earlier than the phase conductor.  
 
4.5  Nature of overcurrent protective devices  
 
Protection against overload current and short circuit current can be effected using circuit 
breakers incorporating overload releases or fuses. They shall be capable of breaking the 
prospective short circuit current at their place of installation. 
 
Protective devices for overload protection only generally have an inverse-time lag characteristic 
but its interrupting capacity may be less than the short circuit current.  
 
On the other hand protective devices ensuring short circuit protection only shall be capable of 
breaking the short circuit current up to the prospective short circuit current.  
 
4.6  Protection against overload current device: Miniature circuit breaker (MCB) 
 
To protect a cable against overloads the standards specify the following relationships: 
 

znB III   ௭ܫ	x 1.35/1.45≥ 2ܫ 
where 
 

BI  is the current for which the circuit is designed; 

 

zI  is the continuous current-carrying capacity of the cable; 

 

nI  is the nominal current of the protective device;  

 is the current ensuring effective operation in the conventional time of the protective  2ܫ 
device; and 

 
1.35/1.45 is thermal tripping factor for B type and C, D types MCB respectively. 
 
4.6.1  Where to locate overload protection devices  
 
The overload protection device shall be placed at the point where there is a reduction in the 
current carrying capacity of a conductor. This situation can be caused by reduction in cross 
section area of the conductor or some other factors such as method of installation. If there are 
no branch circuits nor socket outlets between the point of reduction in current carrying capacity 
and the location of the overload protection device, then the overload protection device may be 
placed away from the point of reduction in current carrying capacity provided:  
 
a)  there is an upstream short circuit device; or 
 
b)  the distance does not exceed 3 m, risk of short circuit is minimised and there are no 

combustible materials. 
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In situations where the operation of the overload protection device may actually cause a 
dangerous situation and the standard recommends omitting the overload protection device. 
Examples of this is in the circuits supplying operating theatres and lifting magnets. These 
circuits shall be backed up by uninterruptible power supply if practical and monitored with 
appropriate monitoring device such as insulation monitoring device. 
 
4.6.2  Overload protection of conductors in parallel  
 
If a single protective device is used to protect several conductors in parallel, there shall be no 
branch circuits or devices for isolation or switching in the parallel circuits.  
 

If the parallel conductors carry equal currents then the value of Iz is the sum of the current 

carrying capacities of the various conductors. Parallel conductors carrying equal currents 
means each conductor in phases, neutral or earthing sets shall 1) have the same length, 2) 
made from the same cable technology, 3) have same cross sectional areas, 4) have same type 
of erection methods, 5) Terminate with the same termination technology. 
 
If the currents in the parallel conductors are not equal then each conductor shall have its own 
overload protection.  
 
Further guidance can be found in Annex A of MS IEC 60364-4-43:2003. 
 
4.7  Protection against short-circuit current  
 
In order to design appropriate short circuit protection, the short circuit currents at every relevant 
part of the installation shall be determined by calculation or by measurement of the impedances 
at the relevant points. 
 
Similar to overload protection devices, the short circuit protection device shall be placed at the 
point where there is a reduction in the cross section area of a conductor or where there are 
circumstances that reduces its current carrying capacity.  
 
The position of the short circuit protection device can be altered if all the following 
circumstances are satisfied: 
 
a)  if it is not more than 3 m away (from the point of reduction in cross section area); 
 
b)  if the risk of short circuit of the conductor is minimised; and 
 
c)  if it is not placed close to combustible materials.  
 
Conditions b) and c) are included to address the concerns due to thermal effects of short 
circuits. 
 
It is also permitted to place the short circuit protective device on the supply side of the reduced 
cross section area of the conductor provided it has an operating characteristic that can protect 
the conductor on the load side. This means that the let through energy of the short circuit 
protective device shall not cause the conductor to reach its permitted temperature limit.  
 
Circumstances under which short circuit protective devices need not be provided are given in 
clause 434.3 of MS IEC 60364-4-43:2003. Examples are the connections to generators and 
transformers and circuits where disconnection may cause danger. 
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4.7.1  Short circuit protection of conductors in parallel  
 
One may use a single short circuit protective device to protect conductors in parallel against 
the effects of short circuit provided that the short circuit protective device is suitable even 
against the most onerous fault that may occur. There may be short circuit sharing between the 
parallel conductors or the fault current may be fed from both ends of the parallel conductors. 
 
In a situation where a single short circuit protective device may not be effective then additional 
measures shall be taken. These include the following: 
 
a)  take precautions to reduce risk of short circuit between parallel conductors; 
 
b)  provide separation from combustible materials; 
 
c)  protect each parallel conductor with its own short circuit device (if there are two parallel 

conductors); and 
 
d)  provide short circuit protective devices at the supply and load ends of each parallel 

conductor (more than two conductors in parallel). 
 
4.7.2  Characteristics of short circuit protective devices  
 
The basic requirements of the short circuit protective device are: 
 
a)  it shall have a breaking capacity not less than the prospective short circuit current at the 

place of installation; and 
 
b)  it shall interrupt the short circuit current in a time less than that which causes the conductors 

to reach the permitted temperature limit. 
 
It is permissible to use a short circuit protective device of lower breaking capacity provided there 
is another short circuit protective device of adequate breaking capacity on the upstream side. 
These two short circuit protective devices shall be chosen so that the let through energy will 
not damage the device on the load side as well as the conductor it is protecting. 
 
For short circuits of durations not exceeding 5 s, the time t, in which a given short circuit current 
will raise the conductor temperature from the highest temperature in continuous normal duty to 
it’s limiting temperature can be calculated from the adiabatic formula; 
 

I2t = k2 x S2 

 
where 
 
t  is the duration in seconds; 
 
S  is the cross section area in mm2; 
 
I  is the effective short circuit current in amperes, expressed as rms value; and 
 
k   is a factor of the material of the conductor (Table 43 A of MS IEC 60364-4-43:2003 gives 

values of k for some common conductors). 
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4.8  Co-ordination of overload and short circuit protection 
 
It may be possible to protect a circuit against overload and short circuit by using the overload 
protective device provided it has a breaking capacity suitable for the place of installation. 
 
If protection is by separate overload protective device and short circuit protective device then 
their characteristics shall be coordinated so that the let through energy of the short circuit 
protective device does not exceed that which can be safely withstood by the overload protective 
device. 
 
4.9  Limit of overcurrent by characteristics of supply source 
 
Some sources of supply are incapable of supplying a current exceeding the current carrying 
capacity of the conductors, e.g. transformers to operate an electric bell. In this case, the 
conductor is considered to be protected against overload and short circuit. 
 
 

Section 5: Protection for safety - Protection against voltage disturbances 
and electromagnetic disturbances 
 
This section makes reference to MS IEC 60364-4-44 which intends to provide for the safety of 
persons and equipment in a LV system in the event of a fault between the HV system and earth 
in the HV part of transformer stations supplying the LV system. 
 
5.1  Protection of LV installations against temporary overvoltages and faults between 
high voltage system and earth 
 
Temporary overvoltages in the LV system are commonly caused by the following situations: 
 
a)  fault between HV system and earth; 
 
b)  loss of neutral in TT system; and 
 
c)  short circuit in LV installation. 
 
A fault between HV system and earth may cause: 
 
a)  a rise of potential of the metal parts of the LV system with respect to earth which may give 

rise to fault voltage and touch voltage; and 
 
b)  a rise of the potential of the LV system with respect to earth, e.g. stress voltages which may 

cause a breakdown of the insulation in low voltage equipment. 
 
The magnitude and duration of the fault voltage or touch voltage due to an earth-fault in the 
high voltage system shall not exceed the values given by curve F and T of Figure 44A in MS 
IEC 60364-4-44:2007. 
 
The magnitude and duration of the stress voltage of the LV equipment due to an earth fault in 
the HV system shall not exceed the values in the Table 2 which is taken from Table 44A of MS 
IEC 60364-4-44:2007. 
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Table 2. Permissible stress voltage 
 

Permissible a.c. stress voltage on equipment in 
low-voltage installations 

(V) 

Disconnecting time 
(s) 

Uo + 250 

 

Uo + 1 200 

> 5  

 

 5  

NOTE. The second line applies to solidly earthed high voltage systems commonly practiced 
locally. 

 
5.1.1  Earthing systems in transformer sub-stations  
 
At the transformer sub-station, there shall be one earthing system to which the following 
equipment shall be connected: 
 
a)  earth electrodes; 
 
b)  transformer tank; 
 
c)  armour of high voltage cables; 
 
d)  armour of low voltage cables except in cases where the neutral conductor is earthed via a 

separate earth electrode; 
 
e)  earth wires of high voltage system; 
 
f)  exposed conducting parts of high voltage and low voltage equipment; and 
 
g)  extraneous conductive parts. 
 
5.1.2  Earthing arrangements in LV installations  
 
5.1.2.1  TT systems  
 
Two cases are possible for TT system as shown in Figure 5. 
 
The stress voltage that arises for an earth fault in the HV system is given by the equation: 
 

mo IRU   

 
where 
 

oU   is the line-to-neutral voltage of the LV system; 

 
R   is the resistance of the earth electrode of the exposed conductive parts of the transformer 

sub-station; and 
 

mI   is that part of the earth fault current in the HV system that flows through the earth 

electrode of the exposed conductive part of the transformer sub-station. 
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a) When the stress voltage and disconnecting time in the LV equipment of the consumer’s 

installation follows Table 44A of MS IEC 60364-4-44: 2007, the neutral conductor of the LV 
system may be connected to the earthing electrode of the exposed conductive parts of the 
transformer sub-station; and 

 
b) if the condition a) above is not fulfilled, the neutral conductor of the LV system shall be 

earthed by an independent earth electrode. 
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Figure 5.  Earthing in TT systems 
 
5.1.3  Limitation of stress voltage in LV equipment of transformer sub-stations  
 
Under the condition shown in TT-b of Figure 44C of IEC 60364-4-44:2007, the stress voltage 
appearing in the LV equipment of transformer sub-stations shall be disconnected in time 
compatible with its insulation level. 
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5.1.4  Stress voltage in case of loss of neutral conductor in TT system  
 
Loss of neutral conductor in three phase TT systems can result in a voltage rise reaching up to 

3U which then stresses the insulation of the electrical system. This should be taken into 

account in the design. 
 
5.2  Protection against overvoltages of atmospheric origin or due to switching  
 
Lightning activity or switching are the two common causes of transient overvoltages in electrical 
installations. Consideration shall be given for reducing the voltage stresses to an acceptable 
level for safety of persons and property and for continuity of service. 
 
5.2.1  Classification of impulse withstand categories  
 
Impulse withstand categories are also known as overvoltage categories. 
 
Equipment can be classified into various impulse withstand categories. Proper selection of 
equipment according to their impulse withstand levels is the basis for insulation coordination. 
 
5.2.2  Impulse withstand categories  
 
Category I equipment is intended to be connected to fixed electrical installations of buildings. 
Protective means are taken outside the equipment-either in the fixed installation or between 
the fixed installation and the equipment. 
 
Category II equipment is intended to be connected to the fixed electrical installations of 
buildings examples of which are household appliances, portable tools, etc. 
 
Category III equipment is part of the fixed electrical installation, e.g. distribution boards, circuit 
breakers, wiring systems which include cables, bus-bars, junction boxes, switches, socket 
outlets, etc. 
 
Category IV equipment is intended for use at the origin of the electrical installation of buildings 
upstream of the main distribution board. It includes electricity meters, overcurrent protection 
devices, etc. 
 
5.2.3  Arrangements for overvoltage control  
 
5.2.3.1  Inherent control  
 
There are two types of inherent control as shown in the following. 
 
a)  In an installation supplied entirely by low voltage underground cables, electrical equipment 

with impulse withstanding voltage meeting the requirements of Table 44B of MS IEC 60364-
4-44:2007 is sufficient. No additional devices for protection against lightning impulse 
overvoltages are required. 

 
b)  An installation supplied by a low voltage overhead line need not be provided with devices 

for protection against lightning impulse overvoltages if the external influence occurs for  
> 25 days per year (category AQ 1 of MS IEC 61024-1:2001). 
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5.2.3.2  Protective control  
 
Where an installation is supplied by a low voltage overhead line, protection against lightning 
impulse overvoltages shall be provided if the external influence occurs for > 25 days per year 
(category AQ 2 of MS IEC 61024-1:2001). Protective level of the protective devices shall not 
be higher than category II of Table 44B of MS IEC 60364-4-44:2007. 
 
A surge protective device with protection level of category II in accordance with MS IEC 60364-
5-53 can be utilised for this purpose. 
 
5.3  Selection of equipment  
 
Equipment with rated impulse withstand voltage according to Table 3 which is taken from Table 
44B of MS IEC 60364-4-44:2007 shall be selected. The standard does not exclude the use of 
equipment with lower ratings provided the higher risk of damage by overvoltage is acceptable. 
 

Table 3. Required rated impulse withstand voltage of equipment 
 

Nominal voltage 

of the installation a 

(V) 

Required impulse withstand voltage for 

(kV) 

Three-phase 

systems  
Single-
phase 

systems 
with 

middle point 

Equipment 

at the 
origin 

of the 

installation 

(impulse 

withstand 

category 
IV) 

Equipment of 
distribution 

and 

final 

circuits 

(impulse 

withstand 

category III) 

Appliances 

 

 

 

 

(impulse 

withstand 

category II) 

Specially 

protected 

equipment 

 

 

(impulse 

withstand 

category I) 

- 120 - 240 4 2.5 1.5 0.8 

230/400  

277/480  
- 6 4 2.5 1.5 

400/690 - 8 6 4 2.5 

1 000 - Values subject to system engineers 
NOTES: 
 
1.  Category I is addressed to particular equipment engineering. 
 
2.  Category II is addressed to product committees for equipment for connection to the mains. 
 
3.  Category III is addressed to product committees of installation material and some special 

product committees. 
 
4.  Category IV is addressed to supply authorities and system engineers (see also 443.2.2 of  
  MS IEC 60364-4-44:2007). 
a  According to MS IEC 60038. 

 
Measures that can be taken against electric and magnetic influences on electrical equipment 
are described in 444.3 of MS IEC 60364-4-44:2007. 
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5.4  Mitigating the effects of Electromagnetic Interference (EMI) on signal connections 
 
Measures that can be taken to mitigate the effects of EMI on signal cables are: 
 
a)  use of fibre optic cables for signal connections; 
 
b)  use of Class II equipment; 
 
c)  use of double wound transformers for the supply to information technology equipment; and 
 
d)  choose cable routes that minimise enclosed areas of common loops formed by power 

supply cables and signal cables. 
 
5.5  Protection against undervoltage  
 
Suitable precautions shall be taken in situations where a drop in voltage or a loss and 
subsequent restoration of voltage could be a danger to persons or property or result in damage 
to equipment.  
 
Provided there is no danger to persons, an undervoltage protective device is not required if 
damage to the equipment is considered to be an acceptable risk. 
 
Where the reclosure of a protective device is likely to create a dangerous situation, the reclosure 
shall not be automatic. 
 
 

Section 6: Selection and erection of electrical equipment - Common rules 
 
This section makes reference to MS IEC 60364-5-51:2007 which deals with the selection and 
erection of equipment. It provides common rules for compliance with measures of protection 
for safety, proper functioning for intended use and also requirements for the external influences 
foreseen. 
 
6.1  Compliance with standards  
 
As a general rule every item of equipment shall be selected and erected so as to comply with 
the rules stated in MS IEC 60364. 
 
Every item of equipment shall also comply with the appropriate recognised standards. 
 
6.2  Operation conditions and external influences  
 
6.2.1  Voltage  
 
Equipment shall be suitable for the nominal voltage of the installation. 
 
6.2.2  Current  
 
Equipment shall be selected for the design current which it has to carry in normal service. It 
shall also be capable of carrying the currents likely to flow in abnormal conditions and for such 
durations before being disconnected by protective devices. 
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6.2.3  Frequency  
 
The rated frequency of the equipment shall correspond to the frequency of the current in the 
circuit. 
 
6.2.4  Power  
 
The power rating of the equipment shall be suitable for the normal operation conductions taking 
account of the load factor. 
 
6.2.5  Compatibility  
 
Under normal service or during switching operations, all equipment shall not cause harmful 
effects to other equipment or to the electricity supply system. 
 
6.2.6  External influences  
 
Examples of external influences are ambient temperature, atmospheric humidity, presence of 
corrosive substances, etc. The types of external influences and the characteristics of equipment 
appropriate under these conditions are shown in Table 51A of MS IEC 60364-5-51:2007.   
 
If the construction of the equipment is not suitable for a particular environment, the equipment 
may still be used if it is provided with appropriate additional protection in the erection of the 
installation. 
 
Different external influences may occur at the same time and they may cause independent or 
mutual effects. The degree of protection shall be provided accordingly. Equipment shall 
withstand the external influence for the following reasons: 
 
a)  for proper functioning; and 
 
b)  to ensure the reliability of the protective measures for safety. 
 
6.3  Accessibility 
 
All equipment shall be arranged and installed in a manner to allow ease of operation, inspection 
and maintenance. 
 
6.4  Identification  
 
Switchgear and control gear shall be suitably labeled and identified to avoid confusion. 
 
Where the functioning of the switchgear and controlgear cannot be seen by the operator, a 
suitable indicator shall be provided. 
 
6.4.1  Wiring systems  
 
Wiring shall be marked to facilitate inspection, testing, repairs or alterations. The identification 
of neutral and protective conductors shall comply with IEC 60445. 
 
6.4.2  Protective devices  
 
Protective devices shall be identified with the circuits they are protecting. 
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6.4.3  Diagrams  
 
Diagrams, charts or tables shall be provided to identify: 
 
a)  the types of utilisation served and  number and size of conductors; and 
 
b)  the devices provided for protection, isolation and switching. 
 
Electrical symbols shall be chosen from IEC 60617 series. 
 
6.5  Prevention of mutual detrimental influence  
 
Equipment shall be chosen and installed so as to avoid detrimental influence between the 
electrical installation and non-electrical installations. 
 
Equipment without a backplate shall not be mounted on a building surface unless the following 
safety concerns are satisfied: 
 
a)  the building surface will not be electrified; 
 
b)  there is fire segregation between the equipment and a combustible building surface; 
 
c)  these requirements may be satisfied by one of the following measures; 
 
d)  a metallic building surface shall be bonded to the protective conductor or to the 

equipotential bonding conductor of the installation (see MS IEC 60364-4-41 and MS IEC 
60364 -5-54); and 

 
e)  a combustible building surface shall have a separation from the equipment provided by an 

intermediate layer of insulating material having a flammability rating FH1 according to IEC 
60707. 

 
Equipment in switchboards, control panels, etc. which operate at different voltages and carry 
different currents shall be segregated wherever possible to avoid mutual detrimental influence. 
 
6.5.1  Electromagnetic compatibility  
 
Equipment’s immunity level against electromagnetic influences shall be chosen in relation to 
the importance of its function. 
 
The operation of equipment may also give rise to electromagnetic interference to other 
equipment. Equipment shall be chosen to emit only low levels of electromagnetic interference 
by electrical conduction or propagation in the air. 
 
 

Section 7: Selection and erection of electrical equipment - Wiring systems 
 
This section makes reference to IEC 60364-5-52 which contains rules for the selection and 
erecting of wiring systems. 
 
 
 
 
 



MS 1936:2016 

30 © STANDARDS MALAYSIA 2016 - All rights reserved 

 
 
 
 
7.1  Types of wiring systems  
 
A wiring system is an assembly consisting of cables, busbars or cable trunkings and parts, 
which secure, support or enclose them. 
 
A standard to the types of conductors or cables and the admissible method of installation is 
given in Table 52-1 of MS IEC 60364-5-52:2003. As an example from this table, a sheathed 
multicore cable is suitable for all common types of installation except for installation on 
insulators. On the other hand, an insulated conductor can be installed in conduit, clipped direct, 
in cable ducting and on insulators. 
 
Table 52-2 of MS IEC 60364-5-52:2003: describes examples of methods of installation of a 
wiring system for some common situations. 
 
The table also describes examples of methods of installation and assigns reference numbers 
to the methods so described for obtaining current-carrying capacity. For, e.g. method of 
installation B2 describes the method of installing multi-core cables in conduit in masonry.  
 
Busbar trunking systems shall be suitable for the environment of the place of installation and 
be installed according to manufacturer’s instructions. 
 
When installing a.c. circuits in ferromagnetic enclosures, care should be taken to ensure that 
all conductors of each circuit are within the enclosures.  
 
When single core power cables are to be glanded in metallic switchboard, ensure that all the 
phase and neutral conductors are bundled for flux cancellation and installed within the 
switchboard. This is to prevent heating caused by eddy currents and excessive voltage drop 
due to inductive effects. If this cannot be achieved, the part of the switchboard where the single 
core cables are glanded shall be made of non-ferrous materials such as hard fibre board, 
aluminium, brass, etc. 
 
It is recommended the part of the switchboard where the single core cables are glanded shall 
be made of non-ferrous materials such as hard fibre board, aluminium, brass, etc. 
 
It is admissible to install several circuits in the same conduit or trunking provided all the 
conductors are insulated for the highest nominal voltage present. 
 
7.2  Selection and erection of wiring systems in relation to external influence 
 
External influences are tabulated in Table 51A of MS IEC 60364-5-51:2007. 
 
7.2.1  Ambient temperature (AA) 
 
Select a wiring system suitable for the highest local ambient temperature and do not exceed 
the limiting temperatures indicated in Table A 54 of Annex A in MS IEC 60364-5-54:2004. 
 
All wiring system components including cables and wiring accessories shall be installed at 
temperatures within its limits. 
 
7.2.2  External heat sources 
 
The wiring system shall be protected from heat sources by: 
 
a)  shielding; 
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b)  placing sufficiently far from heat source; 
 
c)  selecting a wiring system rated for the effects of the heat source; and 
 
d)  local reinforcement or substitution of insulating material. 
 
Examples of heat sources are hot water systems or steam pipes; manufacturing process; and 
the sun. 
 
7.2.3  Presence of water (AD) 
 
Select a wiring system and install it so that it may not be damaged by water. The completed 
wiring system shall comply with the IP rating of the location. 
 
Where there is a possibility that water may collect in the wiring system, make provisions for the 
water to escape. 
 
7.2.4  Presence of solid foreign bodies (AE) 
 
Select a wiring system and install it so that it may not be damaged by solid foreign objects. The 
completed wiring system shall comply with the IP rating of the location. A common example is 
a dusty environment. 
 
7.2.5  Presence of corrosive or polluting substances (AF) 
 
A wiring system selected for use in a corrosive or polluting environment shall be protected or 
made from materials resistant to these detrimental substances. Examples of protective 
measures are the use of protective tapes or paints. 
 
Dissimilar metals in contact with each other may be subject to electrolytic action and should be 
avoided. 
 
Bimetal connectors with suitable protective compound shall be used to connect conductors of 
dissimilar metals. 
 
NOTE. Suitable protective compound mean oxide inhibiting compound. 

 
7.2.6  Impact (AG) 
 
Wiring systems shall be selected and erected so as to minimise the damage due to mechanical 
stress, e.g. by impact. An example is to install a steel plate to protect the wiring system. 
 
7.2.7  Vibration (AH) 
 
Where a wiring system is installed in a location subjected to vibration care shall be taken that 
the cable connections are not compromised. The use of flexible wiring systems can be 
considered. For fixing luminaires, the use of cables with a flexible core shall be used. 
 
7.2.8  Other mechanical stresses (AJ) 
 
A wiring system shall be so selected and erected that during installation and normal usage, its 
insulation and termination shall not be damaged. Means to achieve this are prescribed below. 
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Conduits or cable ducting systems intended to be buried in structures shall be completely 
erected for each circuit before any insulated conductor is drawn in. 
 
The radius of every bend in the cable management sand/or wiring system shall be sufficiently 
to prevent damage to the cables. In the absence of recommendation by cable manufacturer, 
an internal bending radius of not less than 12 times of the cable overall external diameter would 
normally be adequate. In order to satisfy this criterion, elbows, and junction boxes and/or similar 
shall be included in cable management system at places where the cable run changes direction. 
 
Cables installed in vertical runs may be subjected to stresses from its own weight. A suitable 
choice of conductor with appropriate cross sectional area and appropriate method of mounting 
could be used to overcome this. 
 
Moreover, for compliance with installation reference method and to ensure cables are held in 
place during faults, any cable not installed in conduit or trunking shall be adequately supported, 
clamped and/or tied at regular intervals of maximum 1.20 m or in accordance with the 
recommendation of the cable manufacturer, whichever is smaller, by cable clamps, cable ties 
or similar conforming to IEC 62275. 
 
Wiring systems intended for the drawing in or out of conductors shall have adequate means of 
access to allow for this operation.  
 
Cables installed within conduits, trunking, cable ducts or similar shall have a space factor as 
per Table 4. 
 

Table 4. Required space factor for cable management system 
 

Cable management system Minimum space factor (%) 

Conduit 40 

Trunking 45 

Others Per Professional Electrical Design Engineer’s instruction 

 
Space factor is defined as follows: 
 

runkingsconduits/t of areas section cross Internal

)insulation (include cables of areas section cross of Sum
 

 
Wiring systems buried in floors shall be protected against damage caused by normal usage of 
the floor. 
 
Cables installed or concealed inside walls, within partitions or similar shall be protected 
mechanically with suitable cable management system and shall be installed or concealed 
horizontally or vertically, within + 25 mm relative to a horizontal finished floor. 
 
Cables should not be installed or concealed inside floor slabs. If unavoidable, in addition to 
mechanical protection with suitable cable management system, precautions shall be taken to 
ensure the integrity of structure, especially the water proofing properties of the floor slabs are 
not compromised. 
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Cables not concealed inside walls, within partitions or similar, commonly referred as surface 
wiring, shall be installed in cable management system and shall be installed inside visually 
rectangular pattern. 
 
It is recommended to install surface wiring above wet mechanical services. 
 
Flexible conduits are permitted only for final connection from rigid cable management system 
to apparatus such as light fittings. The recommended maximum length of the flexible conduit is 
1.50 m. 
 
Take measures to avoid excessive tensile stresses in flexible wiring systems. 
 
Every wet-equipment shall be supplied by a dedicated power circuit which shall not be shared 
by any other purpose. This power circuit shall have an appropriately sized double pole switch 
with neon indicator light installed in a prominently visible location in the vicinity of the wet-
equipment for switching and isolation, but shall be outside the spray zone of the water. In the 
vicinity of the wet-equipment, there shall be an appropriately sized socket outlet to facilitate the 
connection of the power circuit to the wet-equipment and to facilitate disconnection of wet-
equipment during maintenance. 
 
Every power circuit for wet-equipment shall be protected individually by a 10 mA rated residual 
operating current device in compliance with Regulation 36 of Electrical Regulations 1994. 
 
Every high-current using equipment circuit shall be supplied by a dedicated power circuit which 
shall not be shared by any other purpose. This power circuit shall have an appropriate sized 
double pole switch with neon indicator light installed in the vicinity of the high-current using 
equipment for switching for isolation. In the vicinity of high-current using equipment, there shall 
be an appropriately sized socket outlet to facilitate the connection of the power circuit to the 
high-current using equipment and to facilitate disconnection of high-current using equipment 
during maintenance. 
 
7.3  Current carrying capacities  
 
The current to be carried by a conductor continuously in normal service shall not exceed the 
temperatures given in Table 5 which is taken from Table 52-4 of MS IEC 60364-5-52:2003. 
 

Table 5.  Maximum operating temperatures for types of insulation 
 

Type of insulation Temperature limit 
(oC) 

Polyvinyl-chloride (PVC) 
 
Cross-linked polyethylene (XLPE) and ethylene propylene rubber 
(EPR) 
 
Mineral (PVC covered or bare exposed to touch) 
 
Mineral (bare not exposed to touch and not in contact with 
combustible material) 

70 at the conductor 
 
90 at the conductor  
 
 
70 at the sheath 
 
105 at the sheath  

 
The above requirement is considered as satisfactory if the current rating of the cable is chosen 
according to the tables given in Annex A of MS IEC 60364-5-52:2003 with appropriate 
correction factors. 
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The ambient temperature is the temperature of the surrounding medium when the cable is not 
loaded. 
 
7.3.1  Group reduction factors  
 
When groups of cables having the same maximum operating temperature are run together, a 
group reduction factor shall be applied. If the group of cables have different maximum operating 
temperatures, the current carrying capacity of all the cables shall be based on the lowest 
maximum operating temperature of any cable in the group subject to the appropriate group 
reduction factor. 
 
The code allows a cable to be ignored for the purpose of obtaining the reduction factor if it is 
known that this cable is not expected to carry more than 30 % of its grouped rating. 
 
7.3.2  Number of loaded conductors  
 
Considerations of loaded conductors take into account only those conductors in a circuit that 
carry load current. Hence neutral conductors of balanced three phase circuits need not be 
considered. 
 
The presence of harmonic currents in three phase systems may cause the neutral conductor 
to carry a current. If the harmonic content is greater than 10 % the neutral conductor shall not 
be smaller than the phase conductors. 
 
The neutral conductor shall have a cross sectional area to comply with the requirements of 
Table 3. 
 
7.3.3  Conductors in parallel  
 
In some applications two or more conductors may be connected in parallel in the same phase. 
For example, a decision could be taken to substitute a conductor with a large cross sectional 
area (for ease of installation), by two or more conductors of appropriately smaller cross 
sectional areas. This is admissible if the conductors are of the same materials, have the same 
cross sectional areas and have the same lengths. Examples of these situations are as follows: 
 
a)  the parallel conductors are multi-core cables, or twisted single core cable; and 
 
b)  the parallel conductors are non-twisted single core cables in trefoil or flat formation and 

have a cross sectional area less than or equal to 50 mm2 copper or 70 mm2 aluminium. 
Cables with cross sectional areas exceeding these values are permissible if special 
configurations necessary for such formations are adopted. 

 
7.3.4  Variation of installation conditions along a route  
 
A cable route may consist of different installation conditions that have different heat dissipation 
properties. The current carrying capacity of the cable shall be selected based on the most 
onerous condition encountered along the cable route. 
 
7.4  Cross sectional areas of conductors  
 
The minimum cross sectional areas of line conductors in a.c. circuits and live conductors in d.c. 
circuits shall not be less than the values given in Table 6 which is taken from Table 52-5 of MS 
IEC 60364-5-52:2003. 
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In three phase circuits where the phase conductor has a cross sectional area greater than 16 
mm2 copper or 25 mm2 aluminium, the neutral conductor may have a smaller cross sectional 
area provided the sum of maximum expected neutral current and harmonics does not exceed 
its current rating. 
 
7.5  Voltage drop in consumers installations 
 
The maximum voltage drop between the origin of the consumer’s installation (usually the 
outgoing or consumer terminals at the utility electricity meter) and a socket outlet, the terminals 
of fixed current using equipment, or similar shall not exceed that stated in  
Table COP 41 of MS 1979:2015.  
 
Voltage drops during temporary conditions such as motor starting may be exempted from this 
requirement. For most installations, a voltage drop of 10 % during motor starting may be 
acceptable. 
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Table 6. Minimum cross-sectional area of conductors 
 

Types of wiring system Use of the circuit 

Conductor 

Material 

Cross-
sectional 

area 
(mm2) 

Fixed 
installations 

Cables and 
insulated 

conductors 

Lighting circuits 

Copper 1.5 

Aluminium Not allowed 

Power circuits 
Copper 2.5 

Aluminium Not allowed 

Signalling and control 
circuits 

Copper 0.5 a 

Bare 
conductors 

Power circuits 
Copper 10 

Aluminium 16 

Signalling and control 
circuits 

Copper 4 

Flexible connections with 
insulated conductors and 

cables 

For a specific appliance 

- 

As specified in 
the relevant 

IEC publication 

For any other 
application 

0.75 b 

Extra low voltage 
circuits for special 

applications 
0.75 

Connectors used to terminate aluminium conductors should be tested and approved for this specific use. 

 
A minimum cross-sectional area of 0.1 mm2 is permitted in the following cases: 
 
a In signalling and control circuits intended for electronic equipment; and 

 
b In multi-core flexible cables containing seven or more cores. 
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Table 7.  Allowable voltage drop 
 

Condition Lighting Other uses 

Low voltage installation supply directly from a public low 
voltage distribution system. 

3 % 5 % 

Low voltage installation supplied from private LV supply a 6 % 8 % 

NOTES: 
 
1. Where the wiring systems of the installation are longer than 100 m, the voltage drop above may be 
increased by 0.005 % per meter of the wiring system beyond 100 m without this increase being greater 
than 0.5 %. 
 
2. The voltage drop is determined from the demand of the current. By using equipment load current, 
applying coincidence factors where applicable, or from the value of the design current (IB) of the circuit. 
a The voltage drop within final circuit should not exceed that of 1 %. 

 
EXAMPLE  

 
A low voltage single phase electrical installation supplied by public low voltage electricity supply 
which has a nominal or system voltage of 230 V a.c. at the consumer unit. All circuit wirings are 
less than 100 m. 
 
The maximum voltage drop for lighting circuit = 230 x 3 % = 6.9 V a.c. 
 
The maximum voltage drop for others type of circuits = 230 x 5 % = 11.5 V a.c. 
 
7.6  Electrical connections  
 
Connections between conductors and terminations of conductors shall provide durable 
electrical continuity, adequate mechanical strength and protection and shall not attain or cause 
hot spot temperatures. 
 
Soldered connections in power circuits are not permitted. 
 
Connections shall be accessible for inspection, testing and maintenance except for the 
following: 
 
a) buried cable joints; and 

 
b) compound filled joints. 
 
Cables used in final circuits shall be of continuous length and shall contain no joint. 
 
7.7  Selection and erection of wiring systems to minimise the spread of fire  
 
Wiring systems shall be installed without reducing the building’s structural performance and fire 
safety. 
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Cables with reduced flame propagation requirements to MS IEC 60332-1 and products having 
fire resistance properties to MS IEC 61386-1 may be used without special precautions. 
 
Parts of wiring systems other than cables which do not comply, as a minimum, with the flame 
propagation requirements of MS IEC 61386-1 but which comply in all other respects with the 
requirements of other IEC standards for wiring systems shall be completely enclosed in suitable 
non-combustible building materials. 
 
7.7.1  Sealing of wiring system penetrations  
 
Where a wiring system passes through walls, floors, partitions, etc. in a building, the openings 
shall be sealed so as to comply with the required degree of fire resistance before penetration. 
 
Wiring systems such as conduits, cable ducting, cable trunking, busbar trunking systems, etc., 
which penetrate walls, floors, etc., shall, in addition to the above, be internally sealed to the 
required degree of fire resistance. 
 
The method of sealing the wiring system shall have been type tested. 
 
Where a wiring system passes through walls, floors, partitions or similar, the openings shall be 
sealed with non-hygroscopic fire retardant compound with a minimum of 2 h fire rating. If the 
wiring system includes conduits, trunking or similar with internal opening with dimensions more 
than 70 mm2, then the internal of the conduit, trunking or similar shall also be sealed with non-
hygroscopic fire resisting compound with a minimum of 2 h fire rating. 
 
Conduit and trunking systems of materials complying with the flame propagation test of MS IEC 
61386-1 and having a maximum internal cross-section area of 70 mm2 need not be internally 
sealed provided that: 
 
a)  the system satisfies the test of MS IEC 60529 to degree of ingress protection of IP33; and 
 
b)  any termination of the system in one of the compartments, separated by the building 

construction being penetrated, satisfies the test of MS IEC 60529 for IP33. 
 
7.7.2  Requirements of sealing arrangements  
 
The requirements of sealing arrangements are as follows: 
 
a)  they shall be compatible with the material of the wiring system; 
 
b)  they shall permit thermal movement of the wiring system without reducing sealing quality; 
 
c)  they shall have appropriate mechanical strength; 
 
d)  they shall resist external influences to the same degree as the wiring system; 
 
e)  they shall be resistant to the products of combustion to the same degree as the relevant 

building element; 
 
f)  they shall have the same degree of protection form water penetration as the relevant 

building element; and 
 
g)  the seal and the wiring system shall be protected from dripping water. 
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Sealing arrangements shall be inspected and verified for compliance. 
 
7.8  Proximity of wiring systems to the services  
 
Band l voltage circuits are typically used for telecommunication, signaling, control, etc. 
 
Band II contains the voltages for supplies to household, commercial and industrial installations. 
 
Band l and Band ll voltage circuits shall not be contained in the same wiring systems. 
Exceptions to this requirement are given in the following circumstances: 
 
a)  the cables are insulated for their system voltage and installed in a separate compartment 

of a cable ducting or cable trunking system; and 
 
b)  a separate conduit system is employed. 
 
7.9  Maintenance considerations  
 
Parts of wiring systems requiring maintenance shall be provided with maintenance access. 
 
 

Section 8: Selection and erection of electrical equipment - Isolation, 
switching and control 
 
This section makes reference to MS IEC 60364-5-53 which deals with the requirements for 
isolation, switching and control and with the requirements for selection and erection of the 
devices provided for these purposes. 
 
8.1  General requirements  
 
The moving contacts of all poles of multipole devices shall be coupled mechanically so that 
they make or break substantially together. The contact for the neutral may close before and 
open after the other contacts.  
 
Single pole devices shall not be inserted in the neutral conductor of multiphase circuits. An 
exception to this is provided in 536.2.2.7 of MS IEC 60364-5-53:2003. If used, the single pole 
devices shall be situated adjacent to each other. 
 
Single pole devices shall not be inserted in the neutral conductor of single phase circuits unless 
there is a residual current device on the supply side. 
 
Devices which embody more than one function shall comply with all the requirements of each 
separate function. 
 
8.2  Devices for protection against indirect contact by automatic disconnection of 
supply 
 
The use of overcurrent protective devices in TT systems for this purpose is under development. 
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8.2.1  Residual current protective device  
 
In operation, a residual current protective device shall ensure the disconnection of all live 
conductors in the protected circuit. 
 
The protective conductor of a circuit shall not pass through the magnetic circuit of a residual 
current protective device. 
 
In certain loads earth leakage currents can be expected to occur in normal operation. 
Appropriate selection of residual current protective device shall be exercised and circuits 
arranged in such a manner that shall not result in unnecessary tripping of the device.  
 
8.2.1.1  Selection of residual current device  
 
Residual current devices may or may not have an auxiliary source. The use of residual current 
protective devices with an auxiliary source not operating automatically in case of failure of the 
auxiliary source is permitted only if one of the two conditions below is fulfilled: 
 
a)  protection against indirect contact according to clause 413.1 of MS IEC 60364-4-41:2007 

is ensured even in the case of failure of the auxiliary supply; and 
 
b)  the devices are installed in installations operated, tested and inspected by instructed 

persons (BA4) or skilled persons (BA5). 
 
Instructed persons (BA4) and skilled persons (BA5) above shall be any of the categories of 
competent persons listed in Regulation 45 of the Electricity Regulations 1994. 
 
Regulation 36 of the Electricity Regulations 1994 gives the rules for the selection of the 
operating current of RCDs for different applications:  
 
a)  RCDs for single phase installation shall have rated operating current not exceeding  

100 mA; 
 
b)  RCDs for three phase systems shall have rated operating current not exceeding 300 mA. 

(to be revised to 100 mA); 
 
c)  RCDs with rated operating current not exceeding 30 mA are required to be installed in 

places where hand held equipment is used; and 
 
d)  RCDs with rated operating current not exceeding 10 mA are required to be installed in 

places of public entertainment or where the floor is likely to be wet. 
 
However the requirement of a RCD may be exempted for circumstances in which it is unsafe 
or even dangerous to provide the protection. 
 
8.2.1.2  Location of residual current protective device in a TT system  
 
A single residual current protective device used to protect an installation shall be located at the 
origin of the installation. 
 
8.3  Devices for protection against thermal effects  
 
These are under consideration. 
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8.4  Devices for protection against overcurrent 
 
The following general conditions shall apply: 
 
a)  the arrangement of the fuse bases shall prevent unintentional contacts between live parts 

in a manner likely to cause danger to persons; 
 
b)  fuses having fuse links likely to be removed or placed by other than instructed persons 

(BA4) or skilled persons (BA5) shall comply with the safety requirements of MS 1586-3; 
and 

 
c)  where circuit breakers may be operated by persons other than instructed persons or skilled 

persons it shall not be possible to modify the setting of their overcurrent releases without 
the use of a key or tool. The indication of the settings shall be visible. 

 
The requirement of Regulation 16 of the Electricity Regulations 1994 regarding switches, switch 
fuses, fuse switches, circuit breakers or isolating links shall be considered. This regulation 
places some requirements regarding the construction and installation on these categories of 
equipment with the primary objective of avoiding danger. 
 
8.4.1  Selection of devices for protection of wiring systems against overloads  
 

The nominal current In of a protective device shall be chosen according to Clause 433.1 of MS 

IEC 60364-4-43:2003. However, in the case of cyclic loads, consideration shall be given to the 

thermally equivalent constant load when determining In and I2.  
 

NOTE.  I2 is the current ensuring effective operation of the protective device. 

 
8.4.2  Selection of devices for protection of wiring systems against short circuits  
 
The rules of MS IEC 60364-4-43 shall be applied for short circuit durations up to 5 s. The 
selection of short circuit protection devices shall take into account the maximum and minimum 
short circuit conditions. 
 
Selection of a short circuit protection device based on its rated service short circuit breaking 
capacity is recommended instead of using its rated ultimate short circuit breaking capacity. 
 
8.5  Devices for protection against electromagnetic and voltage disturbances  
 
When surge protective devices are required, they shall be installed near the origin of the 
installation or in the main distribution assembly closest to the origin of the installation. Examples 
for the installation of the surge protective devices for TT system are shown in Figures 6 and 7. 
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Key  
 
1  Origin of the installation 
2  Distribution board 
3  Main earthing terminal or bar  
4 Surge protective devices 
4a  Surge protective devices in compliance with 534.2.3.2 of MS IEC 60364-5-53:2003 or  
  spark gap 
5  Earthing connection of surge protective devices, either 5a or 5b 
6  Equipment to be protected 
7  Residual current protective device (RCD), placed either upstream or downstream of the 

busbars 
F  Protective device indicated by the manufacturer of the SPD (e.g. fuse, circuit-breaker, 

RCD) 
RA  Earthing electrode (earthing resistance) of the installation 
RB  Earthing electrode (earthing resistance) of the supply system 
 

Figure 6.  Installation of SPDs on the supply side of RCD 
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Key 
 
1  Origin of the installation 
2  Distribution board 
3  Main earthing terminal or bar  
4  Surge protective devices 
5  Earthing connection of surge protective devices either 5a or 5b 
6  Equipment to be protected  
7  Residual current protective device (RCD) 
F  Protective device indicated by the manufacturer of the SPD (e.g. fuse, circuit-breaker, 

RCD) 
RA Earthing electrode (earthing resistance) of the installation 
RB Earthing electrode (earthing resistance) of the supply system 
 

Figure 7.  SPDs on the load side of RCD 
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8.5.1  Selection of surge protective devices (SPDs)  
 
The SPD shall comply with the following standards: 
 
a)  MS IEC 60364, Electrical installations of buildings; 
 
b)  MS IEC 62305, Protection against lightning; and 
 
c)  MS IEC 61643, Low voltage surge protective devices. 
 
The maximum continuous operating voltage Uc of SPDs shall not be less than the maximum 
actual continuous voltage between the terminals of the SPD. In TT systems, if the SPD is 
connected on the load side of the RCD according to Figure 7, Uc shall be at least 1.5 Uo where 
Uo is the line to neutral voltage of the low voltage system. If the SPD is connected on the supply 
side of the RCD according to Figure 6, Uc shall be at least 1.1 Uo. 
 
A surge protective device installed at the origin of an electrical installation supplied by the public 
distribution system shall have a rated discharge current not less than 5 kA. Higher discharge 
current values are not excluded for more onerous conditions. 
 
Reference is made to 443.3.2 of MS IEC 60364-4-44:2007 for the protection level of the SPD. 
 
It may be necessary to install additional SPDs near sensitive electronic equipment. SPDs may 
be installed in a cascading manner in an installation so as to achieve the desired protective 
levels. Information from SPD manufacturers shall be required for this purpose. 
 
The SPD shall be provided with an isolator for maintenance purposes. 
 
To avoid fire or explosion risks, SPDs shall be installed according to the manufacturer’s 
instructions. They shall not be installed in BE2 (fire risk) or BE3 (explosion risk) environments 
without appropriate protection.  
 
Failure of SPDs shall not render ineffective any protective measures against indirect contact in 
the installation.  
 
In TT systems installing the SPD on the load side of a residual current device will fulfill this 
requirement.  
 
If a surge protective device is installed on the load side of a residual current device, an S type 

RCD with immunity to surge currents at least 3 kA (8/20 s) shall be used. 
 
An SPD shall have an indication when it is defective.  
 
Conductors connected to SPDs shall be as short as possible and preferably not exceeding  
0.5 m.  
 
The minimum cross-sectional-area of the insulated copper conductor connecting the SPD to 
the protective earthing terminal shall be equal to or more 10 mm2 or as recommended by the 
SPD manufacturer whichever larger. 
 
8.5.2  Devices for protection against undervoltage  
 
Voltage disturbances include situations of undervoltage. Examples of undervoltage protection 
devices are undervoltage relays and non-latched contactors. 
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8.6  Coordination of various protective devices 
 
In some types of installations an overcurrent protective device may be installed upstream of an 
RCD. 
 
The RCD shall be rated to withstand the effects of a short circuit on the load side of the location 
of its installation. 
 
The RCD shall not be damaged under short circuit conditions when, due to unbalanced current 
or due to current flowing to earth, the RCD itself tends to open. 
 
8.6.1  Discrimination between residual current protective devices  
 
When RCDs are installed in series, discrimination between them are required to reduce 
unnecessary interruptions of supply to healthy parts of the installation. 
 
Discrimination between two RCDs can be achieved by complying with both the following 
conditions. 
 
a)  The time-current characteristic of the upstream RCD completely lies above the time-current 

characteristic of the downstream RCD. 
 
b)  The rated operating current of the upstream RCD shall be higher than the rated operating 

current of the downstream RCD. 
 
For RCDs complying with MS IEC 61008-1 and MS IEC 61009, discrimination can be achieved 
if the rated operating current of the upstream RCD is at least three times that of the downstream 
RCD.  
 
8.7  Isolation and switching 
 
This clause is intended to deal with non-automatic local and remote isolation and switching. 
 
The earth conductor of the TT system shall not be isolated or switched.  
 
8.7.1  Isolation  
 
Every circuit shall be capable of being isolated from each of the live supply conductors.  
 
For further guidance on isolation, refer to Regulation 18 of the Electricity Regulations 1994. 
 
Suitable means shall be provided to prevent any equipment from being unintentionally 
energised, e.g. by padlocking, warning notices or installation within a lockable enclosure. 
 
Where an item of equipment or enclosure is connected to more than one source of supply, a 
warning notice shall be prominently displayed to warn a person of the need to isolate the various 
sources of supply.  
 
Where necessary, suitable means shall be provided for the discharge of stored electrical 
energy. 
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8.7.1.1  Devices for isolation  
 
The devices for isolation shall effectively isolate all live supply conductors from the circuit 
concerned. They shall also comply with the following conditions. 
 
a)  In the new, clean and dry condition, with open contacts, they shall withstand the impulse 

voltage value according to Table 8. 
 
b)  They shall have a leakage current across open poles not exceeding: 
 

i)  0.5 mA per pole in the new, clean and dry condition; and  
 

ii)  6 mA per pole at the end of the conventional service. 
 

Table 8.  Impulse withstand voltage for isolating devices 
 

Nominal voltage of the installation 
 

Impulse withstand voltage for 
isolating devices 

(kV) 

Three phase system 
(V) 

Single phase systems 
with middle point 

(V) 

Overvoltage 
category 

III 

Overvoltage 
category 

IV 

- 120 to 240 3 5 

230/400 or 277/480 - 5 8 
NOTE. The impulse withstand voltages are referred to an altitude of 2 000 m. 

 
The voltage applied shall be 110 % of the phase to neutral voltage of the installation. In the 
case of d.c. testing the applied voltage shall be the same as the rms value of the a.c. test 
voltage. 
 
The isolating distance between open contacts of the device shall be visible or shall have “off” 
or “open” markings. These markings shall occur only when the isolating distance between open 
contacts on each pole has been attained. The use of the symbols “O” and “I” to indicate open 
and closed positions are acceptable. 
 
It is not acceptable to use semiconductor devices as isolating devices. 
 
Devices for isolation shall be designed to prevent unintentional closure, e.g. by shocks and 
vibrations. 
 
Suitable means shall be provided to prevent the off-load isolating device from being 
unintentionally or unauthorised opening, e.g. by padlocking, installation within a lockable 
enclosure or by interlocking with a load-breaking device.  
 
Isolating using a multipole switching device is preferred but single pole devices situated 
adjacent to each other are not excluded.  
 
Examples of isolation devices are disconnectors, plugs and socket outlets, fuse links, fuses and 
special terminal which do not require the removal of a wire. 
 
All isolation devices shall be labelled to indicate the circuit which they isolate.  
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8.7.2  Switching off for mechanical maintenance  
 
Where mechanical maintenance may involve a risk of injury, means for switching off of supply 
shall be provided. This may include the following installations, e.g. cranes, lifts, pumps etc. 
 
Suitable means shall be provided to prevent electrically powered equipment from being 
unintentionally re-energised during maintenance, e.g. by padlocking, warning notices or 
installation within a lockable enclosure. 
 
Devices for switching off for mechanical maintenance shall preferably be inserted in the main 
circuit. Examples of these switching off devices are multipole switches, circuit breakers, plugs 
and sockets etc. 
 
Devices for switching off for mechanical maintenance shall be manually operated. 
 
The clearance between open contacts of the device shall be visible or shall have “off” or “open” 
markings. These markings shall occur only when the isolating distance between open contacts 
on each pole has been attained. The use of the symbols “O” and “I” to indicate open and closed 
positions are acceptable. 
 
Devices for switching off for mechanical maintenance shall be designed and installed to prevent 
unintentional switching on, e.g. by shocks and vibrations. 
 
They shall be readily identifiable and located in a convenient location appropriate for their use. 
 
8.7.3  Emergency switching 
 
Emergency switching may be required to remove unexpected danger. Means shall be provided 
for this purpose. Where there is a risk of electric shock, the emergency switching device shall 
cut off supply from all live conductors. Examples of installation requiring emergency switching 
are escalators, conveyors, machine tools, etc. 
 
8.7.3.1  Devices for emergency switching  
 
Devices for emergency switching shall be capable of switching the full load current of the 
installation. 
 
Wherever possible, emergency switching devices shall be hand operated.  
 
Failure-to-safety techniques shall be used. This means circuit breakers or contactors shall open 
on de-energisation of coils.  
 
Handles or push buttons for operating emergency switching shall preferably be red in colour 
and clearly identified. 
 
At places where danger may occur, the emergency switching devices shall be readily 
accessible. 
 
The emergency switching devices shall be of the latching type or being restrained in the “off” 
or “stop” position. When released, the emergency switching devices shall not re-energise the 
installation. 
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8.7.4  Functional switching  
 
Functional switching is generally for the purpose of control. 
 
A functional switching device shall be provided for each part of a circuit which is required to be 
controlled independently of other parts of the installation.  
 
A single functional switching device may control several items of apparatus intended to operate 
simultaneously. 
 
Plugs and socket outlets rated at not more than 16 A may be used for functional switching. 
 
A single pole switching device shall not be placed in the neutral conductor. 
 
For single electricity supply installation, the neutral need not be switched at the supply, which 
is 1 P + N/3 P + N for single/three phase configuration. All poles of any multipole switching 
devices such as circuit breaker or disconnector shall operate together. 
 
Example of single electricity supply installation: Residential houses supplied by TNB only. 
 
For multi electricity supplies installation, the neutral shall be switched at each electricity supply 
to prevent back-feed, which is 2P/4P for single/three phase configuration, all poles of any multi-
pole switching devices shall operate together. The contact for the neutral shall close before and 
opens after the phase contacts operate. 
 
Example of multi (two) electricity supplies installation: Bungalow supplied by TNB and have a 
private standby generator set. 
 
8.7.4.1  Functional switching devices  
 
Functional switching devices shall be suitable for the most onerous duty they may be expected 
to perform. They may be of the type that can control the current without necessarily opening 
the corresponding poles, e.g. semiconductor switching devices. 
 
Some examples of functional switching devices are switches, semiconductor devices, circuit 
breakers, contactors, relays or plugs and socket outlets up to 16 A. 
 
Control circuits for motors shall be designed to prevent the motor from re-starting automatically 
after a stoppage due to a fall or loss of voltage. 
 
 

Section 9: Selection and erection of electrical equipment - Earthing 
arrangements and protective conductors  
 
This section makes reference to MS IEC 60364-5-54 which deals with the earthing 
arrangements, protective conductors and protective bonding conductors to satisfy the 
requirements for safety in electrical installations. 
 
9.1  Definitions  
 
For the purposes of this section, the following definitions apply. 
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9.1.1  Earth electrode  
 
Conductive part in electric contact with the earth. 
 
9.1.2  Earthing conductor  
 
The conductor that connects the earth electrode with the main earthing terminal. 
 
9.1.3  Exposed conductive part  
 
Conductive part of equipment which can be touched and which is not normally live, but which 
can become live when basic insulation fails. 
 
9.1.4  Extraneous conductive part  
 
Conductive part not forming part of the electrical installation and liable to introduce an electric 
potential, generally the electric potential of a local earth. 
 
9.1.5  Main earthing terminal  
 
A terminal or busbar which forms part of the earthing system of an installation to which a number 
of earth conductors may be connected. 
 
9.1.6  Protective bonding conductor  
 
Protective conductor provided for protective-equipotential-bonding. Also known as 
equipotential bonding conductor. 
 
9.1.7  Protective conductor  
 
Conductor provided for purposes of safety. 
 
9.2  General requirements of earthing arrangements  
 
The earthing arrangements (or earthing systems) may be used solely for protective purposes 
or may also serve the requirements for functional purposes. The requirements for protective 
purposes shall always take precedence. 
 
The earthing arrangements shall be reliable and suitable for the protective requirements of the 
installation.  
 
The primary objective of the installation earthing system is to ensure effective operation of the 
earth fault circuit protective device. For effective and reliable operation of earth fault circuit 

protective devices, the resistance of the installation earth, RE, shall be maintained reliably as 

low as possible and shall equal or less than ten Ωs (10 Ω), when measured by Wenner 4-probe 
(pin) earth resistivity method or equivalent. 
 
The installation earthing systems of different buildings, except clusters of sub-buildings within 
one “building group”, shall not be shared and interconnected to ensure electrical isolation 
between buildings. 
 
Example of building group: Bungalow with guard house, garage and utility outhouse in common 
plot of land. 
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The earthing arrangements shall be able to carry the earth fault currents without danger from 
thermal, mechanical and electromechanical stresses and from electric shock arising from these 
currents. 
 
9.2.1  Earth electrodes  
 
Earth electrodes shall have adequate dimensions and made of materials suitable to withstand 
corrosion and to have adequate mechanical strength. 
 
Materials commonly used for earth electrodes are copper and steel with suitable surface 
treatment. The minimum acceptable sizes for earth electrodes are given in Table 9 which is 
taken from Table 54-1 of MS IEC 60364-5-54:2004. Notwithstanding this table, in local practice 
earth electrodes are commonly made of round copper sheathed steel. 
 
The following are examples of earth electrodes which may be used: 
 
a)  underground structural metal works embedded in foundations (foundation earthing); 
 
b)  plates; 
 
c)  steel bars in reinforced concrete embedded in the earth (except pre-stressed concrete); 
 
d)  rods or pipes; 
 
e)  tapes or wires; and 
 
f)  metal sheaths of cables. 
 
Requirements for earthing can be found in the Electricity Regulations 1994. Regulations  
34 (2) and (3) do not permit water pipes and gas pipes to be used as the sole means of earthing 
but protective equipotential bonding to these pipes is permitted. Similarly clause 542.2.6 of MS 
IEC 60364-5-54:2004 does not permit the use of a metallic pipe for conveying flammable liquids 
or gas as earth electrode although protective bonding of these pipes for compliance with MS 
IEC 60364-4-41 is permitted. 
 
Regulation 35 lists earth plates, pipes or rods as essential components of a complete earthing 
system. The earthing system has to be effectively maintained. 
 
Care should be exercised to avoid electrolytic corrosion when using different materials in the 
earthing system, e.g. connecting bare copper to a steel structure. 
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Table 9. Common minimum sizes for earth electrodes of commonly used material from 

the point of view of corrosion and mechanical strength where embedded in the soil 
 

Material: Steel 

Surface Shape Minimum size 

Diameter 
(mm) 

Cross- 
sectional 

area 
(mm2) 

Thickness 
(mm) 

Thickness of 
coating/sheathing 

Individual 
value 

(m) 

Average 
value 

(m) 

Hot-dip 
galvanised a 

or  
stainless a, b 

Strip c - 90 3 63 70 

Sections - 90 3 63 70 

Round rod 
for deep 

earth 
electrodes 

16 - - 63 70 

Round wire 
for surface 
electrode g 

10 - - - 50 e 

Pipe 25 - 2 47 55 

Copper-
sheathed 

Round rod 
for deep 

earth 
electrode 

15 - - 2 000 - 

With electro-
deposited 

copper 
coating 

Round rod 
for deep 

earth 
electrode 

14 - - 90 100 

Bare a Strip - 50 2 - - 

Round wire 
for surface 
electrode g 

- 25 f - - - 

Rope 1.8 for 
individual 
strands 
of wire 

25 - - - 

Pipe 20 - 2 - - 

Tin-coated Rope 1.8 for 
individual 
strands 
of wire 

25 - 1 5 

Zinc-coated Strip d - 50 2 20 40 
 

a Can also be used for electrodes to be embedded in concrete. 
b No coating applied. 
c As rolled strip or slit strip with rounded edges. 
d Strip with rounded edges. 
e In the case of continuous bath-coating, only 50 m thickness is technically feasible at present. 
f Where experience shows that the risk of corrosion and mechanical damage is extremely low, 16 mm2 can be 

used. 
g An earth electrode is considered to be a surface electrode when installed at a depth not exceeding 0.5 m. 

 
 



MS 1936:2016 

52 © STANDARDS MALAYSIA 2016 - All rights reserved 

 
 
 
 
9.2.2  Earthing conductors  
 
Earthing conductors shall comply with section 54 of MS IEC 60364-5-54:2004 regarding 
minimum cross sectional areas. When the earthing conductors are buried in the soil, their cross 
sectional areas shall comply with Table 10 which is taken from Table 54.2 of MS IEC 60364-5-
54:2004. 
 

Table 10.  Minimum cross-sectional areas of earthing conductors buried in the soil 
 

Type of earthing 
conductors 

Mechanically protected Mechanically 
unprotected 

Protected against corrosion 2.5 mm2 Cu 

10 mm2 Fe 

16 mm2 Cu 

16 mm2 Fe 

Not protected against 
corrosion 

25 mm2 Cu 

50 mm2 Fe 

 
The connection of an earthing conductor to an earth electrode shall be made in the following 
manners: 
 
a)  exothermic welding; 
 
b)  pressure connectors; and  
 
c)  clamps. 
 
Connection devices that depend solely on solder are not considered to provide adequate 
mechanical strength. 
 
9.2.3  Main earthing terminal  
 
In every installation where protective bonding is used, a main earthing terminal shall be 
provided and the following shall be connected to it: 
 
a)  protective bonding conductors; 
 
b)  earthing conductors; 
 
c)  protective conductors; and 
 
d)  functional earthing conductors. 
 
Functional earthing include earthing for information technology purposes. 
 
Each conductor connected to the main earthing terminal shall be able to be disconnected 
individually. This connection shall be reliably made and disconnection shall be by means of a 
tool. 
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9.3  Protective conductors  
 
9.3.1  Minimum cross sectional areas  
 
Every protective conductor shall be selected to withstand the prospective fault current and to 
ensure automatic disconnection of supply as required in 413.1 of MS IEC 60364-4-41:2007. 
 
The cross sectional area shall either be calculated as shown below or selected according to 
Table 54.3 of MS IEC 60364-5-54:2004. 
 
The terminals for protective conductors shall be selected to accept the required dimensions of 
conductors. 
 
Protective conductors selected according to Table 8 generally result in higher cross sectional 
areas. Calculations for appropriate cross section areas may be made according to IEC 60949 
or in accordance with the formula below. 
 

k

t)(l
S

2

  (valid only for disconnection times less than 5 s) 

 
where 
 
S  is the cross sectional area in millimetre square (mm2); 

 
I  is the rms value of prospective fault current in Ampere (A); 
 

t  is the operating time of the protective device for automatic disconnection in second (s); 

and 
 
k   is a factor depending on the material of the protective conductor, insulation, initial and 

final temperatures. 
 
Further guidance for the calculation of factor k  can be found in Annex A of MS IEC 60364-5-

54:2004. 
 
When the protective conductor does not form part of the cable or which is not installed in a 
common enclosure with the line conductor, the cross sectional area shall be as follows: 
 
a)  2.5 mm2 Cu / 16 mm2 Al if it is protected against mechanical damage; and 
 
b)  4 mm2 Cu / 16 mm2 Al if it is not protected against mechanical damage. 
 
Where a protective conductor is common to two or more circuits, its cross-sectional area shall 
be dimensioned as follows: 
 
a)  calculated using the formula above for the most onerous prospective fault current and 

operating time likely to be encountered; and 
 
b)  selected in accordance with Table 54.3 of MS IEC 60364-5-54:2004 to correspond to the 

cross-sectional area of the largest line conductor of the circuits. 
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9.3.2  Types of protective conductors  
 
Any one of the following may be used as protective conductors: 
 
a)  conductors in multicore cables; 
 
b)  insulated or bare conductors in a common enclosure with live conductors; 
 
c)  fixed installed bare or insulated conductors; and  
 
d)  metallic cable sheath, cable screen, cable armour, wirebraid, concentric conductor, metal 

conduit. 
 
The following metal parts are not permitted for use as protective conductors or as protective 
bonding conductors: 
 
a)  metallic water pipes; 
 
b)  pipes conveying flammable gases or liquids; 
 
c)  constructional parts subject to mechanical stress in normal service; 
 
d)  flexible metal conduits; 
 
e)  flexible metal parts; and 
 
f)  support wires. 
 
9.3.3  Electrical continuity of protective conductors  
 
It is important to ensure the electrical continuity of protective conductors. 
 
No switching devices shall be inserted in the protective conductor but joints which may be 
disconnected with a tool for testing purposes may be provided. 
 
9.3.4  Combined protective and functional earthing  
 
In case a combined protective and functional earthing conductor is used, it shall satisfy the 
requirements for a protective conductor and comply with the functional earthing requirements. 
 
Whilst the standard permits the use of combined protective and functional earthing, the user 
shall determine that the requirements of the installation are satisfied. 
 
9.3.5  Arrangement of protective conductors  
 
When overcurrent protective devices are used for protection against electric shock, the 
protective conductor shall be incorporated in the same wiring system as the live conductors or 
are located in their immediate proximity. 
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9.3.6  Reinforced protective conductors for protective conductor currents exceeding 
10 Ma  
 
Some permanently connected current using equipment may have protective conductor currents 
exceeding 10 Ma. Reinforced protective conductors shall be designed as follows: 
 
a)  the protective conductor shall have a cross sectional area of at least 10 mm2 Cu or 16 mm2 

Al throughout its run; and/or 
 
b)  a second protective conductor of at least the same cross-sectional area as required for 

protection against indirect contact shall be laid up to a point where the protective conductor 
has a cross-sectional area not less than 10 mm2 Cu or 16 mm2 Al. 

 
9.4  Protective bonding conductors  
 
9.4.1  Protective bonding conductors connecting to main earthing terminal  
 
The cross sectional area of protective bonding conductors which are connected to the main 
earthing terminal shall not be less than the following:  
 
a)  6 mm2 copper; 
 
b)  16 mm2 aluminium; or 
 
c)  50 mm2 steel. 
 
9.4.2  Protective bonding conductors for supplementary bonding  
 
A protective bonding conductor connecting two exposed-conductive-parts shall have a 
conductance not less than that of the smaller protective conductor connected to the exposed 
conductive part. 
 
For connection between exposed-conductive-parts and extraneous conductive parts, the 
protective bonding conductor shall have a conductance not less than half of the cross-sectional 
area of the corresponding protective conductor. 
 
The requirement for minimum cross-sectional areas of protective conductors shall be complied 
with. 
 
The supplementary equipotential bonding conductors shall comply with Table 11 except for 
fixed appliance which is supplied via a short length of flexible cord from an adjacent connecting 
unit such as socket outlet, the protective earthing conductor within the flexible cord shall be 
deemed to provide the supplementary equipotential bonding connection to the exposed-
conductive-parts of the appliances, from the earthing terminal in the connecting unit or other 
accessory. 
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Table 11.  Minimum CSA of supplementary equipotential bonding conductor (mm2) 
 

Connection Sheathed or mechanically protected 
Not 

mechanically 
protected 

Two (2) exposed-
conductive-parts 

≥ ½ of the smaller protective conductor 
connecting to the exposed-conductive-part 

≥ 4 mm2 

Exposed-conductive-part to 
extraneous-conductive-part 

≥ ½ of the smaller protective conductor 
connecting to the exposed-conductive-part 

≥ 4 mm2 

Two (2) extraneous-parts ≥ 2.5 mm2 ≥ 4 mm2 

 
9.5 Illustration  
 
An illustration to show how the various components of earthing arrangements, protective 
conductors and protective bonding conductors are connected is shown in Figure 8. 
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Figure 8.  Earthing arrangements, protective conductors and protective bonding 
conductors 
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Key 
 
M  Exposed-conductive-part 
 Conductive part of equipment which can be touched and which is not normally live, but 

which can become live when basic insulation fails. 
 
C  Extraneous-conductive-part 

 Conductive part not forming part of the electrical installation and liable to introduce an 
electric potential, generally the electric potential of a local earth. 

 
C1 Waterpipe, metal from outside 
 
C2 Waste, water, metal from outside 
 
C3 Gas pipe with insulating inset, metal from outside 
 
C4 Air-conditioning 
 
C5 Heating-system 
 
C6 Waterpipe, metal e.g. in a bathroom 
 
C7 Extraneous-conductive-parts in arm’s reach of exposed-conductive-parts 
 
B  Main earthing terminal (main earthing busbar) 

Terminal or busbar which is part of the earthing arrangement of an installation and 
enabling the electric connection of a number of conductors for earthing purposes. 

 
T  Earth electrode 

Conductive part, which may embedded in a specific conductive medium, e.g. concrete or 
coke, in electric contact with the earth 

 
T1 Foundation earth 
 
T2 Earth electrode for LPS if necessary 
 
1  Protective conductor 
 Conductor provided for purposes of safety, for example protection against electric 
 shock 
 
2  Protective bonding conductor 
 Protective conductor provided for protective-equipotential-bonding 
 
3  Protective bonding conductor for supplementary bonding 
 
4  Down conductor of a lightning protection system (LPS) 
 
5  Earthing conductor 

Conductor which provides a conductive path, or part of the conductive parth, between a 
given point in a system or in an installation or in equipment and an earth electrode. 

 

NOTE. For the purpose of this standard, an earthing conductor is the conductor which connects the earth 
electrode of the common equipotential bonding system, usually the main earthing terminal. 

 
Figure 8.  Earthing arrangements, protective conductors and protective bonding 

conductors (continued) 
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Table 12.  Minimum cross-sectional area of protective conductors 
 

Cross-sectional area of 
line conductor S 

(mm2) 

Minimum cross-sectional area of the corresponding 
protective conductor (mm2) 

If the protective 
conductor is of the same 

material as the line 
conductor 

If the protective 
conductor is not of the 

same material as the line 
conductor 

S  ≤ 16 S  S
k

k
 x 

2

1  

16 < S ≤ 35 16 61 x 
2

1

k

k
 

S  > 35 
2
S

 
2

 
2

1
S

k

k   

where 

1k    is the value of k  for the line conductor, selected from Table A.54.1 of MS IEC 60364-5-54:2004 or from the 

tables in MS IEC 60364-4-43, according to the materials of the conductor and insulation. 

2k   is the value of k  for the protective conductor, selected from Tables A.54.2 to A.54.6 of MS IEC 60364-5-

54:2004 as applicable. 

 
 

Section 10: Selection and erection of electrical equipment - Other 
equipment 
 
This section makes reference to MS IEC 60364-5-55 which deals with the requirements for low 
voltage generating sets, electrical installations for safety services and the selection and erection 
of fixed luminaries and lighting installations.  
 
10.1  Low voltage generating sets 
 
This part of IEC 60364 applies to low voltage and extra low voltage installations which 
incorporate generating sets intended to operate in the following manner: 
 
a)  installations not connected to the public supply; 
 
b)  as an alternative to the public supply; and 
 
c)  in parallel with the public supply. 
 
It applies to generating sets supplying: 
 
a)  permanent installations; and 
 
b)  temporary installations.  
 
10.1.1  General requirements 
 
For all the modes of operations envisaged, the prospective short circuit current and earth fault 
current shall be assessed.  
 
The short circuit rating of protective devices shall not be exceeded. 
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The generating set selected shall be suitable for the installed load which shall include transient 
loads due to motor starting. 
 
Installations supplied by generating sets shall satisfy the respective requirements of MS IEC 
60364-4-41 in the areas of: 
 
a)  protection against both direct and indirect contact (for extra-low-voltage systems); 
 
b)  protection against direct contact; and 
 
c)  protected against overcurrent. 
 
When the generating set in the installation is used as a standby system to the public supply 
system, means of isolation to prevent parallel operations shall be taken. These measures may 
take the form of the following: 
 
a)  electrical, mechanical or electro-mechanical interlock between the operating mechanisms 

or control circuits of the change-over switching devices; 
 
b)  key interlock system; 
 
c)  a three-position break-before-make change-over switch; and 
 
d)  an automatic change-over switching device with a suitable interlock. 
 
Attention is drawn to the requirement of Electricity Regulations 1994, Clause 16 Switch, 
switchfuse, fuse switch, circuit breaker, contractor, fuse, etc. which require the neutral of the 
supply to be changed when changing over the source of supply. 
 
10.2  Safety services  
 
Safety services (or essential services) refer to electrical installations, equipment and supply 
systems provided in order to meet safety requirements, e.g. the electrical system provided for 
fire fighting services in buildings. 
 
A safety service can either be:  
 
a)  a non-automatic supply, the starting of which is initiated by an operator or; 
 
b)  an automatic supply, the starting of which is independent of an operator. 
 
According to its change-over time, automatic supplies may be classified as no-break, very short 
break (0.15 s), short break (0.5 s), medium break (within 15 s) and long break (more than 15 
s). 
 
10.2.1  Safety services for fire conditions  
 
Safety services required to operate in fire conditions shall satisfy the conditions below: 
 
a)  the safety source of supply shall operate for an adequate duration; 
 
b)  all equipment shall be fire resistant for an adequate duration; and 
 
c)  the safety source shall generally be additional to the supply network. 
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10.2.2  Safety sources  
 
Safety sources shall be permanent installations and shall not be adversely affected by failure 
of normal supply. Example of a safety source is the emergency diesel generator. 
 
Safety sources shall be located in areas accessible only to competent persons or personnel of 
the Fire Services Department. It shall be provided with an adequate ventilation system so that 
exhaust gas, smoke or fumes from the safety source cannot affect other persons. 
 
Separate independent sources from the supply network do not meet the requirement for safety 
sources. 
 
A safety source may also be used to supply other requirements provided that in doing so, the 
availability of the safety source is not impaired. 
 
10.2.3  Circuits  
 
Circuits for safety services shall be independent of other circuits so that faults on these other 
circuits shall not impair the functionality of safety circuits. 
 
Circuits for safety services shall be fire resistant. These circuits shall not pass through zones 
exposed to BE3 (explosion risk). 
 
Circuits for safety services need not be provided with protection against overload prescribed in 
433 of MS IEC 60364-4-43:2003. 
 
Switchgear and control gear shall be grouped in locations accessible only to competent persons 
or to personnel of the Fire Services Department. 
 
10.2.4  Lighting for safety systems 
 
Lamps for use with safety systems shall be compatible with the change-over times in order to 
maintain the specified lighting level. 
 
10.3  Luminaires and lighting installations  
 
This part of the standard applies to the selection and erection of luminaries and lighting 
installations which form part of the fixed installations. Display stands in sales rooms are 
considered as permanent stands. 
 
Luminaires shall be selected with regard to their thermal effects on the surroundings and the 
following factors: 
 
a)  the maximum dissipation power of the lamps; 
 
b)  thermal resistance of materials adjacent to the lamps; and 
 
c)  minimum distance to combustible materials.  
 
10.3.1  Wiring systems  
 
Fixing accessories used with pendant luminaries shall be capable of carrying five times the 
mass of the connected luminaire, which in any case shall not be less than 25 kg. 
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Cables intended to be drawn through the luminaire by the installer shall be suitable for this 
purpose and comply with the following: 
 
a)  for luminaries complying with IEC 60598 but with no temperature marking, heat resistant 

cables are not required; 
 
b)  for luminaries complying with IEC 60598 with temperature marking, cables shall be suitable 

for the marked temperature; 
 
c)  for luminaries not complying with IEC 60598, follow the manufacturer’s instructions; and 
 
d)  in the absence of information, use heat-resistant cables. 
 
10.3.2  Other requirements  
 
For lamp control gear to be installed outside the luminaire, they shall comply with the 
appropriate standards. 
 
Compensation capacitors having a total capacitance exceeding 0.5 µF shall only be used in 
conjunction with discharge resistors. 
 
Display stands for luminaries shall be protected against electric shock either 
 
a)  by using SELV supply; or  
 
b)  protected by RCD having rated operating current not exceeding 30 mA. 
 
Luminaires for use in places where there is moving machinery parts shall have suitable control 
gear that eliminates stroboscopic effects. 
 
 

Section 11: Verification - Initial verification  
 
This section makes reference to MS IEC 60364-6-61 which deals with the requirements for 
initial verification by inspection and testing of new installations for compliance with IEC 60364. 
Criteria for testing are given and tests described.  
 
11.1  General  
 
Every installation shall be inspected during erection and/or on completion prior to being made 
live. Tests shall also be made to verify that the requirements of this standard have been met.  
 
The requirement for verification also applies to installations which are extensions of or 
alterations to existing installations. 
 
Electrical diagrams (514.5 of MS IEC 60364-5-51:2007) shall be made available to the person 
carrying out the verification.  
 
Precautions shall be taken to avoid danger to persons and to avoid damage to the property and 
the installation. 
 
Verification shall be made by a skilled person, competent in verification. A report shall be made 
on completion of the verification. 
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Regulation 12 of the Electricity Regulations 1994 requires electrical wiring (single phase or 
three phase) in a low voltage installation (less than 1 000 V a.c.) to be supervised and on 
completion, be certified by the appropriate category of wireman. 
 
Regulation 13 of the Electricity Regulations 1994 gives the requirements for testing of a 
completed installation. A low voltage installation is required to be tested by the appropriate 
category of Wireman and authorised to test any installation. For an installation operating at 
higher than low voltage, the testing shall be carried out by an electrical services engineer 
employed on a full-time basis by an electrical services contractor. 
 
Regulation 14 of the Electricity Regulations 1994 describes the requirements for the 
Supervision and Completion Certificate (Form G) and Test Certificate (Form H) to be submitted 
by the owner or management of the installation to the supply authority before supply can be 
given. 
 
11.2  Visual inspection  
 
Visual inspection shall be carried out with the installation dead and before testing. The purpose 
of visual inspection is to confirm that permanently wired electrical equipment is: 
 
a)  in compliance with safety requirements; 
 
b)  correctly selected and erected; and 
 
c)  not damaged. 
 
Visual inspections shall be made of the following: 
 
The method of protection against electric shock including measurement of distances for 
protection by use of barriers, etc. 
 
The presence of fire barriers and other precautions against propagation of fire and protection 
against thermal effects: 
 
a)  correct conductor sizing  for current carrying capacity and voltage drop; 
 
b)  choice and setting of protective devices; 
 
c)  presence of suitable isolating and switching devices and their correct location; 
 
d)  appropriate equipment chosen for protection against external influences; 
 
e)  proper identification of neutral and protective conductors; 
 
f)  proper diagrams of the installation and/or warning notices; 
 
g)  identification by labeling of circuits, fuses, switches, etc.;  
 
h)  adequacy of conductor connections (526 of MS IEC 60364-5-52:2003); and 
 
i)  accessibility for convenience of operation, identification and maintenance. 
 
 
 



MS 1936:2016 

64 © STANDARDS MALAYSIA 2016 - All rights reserved 

 
 
 
 
11.3  Testing  
 
The following tests shall be carried out where relevant and preferably in the sequence shown: 
 
a)  continuity of protective conductors and of the main and supplementary equipotential 

bonding; 
 
b)  insulation resistance test of the installation; 
 
c)  protection by separation of circuits; 
 
d)  automatic disconnection of supply; 
 
e)  polarity test; and 
 
f)  functional test. 
 
Any test which failed shall be repeated after the defect has been rectified. 
 
11.3.1  Continuity tests  
 
A test shall be made of the continuity of protective conductors and of the main and 
supplementary equipotential bonding. 
 
The test voltage shall be 4 V to 24 V d.c or a.c. and with a minimum current of 0.2 A. 
 
11.3.2  Insulation tests  
 
The insulation resistance shall be measured: 
 
a) between live conductors taken in turn two by two (or between phase conductors); and 
 
b) between each live conductor and earth (during this test, phase and neutral conductors 

may be connected together). 
 
Insulation measurement shall be made using direct current. The test voltage and the minimum 
insulation resistance considered satisfactory shall follow Table 13 as shown below which is 
taken from Table 61A of MS IEC 60364-6-61:2003. 
 

Table 13.  Minimum value of insulation resistance 
 

Nominal circuit voltage 
(V) 

Test voltage 
(V) 

Insulation resistance 

(M) 

SELV and functional extra-low 
voltage, when the circuit is supplied 
from a safety transformer 
(411.1.2.1 of MS IEC 60364-4-
41:2007) and also fulfils the 
requirement of 411.1.3.3 of MS IEC 
60364-4-41:2003  

 
250 

 

 0.25 

Up to and including 500 V, with the 
exception of the above cases 

500  0.5 

Above 500 V 1 000  1.0 
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When the circuit includes electronic device, only the measurement between phases and 
neutral, connected together, to earth shall be made to prevent damage to the electronic 
devices. 
 
11.3.3  Protection by separation of circuits  
 
According to 411.1 of MS IEC 60364-4-41:2007 (SELV and PELV) and 413.5 of MS IEC 60364-
4-41:2007 (PELV), there should be separation of the live parts from those of other circuits and 
from earth. The separation shall be verified by a measurement of insulation resistance using 
the values of Table 61 A of MS IEC 60364-6-61:2003 with the appliances connected wherever 
possible. 
 
HV, LV, ELV, signal, and, control and instrumentation cables shall not be installed within (share) 
the same cable management system (cable ladder, tray, trunking, conduit, or similar) as shown 
in Figure 9 and termination boxes to ensure safety, reliability and protection against hazards 
such as electromagnetic interference (EMC), induction coupling, purposes.   
 

 
 

Figure 9.  Example of separation of high voltage (HV), low voltage (LV), extra low 
voltage (ELV), signal, and, control and instrumentation cables 

 
11.3.4  Verification of conditions for protection by automatic disconnection of the 
supply  
 
The verification shall be done by: 
 
a)  measurement of the earth electrode resistance; 
 
b)  visual inspection of the RCD and by a test of its operation; 
 
c)  visual inspection of the current setting for circuit breakers and current rating of fuses; and 
 
d)  inspection of the continuity of protective conductors. 
 
Annexes C and D give examples for the measurement of the earth electrode resistance and 
the earth fault loop impedance. 
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11.3.5  Polarity test  
 
Polarity test shall be made for installations in which the rules forbid the installation of single 
pole switching devices in the neutral conductor. 
 
11.3.6  Functional tests  
 
Functional tests shall be performed for switchgear and controlgear assemblies, drives, controls 
and interlocks to verify proper installation. 
 
Functional tests shall also be performed on protective devices to verify proper installation and 
adjustment.  
 
 

Section 12: Comparisons of MS IEC 60364 with IEE Wiring Regulations 
16th Edition  
 
The provisions of MS IEC 60364 and the IEE Wiring Regulations 16th edition were examined to 
compare their similarities and differences. 
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Table 14. Table comparison for MS IEC 60364 and IEE Wiring Regulations  
 

No. Subject MS IEC 60364 IEE Wiring Regulations 16th edition 

A Fundamental principles, assessment of general characteristics, definitions 

1 Arrangement Part 1 Chapter 11, 13, 31, 32, 33 and 34 

2 Scope Base Similar in most aspects 

B Protection against electric shock 

1 General Base Similar in most aspects 

2 Earth fault loop 
impedance 

Tables of maximum 
allowable earth fault loop 
impedance are not 
included 

Tables are included 

C Protection against thermal effects 

1 Scope Covers three aspects, 
e.g. fire, burns and 
overheating 

Covers fire and burns 

D Protection against overcurrent 

1 Scope Base Similar in most aspects 

E Protection against voltage disturbances and electromagnetic disturbances 

1 Arrangement Part 4-44 Chapter 45 

2 Scope Scope is as indicated in 
the heading 

Covers only undervoltage situation 

F Selection and erection of equipment - common rules 

1 Arrangement Part 5-51 Chapter 51 

2 Scope Base Similar in most aspects 

3 Electromagnetic 
compatibility 

Mentioned Not mentioned 

G Wiring systems 

1 Arrangement Found in Part 5-52 Found in Chapter 52 

2 Electromagnetic 
effects of a.c. 
circuits 

Base case Specific mention of single core cables 
armoured with steel wire or tape shall 
not be used for a.c. circuits. 

Mention is made of the neutral 
conductor to be included in the same 
enclosure as the conductors of all 
phases. 

3 Electromagnetic 
stresses 

Not mentioned A mention is made that cables shall be 
able to withstand the 
electromechanical stresses of a fault 
current.  

4 Methods of 
installation of 
cables 

80 cases are illustrated 20 cases are illustrated. 
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Table 14. Table comparison for MS IEC 60364 and IEE Wiring Regulations (continued) 
 

No. Subject MS IEC 60364 IEE Wiring Regulations 16th edition 

5 Installation 
subjected to 
impact (AG) 

Description of 
requirement is of a 
general nature 

The description of the requirements for 
a cable buried in the ground is more 
specific regarding its construction and 
marking of its position by cable covers. 

6 Wiring buried in 
the wall 

No specific distance 
from top of wall or 
partition. 

 

Wiring systems 
concealed in structure 
but not fixed may follow 
the shortest practical 
route. 

Wiring shall be installed within 150 mm 
from top of wall or partition. 

No similar relaxation found here. 

7 Space factor for 
cabling within 
conduit/trunking 

Not mentioned Requirement of space factor is found in 
the guidance note to the wiring 
regulations. 

8 Cable insulation 
material 

Uses the word cross 
linked poly ethylene 
(XLPE) 

Uses the word thermosetting. 

9 Minimum cross-
sectional area of 
conductors 

For power and lighting 
circuits the minimum 
sizes are 1.5 mm2 Cu 
and 2.5 mm2 for Al. 

For power and lighting circuits the 
minimum sizes are 1.0 mm2 Cu and 1.6 
mm2 for Al. 

H Isolation, switching and control 

1 Arrangement Requirements for 
isolation and switching 
and the devices thereof 
included in Part 5-53, 
Clause 536. 

Requirements for switching are 
included in Chapter 46 and the devices 
thereof in Chapter 53 and Clause 53. 

2 Devices for 
switching off for 
mechanical 
maintenance, 
emergency 
switching and 
control 

 

No specific prohibition 
of the same. 

 

 

No specific 
requirement. 

Included specific prohibition of plug and 
socket as a device for emergency 
switching. 

 

Included specific requirements of the 
fireman’s emergency switch. 

I Earthing arrangements 

1 Use of water pipe 
as earth electrode 

It does not specifically 
disallow use of water 
pipe as earth electrode. 

Use of water pipe as earth electrode is 
not allowed. 
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Table 14. Table comparison for MS IEC 60364 and IEE Wiring Regulations (concluded) 
 

No. Subject MS IEC 60364 IEE Wiring Regulations 16th edition 

2 Use of aluminum 
as protective 
bonding conductor 

No specific restriction. Prohibits use of aluminium or 
copperclad aluminium conductor. 

3 Material of 
protective 
conductor 

Allows the use of 
Aluminium cables of 
appropriate cross 
sectional areas. 

Protective conductor with cross 
sectional area 10 mm2 or less shall be 
of copper. 

4 Specification of 
protective 
conductor having 
cross sectional 
area up to and 
including 6 mm2 

No similar 
requirement. 

It shall be protected by insulation. 

J Selection and erection of other equipment 

1 Arrangement Part 5-55 Found in Chapter 55 as Other 
Equipment and Chapter 56 as Supplies 
for Safety Services.  

2 Low voltage 
generating sets 

Covers low voltage 
generating sets. 

Covers other equipment but not 
generating sets. 

 Safety services Part 5-55 Found in Chapter 56. 

K Initial verifications 

1 Insulation 
between SELV 
circuits and 
associated LV 
circuits 

No equivalent 
requirement here. 

Using a test voltage of 500 V d.c. a 
minimum insulation resistance of 5.0 
MΩ is specified.  

2 Test on continuity 
of ring  

This is not mentioned. A test for continuity is required. 

3 Polarity test on 
socket outlets 

This is not mentioned. A test is required to verify the wiring has 
been correctly connected to socket 
outlets. 

4 Functional tests This is a requirement. This is not mentioned. 

5 Low voltage 
generating sets 

Covers low voltage 
generating sets. 

Covers other equipment but not 
generating sets. 

6 Safety services Part 5-55 Found in Chapter 56. 
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Section 13:  Examples on the use of this standard 
 
13.1  Example of a residential house 
 
A double storey terrace house is taking three phase supply from TNB which is tapped off the 
overhead mains by underground cable and led to a meter compartment located at the gate 
post. After the TNB meter, the supply is brought by the consumer’s underground cable to a 
distribution board in the house. The general arrangement described above is shown in Figures 
9, 10 and 11. Assume ambient ground temperature is 30 °C. 
 
13.1.1  Assessment of general characteristics 
 
As the electricity supply comes from TNB’s overhead lines, installation of surge protection 
devices at the distribution board/consumer unit should be considered (see 8.5.1). 
 
Short circuit protection of the individual circuits is provided by miniature circuit breakers (MCB) 
with back up protection for the overall installation provided by a four (4) pole MCB. Protection 
against electric shock is provided by the RCD.   
 
13.1.2  Assessment of maximum demand 
 
The building has the following loads: 
 
a)  19 units of lighting points; 
 
b)  22 units of 13 A SSO points; and 
 
c)  one unit of water heater point (assume 3 kW). 
 
At the moment, guidelines for calculating maximum demand of an installation under MS IEC 
60364 are not available yet. For calculating the maximum demand, reference is first made to 
Tables A and B of the Electricity Regulations 1994, giving the following results. 
 
13.1.2.1  Lighting load 
 
Total lighting load = 19 x 100 W 
 
Assuming all are discharge lamps, a multiplying factor of 1.8 is used. 
 
Current demand  = 19 x 100 x 1.8 /230  
  = 14.7 A 
 
Applying diversity, current demand  = 66 % x 14.7 
  = 9.7 A 
 
13.1.2.2  SSO load 
 
Each SSO circuit supply two numbers of 13 A socket outlets. 
 
Number of standard final circuits using socket outlets = 11. 
 
Current demand per final sub circuit  = 2 x 13 A 
  = 26 A 
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Current demand of SSO load  = 26 + (40 % x 10 x 26) 
  = 26 + 104 
  = 130.0 A 
 
13.1.2.3  Water heater load 
 
Current demand of water heater  = 3 000/230 
  = 13.0 A 
 
Total current demand of this installation  = 9.7 + 130.0 + 13.0 
  = 152.7 A 
 
Assume the load is divided equally among the three phases. 
 
Load on each phase  = 152.7 / 3 
  = 50.9 A 
 
This suggests a 60 A three pole MCB installed at the distribution board would be suitable. This 

would suggest a maximum demand of ( 3  x 400 x 50.9 x 0.85 = 30.0 kW)1 for this double 

storey house.   
 
With reference to TNB’s Electricity Supply Application Handbook, the range of maximum 
demand, however, for typical double storey terrace house ranges from 3 kW to 5 kW  
(i.e. 4.9 to 8.2 A). Hence there is room for an experienced engineer to optimise the maximum 
demand figure. 
 
As alternatives to the Electricity Regulations 1994, the design considerations could be 
approached in the following ways. 
 
13.1.2.4 Alternative I  
 
From practical considerations, 13 A SSO’s are installed in various locations for the sake of 
convenience. A practical judgment could be made as to the loads that are likely to be connected 
to a SSO. 
 
For kitchens, it is prudent to assume each 13 A SSO has a current demand equal to its rating. 
Apart from kitchens for, e.g. sitting rooms, bedrooms etc the likely equipment that could be 
connected to the 13 A SSO are television sets, hi-fi systems, portable fans, etc. The ratings of 
these equipment range from 3 W for a mosquito coil burner to about 500 W for television. 
Hence, for the purpose of estimating the maximum demand, it may be practical to assume that 
a 300 W electrical equipment is connected to a 13 A SSO. (However, the current demand for 
the circuit should be designed according to the number of 13 A SSO’s). 
 
13.1.2.5  SSO load 
 
For kitchen,  5 x 13 A  = 65 A 
 

                                                
1 Vphase = 230 V 

 Vline = 3 × Vphase = 3 × 230 V = 400 V 

 P1Φ= Vphase × Iphase × P.F. =  3/1  Vline × Iphase × P.F. 

 P3Φ=3 × Vphase × Iphase × P.F. = 3 ×  3/1 × Vline × Iphase × P.F. = 3 × Vline × Iphase × P.F. 
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Other places 17 x 300 W  = 5 100 W 
  = 25 A 
Current demand of SSO load  = 65 + 25 A. 
 
Other current demands follow the previous example. 
 
Again assuming balanced three phase load, the current demand  = (90 + 9.7 + 13.0) / 3 
  = 112.7 / 3 
  = 37.6 A 
 
This figure assumes all the loads are turned on at the same time. The selection of a coincidence 
factor depends on the experience of the engineer. For this example a coincidence factor of 0.67 
is used. 
 
The current demand after applying diversity  = 0.67 x 37.6  

  = 25.2 A (this is BI ) 

 
This result suggests the use of a Type B 30 A three pole MCB as the short circuit protection 

device (this is nI ). 

 
13.1.2.6  Alternative II  
 
Another approach in estimating the maximum demand is as follows: 
 
a)  Total load for lighting (assuming 100 W each) 
  = 19 x 100 
  = 1.9 kW 
 
b)  Total load for SSO (assuming a 300 W of load connected to each socket) 
  = 22 x 300 
  = 6.6 kW 
 
c)  Total load for water heater = 3 kW 
 
 Total Connected Load (TCL) = 1.9 + 6.6 + 3 
  = 11.5 kW 
 
Applying a coincidence factor of 0.7, 
 
Maximum Demand (MD) = 8.05 kW, 
which is within the range of maximum demand for a typical double storey terrace house, as 
stated in TNB’s Electricity Supply Application Handbook. 
 

The current demand =	P / (√3 x Vp x p.f	)  
= 8 050 / (1.732 x 400 x 0.85) 

  = 13.7 A (This is IB) 
 
This result suggests the use of a 20 A three pole MCB as the short circuit protection device. 
However for safety purposes (especially catering for the simultaneous starting of two  
air-conditioners, for example), we choose the next available type of MCB of 30 A (this is In). 
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The cable connecting the TNB meter at the gate post and the consumer distribution board is 
installed buried in the ground. This is installation method D according to MS IEC 60364 
classification. 
 
Assume a 4 core x 10 mm2 copper conductor PVC armoured cable is used. From Table B  
52-2 of MS IEC 60364-5-52, this cable has a current carrying capacity of 52 A. 
 
From Table A 52-15 of MS IEC 60364-5-52:2003, the correction factor to be applied is 0.89.  
 
Corrected cable carrying capacity  = 0.89 x 52 
  = 46.3 A (This is IZ) 
 
Hence IB ≤ In ≤ IZ 
 

For MCB compliance to the condition In ≤ IZ implies compliance to the condition zII  45.12  

which is a compliance for effective operation of the MCB.  In this example: 
 
1.45 IZ = 1.45 x 46.3 
  = 67.1 A 
 
At this magnitude of current the 30 A MCB will operate in about 100 s. 
 
13.1.3  Selecting suitable conductor sizes for typical circuits 
  
13.1.3.1  Lighting circuit 
 
Consider a lighting circuit with four light points and a fan point. Each light point and fan point is 
assumed to have a 100 W load. 
 
Total load of circuit = 5 x 100 W 
  = 500 W 
 
Current demand = 500/230 
  = 2.17 A 
 
Assume that the circuit is run within a buried conductor (installation Method B1 in Table 52-3 of 
MS IEC 60364-5-52:2003) and protected by a 6 A MCB. 
 
Assuming PVC insulated copper conductor cable is used, the current carrying capacity is 
selected from Table A 52-2, Column 4 of MS IEC 60364-5-52:2003. A cable with nominal cross-
sectional area of conductor 1.5 mm2 and current carrying capacity 17.5 A (i.e. IZ is 17.5 A) would 
be suitable. 
 
13.1.3.2  13 A SSO circuit 
 
Consider a circuit with two numbers of 13 A SSO. 
 
Although the combined current of the two 13 A rated SSO is 26 A, the current demand of circuit 
is evaluated as follows: 
 
Current demand  = 10 A + 50 % of (26 - 10) A 
  = 10 A + 8 A 
  = 18 A (this is IB) 
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This suggests the use of a 20 A MCB as the protective device (this is In). 

 
The method of installation is again B1. Hence a 2.5 mm2 cable chosen from Table A 52-2  
Column 4 of MS IEC 60364-5-52 :2003 would be suitable. The current carrying capacity of this 
cable is 24 A. (i.e. Iz is 24 A). 
 
13.1.3.3  Water heater circuit 
 

Current demand for water heater circuit = 12.5 A (this is IB). 

 
Installation method is B1. 
 

The circuit protection device is a 16 A MCB (this is In).  

 
A copper conductor cable of 2.5 mm2 cross-sectional area with rated current carrying capacity 

of 24 A is suitable (IZ is 24 A). 

 
13.1.4  Protection against indirect contact 
 
All exposed conductive parts are connected together with protective conductors to an earth 
electrode. The use of a 300 mA RCD is required to satisfy the Electricity Regulations 1994. To 
satisfy the condition: 
 
RA x Ia ≤ 50 V 

RA  50 / 300 mA or 167 Ω. 
 

Now AR  is the sum of the resistance of the earth electrode and the protective conductor of the 

exposed conductive part. Since the resistance of the protective conductor is predictable 
(varying only according to length), the resistance of the earth electrode has to be checked that 
it satisfies the above condition. 
 
This result shows that the RCD is very sensitive; it does not mean that the earth electrode 
resistance can be too high. According to prudent Malaysian industrial practice, the earth 
electrode resistance by itself is normally 1 Ω or less. 
 
13.1.4.1  Circuit protective conductor 
 
The requirements for circuit protective conductors are given in 9.3.1. 
 
The protective conductor connecting the earth terminal of the distribution board and the earth 
electrode is selected based on Table 12. Using a PVC insulated copper conductor cable laid 
direct in the ground, the conductor size would be 16 mm2 copper. 
 
For lighting circuits using 1.5 mm2 copper cables, the protective conductor chosen from  
Table 12 is 1.5 mm2. Similarly the protective conductor for the socket outlet circuit using 2.5 
mm2 copper conductor cable is 2.5 mm2. 
 
13.1.5  Selection of surge protective device (SPD) 
 
The selection of surge protective device follows 8.5.1. 
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cU   is the maximum continuous operating voltage of the SPD. 

 

oU   is the line to neutral voltage of the supply system. 

 

Choose cU   = 1.1 x 230 

  = 253 V 
 

Therefore a SPD with cU  = 253 V and 5 kA discharge current is selected. 

 
13.2  Example of a commercial building 
 
A commercial building is taking LV three phase supply from Tenaga Nasional Berhad. The 
building’s main switch room is located next to the TNB switchroom and the supply to the building 
is backed up using an emergency diesel generator. The premise is used as an office where 
computer usage is extensive. The building consists of a ground floor, first floor and second 
floor. There are two cooling towers installed on the roof and each is powered by 25 kW motor. 
The route length from the switchboard to the motors is 45 m. The cables pass through insulation 
material for part of its run and installed within a metal trunking on the roof where the ambient 
temperature is assumed to be 34 oC (see Figure 12). 
 
13.2.1  Assessment of general characteristics 
 
Since the building is supplied from TNB’s LV system, the voltage is 400 V +10 % to -6 %. The 
wiring system should be designed according to the TT system (see 1.7.2). 
 
Since the building has an emergency diesel generator which supplies critical services in case 
of failure of the TNB supply, automatic changeover switches shall be installed (see 15.1.1).   
 
The changeover switch is selected to be of the 4-pole type so that the neutral of the TNB supply 
and the diesel generator is separate (Electricity Regulations 1994 No. 16 (2)). 
 
At the point of common coupling with TNB, the equipment shall have short circuit withstand 
capability of 31.5 kA (from TNB publications). 
 
To minimise inconvenience and to facilitate investigation in case of electrical fault, each floor 
shall be supplied from its own distribution board (see 1.8). 
 
Provision of surge protective devices (see 8.5.1) at the main switchboard can be considered in 
view of the use of sensitive electronic devices (computers) in the building. 
 
13.2.2  Assessment of maximum demand 
 
The maximum demand for each floor is calculated by the engineer and the result is used to 
arrive at the rating for each distribution board. Assume the total connected load per floor is 36.7 
kW and the maximum demand is 27.5 kW. Therefore the maximum demand in amperes is 
about 45 A so that a 60 A three phase distribution board is selected. 
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The full load current of the 25 kW cooling tower motors is given by: 
 
25 000 / (1.732 x 400 x 0.85 x 0.9) = 47.2 A  
 

Hence BI   = 47.2 A (see 4.6) 

 
This suggests the use of a 50 A MCB as the overcurrent protective device. Incorporating a 

design margin of 20 % (1.2 x 47.2 = 56.6 A) choose nI  = 63 A. 

 
The installation method for the cable within the building is partly type A (run within thermal 
insulation) while on the roof the installation method is B1 (run within covered trunking). 
 
From the switchboard to the cooling tower, the cable encounters two sets of conditions. 

 
Table 15. Example of assessment of maximum demand in two conditions 

 

Condition Within building On roof 

Installation method A2 B1 

Effect of ambient 
condition 

Run in thermal insulation Exposed to ambient 
temperature 

Group factor, Cg From Table A.52-17 of MS 
IEC 60634-5-52: 2003, Cg = 

0.8 

From Table A.52-17 of MS IEC 
60634-5-52:2003, Cg = 0.8 

Correction for ambient 
temperature, Ca 

Can be neglected for 
installation in thermal 
insulation 

From Table A52-14 of MS IEC 
60634-5-52:2003, XLPE cable, 

= 0.96 

Current carrying capacity 

zI  = In /( Cg x Ca) 
zI   =  63/(0.8) 

          =  78.8 

zI   =  63 / (0.8 x 0.96) 

          =  82 

Cable selection From Table A52-5 of MS IEC 
60634-5-52:2003 Column 3, 
cable size is 25 mm2 copper 
which has a rated current 
carrying capacity of 89 A. 

From Table A52-5 of MS IEC 
60634-5-52:2003 Column 4 
cable size is 25 mm2 copper 
which has a rated current 
carrying capacity of 117 A. 

 
Hence the more onerous condition is when the cable is installed on the roof.  
 
A three core copper XLPE cable of 25 mm2 would satisfy both conditions of installation. 
 
13.2.3  Voltage drop considerations 
 
In a departure from the IEE Wiring Regulations, tables of voltage drops are not included in IEC 
60364. Voltage drop of a circuit is dependent on the current and the cable impedance. The 
following data is obtained from a cable manufacturer’s catalogue. 
 
For 25 mm2 XLPE cable, 
 
R   =  0.927 Ω/km  
 

X   =  0.079 Ω/km 
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Z   =  )(
22

XR   

   =  )0.079  0.927( 22   

   =  0.93 Ω / km 
 
Since the cable to the cooling tower is 45 m long, 
  
Z  = 0.93 x 45 / 1 000 Ω 
  = 0.042 Ω 
 

Voltage drop  = BI  x Z 

  = 45.5 x 0.042 
  = 1.91 V 
 
The allowable voltage drop is 4 % (see 7.5). 
 
ΔU = 4/100 x 400 = 16 V 
 
Hence a 3-core 25 mm2 cable is selected. 
 
13.2.4  Circuit protective conductor for cooling tower circuit 
 
Using Table 8, the circuit protective conductor would be a 16 mm2 copper cable. 
 
Alternatively the protective conductor can be selected by using the formula in 9.3.1, as follows: 
 

k

tI
S

)(
2

  

 
The following assumptions are made: 
 
a)  the earth fault current at the DB is 1.5 kA; and  
 
b)  the CPC is 2.5 mm2 copper cable. 
 

The external impedance at the DB is eZ  = 240 / 1 500 

   = 0.16 Ω 
 

Resistance of the 25 mm2 cable 1R  =  0.927 x 45 / 1 000 Ω 

  =  0.042 Ω 
 

Resistance of the 2.5 mm2 CPC cable 2R  = 7.41 x 45 / 1 000 Ω 

  = 0.333 Ω 
 
These are resistance values at 20 oC. During a fault the temperature will be higher; the 
correction factor given by the manufacturer is 1.28. 
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Earth fault loop impedance sZ  = eZ  + 1R  + 2R  

  = 0.16 + (0.042 + 0.333) x 1.28 
  = 0.64 Ω 
 
The earth fault current at the motor = 230 / 0.64 
  = 359.4 A 
 
Typical operating time for a 63 A Type 2 MCB when 359.4 A is flowing = 10 s. 
 
 
 
 
Value of k for copper = 115 (selected from Table A.54.4 of MS IEC 60364-5-54:2004). 
 

The allowable cross section area of the CPC, S,  =  /115x10)(359.42  

  =  9.88 mm2 
 
This result shows that a 2.5 mm2 CPC is not adequate. 
 
13.2.4.1  Re-calculate with CPC of 4 mm2 
 

Resistance of the 4 mm2 CPC cable 2R  = 4.61 x 45 / 1 000 Ω 

  = 0.207 Ω 
 

Earth fault loop impedance sZ  = eZ  + 1R  + 2R  

  = 0.16 + (0.042 + 0.207) x 1.28 
  = 0.479 Ω 
 
The earth fault current at the motor =  230 / 0.479 
  =  480 A 
 
Typical operating time for a 63 A Type 2 MCB when 480 A is flowing = 0.025 s. 
 
Value of k  for copper = 115 (selected from Table A.54.4 of IEC 60364-5-54). 

 

The allowable cross section area of the CPC, S = /1150.025)x (4802  

  = 0.66 mm2 
 
This result shows that a 4 mm2 CPC conductor is adequate (compare with earlier value of 16 
mm2). 
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13.3  Example of a factory 
 
A factory receives 400 V supply from TNB by cables connected directly to the low voltage 
windings of two 11/0.400 kV 1 000 kVA transformers located in the TNB switch room. The 
factory’s low voltage Main Switch Boards (MSB) is equipped with two numbers of incomer air 
circuit breakers and one number of bus section breaker. One of the MSB is backed up by an 
emergency diesel generator which is designed to run when there is a power failure. The factory 
consists of two levels of offices, plant and machinery rooms and machines on the production 
floor. There is a workshop where handheld tools are used. The building is equipped with a 
lightning protection system made up of a grid of copper tape on the roof, down conductors and 
earth electrodes. 
 
13.3.1  Assessment of general characteristics 
 
The methodology used to assess the general characteristics follows the examples above. The 
assessment of maximum demand and security of supply has resulted in the requirement to 
obtain two LV feeders from TNB with the inclusion of an emergency diesel generator. 
 
The rating of the emergency diesel generator has been selected with due regard to the 
maximum demand of the essential loads to be supplied in the event of a TNB power failure (see 
15.2.2). The MSB incorporates automatic changeover switches of the 4-pole type so that the 
neutral of the TNB supply and the diesel generator is separate (see Electricity Regulations 1994 
No 16 (2)). 
 
13.3.1.1  Power supply to workshop 
 
The power supply to the workshop merits special mention because of the use of handheld tools. 
 
Following the requirements in 7.2.1 the primary method of protection against electric shock is 
by insulating the live parts. The workshop switchboard is equipped with an RCD with rated 
operating current of 30 mA (single phase). Compliance with 7.3.1.2 requires the following 
relationship to be satisfied: 
 
 

AR   x AI   50 V 

 

AR   50 x 1 000 / 30 

 

 1 667 Ω 
 
See explanation in 18.1.4. 
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13.3.2  Lightning protection 
 
The earth electrodes for the lightning protection system should be connected to the earth 
electrodes of the electrical system. Without this bonding, there is a likelihood of a lightning 
discharge raising the electrical potential of the electrical system above ground.  
 
The base of the steel columns of the factory could be connected to earth electrodes for effective 
earthing. Alternatively, by prior agreement with the civil engineer, the base of the steel columns 
could be connected to the reinforcement bars of the piles which then serve as an earth 
electrode. The combination of lightning protection conductors on the roof and steel columns at 
the perimeter will effectively transform the factory into a Faraday cage. 
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Figure 10.  Ground floor plan 
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Figure 11.  First floor plan 
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Figure 12.  Electrical circuit diagram 
 
NOTE. In the course of discussing this standard, it was suggested that the three phase RCD could be 
replaced by three single phase RCD’s each with rated operating current of 100 mA. This proposal would 
be workable provided it is not envisaged to install any three phase loads in the installation. 
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Figure 13.  Example of electricity supply of commercial building 
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Annex A 

(Informative) 
 
 

History background of electricity industry in Malaysia 
 
 

A.1 Central Electricity Board (CEB)  
 
In the early days of the electricity industry in Malaya (before Malaysia obtained her 
independence in 1957) a government entity or statutory body named Central Electricity Board 
(CEB) established on 1 September 1949, was responsible for the generation, transmission and 
distribution of electricity. There were some private generation and distribution companies 
operating alongside CEB, notably in Perak. The companies were Perak River Hydro Co. Ltd 
and Kinta Electricity Distribution Company Co. Ltd. At that time, CEB used to issue its own 
wiring standards for industrial, commercial and domestic installations.  
 
 

A.2 National Electricity Board (NEB)  
 
Following Malaysia’s independence in 1957, the CEB was renamed Lembaga Letrik Negara 
(LLN) or in English, the National Electricity Board on 1 September 1965. At about this point, the 
Institution of Electrical Engineers’ UK (IEE) wiring regulations was adopted as the wiring 
regulations for the electricity industry. Lembaga Letrik Negara (LLN) has the monopoly on 
power generation and transmission and to all intents and purpose, in power distribution too. Up 
until the time before the formation of Jabatan Bekalan Elektrik (JBE), LLN was responsible to 
test consumers’ installations and certify them safe before power can be turned on. 
 
 

A.3 British Standard (BS)  
 
Gradually, certified electrical wiring contractors became responsible for the electrical 
installations performed by them but the governing standard was still the current issue of the IEE 
wiring regulations. From October 1992 the IEE Wiring Regulations became a part of the British 
Standards (BS) and became known as BS 7671:1992. The official name was “Requirements 
for Electrical Installations (the IEE Wiring Regulations).” While British Standards were 
predominantly used in the United Kingdom and Commonwealth member states, IEC standards 
were the norm in the rest of Europe. Political developments in Europe at about the same time 
resulted in the move to harmonise the BS standard on electrical installations with IEC 60364, 
Electrical installations of buildings.  
 
 

A.4 International Electrotechnical Commission (IEC) 
 
The International Electrotechnical Commission (IEC) is a worldwide organisation for 
standardisation which comprises all national electrotechnical committees. The objective of the 
IEC is to promote international co-operation on all questions concerning standardisation in the 
electrical and electronic fields. To this end and in addition to other activities, the IEC publishes 
International Standards. 
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IEC 60364 has since been adopted by Malaysia as a Malaysian standard bearing the number 
MS IEC 60364. IEC 60364 has replaced the BS 7671:1992 (the former IEE Wiring Regulations) 
as the standard governing the electrical installations of buildings. 
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