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SPECIFICATION FOR LOW VOLTAGE | CKE.LS.01.01.(04).2017

INTERNAL
ELECTRICAL INSTALLATION
{L-51) Date: Jan 2018
SECTION: Section Revision: 2
1.0 GENERAL

Page: 81-1 of 1

1.0.1 This section of the Specification describes and specifies requirements for the
supply, delivery, installation, testing, commissioning, handing over in approved
working order and maintenance during the Defects Liability Period of the whole
¢lectrical installation in accordance with the Specification, Supplementary
Notes, Bill of Quantities, Conditions of Contract, Drawings etc.

1.0.2 Unless specified elsewhere, all equipment, switchgears, apparalus, appiiances
and accessorles for low vollage electrical instalistion shall be rated for
operation on a 230/400V {within the tolerance as defined in M3 IEC 60038;
230/400V, +10%, -6%), 3 phase, 4 wire, 50Hz. system with solidly earthed
neutral.

1.0.3 All standards shall conform to the latest MS, MS |EC, {IEC, BS EN, BS andfor
EN standard.

SPECIFICATION FOR LOW VOLTAGE INTERNAL ELEGCTRICAL INSTALLATION ©
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SECTION: Section Revision: 3
2.0 SWITCHBOARDS

Page: S2-10f8

2.0 SWITCHBOARDS
21 TYPES OF SWITCHBOARD

2.1.1 The types of switchboard shall be as specified in the Bill of Quantities and/or
Drawings and shall be of the following types: -

2111 Seif-contained, floor mounted, flush fronted, metalclad cubicle
type suitable for front and rear access;

2.1.1.2  Self-confained, floor mounted, fiush fronted, metalclad cubicle
type suitable for front access;

2.1.1.3  Wall mounted metalclad type suitable for front access.

21.2 The switchboards shall house their air circuit breakers, moulded case circuit
© breakers, fuse switches, switch fuses, isolators, contaciors, busbars, meters,
protective relays, selecior switches, indicating lamps, current transformers,
cable terminating boxes, cable glands, anti-condensation heaters complele
with automatic thermostais and isolators and all other necessary items of
equipment whether specified hereinafter or in the Drawings or not, suitable for
operation on a 230/400V, 3 phase, 4 wire, 50Hz, system with solidly earthed
neutral. Unless otherwise specified elsewhers, the switchboards shall be
capable of withstanding fault condition of not less than SOkA at 400V for 1
second as defined in MS IEC 60438-1. The switchboards shall comply with MS
IEC 60439-1 and the degree of protection shall be iP41 in accordance to MS
IEC 60529,

2.1.3 Outdoor switchboards shall also comply with MS IEC 60439-5 with protection
degres of 1IP54 in accordance to MS 1EC 60526,

— e ————— e
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SECTION: Section Revision: 3
20 SWITCHBOARDS

Page:S2-20f8

2.1.4 Type testing for swilchboard as per categorization shall be as per Table 2A
below:

Category Current Rating Registration & Type Test Report

| i 2 600A Suruhanjaya Tenaga

i B00A < | £ 2000A Suruhanjaya Tenaga & Partial Type
Test in accordance with MS IEC 60439-

1
) Short Circuit Test
{Clause:8.2.3)
(i)  Temperature Rise Tast
(Clause:8.2.1)

il I > 2000A
Suruhanjaya Tenaga & Full Type Test in

accordance with MS IEC 60439-1

Table 2A : Type testing for switchboard as per categorization

2.1.5 Routing tests on the switchboard shall be carried out before delivery to site.
The main circuite and the auxiliary circuits shall be tested to verify dieleciric
properties with power-frequency test voltage of 2500Vac for 1 minute and
insulation resistance under test voltage of 1000V. Routine tesls shall include
inspection and checking of wiring, electrical continuity of the protective circuits,
gonnections and effectiveness of mechanical actuating elements and interlock.
Test Results or Carfificate duly certified by Competent Person as in Electricity
Regulations 1994 shall be issued for every switchboard supplied and instailed.

e
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SECTION: Section Revision: 3
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Page: §2-30f8

2,2 ENCLOSURES
2.21 SELF-CONTAINED FLLOOR MOUNTED CUBICLE SWITCHECARDS

2.2.1.1 The framework of the switchboard shall be fabricated from rolled stee! sections
of thickness not less than 2.5mm and shall be self-supporting when assembled,
uniform in height and depth from front to back. The rigld construction shall be
designed to withstand without any sag, deformation or warping, the loads likely
fo be experienced during normal operating, maintenance or maximum fault
condition,

2.2.1.2 The front shall be provided with coversfdoors of box formation. The rear shali
be provided with hinged removable doors of box formation. The rear doors
shall be of double-leaf type with rebated edges and each leaf should praferably
not be wider than 450mm. Each leaf of door shall have 2 pairs of approved
hinges. The door shall be fitted with approved type of surface-mounted
espagnolette or cremone bolis complete with approved locking device operated
by a satin chrome lever handle at the centre fixing. The top and sides shall be
of removable panels.

2.2.1.3 Cover plates with cpenings for cable entry shall he provided at the base of the
switchboard. All paneis, covers and doors shall be fabricated from sheet steel
of thickness not less than 2.0mm and so constructed as to provide a clear,
flush and pleasing appearance, The panels, covers and front doors shall be
secured to the enclosure by means of chromed type of screws with cylindrical
knurled head complete with retaining clips. Welded cross struts shall not be
used.

2.2,1.4 The switchboard shall be dust and vermin proof. All covers and doors shall be
provided with grommets and dust seals to exclude dust and dirt. Louvres or
ventilation vent with filter shalt be provided at the sides and back for adequate
ventilation. Precaution ghall be taken to prevent overheating duse to hysteresis
and eddy current using non ferrous plate {for single core cable). All edges shall
be rounded. Serrated star washers shall be fitted fo ensure satisfactory
earthing of the front cover.

T —,€,S€S€§€e€e€e_e_—_———_—  —_fddiiinm
[ ————
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Page: S2-40f8

22.1.5Unless otherwise specified in the drawings and/or bill of guantities, the
switchboards shall be of Form 2b and comply with MS IEC 60439-1. The
busbars shall be separated from the switchgears/functional units and the
incoming and outgolng terminals. The form of separation shall be achieved by
metallic or noen-metallic rigid barriers/partitions. All switchgears shall be
mounted so as 1o give adeguate clearance for cable and busbar connections.

2.2.1.6 Switchgears shall be mounted on insulation runners where connected fo
busbars and on steel supporis where cable connection are made. The
insulation runners shall be of minimum 10mm thickness and mounted on steel
support or back panel of the enclosure whichever is more appropriate.

2.2.1.7 Cables connection between the busbars and the switchgears shall be neatly
arranged and mounted on cable runner, The terminals of the switchgears for
external cable connections shall be at least 200mm above the base of the
switchboards and, moreover, so placed that the cables can be easily
connected to them. Withdrawable type of swilchgears shall be mounted on the
framework assembly, including the runner rails and fixed rear isclation
contacts, which shall be supplied as a part of the switchgear assembly. Each
withdrawable switchgear shall be housed in its own compartment with rear
connhected busbars.

2.2.1.8 All indicating instrument which need to be read by the aperalor shall not be
located higher than 2m above the base of the swilchboard, All operating
devices such as handle, push buftons, etc., shall be located at such a height
that they can easily be operated, and in general, the centerline shall not be
higher than 2m above the base of the switchboard. In the case where building
automation devices, transducers and relays are provided, they shall be
separately housed in a compariment of the section of the switchboard. All
witing from the devices, transducers and relays shall be neatly arranged and
connected {o the terminal blocks with removal links mounted on rail. Terminals
shall be identified and labelled in accordance with IEC 60445.

o P e ——
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Page: S2- 5 of 8

2219 Where surge protective device is specified, the device and its associate
aquipment shall be totally compartmentalized with clear transparant cover at
immediate lower subsection where the incoming switchgear is connected. A
lockable tool compartment with keys and opening handle shall be provided
at the lowest subsection of the switchboard. The switchboard shall undergo
de-rusting treatment, anti-rust ireatment with the exierior finished with epoxy
dry-powder and oven baked semi-gloss beige colour and interior finished
matt white. The switchboard shall be bolted to mild steel channel base or
over concrete {rench, The channel shall be anti-rusted and painted with a
primer. There shall be a readily installed cable tray on the interior of both
side panels for outgoing cable. All cables shall be rigidly secured using
cable support bracket of non rotling material, before termination.

2.2.1.10 Where top eniry is specified or required, there shall be a readily instalied
cable box for fop entry cable.

2.2.1.11 Where the incoming feeder circuit breaker in the switchboard is 2500A and
above, the switchboard shall be equipped with an arc protection system.
The arc protection shall be installed against the internal arg in the
switchboard in order to improve personnel safety to minimize damage to the
switchgears in case of internal arc faults, thus improving the avaliability of
the electricity service. The arc protection shall be integrated with protection
relays or of stand alone type. The relays shall be in accordance to the
requirements in Section 5.0, Only a simultaneous occurrence of over-current
and arc¢ incidence(s) shall activate the trip signal in the relay.

2.2.1.12 Arc sensors shall be mounted in the switchboard. The arc sensors for
detecting the arc shall be of photo transistor or lens sensors. The arc
sensors shall in practice be installed within the cable compartment of the
outgoing feeder, main incoming circuit breaker and busbar compartment.
The arc protection system shall include a self -supervision function covering
all equipment, including the arc sensors. All internal faults shall be indicated
on the arc protection unit and an alarm contact shall be activated, The arc-
monitering unit shall contain & display capable of indicating the exact
compartment of the fault after the tripping.

2.2.1.13 Al outgoing MCCBs in the switchboard where the incoming feeder circuit
breaker is rated 400A and above shall be provided with panel mounting
external operating handie with padlocking facilities.

T ———————
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2.2.2 WALL MOUNTED SWITCHBOARDS

2.2.2.1 The switchboard shall be fabricated from sheet steel of thickness not less than
2.0mm. The enclosure shall be of all welded construction with sheets bent
where possible so as to minimise the number of welded joints. The four sides
of the enclosure shall be returned at the front to facilitate fixing of front cover
plates. The front cover plates or doors shali be of box formation and flanged lo
facilitate fixing to the enclosure.

2.2.2.2 The front cover of the switchboard shall be provided with grummets and dust
seal to exclude dust and dirt. Meshed louvre or ventilation vent with filter shall
be provided at both sides for ventilation. All edges shali be rounded. Sefrated
star washers shall ba fitted to ensure satisfaclory earthing of the front cover.
The switchboard shall undergo de-rusting treatment, anti-rust treatment and be
finished with epoxy dry-powder and oven baked semi-gloss beige colour.

2.2.2.3 The switchboard shall not be mounted directly to the wall or structurs. it shall
be firmly bolted/welded on to galvanised C-channel brackets which in burn shalt
be bolted to the wall or structure by means of bolts and nuts, The top of the
switchboard shall not be higher than 2100mm and the bottom shalf not be
fower than 800mm from the floor,

2.3 BUSBARS

2.3.1 Bushars shall conform to BS EN 13601 and shall be tinned hard drawn high
conductivity copper with an adequate uniform rectangular cross section to carry
continuously their rated current without overheating. They shall be rigidly
mounted on non-hyoroscopic insulators so as to withstand any mechanical
stresses to which they may be subjected under maximum fault condition.

2.3.2 Busbar sizes must hot be less than that specified in the Drawings. Howsever if
the busbar sizes are not specified, then the busbar rating shall ba based on a
current density of not more than 1.5 A/sq. mm. [n any case, the main busbars
rating shall not be less than the rating of the incoming switchgear {l»). Al
busbars whether horizontal or vertical, shall be of the same size.

2.3.3 The main busbars shall be run for the full length of the switchboard without
reduction in size. Neutral busbhar shall be of full size and full length as the
phase busbars. Connections shall be made up with bronze or other copper
alloy and nuts utilising tension washers on both outer faces. Where multiple
parallel bars are used, they shall be separated by tinned copper spacers at
spacing equal to the busbar thickness.

[ e
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2.3.4

235

236

24

241

The main busbar shall be arranged in a horizontal plane in the order neutral-
blue-yeilow-red, viewed from the rear of the swiltchboard. Busbars shall be
painted at appropriate points with colours red, yellow, biue and black to denote
the phases.

Tinned copper earthing bar of cross sectional area not less fhan 50mm x 6mm
shall run along the switchboard for its entire length. This switchboard earthing
bar shall be fastened and bonded at the bass to each vertical frame member of
the switchboard. At least one earthing bar of similar cross sectional area shall
run the full height of the switchboard and connected fo the main earthing bar.
All earthing bars shall be identified with green and yellow (twin-coloured)
colour.

Distribution busbars shall be sized in accordance with the maximum outgoing
switchgear rating. Connections from busbars to the switchgears shall be
effected by means of copper conductors securely clamped o the busbars and
colour coded to identify tha phase and neutral conductors. Copper conductor
either bare tinned bushars or insulated cable shall be rated in accordance with
the current rating of the switchgear. Neutral conductor shall be of full size as
phase conductor. Coloured cable steave shall be shrouded for cable end
termination.

METER PANELS

The metalclad, mild steel or other approved material with thickness not less
than 1.5mm meter panel of box formation shall be installed adjacent to, but
physically separated from the main switchboard. Suitable flexible and/or rigid
galvanised sleel conduit with approved adaptors shall be supplied and filted
between the main switchboard and the meter panel. The design, construction
and method of installation of the meter panel shall be to the reauirement of
Supply Authority or Licensee,

e ]
SPEGIFICATION FOR LOW VOLTAGE INTERNAL ELECTRICAL INSTALLATION ©




Dokumen Meja Terkawal

SPECIFICATION FOR LOW VOLTAGE | CKE.LS.01.01.(04).2017

INTERNAL
ELECTRICAL INSTALLATION
(L-51) Date: Jan 2018
SECTION: Section Ravision: 3
20 SWITCHBOARDS

Page: S2-8 of 8

25 OTHERS

2.5.1 All secondary wiring shall be of not less than 1.5 sq. mm. section insulated with
PVC and shall be fixed securely without strain by cleats of the comipression
type. All screws, locknuts, washers, bolts elc. shall be of copper alloy type.

25.2 Indicating lights shall be long life cotoured LED type. All indicating lights shall
be adequately ventilated and easily be replaced from the front of the panel
without the use of extractors.

2.5.3 Instruments, metars, relays, protective fuses etc. located on the iront of the
switchboard shall be so positioned that as far as possible, each instrument,
meter, relay, protactive fuse etc. is adjacent to the unit which it is associated.
All relays shall be of heavy duty type, unaffected by external vibration and
capable of operation in any position. All instruments, meters, relays, equipment
ete. shall be fully tropicalised.

254 One number approved anti-condensation heater shall be installed for every two
seclions at the switchboards. Each heater shall be complste with automatic
thermostat control, ON-OFF switch and indicating lamy.

2.5.5 Engraved labels with white lettering on a black background shalf be fastened or
riveted on the front panels of each switchgear and item of equipment. The
wording shall be approved by the 5,0.'s Representative. Engraved name plate
showing the relevant earth fault setling, overcurrent setling, current transformer
ratio, fuse rating, name of the circuit to which it is connected, etc. shall be fixed
to switchgear panels to which it refers.

— e

SPECIFIGATION FOR LOW VOLTAGE INYERNAL ELECTRICAL INSTALLATION ©



Dokumen Meja Terkawal

SPECIFICATION FOR LOW VOLTAGE | CKE.LS,01.01.(04).2017

INTERNAL
ELECTRICAL INSTALLATION
{L-51)} Date: Jan 2018
SECTION: Section Revision: 3
a0 DISTRIBUTION BOARDS AND

CONSUMER UNITS

Page: S3-1 0f2

3.0 DISTRIBUTION BOARDS & CONSUMER UNITS

3.1 Al Distribution Boards (metalclad and all insulated) shall be installed at
locations indicated in the Drawings or as directed by the §.0.'s Reprasentative.
The Distribution Boards shall be assembled by licensed switchboard
manufacturer, registered with Suruhanjaya Tenaga (ST) and Jabatan Kerja
Raya.

3.2  They shall comply with MS |EC 60439-3 and unless otherwise spacified, shall
be surface mounted metalclad type. The sheet steel shall have minimum
thickness of 1,2mm, They shall have hinged cover, rust-proof and finished with
oven baked epoxy powder coating. Knockouts or other approved form of cable
eniries and suitable brass earthing bolt and nut shall be provided.

3.3  The Distribution Boards shall be equipped with HRC fuses or Miniature Circuit
Breakers (MCB) of rating as specified in the Drawings. HRC fuses shall comply
with relevant parts of |IEC 60269. MCB shall have rupturing capacity not less
than that indicated on Drawings and/or Bill of Quantities and shall comply with
MS IEC 60898.

3.4  The busbars shalt be hard drawn high conductivity copper. The current rating of
the busbars shall not be less than the incoming switchgear rating. The neutral
and earth connection for each circuit shall be individually connected to the
neutral and brass earth barfterminal respectively. The sequence of termination
of the neutral and earth wires shail correspond to that of phase circuit.

3.5 For all -insulated Distribution Board/Consumer Unii, the main switch shall be
double pole MCB (Miniature Circuit Breaker) provided with a clear indication of
'ON-OFF* positions. The main switch shall comply with MS IEC 60947-3 and
have fully shrouded incoming cable terminals. The contacts shall be of long
switching life type.
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36 Where surge protective device is specified, the device and its associated
equipment shall be housed in separate compariment immediately after where
the incoming switchgear is connected.

3.7 Al outgoing cables shall have alphanumeric circuits number labels. The labels
of the neutral and earth shall correspond to that of the phase circuit,

3.8 Engraved labels with white lettering on a black background shall be fitted
externally {using rivet) on the front cover of the Distribution Board/Consumer
Unit describing its usage and with a suitable designation for identification.

3.9  Each Distribution Board shali be provided with a laminated schematic diagram
and paste on the inside cover of the Distribution Board. The details shall
include fuse rating/MCB rating, cable size, number and type of loads etc. The
description of each circuit printed thereon shall include the corresponding
cireuit number in the as installed schematic diagram,

3.10 A}l Distribution Boards shall be provided with top and bottom entry/exit with
minimum 50mm x 50mm pre-cut hole. The opening shall be fitted with flat,
removable gland plate to cover the hole.

3.11 Where Distribution Board is specified to be installed at special service
conditions as per clause 7 of IEC 6§1438-3:2012 and clause 7.2 of IEC 6143%-
1:2011 where variations in temperature and humidity take place at such speed
where condensation is lable to occur inside it, each Distribution Board
shall be provided with  meshed louvre or ventilation vent with filter for
adequate ventilation and/or  one number  anli condensation heater
complete with automatic thermostat  control, ON OFF switch and indicating
lamp.

e ————
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4,0 SWITCHGEARS

4.0.1 All switchgears shall have voitage and frequency rating suitable for the power
system io which they are connected. The current rating shall not be less than
the specified in the Drawing andfor Bili Quantities. They shall conform to the
latest MS, M5 IEC or IEC standards.

4.1  AIR CIRCUIT BREAKERS

4.1.1 Air circuit breakers {ACB) shall be of withdrawable metalclad, flush mounted,
horizontal drawout isolation and air break type suitable for installing on cubicle type
of swilchboard. They shall be three or four poles type as specified and shall comply
fully with MS IEC 80947-1 and 80947-2. They shall be ASTA, KEMA or other
accredited laboratories cerfified for minimum rupturing capacity, raled short time
withstand current, (low) of S0kA at 400V for 1 second or otherwise specified.

41.2 They shall consist of quick-make, quick-break, mechanically and electrically trip
free mechanism arranged to give double break In all poles simuitanecusly. The
closing mechanism shall be of stored energy type, either manually or elactrically
charged. Mechanical "ON' and "OFF" or *1' and 'O’ indicators shall be provided. The
tripping mechanism shall be equipped with push button for independent manual
tripping and shall be stable and not being opened by shocks.

4.1.3 Each pole of the circuit breaker shalk be provided with an arc chute to extinguish
the arc drawn between the breaker contacts each time a breaker interrupts current,
and interpole barriers to reduce arcing time for rapid deionization of the arc and
guard against flash over. The contacts shall be renewable type.

4.1.4 The operating mechanism and carriage shall have the following positions: -
4.1.4.1 Service- In this position the main and confrol contacts are engaged.

4.1.4.2 Test - In this position the main contacts are isolated but the
control  contacts are still engaged., It shall be possible to
check the correct operation of the control circuits without
energising the maln circuit.

4.1.4.3 Isolated - Both main and controt contacts are isclated.

s —— A
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415 They shall be provided with marking io show the breaker positions with facility
for padiocking the carriage in the Test and |solated positions. They shail be
equipped with the following interlock devices: -

4.1.5.1 Prevent withdrawal of breaker while the breaker is in closed position.

4.1.5.2 Pravent closure of breaker while the carriage is in any position between
fully isolated’ and “fully home'.

4.1.8 The arrangement of the busbar connecticns shall be such that with the circuit
breaker withdrawn, the live parts shall be protected, sither by suitable
shrouding or lockabie shutters,

4.1.7 Minimum four numbars (2 -Normally-Open, 2-Normally-Close) double break
type auxiliary contacts shak be provided.

4.1.8 Mechanical interlocks andfor electrical interlocks, where specified, shall be
provided. Mechanical interlock shall be of code key type, arranged to
mechanically operate the trip mechanism latch so that the breaker can only be
closed when the key is frapped in the lock. Electricat interlock shall be
controffed by means of operation of auxliary switchas of another breaker
designed fo cut out the closing colls and mechanism of the parent breaker.

41.9 Where used as bus-coupler, they shall be of 4 pole type and provided with
electrical and/or mechanical interlocks as required so that it is not possible for
the coupler to close with its associated main incoming supply kreakers ciosed,

4.1.10 Where used as incoming feeder from supply source (eithar from transformer,
generator get or coupler), they shali be of 4 pole type.

4.1.11 The neutral of the 4 pole type ACB terminals shall be of the same size as the
phase.

4.1.12 The frame of ACB shall be bonded to the switchboard earthing bar using of
3mm x 25mm tinned copper tape.
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4.2 MOULDED CASE CIRCUIT BREAKERS

4.2.1

4,22

423

42.4

4.2.5

4286

427

Moulded case circuit breakers (MCCB) shall have the number of poles as
specified in the Drawings andfor Bill of Quantities. They shall coraply with MS
IEC 60947-1 and MS IEC 60947-2. They shall be fully tropicalised and suitable
to be used up to an ambient temperature of 40 C, enclosed in glass-reinforced
polyester moulded case and suitable for use on 230/400V, 50Hz. a.c. supply
systam.

They shall be of the quick-make, quick-break type having manually operable
toggle type handle. Permanent position indicators shall be provided lo show
status of the breaker. When tripping occurs, the handle shall be in the ‘trip'
position midway between the 'ON' and 'OFF' or ‘T and '0’ position so as to
provide positive Indication of automatic interruption. The operating mechanism
shall be non4amperable. The MCCB shall have trip-free feature to prevent the
breaker from being closed against fault conditions. Multipole MCCE shall have
common-trip operating mechanism for simultaneous operation of all poles.

The tripping units shall be one of the following types: -

4,2.3.1 Thermal-magnetic type with bimetallic elements for inverse time-delay
overload protection and magnetic elements for short circuit protection.

4.2.3.2 Solid state trip unit with adjustable overload protection and adjustabla
short circuit protection with or without adjustable time-delay.

An arc extinguisher shall be incorporated to confine, divide and extinguish the
arc drawn between the breaker contacts each time a breaker interrupts current.
The contacts shall be of non-welding type.

Unless ofherwise specified in the Drawings andfor Bill of Quantilies, the
minimum rated ultimate short clrcuit breaking capacity {l-u) of the MCCB shall
be 50kA rms at 400V for switchboards connected to transformer or Supply
Authority's or Licensee's incomer and 25kA for the subsequent switchboards,

The rated service short-circuit breaking capacity {ics) shall be 100% of the rated
ultimate short-circuit breaking capacity (lec} at 400 voits for incoming feeder,
and for all outgoing feeder les shall be 50% of le..

Unless otherwise specified the rated ultimate short circuit breaking capacity
{lew} for MCCB at Distribution Board shall be not less than 10kA at 230/400V
and les shall not be less than 50% lu at 230/400V.

e S VR ———
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4.2.8 If current limiting types of MCCB are used, they shall be equipped with current
limiting device of elther permanent self-resetting powsr fuse type or magnetic
repulsion moving contact type.

4.29 The current limiting device shall coordinate with the normal trip mechanism so
that all fault and overload currents occurring within the safe capability of the
MCCB shall cause the MCCB to open, and all cuirents occurring beyond the
capability of the MCCB shall cause the current limiting devices to operate,

4.2.10 If required, the MCCRB shall have facilities for shunt trip, under-voltage/no-volt
trip, externally connected earth fault protection, extemally connected
overcurrent profection etc.. They shall also have auxiliary contacts, accessories
atc. for indication, alarm and interocking purposes if necessary. In area where
is specified, and door interlocking facilities to prevent the panel door from being
opened to access to the MCCB in closed position, shall be provided.

4.2.11 Where used as incoming feeder from supply source (either from transformer
andfor generator set), they shall be of 4 pole type.

4.3 MINIATURE CIRCUIT BREAKERS

4.3.1 Miniature Gircuit Breakers (MCB} shall be of the type approved by Suruhanjaya
Tenaga and JKR.

432 Unless otherwise indicated in the Drawings and/or Bill of Quantities, (MCB)
shall have breaking capacity not less than kA (rms) and of C-type with Class 3
energy limiting characteristice. They shall comply with MS IEC 60898-1 and/or
MS IEC 60898-2, fully tropicalised and suitable for use on a 230/400V, 50Hz.

a.c. system and up to an ambient temperature of 40°C.

4.3.3 They shall be quick-make, quick-break and trip free type complete with de-ion arc
interrupters. The tripping elemenis shall be of thermal magnetic type with inverse
time delay overcurrent and instantaneous short circuit characteristic. The response
to overtoad shall be indepesndent of variations in ambient temperature.

4.3.4 They shall be manually operated by means of toggle type handles having visual
indication of whether the breaker is opened, closed or tripped. Multipole MCB
shall be of all pole protected type and provided with common-trip mechanism
for simuitaneous operation of all the poles.

4.3.5 Where used as incemer, they shall be of 2 pole type.

e ——
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44 RESIDUAL CURRENT DEVICE

4.4.1 Residual Current Device (RCD) shall be of the type approved by Suruhanjaya
Tenaga and JKR,

442 RCD shall be residual current cperated circuit breakers withoul integral overcurrent
protection (RCCB) and residual current cperated circuit breakers with integral
avarcurrent protection (RCBO) shall be current operated functionally independent
of line voltage type, sultable for use on a 230/400V, 50Hz. a.c. system and up lo
an ambient temperature of 40°C. RCCB shall comply with MS IEC 81008 -1 and
MS IEC 61008-2-1 and RCBO shall comply with MS IEC 61009-1 and MS IEC
£1009-2-1. They shall be of either two-pole or four-pole type as indicated in the
Drawings andfor Bill of Quantities. The rated current and the raled residual
operating current of the RCCB or RCBO shall be as specified in the Drawings
andfor Bill of Quantities. Rated condilional short circuit current {{a) shall be of
minimum 6kA. For RCBQ, protection against overcurrent shall of C-type with Class
3 energy limiting characteristic complying with MS JEC 60898-1 and MS IEC
60898-2. The breaking capacity shali not be less than 6kA.

4.43 RCCB and RCBO shall provide resistance against nuisance tripping due to an
impulse voltage or transient overvoltage.

444 RCCB and RCBO shzll be A or AC type unless otherwise specified.

445 Test push bution and visual indication for 'ON' and 'OFF or 'I' and ‘O shall be
provided. They shall be equipped with screw clamping type of cable terminals,
which shall be covered by mouided phonolic plastic with knockouts for cable entry.

[ e s
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45 FUSE SWITCHGEARS

451 Fuse-switch disconnector and switch-disconnector fuse shall be of totally
anclased, flush or surface mounting, double air break, quick-make and quick-
break type complete with phase barriers and fully comply with MS IEC 60947-1
and MS IEC 60947-3. They shall be of utilization category AC-23A. They shall be
equipped with operating handle, position ON-OFF indicator and mechanical door
interlock to prevent the cover from being opened with the switch closed and the
switch being closed with the cover opened. However this interlock shall be able
to be defeated by competent person for maintenance purpose. Terminals and

fuses shall be minimum IP20. The doors shall be provided with dust seal.

4.52 They shall be equipped with replaceable HRC fuses. The fuse holder shall have
shrouded base contact with provision for busbar mounting and front wiring. The
fuse links and fuse carrier shall comply with relevant parts of MS IEC 60269.

Suitable knockouts shall be provided for cable entry.

46  ISOLATING SWITCHES

4.6.1 Isolating switches or switch-disconnector shall be of metalciad or high impact
insulating material {e.g. polycarbonate) type. They shall fully comply fo MS IEC
60947-1 and MS IEC 60947-3, The degree of protection shall be IP54 for indoor
installation and IP85 for outdoor installation. They shall be able to operate
continuously at full current rating without de-rating, capabie of making and
breaking currents under normal condition and when in open posifion, providing

isolation from source of electrical energy for reasons of safety.

46,2 They shall be quick-make, quick-break type suitable for use on 230/400V, 50Hz.
a.c. system and shall have padlocking facililies to secure against unauthorised
opetation. They shall be provided with removable top and bottermn end plates or
knockouts for cable entry, The enclosure, the isolating mechanism and all other

accessories shall be from the same manufacturer.

463 The enclosure for metaiclad type shalt comprise of heavy gauge steel plates rust
protected and finished grey stove enamel. Front access doors for metalclad type,
which is detachable, shall be fitted with dust-excluding gasket and shall be
interlocked to prevent opening when the switch is "ON'. However this interlock
shall be able to be defeated by competent person for maintenance purpose. H
shall be provided with, if required, faciliies for lock-on and lock-off the
operating handle,
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4.7 CONTACTORS

4,71 Coniactor shall have the number of poles as specified in the Drawings andfor
Bill of Quantities. They shall comply with IEC 60947-1 and 60947-4-1. They
shall be fully tropicalised, suitable to be used up to an ambient temperature of
40 °C and sultable for use on 230/400 V, 50 Hz. a.c. supply system.

4.7.2 The contacts shall be of quick-make and quick-break type, dust-proof and rust
protected. They shall ba of utiization category as per Table 4A.

Ofilization ical Aoplicati
Current Category Typicat Applications

AC-1 Non inductive or sfightly inductive loads, resistance furnaces, heater

AC-2 Slip-ring motors: switching off

A Squirrel-éage melors: starling, switching off molors during ronning
C-3 Most typical industrial application

AC-4 Squirrel-cage motors; starting, *plugging1, “inc;hing2

AC-5a | Switching of electric discharge lamps

AC-8b | Switching of Incandescent lamps

AC

AC-Ba | Switching of transformers

AC-6b | Switching of capacitor banks

AC-7a | Slightly inductive loads in household appliances: mixers, blenders

AC-7h | Motor-loads for household appiications: fans, central vacuum

Hermefic refrigeranf compressor motor control with manual resetting
overloads

Hermalic Telrigerant compressor motor control with aufomatic
AC-8b resetting overloads

*(1) Piugging - Stopping a motor rapidly by reversing the primary power conhections.

*(2) Inching - Energizing a motor repeatedly for short periods to obtain small

incremental movements.

AC-8a

Table 4A - Ulilization Categories

4.7.3 The contactor shall have multiple auxiliary coniacts, and unless ctherwise
specified shali be normaliy-open.,

N
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4.8
4.8.1

482

483

4.84

4.8.5

4.86

AUTOMATIC TRANSFER SWITCHING EQUIPMENT

The automatic transfer switching squipment (ATSE) shall comprise of a transfer
switching device and a necessary monitoring and transfer control device for

monitoring supply circuits and for transferring load circuits from the normal
supply to an alternative supply in the event of a monitored supply devialion

and automatically returning the load to the normal supply when it is restored.

ATSE shall be of utilization category AC 33B and shall comply 1o MS IEC 60947-

1 and IEC 60947-6-1.

Unless otherwise specified, the operating mechanism of the ATSE shall
be reliably, electrically and mechanically interlocked to prevent simulianeous

connection to both normal mains and alternative supplies.

Unless spacified otherwise in the Bill of Quantities and/or Drawings, the transfer
switching device of an ATSE shall be of automatic changeover contactors Class
CC type in accordance with 1EC 60947-1 and IEC 60947-4.The automatic
changeover contactors shall be bar mounted type with fixed bar and moving
shaft made of steel and bearing supports made of aluminium/bronze alloy. They
shall be of double air-break, quick-make and quick-break type complying with
MS {EC B0947-1 and IEC 60847-4-1. They shall be dust-proof, rust protected,
fully tropicalised and suitable for uge on 230 V/400 V, 50 Hz A.C. system,

The operating coil shall be 230 V400 vV 50 Hz A.C. type and shall operate
satisfactorily when the voltage at the coil terminals is between 85% and 110%
of the nominal voltage. The electromagnet shall be of laminated type.

The automatic changeover contactors shall be four pole type. Each pole shall
comprisa three main parts: -

4.8.68.1 The main contacts shall be of 'butt-contact’ pattern
without sliding or rollingand shall operate with absolute
minimum contact bounce.

4.8.6.2 The blow out coil shall be rated to carry the total current
flowing through the main pole and according to the thermal
rating of the contactor.

48.86.3 The arc chute shall be De-ion type ot the type having 'arc
‘splitter' for rapid extinction of electric arc. Each arc chute
ghall have a siealile disc on its internal faces for preventing
rapid erosion of the chute by the effect of arcs. The arc
chutes shall be easily removable to allow inspection of the
main contacts and where necessary their replacement.

[ ————— e e
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4.8.7 The main contacts shail able to carry continuously the rated current, capable of
making and withstanding short-circuit curf?nts without damage in an enclosure

having an ambient temperature up to 40 C,

4.8.8 Unless ofherwise specified, a minimum of four normally close and four
normally open auxiliary contacts shall be provided,

4.8.9 A fransparent protection screen of full compartment size shall be provided
in front of the automatic changeover contactors.

4.8.10 For Class CB where the circuil breakers are specified as transfer switching
devices, the circuit brezkers shall comply with MS IEC 60847-1 and MS IEC
60947-2. Unless specifled otherwise, the rated short-time withstand current
shall be of the same rating for the circuit breaker receiving supply from the
Licensee or Supply Authority.

4.8.11 For class PC, the ATSE shalk comply with MS IEC 60947-1 and MS |EC
608947-6-1.The ATSE shall be of open transition (break -before-make) type or
ciosed transition (make-before -break) type according fo the application stated
on the design. Unless there is no type specified, all ATSE shall be of open
transition type.

4.8.12 ATSE shall have the overlapping neutral feature during synchronizing and
changing over from normal mains supply to an alternative supply and
vice versa,

4,813 ATSE shall be complete with a monitoring and transfer control device for
monitoring supply chreuits and for transferring load circuits from the normal
mains supply to an alternative supply in the event of a monitored supply
deviation and automatically returning the load to the normal mains supply
when it is restored.

4,814 The moniloring and transfer control device shall be of microprocessor based
controller comprising automatic transfer switching module or combination of
automatic transfer switching module and automatic mains failure module.

———————
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5.0 PROTECTION RELAYS

5.1 The protection device shall provide either instantaneous or inverse time lag
characteristics in the overload range and instantangous with or without time
delay in the short circuit range as spacified in the Drawings andfor Bili of
Quantities. The protection device shall be of the type acceptable to the Supply
Authority or Licensee and JKR. The protection relays shall be of pansl fiush
mounting type. All relays shall comply with relevant parts of [EC 60255.

5.2 Overcurrent and earth fault protection shall be provided by externally
connected current transformers.

5.3  Unless specified in the drawing and/or Bill Of Quantities, electromechanical
overcuirent and earth fault relay shall be of Inverse Definite Minimum Time
{IDMT} type.

5.3.1 For overcurrent relay of IDMT induction disc type, current seftings shall
be from 50% to 200% of rated current adjustable in seven equal steps
and time multiplier settings from 0.1 to 1.0 adjustable continuously.

5.3.2 Earth fauit relay of IDMT induction disc type shall have current settings
from 10% to 40% of rated current adjustable in seven equal steps and
fime multiplier settings from 0.1 to 1.0 adjustable continuously.

5.4  Earth leakage relay (ELR) shall be of the type suitabée for use on a 230/400V,

50Hz system and up to ambient temperature of 40 C. ELR shall be provided
with test button for simulation of a fault, earth leakage, LED indicator, a reset
button, protection against nuisance tripping due to transient voltage and d.c.
sensitive. Unless otherwise specified in the Drawings and/or Bill of Quantities,
ELR shali be of adjustable current sensitivity and adjustable time delay type.

5.5 The selectivity range for current sensitivity shall be 0.03A to 10A and the time
delay selectivity range of 0 second to 1 second. ELR shall be incorporated with
matching balanced core current transformer and shunt trip coil for the circuit
breaker to which it controls the tripping shall also be provided.

—/ ————— e ———

SPEGIFICATION FOR LOW VOLTAGE INTERNAL ELECTRICAL INSTALLATION &



Dokumen Meja Terkawal

SPECIFICATION FOR LOW VOLTAGE | CKE.LS.01.01.(04).2017

INTERNAL
ELECTRIGAL INSTALLATION
{L-S1) Date: Jan 2018
SECTION: Section Revision: 2
5.0 PROTECTION RELAYS

Page: §5-20f2

5.6  Unless specified in the Drawings and/or Bill of Quantities, the microprocessor
based protection relays shall be rated at 230V/400V and opetrating voltage
shall be in a range from 90V to 250V. The relays shall be housed in robust
panel flush mounting case and shall be fully tropicalised and suitable to be
used up lo an ambient temperature of 50 °C and relative humidity of 95%.

56.1 Unless otherwise specified, the microprocesscr based protection relays
shall be of combined three phase over current and earth-fault
protection with instantaneous, definite time and inverse lime
characteristics. Time / current characteristic of IDMT overcurrent and
earth fault relays shall be of standard inverse curve (3/10).

5.6.2 The microprocessor based protaction relays shall give numerical digital
readout of set values, actual measured values and recorded values.
The relays shall include a serial communication port for external
connection to facilitaie external reading, setting and recording of relay
data and parameters by a personal computer (PC). PC connecting
cable and parameter reading/setting /frecording PC program shall be
provided.

5.6.3 The microprocessor based protection relays shall be incorporated with
built-in  self-supervision system with auto-diagnosis. The self-
supervision system shall continuously monitor the relay microprocessor
programs. If a permanent fault is detected, an atarm indication shall be
given. A 230V/5A alarm contact for connection to external alarm shall
be provided.

56.4 |f current and voltage measurements are specified, the microprocessor
based protection relays shall make available these msasurements for
local display. The measurements shall include phase currents, phase-
to-phasa voltages and phase-to neufral voltages.

5.6.5 The microprocessor based protection relays shall comply with relevant
parts of |IEC 60255 and shall also comply with relevant parts of IEC
61000 on electromagnetic compatibility.

e —————
SPECIFICATION FOR LOW VOLTAGE INTERNAL ELECTRICAL INSTALLATION®



Dokumen Meja Terkawal

SPECIFICATION FOR LOW VOLTAGE | CKE.LS.01.01.(04).2017
INTERNAL
ELECTRICAL INSTALLATION
(L-S1) Date: Jan 2018
SECTION: Section Revision: 2
6.0 MEASURING INSTRUMENT AND
ACCESSORIES
Page: 86-10f 3

6.0 MEASURING INSTRUMENT AND ACCESSORIES

6.0.1 Measuring instrument and accessories shall comply with the relevant IEC
Standards. They shall meet the requirement as specified in the Drawings
and/or Bill of Quantities.

6.1 MEASURING INSTRUMENT

6.1.1 Measuring instrument shall be of panet flush mounting type with square
escutcheon plate finished matt black and pressed steei case. They shall be of
industrial grade type adequately shlelded against stray magnetic fields,
conform to the measuring scalas and arrangements as shown in the Drawinge
and calibrated for correct readings. They shall comply with MS 925 and
relevant parts of IEC 60051. External zero adjustment shall be provided for
ammetars and voltmeters.

8.1.2 Ammeters, unless otherwise specified, shall be of moving iron type having
continuous overload capacily of 120% of rated value and full scale value
accuracy of £2%. They sha#l be provided with maximum demand indicator, if
specified.

8.1.3 Voltmeters shail be of moving iron type having overload capacity of 200% of
rated value and full scale value accuracy of +1.5%.

6.1.4 Kilowatt-hour meter shail be of 6 numbers wheel cyclometer aluminium type
with both the current and voltage coils on laminated cover fabricated from high
quality silicon steel strip. They shall have overioad capacity of 200% of rated
value and accuracy of +0.5% at the supply vollage and frequency
characteristic.

6.1.5 Power factor meters shall be of balanced type using ferrodynamic, cross-coiled
mechanism with measuring range from 0.5 lagging to 0.5 leading. Full scale
value accuracy shall be £1.5%.

6.1.6 Frequency meters shall be of reed type with frequency range from 45Hz. to
55Hz. and accuracy of +5%. If specified in the Drawings and/or Bill of
Quantities, the microprocessor based power meter shall be rated at 230V/400V
and operating voltage shall be in a range from 90V to 265Y.

———— ]
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6.1.7 The meters shall be housed in robust panal flush mounting case and shall be
fully tropicalised and suitable to be used up to an ambient temperature of 50°C
and relative humidity of 95%. The meters shall give direct numerical digital
readout of actual measured values and recorded values. The melers shall
include one serial communication port for external conneclion to facilitate
external reading and recording of meter data and parameters.

6.1.8 The measurements and their accuracy of the microprocessor-based meters
shall be as per Table BA: -

Parameters | measurements Accuracy
Volts {V): line-line / line-neutral 0.5% of reading * 2 digit
Currents (A} per phase 0.5% of reading £ 2 digit
Frequency (Hz) 0.1 Hz £ 1 qigit
Power Facior: total 1% of reading = 2 digit
Active Power {(kW): total 1% of reading £ 2 digit
Reactive Power (KVAr): total 1% of reading t 2 qigit
Apparent Power (KVA): {otal 1% of reading * 2 digit
Active Energy (KWh): tolal 1% of reading
Reactive Energy (KVArh): total 1% of reading
Maximum Demands (A, W, VA); total 1% of reading & 2 digit

Tabla 6A: Accuracy of Microprocessor-based Meter

6.1.8 If harmonics content measurement is specified, individual and total harmonics
distortion on the current and voltage up to 30" harmonric shall be measured
with the accuracy of 1% of reading.

6.1.10 There shall be a custom dispiay screen, which can be programmed to display
customised specific parameter requiraments.

6.1.11 All data shall be continuocusly and concurrently logged, recorded and stored in
internal non-volatile memeory, All time base logged-in data can be retrieved and
downloaded fo a personal computer (PC) using serial cornmunication port. PC
connecting cable and data refrieving PC program shall be provided.

6.1.12 The meters shail comply with IEC 60359 and IEC 60688, The meters shall alse
comply with relevant parts of MS IEC 61000 on electromagnetic compatibility.

e ——— ]
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6.2 CURRENT TRANSFORMERS

6.2.1 Current transformers shall comply fully with MS 1202 and IEC 60044-1 and
shall have short time rating not less than that of the switchboard in which they
are incorporated. The secondary shall be rated for SA. They shali be
adequately rated in VA to camry the summalion of all VA burdens of the
connected loads but in any case, the rating shall not be less than 15VA. They
shall be capable of withstanding, without damage, on open circuit secondary
with full primary current.

6.2.2 They shaill be constructed from high quality silicon steel core. They shall be
installed inside the switchboard in such a way that it is easily accessible for
maintenance purpose. identification labels shall be fitted giving type, ratio,
rating, output and serial numbers.

6.2.3 Unless otherwise specified, current fransformers used for measuring and
metering shall be of Class 1.0 accuracy and those used for protection shall be
of Class 10P10 accuracy.

PP —
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7.0 SURGE PROTECTIVE DEVICE

7.1 The surge protective devices (SPDs) shail be one-port type compatible with the
230/400V, 3 phase, 4 wire, 50Hz with solidly earthed neutral supply system it is
protecting. The SPDs shall be of the type complying with MS IEC 61643-1, MS
IEC 61643-12 and (EEE Std (62412 and in accordance with
recommendations of MS IEC 62305 and the relevant parts and sections of MS
IEC 60364,

7.2 I the specifications conflict in any way, with any or all of the above/ standards,
the specification shall have precedence and shall govern,

73  The SPDs shall be designed for the average isoceraunic level of approximately
200 thunder-days per year.

7.4 The SPDs modes of prolection shall be each phase-to-neufral {L-N), each
phase-to-earth {L-E) and neuiral-to-earth (N-E) for either single phase or three
phase supply system.

75  The SPDs shall be of voltage limiting type with metal oxide varistors (MOVs), or
voltage swilching type with gas discharge tube (GDT)spark gap, or
combination type with MOVs and GDT/spark gap. MOVs and GDT shall comply
with MS IEC 61643-331 and MS IEC 61643-311 respectively.

7.8  The maximum continuous operating voltage (Uc) of SPDs shafl be minimum
275V for SPDs connected between L-N and L- E. When SPDs connected
between N-E, the rating of Uc shall be minimum 230V, The coniinuous
operating current {l¢) for each mode of protection shall not exceed 3mA, In the
case where the MOVs are used, the SPDs shall be provided with integrated
thermal protection to avoid thermal runaway due to degradation.

e e

SPECIFICATION FOR LOW VOLTAGE INTERNAL ELECTRICAL INSTALLATION &



Dokumen Meja Terkawal

SPECIFICATION FOR LOW VOLTAGE | CKE.LS.01.01.(04).2017

INTERNAL
ELECTRICAL INSTALLATION
(L-81) Date: Jan 2018
SECTION: Section Revision: 2
7.0 SURGE PROTECTIVE DEVICE

Page: 8§7-20f3

7.7 The 8PDs to be installed with respect to the location of category shall be as in
Table 7A. The maximum discharge current (Imax} of SPDs shall be declared by
the SPD manufacturer by submitting the V-l characteristic of a MOVs / GDT /
spark gap. '

7.8 The SPDs shall be equipped with visual indicator showing the protection status
of the SPDs. Unless otherwise specified, SPDa shall be provided with auxiliary
contact for connection to remote monitoring of SPDs protection status. A
durable label with red fettering on a white background with words as stated
helow shall be fastened externally on the front cover of the SPDs compartment,

AMARAN

1. Pemasangan ini dilindung! oleh Surge Protective Device (SPD).
2, SPD tidak lagi berfungsi apabila “petunjuk” bertukar warna

{ tidak menyala

Sila buat pemeriksaan pada SPD secara bulanan

Sila hubungi ‘orang kompeten’ untuk penggantian SPD.
Pastikan juga ‘circuit breaker ke SPD sentiasa berada

dalam keadaan ON (l).

m W

7.9 The size of connecting conductors shall be as recommended by the SPD
manufacturer. The connecting conductors shall be as short as possible
(preferably not exceeding 0.5m for the total length) and shall be tightly bound
together throughout the whole length with cable-ties or other approved means.
Either a MCCB or a fuse of rating as recommended by the SPD manufacturer
shall be provided for disconnecting the SPDs from the system in the event of
SPDs failure or for maintenance. In the case where an MCCB is used, the
breaking capacity of the MCCB shall comply with the rated ultimate short circuit
breaking capacity {lu) for the swiichboards and DB respectively. The Ics shall
be 50% of the o,

e ——
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Maximum
1.2190 ps (Vo) 8/20 ps {ls:) Vaoltage Discharge
Location Category Voltage Current Protection Level [  Current, lmax
Generator Generator {Up) (8720 us) per
mode

Main Switchboard

(M3B) =20 kV 2 10 kA = 1800V 265 kA

Sub-Switchboard
(SSB) recsiving

anergy from MSB 210 kV z 65 kA 51500V = 40 kA
located In the

same building

SSB recsiving
energy from MSB
located in other
building

[ Distribution Board
(BB} recelving
energy from SSB
located in the
same building >5ky =3 kA 1200V 2 20 kA
(for cases where
the S8B locaied in
the same buffding
with MSB)
- Disinbulion Board
{DB} recelving
energy from S5B
located in the
same building 210kY =5 kA £ 1500V Z 40 KA
(for cases where
the 85B localad in
other buiiding with
MSB)
DB recening
energy from the
licensee or 220kV 2 10 kA £1500V 240 kA
MSB/SSB located
in other building
Socket Ouiletor
Temtinal 22 kV 21 kA =600V 210 kA
Equipment

z20kV 210 kA <1800V = 65 kA

Table 7A - SPDs Location Categories

— e
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8.0 BUSBARS TRUNKINGS

8.1  Busbar Trunkings System (busduct) shall comply with MS IEC 60439-2, pre-
assembled, totally enclosed type and shall be as specified in the Drawings
and/for Bill of Quantities.

8.2  The insulation of the busbars in busduct shall be one of the foliowing types as:-

8.2.1 AirInsulated

8.2.2 Resin Encapsulated insulated

8.2.3 Epoxy Insulated

8.2.4 Polyaster Film minimum Class B Insulation

8.3 Busbar trunkings shall be suitable for operation on a 400 V, 3 phase, 4 wire,
50Hz. system with solidly earthed neutral. The rated short-time withstand
current, lew shall be tested for 1 second as specified in MS IEC 60439~1.

8.4  The neulral busbar shall be of the full size as the phase busbars,

8.5 The housing shall be of galvanised sheet steel of not lgss than 1.5mm
thickness finished with epoxy dry-powder and oven haked enamei grey. Fire-
resisting barriers shall be included as an integral part of each bus duct length
and fitting. The maximum length of the busduct shall be not more than 3000mm
and the tap-off openings for plug-in units shall be provided at every interval of
not more than 900mm. Unless otherwise specified, the degree of protection
shall be IP42 for indoor installation and IP85 for outdoor installation in
accordance fo MS |EC 60529,

86  Busbars shall be of hard drawn tinned high conductivily copper to BS EN
13601. The busbar current rating shall not be less than that specified in the
drawing based on current density as per table 8A below. The busbars shall be
fully insulated over its entire length except joint parts and totally enclosed in the
housing. The insulation shall be seamless and also be flame-retardant. Earth
continuity of the busduct shall be provided by continuous length of copper strip
of dimension not less than 25mm x 3mm fitted on both exiernal sides of the
busduct.

————————————————————— e

SPECIFICATION FOR L.OW VOLTAGE INTERNAL ELECTRICAL INSTALLATION &



PN

Dokumen Meja Terkawal

SPECIFICATION FOR LOW VOLTAGE CKE.L5.01.01.(04).2017
INTERNAL
ELECTRICAL INSTALLATION
{L-81} Date: Jan 2018
SECTION: Section Ravision: 2
8.0 BUSBAR TRUNKINGS
Page: 88 -2 of 2
Maximum Allowaole
Current Rating (1} Currant density
(A/mm?)

| < GOOA 2.67
B00A < |1 < 1800A 242
T800A < | < 2000A 2.33

| >2000A 2.0

Table 8A : Current rating and current density for busbar trunking

87 The plug-in unit shall be mechanically interlocked with the busway housing to
prevent installation or removal of plug-in unit while the switch in ON position.
Plug-in unit enclosures shall make positive earth connections to the busduct
housing before contacts are made with the busbars.

8.8 Expansion joints shall be provided for every interval of 3000mm at maximum,
and at the end of busduct end box unit shall be provided. Busduct joints shall
have sufficient contact length of adjacent sections so as to provide rigidity and
strength, A spring material shall be used in jointing so as to ensure a consiant
contact pressure. All joint units, {ee and elbow units, offset and combination
elbow units, flanged end-feed units, expansion joint units and end joint units for
the busduct system installation shall be the typs manufactured and supplied by
the same busduct manufacturer,

8.9 The busduct system shall be supported rigidiy and adeguately by external spring
hangers mounted on channel base. The busduct system shall be supported at
maximum intervals of 3000mm for vertical runs and 1500men for horizontal runs
so that the busduct will not be in contact with the wall or floor slab surfaces.
The spring hangers shall bs supplied by the busduct manufacturer.

8.10 The floor openings and wall openings where busduct passes through shall be
sealed with fire-resisting barrier approved by Jabatan Bomba Dan Penyelamat
Malaysia, according to the appropriate degree of fire resistance.

e ——————
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9.0 SYSTEM OF WIRING

9.0.1 The system of wiring shall be either surface wiring, concealed wiring, surface
condult wiring or concealed conduit wiring as indicated in the Drawings and/or Bill
of Quantities. The wiring systems shall comply with M3 |[EC 60364-5-52, All wiring
shall be run neatly and in an orderly manner. They shall be routed parallel to
buiiding wall and column lines in a coordinated manner with other services. The
wiring throughout shall be on the 'looping-in system’ and no ‘tee’ or other types of
joints are allowed. No reduction of the strands forming the conductors are allowed
at all tarminals. Mulli strand conductors with a minimum of 7 strands shall be used.
All strands shall be effectively secured by approved means.

9.0.2 Wiring which are not embedded in concrete or concealed behind plaster shall
be run in an accessibie manner on the beams, underside of slabs or below
pipes, ducts, and downdrops shall be run on the surface of columns or walls.
Concealed wiring shall ba installed in such a way that plaster can be applied
over their thickness without being subjected to spalling or cracking. Cables
serving different operating voltages and functions shall be segregated.

9.0.3 All cables shall be legibly marked on the external surface with at least the
following elements; Manufacturer's identification, Voltage designation, Nominal
area of conductor and Standard Numbers. Standard colour coded cable shall
be used for three phase circuit to identify the phase conductors, neutral
conductor and protective conductor respectively, Opening on floor, wall or
partition through which cable, trunking, conduit or other wiring passes through
shall be sealed according to the appropriate degree of fire resistance after the
installation, Chipping and cutting of concrete are not allowed unless otherwise
approved by the 5.0.’s Representative,

9.04 The Electrical Contractor is reguired to work in conjunction with the building
contractor for the provision of apenings, frenches, core-holes, chases eic. as the
building concreting work progresses. In steel frame structures, the wiring system
shall be rigidly and securely supported and fastened in place onto the structural
steel beams, purlins and columns by fasteners such as clamps, clips, anchors,
straps, hangers, supports or similar fittings. The fasteners shall be designed and
instalied as not to damage either to steel structures or wiring system.

9.0.5 The fasteners shall be installed at intervals not exceeding 1000mm, and within
300mm of every outlat box, junction box, device box, cabinet or fitting. Fasteners
shall be of spring steel and/or gaivanised steel, and where wires, rods or threaded
rods are used with fasteners, they shall be of rolled carbon steel. The fasteners
shall be finished with zinc coatings to resist rusting. Samples for the fasteners used
ghall be submitted to $.0.'s Representative for approval before they are used.
Unless otherwise approved by S.0.’s Repressntative, no welding on andfor drilling
holes into any members or components of the steel frame structures for the

=instaliation of fasteners are allowed, e
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91 TYPES OF CABLES

9.1.1 PVC INSULATED PVC SHEATHED CABLE

9.1.1.1 PVC insulated PVYC sheathed cables shall be of 300/500V grade to
MS 2112-3 and MS 2112-4 and 800/1000 V grade to MS 274. The
conductors shall be of stranded plain annealed copper to MS 69 and
MS
280. The insulation shall be suitable for continuous operation ata
maximum cable temperature of 70°C and comply with MS 138.

9.1.2 PVCINSULATED CABLE

9.1.2.1 PVC insulated cable shall be of 450/750V grade to MS 2112-3 and
MS 2112-4 and 600/1000V grade to MS 274, The conductors shall be
of stranded plain annealed copper to MS 69 and MS 280, The
insulation shall be suitable for continuous operation at a maximum
cable temperature of 70°C and comply with MS 138.

9.1.3 XLPE/PVC CABLE

9.1.3.1 Cable shall be manufactured and tested in accordance to BS 6467 or
IEC 60502 and shall have high conductivity plain copper stranded
conductors, insulated with cross-linked polyethylene (XLPE}, suitable
for a voltage of 600/1000V laid together and bedded with extruded
PVC and sheathed with PVC.

914 ARMOURED CABLE

9.1.4.1 PVCISWA/PVC CABL.E - Cabile shall be manufactured and tested in
accordance with M3 274 or BS 6346 and shall have high conductivity
plain copper stranded conductors insulated with PVG suitable for a
voltage of 600/1000V lald together and bedded with PVC, armoured
with galvanised steel wires and sheathed with PVC,

9.1.4.2 XLPE/SWA/PVC CABLE - Cable shall be manufaciured and tested in
accordance to BS 5467 or IEC 60502 and shall have high
conductivity plain copper stranded conductors, insulated with cross-
linked polyethylene (XLPE), suitable for a voliage of 600/1000V laid
together and bedded with extruded PVC, armoured with gaivanised
steel wires and sheathed with PVC,

e
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9.1.4.3 XLPEIAWAIPVC CABLE - Cable shall be manufaclured and tested
in accordance to BS 5467 or IEC 60502 and shall have high
conductivity plain copper stranded cenductors, insulated wilh cross-
linked polyethylene (XLPE), suitable for a voltage of 6800/1000V laid
together and bedded with extruded PVC, armoured with aluminium
wires and sheathed with PVC.,

9.1.5 MINERALJNSULATED CABLES

2151 Mineral-insulated cables shail be manufactured complying with [EC 60702,
IEC 60331 and BS 6387 Category C, W and Z for electrical circuit integrity in
case of fire, The cables shall have been tested to comply with |[EC 60332-1
and 80332-3 for flame retardance, and IEC 61034 for smoke obscuration. The
cables shall be halogen free with fow organic content and do not release any
corosive amission when subject to fire conforming to IEC 60754-2. The
cables shalt be able to withstand a short circuit temperature of 280°C for 5
seconds. For general lighting and power points final circuits, unless otherwise
speciied, cables of 600V insulation grade may be used.

9,1.5.2 For main circuils and major power points, the cables used shall be of 1000
volt insulation grade. They shall be installed strictly in accordance with the
manufacturer's recommendation and instruction. The mineral-insulated cables
shail be as specified:

9.1.5.2.1 Mineral-insulated copper clad sheathed copper conductor
(MICC) cables comprise of pressure packed magnesium oxide
insulation contained within a soli¢ drawn ductile seamless
copper sheath with solid high conductivity copper conductors; or

9.1.522  Mineral-insulated mineral sheathed copper conductor (MIMS)
cables comprise of multl stranded high conductivily copper
conductors wrappad with layers of glass mica composite tape
flame barrier and be insulated with a non-melt cross linked
mineral insulation and mineral sheathed.

9.1,5.3 Cables installed on walls shail be fixed by means of copper clips or copper
saddles at appropriate spacing. The clips or saddles shall be secured by
means of brass screws. Where cables are installed on cable trays, they shall
be clipped at appropriate spacing by means of copper saddles. The saddles
shall be secured by means of brass bolts and nuts. Where single core cables
are used on multi-phase distribution work, the cables shall be laid on their
phase groups whether flat or trefoil.
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9,1,54 Where single core cables pass through ferrous o other magnetic materials,
the area surrounding the cables shall be replaced with nen ferrous plate of
appropriate dimensions. Adequate bonding shall be provided where cables
break formation to enter terminating positions. Minimurm bending radius shall
be not less than 6 times the cable diameter and saddle spacing not more than
60 times the cable diameter or 500mm whichever is less.

9.1.5.5 Connection to motors, generators, transformers and other similar equipment
shall be by one of the two methods listed below: -

8.1.5.5.1 The cable shall be clipped at the appropriate spacing up to a
point adjacent to the equipment and an unsupporied
antivibration loop shall be left in the cable.

9.1.5.5.2  The cable shall be glanded into a suitable terminal box adjacent
fo the equipmsnt and connection to the equipment being
effected by means of mechanically protected flexible cable of
adequate cross sectional area.

9.1.5.8 For mineral -insulated copper ciad sheathed copper conductor (MICC) cables,
termination shall be of cold seal type. Silicon rubber sleeve insulation shali be
used to replace copper shealh stripped off near the termination for temperature
not exceeding 150°C. For temperature exceeding 150°C, vamished glass sleeve
insulation shall be used. Insulation and continuity tests shall be carried out before
and after the cable is terminated. The insulation test reading shall be “infinity'. A
blow lamp may be used for drying out cable ends,

9,457 If it is impraciicable to cut to waste, in which event the cable should be brought to
cherry red heat at about 600mm fram the end and moisture driven carefully
towards the cut end. It is absolutely essential that great care shall be taken to
maintain earth continuity when terminating the cables. Dirt and metallic particles
in the compound and any loose traces of dielactric left at face of the shealh after
stripping shall be removed prior to sealing. Cold sealing compound shall be forced
down one side of the pot only until slightly overfilling in order to avoid trapping of
air at the base of the pot and to ensure that when the sealing disc is entered
before crimping a completely solid insulation barrier is effected.
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9.1.5.8 Al other necessary accessories such as tap-off units, joint boxes, brass
compress ring glands, screw-on brass pots, earth tall seals, coloured
sleeving for phase identification, cone shape beads, fibre disc, brass
locknuts efc. required for the proper instellation work, uniess otherwise
approved by the 5.0.'s Representative, shall be of the type manufactured by
the cable manufacturer.

9.1.5.9 For mineral-insulated mineral sheathed copper conductor {MIMS)} cables,
termination shall be metal gland or close fitting metal bush of crimping type.
Al other necessary accessories such as {ap-off units, jeint boxes including
termination kits etc. required for the proper installation work, unless
otherwise approved by the 8$.0.'s Representative, shall be of the type
manufactured by the cable manufacturer,

W
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9.2  WIRING IN CONDUIT/TRUNKING {SURFACE OR CONCEALED)

9.21 The cables used in conduit wiring, unless otherwise specified shall be similar to
that described in 9.1.2 above. Unless otherwise specified in the Drawings
and/or Bill of Quantities, the conduits shall be of galvanised steel and conduit
fittings shall be of galvanised steel or ailloy materials. Cables above false
ceiling shall be run in conduit or trunking.

9.2.2 The conduit shall generally be run on the underside of the floor slab or
suspended from the floor slabs by mild steel brackets or suspenders. The
trunking shall be suspended from the floor slabs or mounted against the wall by
mild steel brackets. The mild steel brackets shall be anti-rust {reated, painted
with a primer and finished in an orange enamel. The suspension structure shall
be robust in constructions and adequately installed such that the
conduittrunking will not sag.

9.2.3 Conduit for lighting point shall be terminated in a junction box complete with
die~cast cone-shaped metal cover so that downdrop to luminaire shall be
carried out through flexible steel conduit up to the luminaire. Ceiling fan points
shall be run in the simitar way. Flexible conduit shall be used for termination to
equipment, which are subjected fo movement or vibration. However, the length
of this flexible conduit shall not exceed 400mm unless approved by the 5.0.s
Representative.

9.24 For concealed conduit wiring, a spare conduit shall be provided from the
distribution board fo the ceiling space for fulure extension. The spare condult
shall be plugged at the ceiling end with removable plug. The number of cables
drawn into the conduit or lakd in frunking shall be such that the ratic of the sum
of the overall cross-sectional areas of the cables (including insulation and any
sheath) to the internal cross-sectional area of the conduit or trunking in which
they are installed shall not exceed 40% for conduit and 45% for trunking

[
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9.3 METALLIC AND NON-METALLIC CONDUITS

9.3.1

9.3.2

2.3.3

8.34

9.3.5

Steel conduits shall be of galvanised, heavy gauge, screwed type complying
with MS 275-1, MS 1534:PT.1, MS 1534:PT.2:Sect, IEC 60423, |EC 61386-1
and IEC 61386-21. All steel conduit fittings shall comply with MS 275-2, MS
1534:PT.1, M5 1534:PT.2:8ec1, IEC 61035-1, IEC 61035-2-1, IEC 61386-1
and |[EC 61386-

21. The steel conduits shall be fitted with brass bushes at the free ends and
expansion devices at appropriate intervals. The ends of each length of steel
conduit shall be properly reamed. The termination fo the distribution boards,
consumer units, switchgears and outiet boxes shall be effgcted by brass type
smooth-bore bushes. All steel conduits shall be effectively earthed.

Fer jaying underground, steel cenduit shall be used and buried at a minimum
depth of 450mm below ground level or 100mm below floor slab or
hardstanding. Junction boxes, outlet boxes etc. shall be alloy material or cast
iron. The covers shall be galvanised sheet steel or alloy material with thickness
not less than 1.2mm. Accessories such as junction boxes downdropping to
luminaires shall have diecast cone-shaped matal cover.

For non-metallic conduits and fittings, they shall be of rigid high impact PVC
grade Heavy Duty Code No 4421 and shall be under Product Certification
Scheme. The colour of the conduit for concealed wiring shall be of orange.
Unless otherwise for purposes of identification or distinguishing from another
services, white coloured conduit shall be used for surface wiring. Rigid high
impact PVC conduits shall comply with MS 1534:PT.1, MS 1534:PT2:Sect,
IEC 6806814-1, IEC 60614-2-2, [EC 60423, BS EN 61386-2, BS EN 50086-1 and
fittings shalt comply with MS 1534:PT.1, MS 1534:PT2:Sec1., IEC 61035-1 and
IEC 61035-2-2.

All fittings and accessories for the rigid high impact PVC conduits shall be
made and supplied by the same manufacturer for the rigid high impact PVYC
conduit. The ends of each length of rigid high impact PVC conduit shail be
properly reamed. The termination to the distribution boards (metalclad and all
insulated), switchgears and outlet boxes shali be effected by adaptors and
lock-tings. Flexible metallic and non-matallic conduits shall comply with MS
1534:PT.1, MS 1534:PT2:Sec1, IEC 60614-1, |IEC 60814-2-5 and ilts fitlings
complying with MS

1534:PT.1, MS 1534:PT2:Sec1, IEC 61035-1 and IEC 61035-2- 3.

The conduits shall be fixed by means of saddles secured rigidly at intervals not
exceeding 750mm, and within 360mm of every ouliet box, junction box, device
box, cabinet or fitting. Steel saddles shall be used for steel conduits. Unless
otherwise specified, steel conduits and steei fittings shall be used.
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24 CABLE TRUNKING

0.4.1 Cabie trunking system shall comply with MS IEC 61084. They shall be
fabricated from galvanised sheel steel (electrogalvanised stee! andfor hot
dipped galvanized steel) and finished with epoxy oven baked or two coats of
standard orange enamel. They shall be equipped with removable covers at
suitable intervals. They shall be supplied in lengths to suil the installation and
shalt have the minimum wall thickness as per Table 9A: -

NOMINAL SIZE (mm x mm) | MINIMIUM WALL TRICKNESS (mm)

50 x 50 and below 1.0
75 x50 to 100 x 100 1.2
150 x 50 to 300 x 180 16

Table 9A: Size and thickness for cable trunking

8.4.2 All trunking elbows, offset and combination elbows, adaptors and tees shali be of
same thickness as the straight trunking and shall be the type manufactured and
supplied by the same trunking manufaclurer. The frunking shall be supported by
fixing brackets so that the trunking will not be in contact with the walls or floor
slabs. The brackets shall be installed at intervals not greater than 1500mm for
vertical runs and not greater than 1000mm for horizontal runs. The brackets shall
be derusted, finished in a ptimer and coated with standard crange enamel.

9.4.3 Wherever the frunking passes through a floor or a fire resistant wall, fire
resisting barrier shall be provided. At these positions the cables shall be sealed
with non-hygroscopic fire resisting material of minimum 2-hour fire rating. In
addition, the floor openings and wall openings shall be sealed with similar type
of compound. Cables running in the trunking shall carry conductor identification
colours and shall be supported by split hard wood racks securely fixed at the
base of the trunking and spaced not more than 800mm apart.

9.4.4 Cables for each final circuit shall be properly bunched togsther and labelled.
Where conduit is tapped off from the trunking, suitable brass type smoothbore
bushes shall be fitted at all conduit termination. Unless otherwise specified, all
trunkings shall have either tinned copper tape of dimension not less than
25mmx3mm as circuit protective conductor or earth cable of appropriate size.
In the latter case, all trunking joints shall be bridged by means of tinned copper
tape of dimension not less than 256mm x 3mm.

9.4.5 For colour code identification bands can refer to tabje 98 of 8.7.2.

e

SPECIFICATION FOR LOW VOLTAGCE INTERNAL ELECTRICAL INSTALLATION ®



A

Dokumen Meja Terkawal

SPECIFICATION FOR LOW VOLTAGE | CKE.LS.01.01.{04).2017

INTERNAL
ELECTRICAL INSTALLATION
{L-S1) Date: Jan 2018
SECTION: Section Revision; 2
9.0 SYSTEM OF WIRING

Page: 59 -9 of 13

9.5 CABLE TRAY

9.5.1 Cable tray system shall comply with MS |IEC 61537 and shall be fabricated from
perforated galvanised sheet steel complete with all necessary bends, tee pleces,
adaptors and other accessories. The minimum thickness of the sheet steel shall be
1.5mm for cable trays with widths up to and including 300mm and 2.0mm for cable
trays with widih exceeding 300mm. However minimum thickness for tha sheet steel
of the perforated hot dipped galvanised cabie trays shall be 2.0mm. Cable trays
may elther be suspended from floor slabs by hangers or mounted on walls or
vertlcal structure by brackets at 600mm intervals.

9.5.2 However where the above methads of installation are not feasible or practical,
sultable floor mounted mild steel structures shall be provided. All supports,
hangers and structures shall be robust in construction and adeguately installed
to cater for the weights of the cables and trays supported on them so that cable
trays and cables will not sag. All supports, hangers, bracket and structures
shall be antirusted, finished in primer and coated with standard orange enamel.

9.5.3 Ali supports, hangers, bracket and structure for the perforated hot dipped
galvanised cable trays shail also ba of hot dipped galvanised type. Fixing clips
and cleats for cables on frays shall be installed by means of bolts,washers and
nuts,

9.54 All tees, intersection units, adaptor units etc. shall be the type manufactured by
the cable tray manufacturer unless otherwise sapproved by the 8.0.'s
Representative. Wherever cable tray pass through a floor or a fire resistant
wall, fire-resisting barrier as mentioned in 9.4.3 above shall be provided.

T ———
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9.6 CABLE LADDER

9.6.1 Cable ladder system shall comply with MS IEC 81537 and fabricated from miid
steal and finished in hot-dipped galvanised complete with all necessary horizontal
albow, horizontal tee, horizontal cross, reducer straight, outside riser, inside riser,
reducer left, reducer right, cable clamp, cantilever arm, hold down clip/clamp,
hanger bar, verfical splice plate and horizontal splice plate for welded type and
screwed type. The minimum thickness of the sheet sieel shall be 2.0mm.

9.6.2 Cable ladder may either he suspended from floor slabs by hangers or mounted on
walls or vertical structure by cantilever arm. Cable ladder shall be supported rigidiy
and adequately by external spring hangers mounted on channel base. The cable
ladder shall be supported at maximum intervals of 3000mm for vertical runs and
1500mm for horizontal runs so that the cable ladder will noi be in contact with the
wall or floor stab sudaces. The spring hangers shall be supplied by the cable
ladder manufacturer, All supperis, hangers and structures shall be robust in
construction and adequately installed to cater for the weights of the cables and
jadder supported on themn so that cable ladder and cabiles will not sag.

9.6.3 Rungs shall ba spaced at 300mm nominal centres, welded to the rail sections
by approved welding procedures. All rungs shall be perforated in accordancs to
the manufacturer's design.

8.6.4 The cabic ladders shall be supplied fully assembled with preparations for
connections to straight sections or accessories using splice plates
mechanically bolted together. Allowance shall be provided for longitutional
adjustments and expansion. The cable ladders when completed shall be
smooth, free from all sharp edges and shall be capable of discharging any
water that may be ratained due to normal weathering.

96.5 Al accessories shall be the type manufactured by the cable ladder
manufacturer unless otherwise approved by the S.0's Representative.
Wherever cable ladder pass through a floor or a fire resistant wall, fire-resisting
barrier as mentioned in 9.4.3 above shall be provided.
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9.7 IDENTIFICATION OF PIPELINES AND SERVICES

9.7.1 Unless otherwise specified elsewhere, bhasic colours for the identification of
electrical conduits and trunkings and thelr coverings from other pipelines or
services shall be orange for electrical services in compliance with BS 1710. For
Extra Low Voltage Electrical Services, colour code indication band shall be
provided. The basic identification colour shall be applied by painting over the
whole Jength of the conduits and trunkings and thelr coverings,

9.7.2 However, if decorative colour white or other decorative colour is used for
exposed electrical conduits and trunkings and their coverings as specified
and/or as directed by 8.0.’s Representative, then orange colour identification
band shall be provided. In addition, for all Extra Low Voltage Electrical Services
and Information Communication Technology (ICT) works, colour code
indication bands shall be provided as in the Table 9B below.

Conduit / Trunking Basic Colour Code
Contents Identification Indication Band
Colour Band (Approx. 100mm)
{Approx. 150
mm}
Public Address / Sound
Reinforced System Orange Crimson
Intercom System Orange Emerald Green
g;lgf:mCall T Digital Call Orange Salmon Pink
MATV / CCTV System Qrange Yellow
Building Automation J
Security System Orange Biue
Audio Video [/ Data / White / Emerald
Multimedia Link System Orange Green / while
[nformation
Communication White White
Technology {ICT)
Telephone System White Green

Table 9B :; Colour Code Indications For Exira Low Voltage Electrical
Services And Information Communication Technolegy (iCT)
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9.7.3 Colour identification bands shall be provided on the conduits and trunkings and
their coverings as a band over a iength of approximately 150mm. The bands
shall comply fo table BB.

9.7.4 The colour identification bands and colour code indication bands shall be
applied by painting or adhesive colour bands at intervals not more than
1000mm along the conduits and trunkings and their coverings. They shall be
provided at junctions, both sides of service appliance, wall/floor penetration and
any other place where identification is required and necessary.

The colour reference to BS 4800 shall ba as in Table 8C below.

Colour Colour Reference (BS 4800)
Orange 06 E 51
White 00 E 55
Crimson 04 D 45
Emeraid Green 14 E 53
Saimon Pink 04C 33
Yellow 10E 53
Blue” T8 E 51

Table 9C: Coiour Reference

e ]
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9.8 MOUNTING HEIGHTS

9.8.1 Mounting heights listad below shall be measured from the underside of the
fitting ta the finished flcor level. Unless otherwise specified or directed on site
by the S.0.’s Representative, heights of fixing shall be as in Table 9D below: -

Type of Fitling Mounting Height
{mmn}
Suspended ceiling luminaires and ceiling fans 2400
Wall mounted luminaires and wall bracket fans 2050
Switches and fan regulators 1450

Socket outiets (for surface wiring), and those in
the kitchen and washing areas (for concealed

wiring) 1450
Socket outlets (for concealed wiring) 300
Isolator points 1450
Window unit air conditioner switches and

starters 1450
Cooker points 1480
Water heater outlet points. 1450
Distribution boards (in service duct) 1450
Distribution boards{other than in service duct) 2050

Table 90: Mounting Height

W
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10.0 WIRING ACCESSORIES

10.1 SWITCHES AND SWITCH PLATES

10.1.1 All lighting switches and fan switches shall comply with MS 816 and MS IEC
80669-1 and generally be flush type. All celling mounted cord operated
switches shall be compisted with mounting block comply with MS 1EC 60669-

1.

101.2 All switches shall be suitable for use in inductive circuit. Unless otherwise
spedcified in the Drawings and/or Bill of Quantities, they shall be rated at 10A.

Samples of switches shall be submitted for approval prior to installation.

10.1.3 Switches for lighting and fans shall generally be grouped as shown in the
Drawings. Where several switches are grouped together, grid switches shall
be used unless otherwise directed by the $.0.'s Representalive. Each group
shall be of different phase and separated according to the supply source, All

groups appropriately labelled.

10.14 Refer Table 10A below for colour scheme.

1015 In areas where plate switches cannot be ussd, ceiling mounted cord operated
switches or architrave swiiches shall be provided as directed by the 8.0's

Representative.

10.1.6 Maximum allowable number of switches for switch plate of size 85mm x
85mm is four (4) and maximum allowable number of switches for switch plate
of size 85mm x 140mm is eight (8). Brand name and modei shall be

embossed at the front part of the switch plate,

101.7 For switches with built-in indicator light, the wiring for indicator light shall be
permanently terminated and shall not used the terminal for clamping external

conductors,

10.1.8 The positions of all switches shown in the Drawings are only approximale.
The Electrical Contractor should check the exact positions of the switches
with the 5.0.'s Representative, and confirm the arrangemant of all door

swings and other fixtures before installing downdrops and switches.

10.1.8 The circuit protective conductor of the circuit shall terminate directly atthe
earth terminal of the mounting box (back box).
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Connected From Normal Generator Set upPs
Switched Rocker White Yellow Red
Socket
Qutlets And . ] ,
Switches Face Plate White White White
Unswitched
Socket Face Plate White Yellow Red
Outflets

Table 10A: Colour Scheme for Switches and Socket Qutlet

10.2 SWITCHED SOCKET QUTLETS AND UNSWITCHED SOCKET OUTLETS

10.2.1 Switched sockst outlets shall be shuttered, two pole or single pole switch and
earthing pin type. They shall be of flush type. Both 13A switched and unswitched
socket outlet shall be of the rectangular pin type complying with MS 589.

10.2.2 15A switched socket cutlets and unswitched socket outlets shall be of round pin
type and comply with MS 1577,

10.2.3 Circuit protective conductor of the circuit shall terminate direcily at the box used
for mounting switched socket outlet and unswitched socket outlet.

10.2.4 Refer Table 10A for colour scheme.

e e ]
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10.3 BOXES FOR SWITCHES, SWITCHED SOCKET OUTLETS, UNSWITCHED
SOCKET OUTLETS AND DISTRIBUTION BOARDS (BOX AND
ENCLOSURE FOR ELECTRICAL ACCESSORIES)

10.3.1 Generally the boxes shall comply with MS 1873, IEC 60670-1, MS 588 and /or
MS 6186.

10.3.2 Unless otherwise specified, boxes used for mounting switch plates, switched
socket cullets and unswitched socket outlets in concealed conduit wiring shall
be metalclad type of minimum 0.8mm thick galvanised sheet steel. Earth
terminal complete with cable lug and brass sorew shall be provided. Cable for
bonding the box to switch, switched socket outlet and unswitched socket outlet
shall be the same size as the circuit protective conductor.

10.3.3 For surface conduit wiring, boxes for switches, switched socket outlets and
unswitched socket outiets shall be of the type manufactured and supplied by
the mantfacturer of the switch plates, switched socket outlets and unswitched
sockst outlets respectively,

10.3.4 Switch plates, switched socket outlet and unswitched socket outlets shali be
fixed to the boxes by means of original flat base chrome screws.

10.3.5 The installations of Distribution Boards on the walls (as classified according to
some parts of MS 1873, IEC 60670-1) shali comply with MS 1873 Part 24, |EC
60670-24. Flushed adaptable metal back box of minimum size 200mm(W) x
100mm{H} x 35mm(D) shall be installed recessed behind Distribution Boards
for rewirability.
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10.4 CEILING ROSES

10.4.1 Ceiling Roses shall comply with MS 770. They shall be either surface of semi-
recess type with the base having a minimum of three knockouts for cable
entries. The base shall incorporate clearly labelled clamp type terminals
suitabie for holding phase, neutral, earth and loop-in cables in a distinct
manner. The cover plates shall be of the screw-in type. The base and cover
shall be moulded non-track urea to BS 1322,

10.5 LAMPHOLDERS AND BATTENHOLDERS

10.5.1 Lampholders and battenholders shall comply with MS 769, MS IEC 60838, and
MS IEC 81184. They shall be supplied complete with brass plunger and heat
resisting springs to ensure that plunger pressure is maintained throughout the
jong life of the lampholders and battenholders. Cordgrip shall be provided to
cover the exposed ends of cord sheathing and firmly grips the cord. Batten
holders shall be of three clearly labelled terminal type. Edison screw
lampholders shall comply with M3 IEC 60238,

S I R
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11.0 LUMINAIRES

11.0.1 The luminaires together with lamp, lamp holders, contrel gear and other
associated accessories shall, as a minimum requirement, conform to the
relevant parts andfor sections of MS IEC 60598.

11.0.2 All luminaires shall be fully assembied, completed with iamp, control gear,
internal wiring etc.. Internal wires shall be tarminated in terminal blocks in an
approved manner. Wiring shall be of heat resistant insulated coloured cables.
The terminal blocks shall be suitably rated and clearly labeled for connection to
external wiring.

11.0.3 All metal parts of the iuminaires shall be effectively earthed and suppiied with
an approved earth terminal.

11.0.4 All components of the luminaires shall be abie to withstand a voltage range of
+10% to -6% of the rated voltage.

11.0.5 All discharge type luminaires shall be power factor corrected to at least 0.9
lagging using dry type capacitor.
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1141 FLUORESCENT LUMINAIRES

11.1.1 TUBULAR TYPE FLUORESCENT LUMINAIRES

i1.1.1.1 Fluorescent luminaires shall be of the type approved by Suruhanjaya Tenaga
and JKR.

11.1.1.2 Fluorescent luminaires shall comply with MS JEC 60598-1 and MS IEC
B0598-2-1 or MS IEC 60598-2-2.

11.1.1.3 Fluorescent luminaires shall have housing made from good quality mild stesl
sheet of minimum thickness 0.50 mm and shal! be of sound and rigid
construction suitable for suspended and surfaced mounted installation. The
metalwork shali be rust inhibited fo prevent corrosion and, unless otherwise
approved by the 5.0.'s Representative, shall be sprayed with an undercoat ot
zinc chromate primer and finished with two coatings of super white baked
enamel.

11.1.4.4 Wiring within the luminaire shallobe carried out  with heat resistant cable

marked with the word "HR 105 C “. it shall be done in a neat way with
hoider to hold the cable in position and also to avoid contact with heal
producing components. Cables shall be terminated in a termination block
marked "L* and "N" for connection to the incoming wires. A brass direct
pressure type earth terminal shall be provided in the casing near the
termination block for earth connection. This earth terminal shall be clearly
marked with the standard earth terminal symbol.

11,1156 Al components in the iuminaire shall be guaranieed for a minimum of 2000
hour life, All compoenents in the fluorescent luminaires shall be manufactured
by lhe manufacturer or being supplied by others. The componenis shall be
marked with "made for" if supplied by other manufacturer except
high frequency electronics ballast if specified, flucrescent tube, starter,
cable and holders for fluorescent tube and starter, The components shall
be of the type approved by Suruhanjaya Tenaga and JKR.

T — A —
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11.1.1.(a} TUBULAR TYPE FLUORESCENT LUMINAIRES T8 (FD 26)

11.1.4.4a).0 The electromagnetic ballast shall comply with MS IEC 61347-1,
MS IEC 61347-2-8 and MS 141:PT.2. The ballast shall be of the
type approved by Suruhanjaya Tenaga and JKR. Unless
otherwiss specified, they shall be polyester resin impregnated,
silent operation type fitted with terminal block for easy wiring.
For 18 walts and 36 watls fluorescent tubes, the watt loss of
the ballast shall be 6 watls. The mournting of the ballast shall
be in such a way that easy dismantling and reptacement can
be effected within the casing.

11.1.1{a).ii The fluorescent luminaires shall be power factor corrected to
at least 0.9 lagging.

11.1.1.(a).iii The capacitor shall comply with MS IEG 61048 and MS IEC
61049 and shall be of dry, sel-healing, aluminium metalised
polypropylene type. Proper tool clip shall be provided to hold
the capagitor in position.

11.1.1.{a).iv The starter shall comply with MS IEC 80155 and the starter
holders comply with MS IEC 60400. For the single channel
luminaires, the starter shall be fitted at the side of the casing.
in cases where starters are to be fitted from the oulside of the
luminaire casing, the starter holders shall be installed in such a
way that the starters shall not protrude out of the casing by
more than 10mm.

11.1.1.{a)v In the case where high frequency electronics bailast is
spacified, the ballast shall be of type approved by Suruhanjaya
Tenaga and JKR, The ballast shall comply to MS |EC 81347-1,
MS |EC 61347-2-3 and MS IEC 60929, BS EN 55015 for radio
frequency interference suppression and MS IEC 61000-3-2 for
harmonics distortion. They shall be of preheat start, non-
diraming, low in-rush starting current and low leakage current
type. Rated maximurg operaling temperature of a ballast case

shall not exceed 70 C. The Ballast shall be rated a minimum

Energy Efficiency index Classification {EEIl) of A2 as per
CELMA/ELC Guide.

e
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11.1.1.{a).vi Harmanics distortion shall be within the limits in accordance
with MS IEC 61000-3-2. However, total harmonics distortion
shall be jess than 256% where third harmonics component
shall not be more than 15%.The ballast shall operate and
maintain consistent light oulput over voltage variation from -
10% to +5% of the rated voltage and power factor of not less
than 0.85. Overvollage protection at 350 volts and automatic
shutdown in the event of lamp failure shall also be
incorporated. The eiectronic ballast shall have five year
warraniy from the manufaciurer.

11.4.1(a).vii The lamp holders shall comply with MS [EC 60400 of robust
and well designed consltruction suitable for bi-pin fluorescent
tubes. The lamp holders shall be made of polycarbonate
material. L.amp holders for use with electronic ballast shall ke
rated minimum 500V or higher than U-out rating of electronic
ballast, (whichever is higher).

11.1.1.{a).viii Al flusrescent fube shall be provided with its own ballast
{except for electronic ballast).

11.1.1.(a).ix Louvres and reflectors for the Juminaires shall be made of
high purity anadized aluminium with at lsast 99.85% pure
aluminium with no iridescent mirror finished. The thickness of
the reflector shall be minimum 0.4mm and total light reflection
of refiector shall be minimum 86%.

11.1.1.(a).x The prismatic and opal diffuser shall be made of Ultra Viclet
(UV) stabilised Flame Retardant Polyethylene Terephialate
Giycol {(PETG} or minimum UV-stabilised fiame retardant
material.

11.1.1.4a).xi Louvres, reflactors and diffusers shall give good even light
distribution with minimal glare in bolh the axial and transverse
planes, Photometric data for the luminaires shall be made
available and submitted to S.0."s Representatives when
required.

="
$PECIFICATION FOR LOW VOLTAGE INTERNAL ELECTRICAL INSTALLATION @



Dokumen Meja Terkawal

SPECIFICATION FOR LOW VOLTAGE CKE.LS.01.01.(04).2017

INTERNAL
ELECTRICAL INSTALLATION
(L-81) Date: Jan 2018
SECTION: Section Revision: 4
11.0 LUMINAIRES

Page: $11-5 of 18

11.1.1.(b) TUBULAR TYPE FLUORESCENT LUMINAIRES T5 (FDH 16)

11.1.1.(b).i The high frequency elecironics ballast shall be of type approved
by Suruhanjaya Tenaga and JKR. The ballast shall comply io
MS IEC 61347-1, MS IEC 61347-2-3 and MS IEC 60928, BS
EN 55015 for radio frequency interference suppression and MS
IEC 61000-3-2 for harmonics distortion. They shall ba of
preheat start, non-dimming, low in-rush starting current and low
leakage current type. Rated maximum operating temperature of
a ballast case shall not exceed 70 C. The Ballast shall be rated
a minimum Energy Efficiency Index Classification (EEl) of A2 as

per CELMAVELC Guide.

11.1.1.{b}ii Harmonics distortion shali be within the limits in accordance
with MS EC 61000-3-2. However, total harmonics distortion
shall ba less than 25% where third harmonics component shall
not be more than 15%.The ballast shall operate and maintain
consistent ight output over voltage variation from -10% to +5%
of the rated voltage and power factor of not less than 0.95,
Qvervollage protaction af 350 volts and automatic shutdown in
the event of lamp failure shall also be incorporated. The
electronic ballast shall have five  year warranty from the

manufacturer,

11.1.5.(b)ii The lampholders shall comply with MS IEC 60400 of robust and
well designed construction suitable for bi -pin fluorescent tubes.
The lamp holders shall be made of polycarbonate material.
Lamp holders shall be rated minimum 500V ar higher than U-out
rating of electronic ballast, {whichever is higher).

11.1.1.(b).iv Louvres and reflectors for the luminaires shall be made of
high purity anodized aluminium with at least 99.85% pure
aluminium with no iridescent mirror finished. The thickness of
the reflector shall be minimum 0.4mm and tota! light reflection
of reflector shall be minimum 90%.

11.1.1.(b}.v The prismatic and opal diffuser shall be made of Ulira Viclet
{UY) stabilised Flame Retardant Polyethylene Terephtalate
Giycol (PETG) or minimum UV-stabilised flame retardant
material.

I I e i iiio—— o6 rrere——————————3
— iU

SPECIFICATION FOR LOW VOLTAGE INTERNAL ELECTRICAL INSTALLATION ®




AT

Dokumen Meja Terkawal

SPECIFICATION FOR LOW VOLTAGE CKE.1.§.01.01.(04).2017
INTERNAL
ELECTRICAL INSTALLATION
{L-81) Date: Jan 2018
SECTION: Section Revision: 4
11.0 LUMINAIRES
Page: 511-6 of 18
11.1.1.(b).vi Louvres, reflectors and diffusers shall give good
even light distribution with  minimal glare in both the
axial and transverse planes. Photomeiric data for the

luminaires shall be made available and submitied to
8.0."s Representatives when required. For luminaires T5
cross louvre type, the Light Output Ratio (LOR) shall be
minimum 80%.

11.4.2 DOWNLIGHT TYPE COMPACT FLUORESCENT LUMINAIRES

11.1.2.1 The luminaires shall be of type approved by JKR. The luminaires shall
somply with MS IEC 60598 and relevant part of IEC 60598 or equivaient,

11.1.2.2 The luminaires shall have two separate components comprising of an
electrical control gear and optical systems. The construction of the
luminaires shall be either in two separate housing/compartment or integral.

11.1.2.3 Electrical control gear system comprises of ballast, capacitor etc. The optical
system shall incorporate a one piece full bowl reflector, lamp holder(s) etc.
Luminaires shall have either horizontal or vertical pin lype lamp connection,

11.1.2.4 The housing of the control gear system shall be made from extruded
aluminium or good quality mild steel sheet of thickness not less than 0.8
mm and shall be of sound and rigid construction suitable for suspended
installation. The metalwork shall be rust inhibited to prevent corrosion. The
houging of the control gear sysiem shall be coated by electrostatic powder.
The housing shall be provided with a mean to dissipate heat. Rubber
grommets shall be provided at cable eniry.

11.1.2.5 Wiring within the control gear sysitem shall o be carried out with heat

resistant cable marked with the word 'HR 105 C'. It shall be done in a neal
way with holder to avoid contact with heat-producing components. Cables
shall be terminated in a termination block marked L' and ‘N’ for connection
to the incoming wires. A brass direct pressure type earth terminal shall be

rovided in the confrol gear near the termination block for sarth connection.
his earth terminal shg be claarly marked with the standard earth terminal

symbol, The HR 105 C cable shall be used to connact the optical system
and the control gear system. it shall not be more Othan 300mm iong. The

cables shall be enclosed in a cable sleeve HR 105 C.

]
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11.1.2.5.1 Electrical connection and disconnection of the control gear
system from the incoming supply cables and optical system
shail be through a plug & socket/connection unit. It shail be
made from flame retardant material. The plug & socket shall
be rated at 10A. A conduits fitting that terminates the flexible
conduit to the lamp control gear shall be provided. The cable
clamp arrangement shall not damage the insulation of the
cables.

11.1.25.2 The manufacturer shall provide installation instruction for each
model of the luminaries by means of hook or oiher suitable
mathod.

11.1.2.6 The reflector shall be made of high purity anodized aluminium with at least
99.85% pure aluminium with no indescent mirror finished (e.g. polished
aluminium}, The thickness of the refiector shall be minimum 0.5 mm. The
support shall be made from mild steel with minimum thickness of 1.3
mm. The ring shall be made from die-cast aluminium with minimum thickness
of 1.3 mm. The support and ring shali be coated by electrostatic powder. The
clip shall be made from stainiess steel. For horizontal lamp connection, the
diametar of the refiector shall be large enough for easy relamping of lamps.

11.1.2.6.1 Photometric data for the luminaires shall be made available
and submitted to S.0.'s Representatives when required. The
required photometric data for the luminaires shall be Polar
Curve, Utilization Factors, Luminance Distribution Table,
Downward Light Quiput Ratic, Upward Light Cutput Rato,
Light Qutput Ratio, Spacing to Mounting Height Ratio and
Threshold incrament.

11,1.28.2 Light Output Ratio for the luminaires shall be minimum 70%.

11.4.27 The lamp hoider shall be G24 iype for the 10W/13W/MBW/26W compact
fluorescent lamp (CFL} without intagral contral gear. The lamp holder shall
comply with MS IEC 80400, made to fit individual lamp watlage and not
interchangeable. The lampholder shall be made of non-metailic, heat
resistant material and be rigidly fixed onto the optical compartment. The
lampholder shall be incorporated with a housing made from extruded
aluminium or good guality mild stesl sheet or aluminium die cast with a
mechanism to dissipate heat (heat sink).

T e m———— —_— e ——
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11.1.2.8 The ballast shall comply with MS |EC 61347-1, M8 IEC 61347-2-8 and MS 141:
PT.2 and shall be of the type approved by Suruhanjaya Tenaga and JKR. The
battast shall be polyester resin impregnated, silent operation type fitted with
terminal block for easy wiring. The watt loss for the ballast shalt be 6W.

11.1.2.8.1 For electronic ballast refer to 14.1.1.(a).v

11.1.2.89 The capacitor shall comply with MS IEC 61048 and MS IEC 61049 and of
type approved by Suruhanjaya Tenaga and JKR. The capacitor shall be
cylinder shape type. The capacitor shali be dry, self healing, metalised
polypropylene type with terminal block for easy wiring. The casing shall be
made from aluminium or flame retardant plastic. The capacitor shall be
mounted with nut and lock washer.

11.1.2.10 All components in the fluorescent luminaires shall be manufactured by the
manufacturer or being supplied by others. The components shall be marked
with "made for” if supplied by other manufacturer except high frequency
electronics ballast if specified, compact fluorescent lamp, cable and holders
for compact fluorescent lamp. The components shall be of the type
approved by Suruhanjaya Tenaga and JKR,

e —
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11.2 SELF CONTAINED LUMINAIRES

11.2.1 Self-contained emergency juminaires shall comply with MS 619 and IEC 60598-
2-22 and approved by Jabatan Bomba Dan Penyelamat Malaysia and JKR.

14.2.2 The bady shall be made from good quallty mild steel sheet, aluminurm extrusions or
injection moulded fiame retardant material. For mild steel sheet, shall be rust
inhibited to prevent corrosicn, The body shall be sprayed with an undercoat of zinc
chromate primer and finished with two coatings of super white baked enamel.

11.2.3 The diffuser shall be of lame retardant type. The material for the diffuser shall
be of either polycarhonate or prismatic Polyethylene Terephthalate Glycol
(PETG) or eguivatent.

41.2.4 The luminaires shall be equipped with rmaintenance-free high temperature
rated sealed nickel cadmium battery, solid state automatic charger, changeover
daevice, fluocrescent lamp, indicator lamp, test switch and interior disconnecting
device i.e. fuse, relay or other profective device, Other fypes of battery shall be
allowed provided they conform to their relevant safety and performance
standard and the relevant requirement of MS 619 and IEC 60598-2-22,

11.2.5 The battery shall be fully rachargeable to its operational capacity in net more than
24 hours after discharge. Low voli cut-off safety feature shall be incorporaled to
prevent over discharge of battery. The response time for nen-maintained
smergency luminaires shall be 2 second upon fallure of the normal lighting.

e
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11.2.6 Unless otherwise specified, the fluorescent tube shall be 8 watt with minimum
output of 330 lumen. The duration for emergency operation shall not be iess
than 3 hours. The initial lumen output of the self-contained emergency
luminaires at changeover from normal to emergency mode shall be not less
than 25% of the nominal lumen output of the fluorescent tube. The lumen
oulput at the end of the rated duration shall be minimum 10% of the nominal
lumen output of the fluorescent tube.

11.2.7 The seif contained emergency luminaires with "KELUAR" signage piclogram
shall be of the maintained 3 hours rating type as specified above, complying
with relevant part of MS 983, MS 619 and IEC 60598-2-22 and approved by
Jabatan Bomba Dan Penyelamat Malaysia and JKR. The lamp shall be of 2
fluorescent tubes type or minimum 10 units of super bright white LEDs. The
diffuser shall be of flame refardant type. The material for the diffuser shall be of
either polycarbonate or prismatic PETG or equivalent. The lettering and
directional arrow shall be white on green background.

11.2.8 The LED shall face downward to provide uniform light distribution via the
trangparent acrylic on "KELUAR" signage pictogram and to provide courtesy
light source at the floor level for increase safety. The LED shall comply {o the
following characteristics:

Module Type
Characterislics Dot Matrix
Operating Voltage. 230V {(+10%, -6%), S50Hz +1%
Power Factor 2000
Totat Harmonic Distortion £20%
| Power 2 W— 10W (Typical : 10 W)
Intensity 200cd — 800cd
LED type 5 mm {AlinGaP, InGaN)
LED Mounting Technology | Through holes
Chromaticity Coorainates White Green
{x,v)as on CIE chart
[~ 0.361 , U.380 0,005, 0,70
0.264 , 0.267 0.284 , 0.520
0.280,0.250 (.209 , 0.400
0.356, 0.350 0.028 , 0.400

Table 11A: Electrical Characteristics of LED signal module

e
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11.3.1.

11.3.1.1.
11.3.1.2.

11.3.1.3.

11.3.1.4,

LED LUMINAIRES

DOWNLIGHT TYPE LED LUMINAIRES

The luminaires shall be of type approved by Suruhanjaya Tenaga (ST).

The luminaires  shall comply with the relevant  Malaysian Standards or
IEC Standards and other relevant standards in terms of safety and
parformance criteria. The luminaires shall comply to MS IEC 60598 Series,
[ES LM-79-08, |ES LM-80-08, MS 62722-2-1, MS IEC 62031, IEC 62471,

IEC 61647, MS |IEC 61000-3-2 and BS EN 55015/ CISPR 15,

The iuminaires shall be designed and constructed that it is capable of
providing the service for which is intended. It shall be manufactured under
“tighting Class LED” and shall be commercially available.

The LED iuminaires shall be new and completa with LED control gear (LED
driver), thermal management unit, surge and overvoltage protection and
sultable for supply voltage of 230 V, +10%, -6% at 50 Hz. The LED luminaire
shail consist of two separate components  comprising of LED control gear

and optical system,

11.3.1.4.1 The construction of the luminaires shall be of either two
separate housing / compartments or integrated.

11.3.1.4.2 The luminaire shall be shined downwards to provide uniform light
distribution and it shall have adequate heat sink for heat
dissipation / thermal management.

11.3.1.4.3 All components of the luminaires shall operate well within the
ratings with due consideration for the local conditions (high
humidity of 5% RH and ambient temperature of 35°C).

11.3.1.4.4 Interchangeability of consumable components is preferred for
maintepance purposes.

11.3.1.4.5 The luminaires in mode of operaticn shall not produce voltage
disturbance / fluctuation to the electrical supply system.

T PO T———— A S
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11.3.1.4.6 The housling of the LED control gear and optical system shail
be of sound and rigid construction suitable for suspended
installation. A means of connecting the flexlble GS conduit to
the lamp contro! gear / luminaires shall be provided.

11.3.1.4.7 Material used for the construction of the luminaires and its
componant shall be recyclable,

11.3.1.6.  The LED control gear shall comply to MS |EC 61347-2-13, MS IEC 62384,
BS EN 55015 / CISPR 15 for radio frequency interference suppression and
MS IEGC 61000- 3-2 for harmonics distortion. Raled maximum operating
temperature of the LED control gear shall not excead 70°C.

11.3,1.5.1 Harmonics distartion shall be within the limits in accordance
with MS |IEC 61000-3-2. However, total harmonics distortion
shall be less than 20%. The LED control gear shall operate
and maintain consistent light outpul over voltage variation
from +10% to -6% of the rated voltage and power factor of not
less than 0.9 lagging.

11.3.1.5.2 The LED control gear shall be able fo withstand short circuit
current, overload, over voltage, under voltage and over
temperature.

11.3.1.8.3 The optical system shall incorporate one piece full bowl
reflactor where applicable and high power LED or LED
module of required waltage and shall comply o MS IEC
62031 and IEC 62471. The luminaire shall continue to
operate safely even though there is failure of a partial number
of |.LEDs / LED. The LEDs / LED module lumen output shall
not be depreciated to below 70% of the original output during
the liability / warranty / confract period {whichever is
applicabla). The initial luminous flux shall not be less than
90% of the rated luminous flux.

11.3.1.5.4 There shall be no flickering of the light source in mode of
operation and when it reaches its end of life.

113165 The LED / LED module shall not be driven more than the
rated drive current.
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11.3.1.6. The opticai system support shali be made from mild steel / die cast
aftminum with minimum thickness of 1.3 mm . The ring shall be made from
die-cast aluminum with minimum thickness of 1.3 mm. The support and ring
shall be coated with elecirostatic powder, The clip shall be made from
stainless stesl.

11.3.1.6.1 The optical system shall comprise of oplical lens reflector and
glass diffuser (if applicable). It shall give good even light
distribution with minimal glare in both the axial and transverse
planes,

11.3.1.6.2 When applicable, the reflector shall be made of high purity anodized
aluriniurmn with at least 99.85% pure aluminium with low iridescent /
jiridescent free mirror finished{e.g.polished aluminium). The
thickness of the reflector shall be minimum 0.5 mm.

11.3.1.6.3 Photometric data for the luminaires shall be made available and
submitted. The required photometric data for the luminaires shall
be Polar Curve, Utilization Factor, Luminance Distribution Table,
Downward Light OQutput Ratio, Upward Light Output Ratio, Light
Qutput Ratic and Spacing to Mounting Height Ratio,

11.3.1.7. Connection cables shall be terminated in a termination block marked L
and ‘N’ for connection of the incoming wires. For Class 1 Luminaires, a
brass direct pressure type earth terminal shall be provided in the LED driver
system near the termination block for  earth connection. This earth
terminal shal! be clearly marked with the standard earlh terminal symbol.

11.3.1.7.1 For separated optical and LED control gear, electrical connection
of the LED control gear and optical system shall be through a
plug and socket ( i.e. male / female connestion unit ) It shall be
made from non-flammable material and shali be rated at 10A. it
shall comply to MS IEC 60838-2-2,

11.3.1.7.2 Heat Resistant (HR) 105°C cable shall be used to connact the
optical system and LED confrol gear and shall be of stranded
type. It shall not be mere than 300 mm long. The cable shall be
enclosed in a cable sleeve HR 105°C.

11.3.1.7.2 Wiring shall be done in a neat way to avoid contact with heat
producing components. A means of clamping the electrical cable
shall be provided. The cable clamp arrangement shall not
damage the insulation of the cables.
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11.3.1.7.4 Where optical and control gear system are not integrated, both
the optical and control gear system shall be provided with
hooks or other suitable means for hanging purposes.

11.3.1.8. The LED Downlight shali comply to the following characteristic:

Light Source Lighting Class LED
Power Supply 230V +10, -6%, 0Hz
Correlated Colour
Temperature 2700K,3000K, | 40500k, 4500K | 5000K,6500K
(CCT) 3500K
Colour Rendering > 80 = 80 > 80
Index
l.umens 2 850 =350 =950
Luminaire 2 75ImMMAY > 75ImAY > 75ImM
Efficacy m m m
Beam Angle z 607
Power

<
Consumpticn <20W
Power Factor = 0,90
Ambieni - .
Temperature -20°C 10 35°C
Raied Lifetime 2 50,000 hours, 70% fumen maintenance at Ta=26'C
LED
Photobiological Exempt group { IEC 62471)
Safety Class
Total Harmonic
Distortion (THD) $20%

Table 11.4.1: Characteristics of LED Downlight

e it
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11.3.1.9. The manufacturer shall provide a minimum 5 years period warranty
certificate as stated in the defect liability / warranty / contract pericd
(whichever is applicable) for the complete luminaire to guarantee the long
life expectancy and maintenance-free luminaire. Warranty declaration shall
be filed and signed by manufacturer. Failure in the functioning and
operation of the LED luminaire within the warranty period will result in the
replacement of the whels luminaire or required components by the
manufacturer at no cost to the JKR.

11.3.1.10. Hluminance test shall be carried out every 6 months during defect liability

{ warranty / confract period {whichever is applicable} fo ensure the
petformance of the installed system conform to the design requirament as
per JKR specifications. This test shall also confirm the lumen maintenance
of the iuminaire.

11.3.1.40.1 The luminaire manufacturer shall provide calibrated illuminance
meter and have the capacity and competency to cary out the
iHuminance test during the tasting of the installed lighting system.

11.3.1.11. Conformity with Standards
The LED luminaire shall comply with and be tested to the relevant latest edition
of Malaysia Standard or other relevant international standard as below:

MS IEC 605981
Luminaires — Part 1: General requirements and
losts
MS IEC 60588-2-1
Safety &
) Luminaire {Luminaires. Part 2: Particular requirements.
construction Section One: Fixed general purpose luminaires
MS IEC 60598-2-2
Luminaires, Part 2: Particular requirements, Part 2
- Section 2: Recessad luminaires
Safety & MS IEC 61347~1
construction LED driver |Lamp control gear — Part 1: General and safety
requirements
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MS IEC 61347-2-13
Lamp control gear- Part 2-13 = Particular
requirement for d.¢ or a.c supplied
electronic controlgear for LED modules.
MS IEC 62031
Safety & LED madule | LED modules for general lighting —
construction Safety specifications
MS IEC 60838.2-2
Safety Lamp holder Misceillansous -Iamphoiders —Parf 2-2 ~
Partlcular requirements — connectors for LED
modules
LED IEC 62471
Safety lamps/module | Photobiological safety of lamps and lamp
(eye protection) | sysfems
. MS IEC 62384
LED driver | pe or AC supplied electronic control gear for
LED modules — Performance requirements
Performance MS 627221
Luminaire Performance - Pari 1: General
LED Reguirsments
Luminaires MS 62722-2-1
Luminaire Performance - Fart 2-1: Particular
Requirements for LED Luminaires

PP

SPECIFICATION FOR LOW VOLTAGE INTERNAL ELECTRICAL INSTALLATICN ®



iy

Dokumen Meja Terkawal

SPECIFICATION FOR LOW VOLTAGE CKE.LS.01.01.(04).2017

INTERNAL
ELECTRICAL INSTALLATION
{L-51) Date: Jan 2018
SECTION: Section Revision: 4
110 LUMINAIRES

Pag_;ESﬁ =17 of 18

IES LM-79-08
Photometric | Approved Method: Electrical and Photometric
Measurements of Solid-State Lighting Products
DL ies Lm-g0-08
Performance (by LED Approved Method: Measuring Lumen
Manufacturer) Maintenance of LED Light Sources
LED Light | jEs T 21-11
*bou[c;'} Projecting Long Tenn Lumen Maintenance of
{"by LED Light Sources
Manufacturar)
IEC 61547
Equipment For General Lighting Purposes-
EMC Immunity Requirements
Safety IEC 61000-3-2
ELFCTROMAGNETIC COMPATIBILITY
EMC {EMC) — Part 3-2: Limits — Limits for harmonic
current emissions {equipment input current
=16 A per phase)
CISPR 15 (BS EN 50015)
Performance Limits and Methods of Mgasuramantl of Ratio
Disturbance Characteristics of Elecirical
Lighting And Similar Equipment

- " —— /" —~—/ " " ]
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11.4 INSTALLATION OF LUMINAIRES

11.4.1 For luminaires with pandant lampshade, the wiring shall terminate in ceiling
rose. Cohnection from ceiling rose to lamp helder in the juminaire shall be by 3
cora flexible cord of not less than 0.75 sq, mm. The flexible cord may be used
for suspending the luminaires if {he total mass of the luminaire does not exceed
2 kg. If the mass of the luminaires exceeds 2kg, a hook shall be instailed and
the luminaire shall ba suspended from the hook by means of decorative chain
approved by the 5.0.'s Representative.

11.4.2 For ceiling mounted and wall mounted luminaires, the wiring shall terminate
directly into terminal block in the luminaires or into a batten lampholder as the
case may be.

11.4.3 For luminaires to be recessed into suspended false celling, wiring shall run
through junction box and flexible steel conduit right up to the luminaires as
described in 9.2. The luminairas shall not sit on the ceiling structure but shall
be securely suspended from the floor slabs or beams of roof trusses by means
of suspension rods, brass chains or galvanised steel wires of minimum size
1.6mm diameter or as specified or as directed by the 5.0.'s Representative.

11.4.4 Downlight type fluorescent luminaires shall be suspended from the floor slabs.
Where optical and control gear system are not integrated, beth the opticai and
control gear system shall be provided with hooks, galvanised steel wires of
minimum size 1.6mm diameter and necessary accessories or as specified or
as directed by the 8.0.'s Represantative. The kuminaires shall not sit on the
ceiling structure but shall be securely suspanded from the floor slabs or beams
of roof {russes.

11.4.5 Openings required for recessing the luminaire of item 11.4.3 and 11.4.4, shall
be done by the Main Confraclor, However the Electricai Contractor shall
provide ail details te the Main Contractor.

11.4.6 Where fluorescent luminaires are to be surface mounted on the underside of
soft board or other type of ceilings which is combustible, suitable spacers shall
be inserted between the base of the luminaires and the celling such that a
minimum clearance of 10mm exists betwean the luminaires and the ceiling.

11.4.7 Where fluorescent luminaires are to be suspended from ¢siling of floor slab,
suitable suspension rods shall be provided. The wiring shall be terminated Into
a terminal block in the suspension channel. Connection from the terminal block
to the luminaires shali be by 3 core flexible cord as mentioned above. The
flexible cord shall be concealad inside the suspension assembly.

e
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12.0 LAMPS
12,1 TUBULAR FLUCRESCENT LAMP

12.1.1 The tubular fluorescent lamp shall comply with MS |EC 60081 and MS [EC 61195
and shall be bi-pin type. The lamp characteristic shall be as per Table 12A:

—GmINgT | Nomnal [Fower [ Bass | W, mens| Nominal | ColoUr [ILCUS | PIophetany | Raed |
Diameter | Length {Wh {(after 100 | Colour |Rendering| code Code Lifespan
{rmm} {im) hrsf25°C) | Temp ndex {hrs)
(Kelvin) | (Ra)
3000 %

25 600 18 | G13 1300 6500 80-89 | FD T8 10,000
3000 %

26 1200 3B | G123 3250 G500 80-8971 FD T8 10,000
000 &

16 550 14 G5 1100 €500 80-89] FDOH TS 20,000
000 &

16 550 24 G5 1700 8500 80-89( FEH T5 20,000
EATLR

16 1160 28 G5 2400 6500 80-89( FDH 15 20,000
4000 &

16 1150 54 GS 4150 8500 80-88| FDH TS 20,000

Tabla 12A : Lamp Characteristics for Tubular
Fluorescent

12.2 COMPACT FLUORESCENT LAMP WITHOUT INTEGRAL CONTROL GEAR

12,21 The compact fluorescent lamp without integral control gear shall comply with
IEC 80901 and IEC 61199 and shall be 2/4-pin type and of 2/4-limb and shal}
be rated for 8000 hours life at rated voltage. The lamp characteristic shall be
as per Table 12B.

Power hin. Nominal Colour| Colour Rendenng ILcOS
Base lumens Ternperature index
(watl) (after (Kelvin) (Ra) cade
G241 4000
G2ad-17 SO0 4000
13 G24q-1 555 500 80 -89 FSQ
G284 1200 4000
18 G24q-2 1130 500 80 -89 FSQ
GoAd-a 7800 7000
26 G24q-3 T700 T500 80 - 89 FSQ

Table 128: Lamp Characteristics for Compact Fluorescent

]
SPECIFECATION FOR LOW VOLTAGE INTERNAL ELECTRICAL INSTALLATION



Dokumen Meja Terkawal

SPECIFICATION FOR LOW VOLTAGE | CKE.LS.07.01.(04).2017

INTERNAL
ELECTRICAL INSTALLATION
{L-51) Date: Jan 2018
SECTION: Section Revision: 3
12.0 LAMPS

Page: §12-2 of 15

12.3 COMPACT FLUORESCENT LAMP WITH INTEGRAL CONTROL GEAR

12.3.1 The compact fluorescent lamp with integral control gear shall comply with
IEC 80968 and IEC B0986G, and shall be of E14 or E27 screw type base and
shall be guaranteed for 10000 hours life at rated voltage. Unless otherwise
specified, they shall have an outer cylindrical or sphetical diffusing bulb.

|
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124  LED LAMP
1241 LEDBULB

12.4.1.1 The bulb shall be of type approved by Suruhanjaya Tenaga (ST) . The buib
shall comply with the relevant Malaysian Standards or IEC Standards and other
relevant standards in terms of safety and performance criteria. The bulb shall
comply to MS IEC 62560, MS 62722, IES LM-79 -08, IES L.M-80-08, iEC
62471, MS IEC 60061 Series, MS 62612, IEC 61547, MS {EC 61000-3-2, BS
EN 55015 or CISPR 15 and fit to luminaires that comply o MS |EC 60598
Series.

12.4.1.2 The bulb shall be dasigned and constructed that it is capable of providing the
service for which is infended. It shall be manufactured under “Lighting Class
LED” and shali be commertcially available.

12.4.1.3 The bulb shail be designed and manufactured to suit with existing available
lamp holder that fits lamp cap as per standard |IEC 60061 {e.g. E27 / E26 and
GU5.3 {MR16)). The housing of the bulb shail be made from aluminum,
polycarbonate or other material that sufficiently proven te resistant to heat and
fiame. Material used for the construction of the bulb shall be recyclable,

$24.1.31 For self ballasted LED bulb (e.g. E26 / E27 and GU5.3), the bulb
shall be manufaciured as a unit which cannot be dismantled
without belng permanenily damaged, non- repairable and factory-
sealed unit. it shall be provided with a lamp cap and incorporating
a LED light source, LED control gear (LED driver} and any
additional elements necessary for stable operation of the light
source,

12.4.1.3.2 For non self-ballasted LED bulb (e.g. for GU5.3}, the LED control
gear (LED driver) shall comply to MS IEC 61347-2- 13, M5 IEC
62384, IEC 61547, BS £N 55015 ar CISPR 15 for radio frequency
interference suppression and MS IEC €1000-3-2 for harmonics
distortion. The Insulation protection shall be of Class Il. Rated
maximum operating temperature of the LED control gear (LED
driver) shall not exceed 70°C. The connection system shall comply
{o MS IEC 60838-2-2. LED module shall comply to MS IEC 62031
and shall be of the type approved by Suruhanjaya Tenaga (ST).

12.4.1.4 The bulb shall be new and totally enclosed. The beam angle shall be as
specified / requirement of the intended application.

———————— e e
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12.4.1.5 The bulb shall be complete with thermal management unit (heat sink), surge
and overvoltage protection and suitable for supply voltage of 230V, +10%, -
6% at 50Hz with power factor corrected to at least 0.9 lagging and shall not
produce voltage disturbance / fluctuation to the elecirical supply system.

124151 The bulb shall operate well within the ratings with due
consideration for the local conditions (high humidity of 95% RH
and ambient temperature of 35°C)

12.4.1.5.2 Harmonics distortion for LED control gear shall be within ihe
limits in accordance with MS IEC 61000-3-2. However, lotal
harmonics distortion shall be less than 20%. The LED driver
shall operate and maintain consistent light output over vollage
variation from +10% to -6% of the rated voltage and power
factor of not less than 0.9 lagging.

12.4.1.6 The LED luminous flux cutput of LED light source shall not be depreciated
to below 70% of the eriginal cutput during life hours. The initial luminous
flux shall not be less than 90% of the rated luminous flux.

12.4.1.7 The LED module shall not be driven more than the rated LED drive current.

12.4.1.8 The bulb which incorporating multiple numbers of LEDs or LED modules
shall continue to operate even though there is failure of a partial number
of LEDs or LED modules.

12.4.1.9 Photometric data for the bulb ghall be made available. The required
photometric data for the bulb shall be Polar Curve, Utilization Factor,
Luminance Distribution Table, Downward Light Qutput Ratie, Upward Light
Output Ratio, Light Cutput Ratic and Spacing to Mounting Height Ratio.

42.4.1.10 The lamp caps interchangeability shall comply to MS IEC 60061. The bulb
shall come into its intended position with no permanent deformation when
inserted into lamp holder and shall be capable of easy and correct
positiening by the user. The bulb shall not be fall apart from its cap in any
mounting / burning position.

12.4.1.11 The manufacturer shall provide a minimum 5 years period warranty
certificate as stated in the defect iiability / warranty / contract period
(whichever is applicable) for the complete bulb to guarantee the long life
expectancy and maintenance free bulb. Warranty declaration shall be
filed and signed by manufacturer, Failure in the functioning and operation
of the LED tuminaire/lamp within the warranty period will result in the
replacement of the whole {uminaire or required components by the
manufacturer at no cost ¢ the government.

e I T ey
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12.4.1.12 lluminance test shall be carried out every 6 months during defect liability /
warranty / contract period (whichever Is applicable) to ensure the
performance of the installed system conferm to the design requirement as
per JKR spegifications. This test will also confinm the lumen maintenance
of the bulb.

12.4.1.12.1 The bulb supplter shall provide calibrated illuminance meter and
have the capacily and competency to carry out the Hluminance
test during the testing of the insialled lighling system.

12.4.1.13 The bulb shall comply to the following characteristic:

Light Source Lighting Class LED
Lamp Cap E26/E27 GUS.3(MR16}
Correlated Colour 2700K,3000K, 4000K/4100K, 2700K, 3000K
Temperature, CCT 3500K 4500K
Power Supply 230V +10%, -6%, 50Hz
Power -
Consumption oW SOW 2IW
Power Factor 2 0.90
Total Luminous
Fiux (Lumens) 2 450 z 550 > 200
System Efficacy > 5Im/W 2 60IM/W 2 50ImM
Calor Rendering =80 2 80
Index, CRI
Ambient Temperature 20°C o 35°C
Rated Lifetime = 40,000 hours, 70% lumen maintenance at Ta=25°C
LED Photobiological
Safety Class Exempt group { IEC 62471)
Heat sink material Aluminium
Diffuser / housing type Frosted

otal Harmonic 520%
Distertion (THD}

Table 12.4.1 Characteristic of LED Bulb
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 LepGewr | LEDmodue
| Gear and LED module; ene unit

\ i / o
’i Gear wilbout LED's $| et |
- l}{I’.ti'c!e,werni.enl 1
liEtactronic Control Gaar for E— -

LED modes”

=P integret |

™ B ndependent |

“Seli- ballasted LED module

Figure 12.4.1: Overview of System Composed of Self Ballasted LED Lamp
(Informaative)

12.4.1.14 Conformity with Standards

The bulb shall comply with and be tested to the relevant latest edition of
Mataysia Standard or other relevant latest international standard as below:

MS IEC 62560

Self-ballasted |LED-lamps for general
lighting services by voltage > 50V -
Luminaire Safety spedifications

Safety & construction
&lamps | Mg [EC 60598-1:
Luminaires — Part 1; Genaral
requiraments and fests

Y i —
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MS |EC 60598-2-1

Luminaires. Part 2: Particular
requirements, Section Two: Fixed general
purpose luminaires

MS IEC 60598-2-2
Luminaires Part 2 :Particular reguirements
- Section 2: Recessed [uminaires

MS IEC 613471
Lamp control gear — Part 1; General
and safety requirements

LED driver | MS IEC 61347-2-13
Lamp control gear- Part 2-13 — Particular
requirement for d.c or a.c supplied
electronic controlgear for LED modules.
MS IEC 62031

LED module ]1LED modules for general lighting —

Safety specifications
MS IEC 60061

Lamp caps | International recommendations regarding

and holder | tamp caps and holders together with
gauges for the control of interchangeabiily
NS 1EC c0838-2-2
Miscellaneous lampholders — Part 2-2 —

Safety Lamp holder Particular requirements — connectors
for LED modules
CED
lamps/modul | IEC 82471
Safely {eye Photobiological safety of lamps and

protection) [ 1amp systems
MS IEC 62384
DC or AC supplied electronic control

Performance LED driver | gear for LED modules — Performance
requirements
MS 6272241
Performance lED tuminaire Performance - Part 1: General
Luminaires

Requirements

SPECIFICATION FOR LOW VOLTAGE INTERNAL ELECTRICAL INSTALLATION ©

e




Dokumen Meja Terkawal

SPECIFICATION FOR LOW VOLTAGE | CKE.LS$.01.01.{04).2017

s

INTERNAL
ELECTRICAL INSTALLATION
{L-S1} Date: Jan 2018
SECTION: Section Revislon: 3
12.0 LANPS

Page: 512- 8 of 15

Luminaire Performance - Part 2-1:
Particular Reguirements for LED
Luminaires

Performance

LED Lamp

MS 62612

Self Ballasted LED-L.amps Far General
Lighting Services- Performance
Requirements

Performance

Photometric

IES LM-79.08
Approved Method: Electrical and
Photometric Measuremeants of Salid-

State Lighting Products

Performance

[ED Light
Source

(*by LED
Manufacturer)

IES LM-80-08
Approved Method: Measuring Lumen

Maintenance of LED Light Sources

Performance

LED Light
Source

(*by LED
Manufacturer)

IES T™M 21-11
Projacting Long Term Lumen

Maintenance of LED Light Sources

Safety

Performance

EMGC

MS [EC 61547
Equipment For General Lighting

Purposes- EMC immunily Requirements

TEC 61000-3-2
ELECTROMAGNETIC
COMPATIBILITY (EMC) ~Part 3-2:
Limits — Limits for harmonic current
emissions (eguipment input current
€16 A per phase)

CISPR 15 (BS EN 50015)

Limits and Methods of Measurement of
Ratio Disturbance Characteristics of
Electrical Lighting And Similar

Equipment

e e PP ——— A
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12.4.2 LEDDOUBLE CAPPED LAMPS (T8 LED TUBES)
12.4.2.1 T8 LED Tubes shali be of the type approved by Suruhanjaya Tenaga (ST).

12.4.2.2 T8 LED Tubes shall comply with the relevant Malaysian Standards or IEC
standards and other relevant standards where applicable in terms of
safety and performance criteria. It shaill be manufactured under “Lighting
Class LED” and shall be commercially available.

12.4.2.3 T8 LED Tubes, electronic control gear (LED driver) and accessories shall
comply with MS IEC 61347-1, MS |EC 81347-2-13, MS IEC 62031, M8
IEC 60838-2-2, MS IEC 60061, MS IEC 62384, MS 62722-1, MS 62722-
2-1, IES LM-79-08, IES L M-80-08, IES TM 21-11, |IEC 62471, IEC 61547,
IEC 81000-3-2, BS EN 55015 or CiSPR 15 and shall fit to iuminaires that
comply to MS IEC 80598-1, MS IEC 60598-2-1 and M8 |EC 60598-2-2.

12.4.2.4 The T8 LED Tubes shall be designed and manufactured fo suit standard
T8 bi-pin fluorescent lamps and capable of providing the service for which
is intended. The manufacturers shall provide compiete technical
installation manual & maintenance manual.

12.4.2.5 The T8 LED Tubes shall be suitable for supply voltage of 230V, +10%, -
6% at 50Hz with power factor corrected to at least 0.9 lagging and shall
not produce voltage disturbance or fluctuation to the electrical supply
system during the mode of operation.

12426 The T8 LED Tubes shall operate well within the ralings with due
consideration for the local conditions (high humidity up to 95% RH and
ambient temperature of 36°C).

12.4.2.7 Interchangeability of consumable compenents is preferred for
maintenance purposes.

12.4.2.8 T8 LED Tubes shall have housing made from Aluminum or Polycarbonate
or other materials that sufficiently proven resistance to heat and flame.

12.4.2.9 Material used for the construction of the T8 LED Tubes shall be recyclable.

12.4.2,10 The T8 LED Tubes shall be new, totally enclosed and shall have
protection against contact with live or moving parts inside the enclosure.

SPECIFICATION FOR LOW VOLTAGE INTERNAL ELECTRICAL INSTALLATION &



Dokumen Meja Terkawal

SPEGIFICATION FOR LOW VOLTAGE | CKE.LS.01.01.{04).2017

INTERNAL
ELECTRICAL INSTALLATICON
{L-S1) Date: Jan 2018
SECTION: Section Revision: 3
12.0 { AMPS

Page: S§12=-10 of 15

12.4.2.11 The electronic control gear (LED Driver) shall comply with MS |EC 61347-
1, MS |EC 61347-2-13 & MS |EC 62384 while LED Moduie shall comply
with MS IEC 62031 and shall be of the type approved by Suruhanjaya

Tenaga (ST).

The possible combination systems composed of LED Modules and LED
Driver are described in Figure 12.4.2 bslow (Please note that MS IEC
62560: Self Ballasted LED Lamp is not applicabie for T8 LED Tubes).

LEDGewr | LEDmosle |
¢ Gear and LED moikle: one unl !

LSelfballasted

- lnreng

oL

§o| independent

“Etectronic Control Gear for
LED modules”

Figure 12.4.2: Overview of System Composed of LED Modules and
Control gear {Informative)

——_—_
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124212

12.4.2.13

12.4.2.14

12.42.15

124216

12.4.2.17

LED modules with integrated control gear and equipped with lamp cap
{i.e. self- bailasted lamp), intended for retrofit applications (thereby to
replace existing lamps with identical lamp caps) shall comply with
requirement of IEC 80968.

The lamp holders and caps shall comply with M3 IEC 60061 and shall
be made of polycarbonate material. The T8 LED Tubes shall fit info its
intended position with no permanent deformation when inserted into
lamp holder and shall be capable of easy and cotrect positioning by the
user. The lamp cap shall be G13 type and total weight of T8 LED Tubes
plus lamp cap shall not exceed 500 g as specified in MS IEC 60598-1.

Tha T8 LED Tubes shall be constructed with protection against
accidental contact with live parts whan the ubes are installed.

Harmonics distortion shall be within the limits in accordance with MS
[EC 61000-3-2 and total harmonics distortion shall be less than 20%.
The T8 LED Tubes shalt operate and maintain consistent light output
over voitage variation from +10%, -6% of the rated voltage and power
factor of not less than 0.2 lagging.

The LED luminous flux output of LED Hght source shafl not be depreciated
to below 70% of the original output during life hours. The initial luminous
flux shall not be less than 0% of the rated iuminous fiux.

The T8 LED Tubes which incorporating multiple numbers of LEDs or
LED modules shali continue to operate even though there is failure of a
partial number of LEDs or LED moduies.

12.4.2.18 The LED / LED module shal not be driven more than the rated drive current.

12.4.2.19

Photometric data for the T8 LED Tubes shali be made available and
submitted to 5.0.'s Representatives . The required photometric data for
the tubes shall be Polar Curve, Utllization Factor, Luminance
Distribution Table, Light Qutput Ratio and Spacing To Mounting Height
Rafio.

12.4.2.20 Conformity testing during manufacture of T8 LED Tubes shall be

carried out at 100% of production as per MS IEC 62031 with the
combination of measurement of input power at rated voltage, current
and electrical test shall be as specified in MS IEC 60598-1.
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12.4.2.21 The manufacturer shall provide a minimum 5 years period warranty
certificate as statad in the defect llability / warranty / confract pericd
(whichever is applicable) for the complete LED Tubes to guarantee the
long life expectancy and maintenance free bulb, Warranty declaration
shall be filled and signed by manufacturer. Failure in the functioning and
operation of the LED (uminaire/tube within the warranty period will result
in the repiacement of the whole fuminaire or required components by
the manufacturer at no cost fo the government.

12.4.2.22 illuminance test shall be carried out every six (6) months during defect
liability / warranty / contract period (whichever is applicable) to ensure
the performance of the installed system conform to the design
requirement as per JKR specifications. This test will alse confirm the
lumen maintenance of the LED Tube.

12.4.2.221 The supplie/manufacturer shall provide calibrated
illuminance meter and have the capacity and competency
to carry out the illuminance fest during the tesling of the
installed lighting system.

12.4.2.23 The T8 LED Tubes shail be bi-pin type and the minimum characteristic
shall be as per Table 12.4.2 below:

Total Luminous Fiux (lumens) 2 840 Im z 1400 Im

Power, W <11 wW S20W

Ingress of Protection, IP Min IP2X

Power Factor 2 0.9

System Efficacy, Im\W 270 ImWw z 80 Im/Ww
2700K, 3000K, 3500K, 4000/4100K

Carrelated Colour Temperature, CCT 4500K, 5000K, 6500K

Colour Rendering Index, CRi >80

DiffugerfLens Type Frosted

Beam Angles 2 120°

Total Harmonic Distortion, THD <20%

Lifespan of T8 LED Tubes, Lx@hrs = Lrof@30 000
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or independant

Lamp cap G13

Housing material Aluminum, Polycarbonate

Heat sink material Aluminum

LED Photo biological class

{(Group risk of eye safaty) Exempt Risk group (as per IEC 62471)

Working temperature, T «20°C to +45°C

Warking humidity Up to 95% RH

Dimension: Length (mm) x Diameter Typical 600 x 26 | Typical 1200 x 26
(mm)

Weight, g Typical 280 Typical 280

Table 12.4.2; Characteristics of T8 LED Tubes

12.4.2.24 Conformity with $tandards

The T8 LED Tubes shall comply with and be tested to the relevant latest
edition of Malaysia Standard or other relevant latest international
standard as below:

MS IEC 605981
Lurninaires — Part 1: Generat requirements

and tests
Safety & MS IEC 60598-2-1

Luminaire | Luminaires, Part 2: Particular requirements
construction Section One: Fixed general purpose

luminaires

MS IEC 60598-2-2
Particular requirements , Part 2- Section
2: Recessed luminaires

e S —
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MS IEC 813471
Lamp control gear — Part 1: General and
safety requirements

LED driver "\ IEC 61347-2-13
Lamo control gear- Part 2-13 — Particular
requirement for d.c or a.c supplied electronic
controlgear for LED modules.
MS [EC 62031

LED maoduie LED modules for general fighting — Safety
specifications
MS$ IEC 60061
Lamp caps international recommendations regarding lamp
and holder caps and holders together with gauges for the
control of interchangeability
MS |EC 60838-2-2
Safety Lamp holder Misclellaneous lampholders — Part 2-2 —
Particular requiraments — connectors for LED
modules
lam Is_fEnDod lo IEC 62471
Safety P 4 Photcbiclogical safety of lamps and lamp
(eye systems

protection)

MS IEC 62384
Performance LED driver DC or AC supplied electronic control gear for
LED modules — Performance requirements
MS 6272241
Luminaire Performance - Part 1: General
Performance LED Requirements
Luminaires

MS 62722-2-1
Luminaire Performance - Part 2-1: Particular
Requirements for LED Luminaires

W
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IES LM-79-08

Performance | Photometric | Approved Method: Electrical and Photometric
Measurements of Solid-State Lighting Products

LED Light
Source IES LM-80-08
Performance {(*by LED Approved Method: Measuring Lumen
Manufacturer) | Maintenance of LED Light Sources
LED Light
Source [ES TM 21-11
Performance (*by LED Projecting Long Term Lumen Maintenance of
Manufacturer) | LED Light Sources
IEC 61547
Eguipment For General Lighting Purposes-~
EMC Immunity Requirements
Safety IEC 61000-3-2
EL ECTROMAGNETIC COMPATIBILITY (EMC)
=Part 3-2: Limits — Limits for harmonic current
EMC . .

emissions (equipment input current €16
A per phase)
CISPR 15 {BS EN 50015)

Performance Lirnits and Methods of Measurement_ of Ratio
Disturbance Characteristics of Eleclrical
Lighting And Similar Equipment

i
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13.0 CEILING FANS

13.1 Celling fans offered shall be comply with MS {EC 60335-1, MS 1597 and MS 1220
and of JKR approved brand and model. For 1500mm sweep ceilling fan, minimum
air delivery at rated voltage at full speed shall be not less than 210 m*min. Safety
tharmal fuse {(130°C, 2A) shall be incorporated against power surge and overheat.

13.2 Al parts of the suspension system of the ceiling fan such as the fan hook,
shank assembly, down rod, motor shaft etc. shall be secured by means of high
tensile steel shackle bolts; locknuts complete with washars and spring washers
and split pins. Spiit pins shall be positioned as close as possible to the locknutls
after the Istter have been properly tightened. Instructions as follows, in muiti
languages, shall be prominently dispiayed at the midway of the suspension rod:
“AMARAN - Ketatkan Semua Nut”. {In Malay & English)

13.3 Ceiling fans shall be provided with a supplementary independent suspension
system (safety wire rope) event of failure of the rod suspansion system, the fan
motor will be gafely suspended by this safety wire rope from the fan hook and
electricity supply to the ceiling fan shall be disconnected. Disconnection of
electricity supply to the celling fan shall be accomplished without snapping or
damaging the supply cable of the ceiling fan point. It shall also not result in
exposing any live terminal within the ceiling fan.

13.4 The material used for the safety wire rope shall be anti-corrosive type. Design
and construction of the safety wire rope and disconnection of electricity supply
shall be subject to the approval of JKR. These faatures must be assembled in
the manufacturer's factory.

13.5 Standard rod ceiling fans shall be preassembled in the manufacturers factory, The
down rod shall be minimum 225mm {factory supplied)} and more than 225mm of
modified (non standard rod) must supplied by the same manufacturer, similar
material, complete with safety wire rope, marking and installation instruction.

= e
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13.6 The rubher suspension bush shall properly fit the shank assembly. The upper
canopy shall be so secured that it will not slide downward. All celling fan shall
be provided with suitable earth terminal. The capacitors used shall be of dry
setf-healing, metalised polypropylene type.

13.7 Al ceiling fans shall be provided with malching speed regulator of the venlilated
type complete with earth terminal. The regulator knob shall be secured in such
a way that it can only be removed by a tool. Fan shall be fitted with well-
balanced blades with proper identification to prevent mixing of blades.

13.8 All seiling fan points shall be complated with speed regulator mounting block and 3
way connector. Where a ceiling fan is installed near a beam, the suspension rod of
the ceiling fan shall be of suitabls length such that there is a clearance of not less
than 75mm between the underside of the beam and the fan blades.

13.9 Capacitors for use with ceiling fan motors shall comply with IEC 60252-1. The
rated voitage shall be ai least S00VAC with a rated frequency of 50Hz and a
maximum permissible eperating temperature of 85°C.

13.10 The windings of the capacitors shall be contained in a casing made from fire
retardant material and shall be totally encapsulated with a thermosetting resin,

13.11 The capacitors shall be designed for a minimum life expactancy of 10,000 hours
(Ciass B as defined in IEC 60252-1} when operating continuously at the rated
voltage, temperature and frequency.

B R i il i NSRBI A o e rr——————
T
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14.0 EARTHING

14.1  All system earthing and eguipment earthing shali comply with Electricity
Regulations 1294 and relevant parts of MS IEC 60364,

14.2 The protective conductor, copper tape and earth slectrode shall comply with BS
EN 13601.

14.3  All protective conductors shall be of high conductivity copper conductor either
stranded or solid, continuous throughout the whole iengths and without joints.
In the instance where joints cannot be avcided, then the joints shall be of
exothermic welding type. Mechanical clamps may only be used upon approval
of the S5.0. The jaint shall be robust design and protected from mechanical
damage and corrosion. Before connecting the protective conductor, the metal
works, the conductors and the metal work at the point of contact, including the
clamps, shall be thoroughly cleaned of surface corrosicn or paint and tinned to
ensure that good elactrical contact is made.

14.4 Every circuit of a swilchboard, distribution board, control board and tap-off
units, all lighting points, lighting switches, fan points, fan switches, three pin
switched or unswitched socket-cutlets, power point efc. shall be provided with
gircuit protective conductors. All exposed conductive parts and extraneous
conductive parts shall be effectively bonded to sarth.

14.5 Unless otherwise specified, the minimum cross sectional area of the protective
conductors shall be in accordance with the following Tables/Clause in the M3
IEC 60364-5-54. -

{a) Circuit protective conductors - Table 54.3 (or BS 7671 Table 54G)

{b) Earthing conductors - Table 54.3 {where buried in the soil, the
cross-sectional areas shaif be in accordance with Table 54.2 or BS
7671 Table 54A)

{¢) Bonding conducters - Clause 544 (or 85 7671 Clause 547)

146 Where connections are made at switchgear and such items of electrical
equipment the protective conductors shall terminate in a cable lug or other
approved means.

14,7 In the case of MiCC cables, the copper outer sheath may be utilised as earth
protective conductor provided that at the termination of each cable run the
copper sheath is effectively bonded to earth.

SPECIFICATION FOR LOW VOLTAGE INTERNAL ELECTRICAL INSTALLATION ©



Dokumen Meja Terkawal

SPECIFICATION FOR LOW VOLTAGE

INTERNAL

ELECTRICAL INSTALLATION

CKE.LS.01.61.{04}.2017

(L-S1) Date: Jan 2018
SECTION: Section Revision: 2
14.0 EARTHING
Page: 814-20f5
14.8 Cable glands shall be installed for termination of armotured cables. It shall be

mechanical type complying with BS EN 50262. Each cable gland shall be
installed with back nuts (lock nuts}) for plain hale fixing.

14.9

Cable giand shall be installed for termination of steel armoured multicore

cables and shail comply with BS EN 50262. The cross seclional of a protective
conductor connecting a gland earth tag washer to the earth terminal of an
enclose shall be selected in accordance with table 54.3 of MS |IEC 60364-5-54.

Minimum cross-sectional area of the corresponding
Cross-sectional area protective conductor
of line conductor § (mmz)
) If the protective conductor | If the protective conductoris
{rmm”) is of the same material not of the same material
as the line conductor as the line conductor
xS
516 S e
kix16
16 <5535 16 P
$>35 S kxS
2 ke 2

Table 54.3 of MS IEC 60384-5-54 — Minimum cross-sectional area of

protective conductors

Mechanically protected

Mechanically unprotected

_ 2.5 mm” Cu 16 mm° Cu
Protected against corrosion 10 mm? Fe 16 mm e
Not protected against 25 mm” Cu
COrosion 50 mm” Fe

Table 54.2 of MS IEC 60364-5-54 (BS 7671 Table 54A) — Minimum cross-
sectional areas of earthing conductors buried in the soll

e ———— e ]
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14.10 The cable gland for aluminium armoured single-core cables shall be made of
non-ferrous material,

14.11 In the case of solid earthing, main earthing terminals or bars mounted on
parcelain insulators shail be provided external to the switchbeard on the wall
near to the switchboard as indicated in the drawings. Unless otherwise
specified, main earthing bar shall be of tinned copper bar of dimension as in
Table 14A with respect to the prospective earth fault current. Main earthing bar
shall be of sufficient length to accommodate termination for ail protective
conductors, earthing conductors and main equipotential bonding conducters of
alectrical installation, lightning protection system bonding conductor and
generator installation bonding conducior. Means shall be provided for
disconnecting the earthing conductors to permit measurament of the resistance
of the earthing arrangements, The joints shall be disconnectabla only by means
of a fool, and shall be mechanically strong to ensure electrical continuity. A
Permanent label marked with words "Main Earthing Bar - Safety Electrical
Connections - Do Not Remove’ shall be installed near to the main earthing bar.
All connections 1o the main earthing bars shall be soundly made and
electrically satisfactory by means of boits and nuts with spring washers and jam
nuts.

14.12 Two sets of earthing conductors of copper tape dimansion as in Table 14A shali
be provided to connect the main earthing bar to twe differant sarth electrodes.
The earthing conductors shall be buried in the ground at a depth of nct less
than 600mm below finished ground levei.

14.13 Protective conductors between switchboard and main earthing bat shall be
linked by copper tape of same cross sectional area as the main earthing bar.

Prospective Earth fault

curents {1) for 1 Main Earthing Bar Earthing Conductors
duration (Width x Thickness ) {No. x Copper tape size)
1510 kA 25 mmx 3 mm 2 sets of 1 x 26mm x 3mm

10KA<I<25KA 25 mm x 6 mm 2 sets of 1 x 25mm x 3mm

25 kA <1530 KA 30 mm x6 mm 2 sets of 2 X 25mm x 3mm

30kA<I=40KA 40 mm x 6 mm 2 sets of 2 x 25mm X 3mm

40 KA <1=50 kA 50 mm X6 mm 2 seis of 2 x 26mm x 3 mm

Table 14A; Dimensions of Main Earthing Bar and Earthing Conductors

T —— T ————— A
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14,14

14.15

Earth electrodes shall be of copper-jacketed steel core rods with 16mm
nominal diameter and supplied in 1500mm tength and shall have provision for
screw coupling with ancther standard tength. The copper jacket of 99.9 % pure
electrolytic copper shall be of minimum radial thickness 0.25mm and shali be
molecularly bended te the steel core to ensure that the copper jacket and steel
core are non separable. Each earth electrode shall be driven 3000mm in depth.
Where the desired earth resistance value cannot be achieved after the first
earth electrode have been driven, sufficient number of earth electrodes in
parallel shall be installed outside the resistance area until required value is
reached. Mutual separation between two earih electrodes shall be more than,
but less than twice, the driven depth of the earth electrode. Earth electrodes
shall not be installed close to a metallic fence. Unless the metallic fence is
separately garthed, the fence shall be separated from the electrical earthing
system by at least 2000mm. Interconnection between different earth electrodes
shall be by means of 26mm x 3mm annealed copper tape.

in cases where there is insufficient land area, an alternative earthing system
shall be proposed for the $.0. approval.

14.16 Where the location of the installation is such that it is not poessible in practice to

provide the two auxiliary earth electrodes for the test, two test sarth electrodes
namely potential fest probe and current lest probe shall be installed. The test
earth electrodes shail be one length of 1500mm in depth. The current test
probe shall be placed 30m from the first earth electrodes with potential test
probe midway between. Test leads of 2.5 sq. mm PVC insulated cable
connecting test earth electrodes shall be terminated independently on the
porcelain insulators next to the main earthing terminals or bars. The test leads
shall be protected by means of non metallic conduit and buried in the ground at
a depth of not fess than 600mm below finished ground level. Termination shall
be idenfifled with permanent labels durably and legibly marked with words
‘Potential Earth Test Probe - Do Net Remove’ and ‘Current Earth Test Probe -
Do Not Remove'. Similar labels of not less than 4.75mm high shall be
permanently fixed in a visible position at earth electrodes.

14.17 The connection of the earthing conductor andfor the earth electrode to the earth

electrode shall be soundly made by the use of plumbed joints, either by brazing

using zinc-free material with a melting point of at least 600°C or by excthermic
welding.
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14.18 Each earth electrodes shall be provided with heavy duty type inspection
chamber with removable cover. The inspection chamber shall be of square or
round type and tesied in accordance with MS 26: Part 2. The minimum size of
square type inspection chamber shall be 300mm (width) x 300mm (fength) X
180mm (height) and for round type inspection chamber, the minimum size shall
be 200mm (diameter} x 180mm (height). The working load of the inspection
chamber shall be minimum 4500kg. Lifting hook shall be provided in the cover.
The brand name shall be durably marked on the removable cover.

14.19 Residual current operaled circuit breaker (RCCB) shall be provided with
minimum cross sectional area 16mm? green PVC insulated copper conductor
cable as earthing conductors, one set of two (2) length of 1500mm earth
electrodes, inspection chambers and removable covers. However, if they are
connected to a main earthing system, separate earth electrode need not be
provided,

14.20 A permanent label durably marked with words 'Safety Electrical Connection —
Do Not Remove', in legible type not less than 4.75mm high, shall be
permanently fixed in a visible position at or near: -

14.20.1 The point of connection of every earthing conductor to an
earth electrede, and

14.20.2 The point of connection of every bonding conductor to
extranecus conductive parts,

14.21 In addition, each earthing point shall be identified by permanent labsl legibly
marked with the words ‘MSB Earth’, ‘SSB Earth’, ‘'RCCB Earth’ or any other
appropriate words permanently fixed to the point of connection of every
earthing conductor and earth electrode.

—————— e

SPECIFICATION FOR L.OW VOLTAGE INTERNAL ELECTRICAL INSTALLATION @



Ry

e

Dokumen Meja Terkawal

SPECIFICATION FOR LOW VOLTAGE | CKE.LS.01.01.{04).2017

INTERNAL
ELECTRICAL INSTALLATION
{L-81) Date: Jan 2018
SECTION: Section Revision: 2
15.0 LLABELLING

Page: 515 -1 of 1

15.0 LABELLING

15.1 Labels shall be fitted on the outside of all switchgears, fusegears, distribution
boards, sub switchboards and main switchboards by means of non-corrodable
screws or rivet or any other method approved by the 5.0.'s Representative.
The labels shall be of laminated plastic with angraved lettering with details such
as type of equipment, rating, setting, to/from where it is connected etc,

16,2 The exact wording of the labels shall be agreed with the $.0.s Representative.
Single line mimic schematic circuit diagram shall be provided at the facial of the
main switchboards showing the connection of all switchgears with respect fo
busbars indicating the incoming and outgoing feeders. The diagram shall be
single line of width 20mm with yellow perspex strip rivetted on the outside front
cover of the switchboard with arrow head indicating the direction of supply
incoming to the swifchgears.
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16.0 SWITCHROOM

16.1

16.2

16.3

Approved type of rubber mat shall be provided in front of the switchboards and
any other control boards. The rubber mat shall extend to the full length of the
switchboards, and shall be of thickness not less than 8mm and width 1000mm.
Standard notices displaying the words 'BAHAYA' and 'DILARANG MASUK' and
Electric Shock Treatment Chart shall be provided and installed at a place as
required in accordance with Electricity Regulations 1994. Signage with words
BILIK SUIS UTAMA', ‘BILIK SUIS', 'BILIK KHIDMAT ELEKTRIK' and
'DILARANG MEROKOK' shall be installed for all rooms containing electrical
switchboard and equipment to the satisfaction of the 5.0.'s Representalive.

All electrical switchrooms shall be provided with one unit 9kg dry powder fire
extinguisher for A, B, C class of fire complete with pressure gauge, discharge\
hose with nozzle installed on wall bracket. The extinguisher shall be certified by
Jabatan Bomba Dan Penyelamat Malaysia valid to be used for a period of
twelve months from the completion date of the Contract.

Al trenches in the switchrooms shall be clear from debris and filled up with clean
sand lo a level above cable ducts. All cable duct entry into the cable french shall be
sealed tight wilh cement against water and rodent entry. As-installed layout pians,
schematic wiring diagrams and plans showing cable routes and positions of
earthing point with reference to easily recognizable bulldings and structures shall
be suitably framed up in the switchroom. These plans and diagrams shall be in
addition to the 4 sels of prints required to be submitted to the S.0's
Representative, after complztion of the project as stated in 20.2.
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17.0 REGQUIREMENT FOR ANTI CORROSIVE TYPE INSTALLATIONS

17.0.1 Installation at coastal areas {defined as within 3km from the coast) and other
areas deerned necessary, material used shall be of rust proof type and/or anti
corrosive type or specially treated. The cost of the material used and treatment
applied is deemed to be included in the prices quoted.

17.0.2 Areas within 3km to Skm from the coast, special treatment for salt-spray
environment is applicable for external installation only.

17.1 WIRING

17.1.1 Conduit shali preferabie be buried in the wall or buried in the concrete ceiling
{ soffit of slab.

17.1.2 In the false ceiling, conduit used shall be of rigid high impact PYC type grade
Heavy Duty Code No. 4421,

17.1.3 Surface conduit wiring if any, must be with the approval of 8.0. Steel conduits
shall not be used except for emergency circuits, It shall be in rigid high impact
PVC conduit grade Heavy Duty Code No. 4421 with its associated system
accessorles.

17.1.4 Cable trunking and cable tray system shall be of hot dipped gaivanized sheet
steel. All trunking elbows, offset and combination elbows, adaptors and tees
shall be of same thickness as the straight trunking and shall be the type
manufactured and supplied by the same trunking manufacturer. Any cut edges
shall be painted with galvanized paint. Al screws and nuts used shall be made
from brass/stainiess steel.

17.1.5 All support accessories such as angle iron, brackets, etc. must be of hot
dipped galvanized sheet steel.

e ——— T ——
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17.2 SWITCHBOARDS (MAIN SWITCHBOARD, SUB SWITCHBOARD AND
DISTRIBUTION BOARD)

17.2.1  All switchboards shall be installed within enclosed elecirical service rooms.,
17.2.2 Al switchboards shall be of stainless steel material (Grade S5 316).
17.2.3  All screws and nutls shall be of brass/stainless steel.

17.2.4 Special Treatment For Housings Of Electrical ltems Used In Salt-
Sprayed Environment as per 17.6 shall be applied.

17.3  SWITCHES, SWITCHED SOCKET QUTLETS AND UNSWITCHED SOCKET
OUTLETS

17.3.1 For concealed installaiien, metalclad type back boxes shall be of
galvanized sheet steel.

17.3.2 For surface and outdoor installation, switches, switched socket outlets and
unswitched socket outlets shall be of sealed or anti corrosive type.

174 Lt UMINAIRES

17.4.4  Fluorescent luminaires installed at external areas (e.g. covered walkways,
corridors) and non air-conditioned rooms, shall be of anti corrosive type with
a minimum Ingress Protection of IPES.

17.4.2  Other than rust proof luminaires, all other luminaires (whether recessed or
surfaced mounting, together with all its related installation accessories i.e.
steel wires, suspension rods) shall undergo antt corrosive treaiment Hrocess
as per 17.6.

17.4.2.1% All serews and nuts shall be of brass/stainless stesl.

17.4.3 Special Treatment For Housings Of Electrical Items Used In Salt-Sprayed
Environment as per 17.6 shall be applied.

T
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17.5 CEILING FANS AND EXHAUST FANS
17.5.1 All fans shall be of rust proof type.
17.5.2 Anli corrosive treatment for ceiling fan shall be similar to lJuminaires.

17.5.3 Special Treatment For Housings Of Electrical items Used In Salt-Sprayed
Environment as per 17.6 shall be applied.

17.6 SPECIAL TREATMENT FOR HOUSINGS OF ELECTRICAL ITEMS USED IN
SALT-SPRAYED ENVIRONMENT

17.8.1 The treatment shall produce a housing of high resistance to corrosion with a
durable finish with amoath reflective white paint. Both the inside and outside of
the metal housing shall be finished with double powder coatings of hybrid
epoxy polyester compounds. All these housings shall undergo surface
preparation and surface pre-reatment before application of first powder
coating.

17.6.2 The surface preparation shall consist of firstly chemical cleaning to effectively
remove mill scale, rust, contaminants and corrosive compounds; followed by
sclvent cleaning and degreasing to remove oil or grease. After rinsing, the
cleaned surface shall immediately undergo zinc phosphate surface pre-
treatment. However, prior to zinc phosphate surface pre-treatment, the surface
shall be conditioned with a recommended conditioner. The pre-treated surface
shall then be rinsed and dried in the oven before undergoing first powder
¢oating application.

17.8.3 The pre-treated surface shail undergo application of first powder coating and
baked in oven. The curing time and temperature shall be as recommended by
the powder coating system manufacturer, otherwise at the temperature 204 °C
for 10 minutes. The film thickness of the first powder coating shall be within 50
to 80 microns.

At
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17.6.4 Next, the part shall be inspected for any defect before applying second powder
coating. The second powder coat shall be applied and then the part shall be
baked in oven for the recommended time and temperature. The film thickness
of the second powder coating shall be within 50 to 830 micrans. The finished
part shall then be inspected for any defects. The finished colour shall be white.

17.6.5 Each fan blade and housing, luminaire housing and switchboard housing shall
be labeled “Double Hybrid Epoxy Pelyester Powder Coating”. For identification
purposes they shall also carry a model/serial number, brand name and date of
manufacture,

17.6.6 The manufacturer shall give warranty/guarantee for the spacial treatment to the
metal parts against corrosion for at 12 months from the date of installation at
the site. This warranty/guarantee shall cover full replacement of all defective
parts including installation at site at the manufacturers expense. The
manufacturer shall replacs and install the defective parts within 1 week after
jolnt inspaction at site.

——— e —,
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18.1 TEST AND CALIBRATION OF MEASURING AND TEST INSTRUMENTS

18.1.1 The test instruments shall be designed, manufaciured, tested and shipped In
accordance with IEC 61010-1 and IEC 61557-1. All measuring and test
instruments used for testing of the electrical installations and, calibration and
test for the protection relays shall be regularly tested and calibrated by the
manufacturers or accredited calibration laboratories for their functionality and
accuracy. The measurement accuracy of reading shall be + 10 % for analog
and digital instruments. Test and Calibration Reports or Certificates for the
measuring and test instruments issued by the calibration laboratory shall be
vatid for 2 years from the date of issuance.

18.1.2 The instruments and their Test and Calibration Reports or Certificates shall be
submitted to S.0.'s Representative for verification 2 weeks before testing of the
electrical installations being carried out. No test on the slectrical inslailations
shall be carrled out without prior approval of the S5.0’s Representative.
Notwithstanding the validity of the aforesaid Reports or Cerificates the
measuring and fest insttuments shall be re-calibrated if so required by the
S.0.'s Representative after any mechanical or electrical mishandling. Fee
raquired for the testing and calibrating of the measuring and test instruments is
deemed to be included in the Contract.

18.2 TEST AND TEST CERTIFICATES

18.2.1 After the installation work has been compieted and before Certlificate of
Practical Completion is issued, the alectrical installations {covered under thig
part of the Contract shail be tested as prescribed in Elactricity Regulations
1994 and IEC 60384-6 and any other tests deem necessary by the 8.0.'s
Representative. in the event the installation fails to pass any of these tests, the
Electrical Contractor shall take such measures as are necessary to remedy the
defacts and the instaliation shall not be considered as completed until all such
tests have been passed.

18.2.2 The tests 1o be carried out where relevant, by the Electrical Contractor shall
sonsist of the following. In the absence of test methed in IEC 60364-6, then the
tasting method adopted shali be as per BS 7671, -

18.2.2.1 Conlinuity of protective conductors including main and
supplementary equipotential bonding conductors.

18.2.2.2 Continuity of ring final circuit conductors.
18.2.2.3 Insulation resistance.

18.2.2.4 Protection by automatic disconnection of the supply:
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18.2.2.4.1 Operation of residuai current devices (RCDs)
18.2.2.4.2 Measurement of the resistance of the earth electrode

18.2.2.5 Polarity.

18.2.2.6 Functional and operational tasts.

18.2.3 The following additional tests shall be carried out as and when instructed:

18.2.3.1 Protection by Separated Extra Low Voltage (SELV}, Protective
Extra Low Voltage (PELV), or by electrical separation.

18.2.3.2 Insulation resistancefimpedance of floor and wail,

18.2.3.3 Measurement of earth fault loop impedance.

18.2.3.4 Check of phase sequence.

18.23.5 Verlfication of voltage drop.

18.2.3.6 Prospective fault current (BS 7671)

18.24 Al RCDs shall be checked and fested for their effectiveness in operation
within specified sensitivity and tripping time. All protection relays and device
shall be checked, tested and calibrated by an Electrical Services Engineer
registered with Suruhanjaya Tenaga.

18.2.5 The Electrical Contractor shall arrange with the Electrical Services Engineer to
conduct and carry out the stability and functionality test, check and calibration
of the protection relays and device. Fee required for the fest, check and
calibration as described above is deemed to be included in the Contract.

18.26 The S.0.'s Representative reserves the right to be present at all tests and the
Electrical Contractor shall give at least 1 week nolice in writing to the S.0.'s
Representalive for this purpose, In any case, no test shall be carried out
without prior approval of the S.0.'s Representative. Copies of all the test
certificates together with As-Installed Drawings properly bound and fitled shall
be submitted to the $.0.'s Representative within 1 week after the completion
of the testing.

18.2.7 Supervision and Completion Gertificate and Test Certificate including copies
of all the test results and drawings as prescribed in Electricity Regulations
1994 shall be submitted to the 8.0.'s Representative within two weeks after
the completion of the tesling. The Certificates shall be properly bound in hard
cover and titled.

——
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19.0 SERVICE AND MAINTENANCE

19.1 During the Defects Liability Period, the Electrical Contractor shall be responsible
for the service and maintenance work for the complete installation. All works shall
be carried out by competent person. All labour, material, toois and parts
necessary to reciify the defect due to manufacturingfinstallation faults shall be
suppliedfexecutad at the Electrical Contractor’s cost.

18.2 The service and maintenance to be performed and defects to be reclified and
making good shall include but not limited te the following: -

19.2.1 Repiacing or making good all luminalres, control gears, capacitors, lamps,
switches, sockets-outlets, switched socket outlets, power points, fuses,
MCCB, MCE, ACB, RCCB, push butfons, contactors, starters, meters efc.

18.2.2 Replacing all consumable items that do not meet the manufacturer's
guaranteed/deciared life span or supplying 5% of the total quantity of
lamps of each type used in the project.

19.2.3 Replacing and making good alk icosa and burnt cables and termination, ail
mechanical support linkage, earth electrode chambers and covers,
conduits, trunkings etc.

19.2.4 Making good any damage to roads, buildings, drains, cables, pipes,
concrete areas, paved areas etc. which had not been properly made
good arising out of his work.

19,25 Al other works as deemed necessary by the 5.0.'s Representative.

19.3 Al works shall be carried out as soon as the Electrical Contractor Is being informed
by the $.0.'s Reprasentative or the occupant and shall be cartied out immediately
and completed within a reasonable time except under emergency situation as
stipulated in the Supplemenlary Conditions for Eiectrical Work, If the Electrical
Contractor fails to comply with the above requirements, the $.0.'s Representalive
reserves the right to engage another party to carry out the work, in which case, the
Electrical Contractor shall be responsible for all the expenses incurred.

oo —
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20.0 SHOP DRAWINGS, AS-INSTALLED DRAWINGS, MANUALS AND TCOLS

20.1 SHOP DRAWINGS

20.1.1 2 sets of prints of shop drawings for construction andfor installation shall be
submittad to the $.0.'s Rapresentative for approval, The Electrical Contractor shall
prepare and submit shop drawings for the whole work or parts of the work at least
minimum 2 weeks before the work begins. If the shop drawings submitted are not
acceptable by the 5.0.'s Representative, the Electrical Contractor shall amend and
re-submit the shop drawings within 2 weeks from the date of return of the shop
drawings. No work including fabrication of the switchbeards shall be carried out
without the shop drawings being approved by the $.0.'s Representative.

20.1.2 The shop drawings shall include and show the following:

20.1.2.1

20.1.2.2

201.2.3

201.24

20.1.2.5

20.1.2.6

201.2.7
201.2.8

The dimensioned general arrangements, layouts and positions of
luminaires, wiring accessorles such as switches and switched socket
outlets, switchgears, distribution boards, switchboards and all others
necessary for the complete electrical installations as specified in the
Drawings and/or Bill of Quantities;

Circuits and switching arrangements including schematic line diagrams
of the installation;

The dimensioned general arrangements, layouts and roules of final
circuits;

The dimensioned general arrangements, layouts, routes and positions
of all lateral and vertical mains andfor submains;

The dimensioned layouts and positions of all hotes and cut through in
the walis and floors for the lateral and vertical mains and/or submains;

The dimensioned general arrangements and layouts of the equipment
and the schematic line diagram of the switchboards;

Cable routes for all cables laid underground, in dugts and trenches;

The dimensioned general arrangements and layout of earthing system
including routes for earthing conductors and positions of earth
glectrodes. The cost of all these shop drawings, whether or not
provided in the Bill of Quantities, is deemed to be included in the
Contract,

e
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20.2 AS-BUILT DOCUMENT AND TOOLS

20.2.1 As-Built document shall consist of but not limited to the As-Installed drawings,
manuals, certificates, catalogues, Inventories and parts lists.

20.2.2 The As-Installed drawing shall comprise of-
20.2.2.1 Site plan
20.2.2.2 Schematic Wiring Diagram
20,2.2.3 Electricat Layout Plans
20.2.2.4 Control Circuits drawings
20.2.2.5 Layout plans of cable routes

20.2.2.6 Earthing points with reference to easily recognisable buildings and
structures.

20.2.3 These drawings shall be labelled at the lower right hand corner with the Electrical
Contractor's name and address, date of commissioning, scale, drawing numbar
{the drawing number to be obtained from the S.0.'s Representative), tille and
following particulars: -

JABATAN KERJA RAYA
CAWANGAN KEJURUTERAAN ELEKTRIK
CONTRACT NO.:

C e e
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20.2.4 if the drawings submitted are not according to the actual installation at site and/or
not acceplabie to the S.0.'s Representalive, the Electrical Contractor shall
amend and re -submit the drawings within two weeks from the date of return of
the drawings to the satisfaction of the S.0.'s Representative.

20.2.5 Manuals and documents for ACB, MCCB and other important electrical
switchgears shall be supplied.

20.2.6 The manual shall comprise of:-
20.2.6.1 installation manual,
20.2.8.2 Operation manual;
20.2.6.3 Service and Maintenance Manual;
20.2.6.4 Parls List;
20.2.6.5 Product Data and catalogue;
20.2.6.6 Product Test Certificates;

20,27 Cerfificates shall comprise of -
All Testing Certificates (as per section 18.2)
20.2.8 Catalogues, parts lists, inventories, shall be as per project requirements

20.2.9 Each of the As-Built documents shall be hound together with hard cover and
submitted in minimum four {4} sets upon issuance of Certificate of Practical
Completion of the project.

20.2.10 In addition, ohe set of the As-Installed drawing shall be submitted in the form of
tracing/original document, and two sets in CD ROM.

20.2.11 Special tools required for lhe operation, service and maintenance of ACB,
MCCB and other equipment shall also be provided.

20.2.12 The cost of all these prints, manuals, {ools efc. is deemed to be included in the
Confract.
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" STANDARD | DESGRIPTION
13 SEECIFICATION FOR PVC INSULATION AND SHEATH OF |
M3 138 ELECTRIC CABLES
MS 963 ILLUMINATED) (SECOND REVISION)
SPECIFICATIONFOR D
MS 925 ELECTRICAL MEASURING INSTRUMENTS AND THEIR

ACCESSSORIES

MS 619:PART 2-22

PARIICULAR REQUIREMENTS-LUMINAIRES FOR
EMERGENCY LIGHTING {FIRST REVISION)

MS 1202

SPECIFICATION FOR CURRENT TRANSFORMERS

MS 1597: PART 2-
80

HOUSEHULD AND SIMICAR ELEC TRICAL AFFLIANCES -
SAFETY - PART 2-80: PARTICULAR REQUIREMENTS FOR

FANS

MS 1220

PERFORMANCE AND CONSTRUCTION OF ELECTRIC
CIRCULATING FANS AND REGULATORS

MS 26: PART 2

METHODS OF TESTING CONCRETE PART 2 : METHODS
OF TESTING HARDENED CONCRETE

MS 274

SPE -
ELECTRICITY SUPPLY

MS 69

SPECIFICATIONTOR CONDUCTORS INTNSULATED
CABLES AND CORDS

MS 280

SPECIFICATION FOR COPPER FOR ELECTRICAL
PURPOSES, WIRE FOR GENERAL ELECTRICAL
PURPOSES FOR INSULATED CABLES AND FLEXIBLE
CORDS

MS 138

SPECIFICATION FOR PVC INSULATION AND SHEATH OF |
ELECTRIC CABLES

MS 275-1

o
METRIC THREADS OF iSO FORM FOR ELECTRICAL
INSTALLATION PART 1 : STEEL CONDUITS, BENDS &

MS 1534: PT 1

COUPLERS (INTERNATIONALLY ACCEPTABLE SIZES)

SPECIFITCATION FOR CONDUIT SYSTEMSFOR
ELECTRICAL INSTALLATION : PART 1 : GENERAL
REQUIREMENTS

MS 1934:7 12 /SECT

SPECIFICATION FOR CONDUIT SYSTEMS FOR
ELECTRICAL INSTALLATION :PART 2 : PARTICULAR
REQUIREMENTS :SECTION 1 ; RIGID CONDUIT SYSTEMS

]
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MS 616 ELECTRICAL INSTALLATION: PART 1 : GENERAL
REQUIREMENTS

MS 58¢ ADAPTORS AND CONNECTION UNITS ’
Sp CKET

MS 1577 FOR DOMESTIC AND SIMILAR PURPOSES
BOXES AND ENCLOSURES FOR ELFCTRICAL

MS 1873 ACCESSORIES FOR HOUSEHOLD AND SIMILAR FIXED
ELEGTRICAL INSTALLATION

MS 770 SPECIFICATION FOR CEILING ROSES

" SPECTFICATION FORBAYONET LAMPS - CAPS |

M3 76 LAMPHOLDERS AND B.C. ADAPTORS
SPECIFICATION FOR BALLASTS FOR TUBULAR

MS 141: PT 2 FLUORESCENT LAMPS : PART 2: PERFORMANCE
REQUIREMENTS

MS IEC 60038

IEC STANDARD VOLTAGES

MS IEC 60335-1

HOUSEHOLD AND SIMILAR ELECTRICAL APPLIANCES = |
SAFETY - PART 1: GENERAL REQUIREMENTS

IEC 61035-2-2

SPECIFICATION FOR CONDUIT FITTINGS FOR~ |
ELECTRICAL INSTALLATIONS - PART 2: PARTICULAR
SPECIFICATIONS - SECTION 2: CONDUIT FITTINGS OF
INSULATING MATERIAL

IEC 61035-2-3

MS IEC 50598-1
WS TEC 50508 2T

TUMNATRES PART 1: GENERAL REQUIREMENTS AND |
TEST(SECOND REVISION;

SPECIFICATION FOR CONDUIT FITTINGS FOR
ELECTRICAL INSTALLATIONS - PART 2: PARTICULAR
SPECIFICATIONS - SECTION 3: FITTINGS FOR FLEXIBLE
CONDUITS OF METAL, INSULATING OR COMPOSITE
MATERIALS AND FOR PLIABLE CONDUITS OF METAL OR

COMPOSITE MATERIALS

SECTION ONE: FIXED GENERAL PURPOSE LUMINAIﬁES

MS IEC 60598-2-2

CUMINAIRES PART 2! PARTICULAR
REQUIREMENTS.SECTION TWO: RECESSED LUMINAIRES

—
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LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR
ASSEMBLIES - PART 3: PARTICULAR REQUIREMENTS
FOR LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR
MS {EC 60439-3 ASSEMBLIES INTENDED TO BE INSTALLED IN PLACES
WHERE UNSKILLED PERSONS HAVE ACCESS FOR THEIR
USE - DISTRIBUTION BOARDS

LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR |
ASSEMBLIES - PART 5: PARTICULAR REQUIREMENTS FOR
MS IEC 60439-5 ASSEMBLIES INTENDED TO BE INSTALLED OUTDOORS IN
PUBLIC PLACES - CABLE DISTRIBUTION CABINETS (CDCS)
FOR POWER DISTRIBUTION IN NETWORKS

TABLE TRUNRING AND DUCTING SYSTEMS FOR

MS IEC 61084 ELECTRICAL INSTALLATION PART 1: GENERAL
REQUIREMENTS
CABLE TRAY SYSTEMS AND CABLE LADDER SYSTEMS
MS IEC 61537 FOR CABLE MANAGEMENT

SWITCHES FOR HOUSEHOLD AND SIMILAR FIXED

MS IEC 606601 ELECTRICAL INSTALLATION PART 1: GENERAL
REQUIREMENTS

SURGE PROTECTIVE DEVICES CONNECTED TO LOW-

MS IEC 61643-1 VOLTAGE POWER DISTRIBUTION SYSTEMS — PART 1:
PERFORMANCE REQUIREMENTS AND TESTING METHODS
MS IEC 609471 [OW-VOLTAGE SWITCHGEAR AND CONTROLGEAR —
PART 1 : GENERAL RULES

WS IEC 609472 TOW-VOLTAGE SWiiGHGEAR AND CONTOLGEAR - PART
2: CIRCUIT-BREAKERS

[OW-VOLTAGE SWITCHGEAR AND CONTROLGEAR-PART |
MS IEC 60947-3 3: SWITCHES, DISCONNECTORS, SWITCH-
DISCONNECTORS AND FUSE-COMBINATION UNITS

PART 4-1: CONTACTORS AND MOTOR- STARTERS -
ELECTROMECHANICAIL. CONTACTORS AND MOTOR-

STARTERS

e —
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MSIEC 604391

LOW-VOLTAGE SWITCHGEAR AND
CONTROLGEAR ASSEMBLIES - PART 1:TYPE-TESTED
AND PARTIALLY TYPE-TESTED ASSEMBLIES

MS IEC 61643-12

LOW- -

SURGE PROTECTIVE DEVICES CONNECTED TO LOW-
VOLTAGE PCWER DISTRIBUTION SYSTEMS — SELECTION
AND APPLICATION PRINGIPLES

M3 IEC 61643-331

COMPONENTS FOR LOWVOLTAGE SURGE PROTECTIVE |
DEVICES - PART 331; SPECIFICATION FOR METAL OXIDE

VARISTORS (MOV)

MS IEC 61643-311

COMPONENTS FOR LOW-VOLTAGE SURGE PROTECTIVE
DEVICES - PART 311: SPECIFICATION FOR GAS
DISCHARGE TUBES (GDT)

PERATURAN-PERATURAN ELEKTRIK 1994

MS iEC 60364-5-54

ELECTRICAL INSTALLATION OF BUILDINGS — PART 5-84:
SELECTION AND ERECTION OF ELECTRICAL EQUIPMENT:
EARTHING ARRANGEMENTS, PROTECTIVE CONDUCTORS

AND PROTECTIVE BONDING CONDUCTORS

M3 IEC 60364-5-52

ELECTRICAL INSTALLATION OF BUILDINGS -PART 5-52:
SELECTION AND ERECTION OF ELECTRICAL EQUIPMENT
- WIRING SYSTEMS

MS IEC 60439-2

LOW-VOLTAGE SWITCHGEAR ANDCONTROLGEAR
ASSEMBLIES —PART 2 : PARTICULAR REQUIREMENTS
FORBUSBAR TRUNKING SYSTEMS

MS IEC 60928

SPECIFICATION FORA.CSUFPLIED' ELECTRONIC |
BALLASTS FOR TUBULAR FLUORESCENT LAMPS-
GENERAL AND SAFETY REQUIREMENTS.

MS IEC 60928

SPECIFICATION FOR A.C SUPPLIED ELECTRONIC
BALLASTS FOR TUBULAR FLUORESCENT LAMPS-
PERFORMANCE REQUIREMENTS.

MS IEC 61184

BAYONET LAMPHOLDERS

MS IEC 61000-3-2

ELECTROMAGNETIC COMPATIBILITY (EMC) - PART 3
LIMITS - SECTION 2 ; LIMITS FOR HARMONIC CURRENT

EMISIONS (EQUIPMENT INPUT CURRENT LESS THAN AND
EQUAL TO 16A PER PHASE)
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STANDARD | PESCRIPTION
AUXILIARIES FOR |LANPS - CAPACITORS FOR USE IN
MS IEC 81048 TUBULAR FLUCRESCENT AND OTHER DISCHARGE LAMP
CIRCUITS - GENERAL AND SAFETY REQUIREMENTS
CAPACITORS FOR USE IN TUBULAR FLUORESCENT AND
MSIEC 61049 OTHER DISCHARGE LAMP CIRCUITS PERFORMANCE
REQUIREMENTS
MS IEC 60155 GLOW-STARTERS FOR FLUCRESCENT LAMPS
LAMPHCOLDERS FOR TUBULAR FLUORESCENT LAMPS AND
MS IEC 80400

STARTERHOLDERS (FIRST REVISION)

LAMP CONTROL GEAR-

PART 1:GENERAL AND SAFETY REQUIREMENTS

LAMP CONTROL GEAR-PART 2-3:PARTICULAR

MS IEC 61347-2-3 | REQUIREMENTS FOR A.C SUPPLIED ELECTRONIC
BALLASTA FOR FLUORESCENT LAMPS

[AMF CONTROLGEAR —PART Z-B PARTICULAR

MS [EC 61347-2-8 | REQUIREMENTS FOR BALLASATS FOR FLUORESCENT
LAMPS

MS [EC 61000 ELECTROMAGNETIC COMPATIBILITY (EMC)

RES

WITHOUT INTEGRAL OVERCURRENT PROTECTION FOR
MS IEC 61008-1 HOUSEHOLD AND SIMILAR USES (RCCBs) - PART 1:
GENERAL RULES

RESIDUAL GURRENT OPERATED GIRGUIT- BREAKERS
WITHOUT INTEGRAL OVERCURRENT PROTECTION FOR
MS IEC 61008-2-1 | HOUSEHOLD AND SIMILAR USES (RCCB's) -PART 2-1
APPLICABILITY OF THE GENERAL RULES TO RCCB's

FUNCTIONALLY INDEPENDENT OF LINE VOLTAGE

MS IEC 613471

MS TEC 610081 -
INTEGRAL OVERCURRENT PROTECTION FOR HOUSEHOLD

AND SIMILAR USES (RCBOs) - PART 1. GENERAL RULES

INTEGRAL OVERCURRENT PROTECTION FOR HOUSEHOLD
AND SIMILAR USES (RCBOS) —PART 2-1: APPLICABILITY
OFTHE GENERAL RULES TO RCBOS FUNCTIONALLY
INDEPENDENT OF LINE YOLTAGE

——— e ——— e
— e
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{L=81) Date: Jan 2018
$ection Revision: 3
SECTION: LIST OF STANDARD
21.0
Page: $21-60f10
STANDARD DESCRIPTION

ELECTRICAL ACCE SSURIES - CIRCUIT-BREARERS FOR
OVERCURRENT PROTECTION FOR HOUSEH OLD AND
MS IEC 60898-1 SIMILAR INSTALLATIONS - PART 1: CIRCUIT-BREAKERS

' FOR A.C. OPERATION
CIRCUTT-BREAKERS FOR OVERCURRENT PROTEGTION |
MS IEC 60898-2 FOR HOUSEHOLD AND SIMILAR INSTALLATIONS - PART
2:CIRCUIT-BREAKERS FOR A.C. AND D.C. OPERATION

PROTECTION AGAINST LIGHTNING - PART 1: GENERAL

MS IEC 62305 PRINCIPLES (FIRST REVISION)
MS IEC 60838 MISCELLANEOUS LAMPHOLDERS
MS IEC 60238 EDISON SCREW LAMPHOLDERS (FIRST REVISION)
o 600441 INSTRUMENT TRANSFORMERS - PART 1: CURRENT
- TRANSFORMERS
o 60061 DIRECT ACTING INDIGATING ANALOGUE ELECTRICAL
MEASURING INSTRUMENTS AND THEIR ACCESSORIES
— ELECTRICAL AND ELECTRONIC MEASUREMENT

EQUIPMENT - EXPRESSION OF PERFORMANCE

IEC 60255 MEASURING RELAYS AND PROTECTION EQUIPMENT
LOW-VOLTAGE FUSES - PART 1: GENERAL
REQUIREMENTS

BASIC AND SAFETY PRINCIPLES FOR MAN-MACHINE
INTERFACE, MARKING AND IDENTIFICATION -

IEC 60445 IDENTIFICATION OF EQUIPMENT TERMINALS, CONDUCTOR
TERMINATIONS AND CONDUCTORS

LOW-VOLTAGE SWITCHGEAR AND CONTROLGEAR — PART
IEC 60947-6-1 6-1: MULTIPLE FUNCTION EQUIPMENT- TRANSFER
SWITCHING EQUIPMENT

LUMINAIRES —

IEC 60598-2-22 PART 2-22: PARTICULAR REQUIREMENTS - LUMINAIRES
FOR EMERGENCY LIGHTING '

MS IEC 80520 ﬁggggllf_j OF PROTECTION PROVIDED BY ENCLOSURES

IEC 60289

i
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Section Revision: 3
SECTION: LIST OF STANDARD
21.0
Page: 521 -7 of 10
STANDARD DESCRIPTION
FOWER CABLES WITH EXTRUDED NSULATTONAND THEIR |
IEC 60502 ACCESSORIES FOR RATED VOLTAGES FROM 1 KV (UM =
1,2 KV) UP TO 30 KV (UM =36 KV)
e 80702 MINERAL INSULATED CABLES AND THEIR TERMINATIONS
WITH A RATED VOLTAGE NOT EXCEEDING 750 V
TESTS FOR ELECTRIC CABLES UNDER FIRE CONDITIONS -
IEC 50331 CIRGUIT INTEGRITY
TESTS ON ELECTRIC AND OPTICAL FIBRE CABLES UNDER
IEC 60332-1 FIRE CONDITIONS.
TESTS ON ELECTRIC AND OPTICAL FIBRE CABLES UNDER
IEC 60332-3 FIRE CONDITIONS
MEASUREMENT OF SMORE BENSTTY OF CABLES BURNING |
IEC 61034 UNDER DEFINED CONDITIONS
L: -
DIAMETERS OF CONDUITS FOR ELECTRICAL
IEC 60423 INSTALLATION {L-51)S AND THREADS FOR CONDUITS AND
FITTINGS
CONDUIT SYSTEMS FOR CABLE MANAGEMENT -PART 47|
IEC 61366-1 GENERAL REQUIREMENTS
CONDUIT SYSTENS FOR CABLE MANAGEMENT - PART 21:
IEC 61386-21 PARTICULAR REQUIREMENTS - RIGID CONDUIT SYSTEMS
CONDUIT FOR ELECTRICAL INSTALLATION SPECIFICATION
IEC 60614-1
PART 1
CONDUIT FOR ELEGTRICAL INSTALLATION. PARTICULAR
IEC 60614-2-2 SPECIFICATIONS. SPECIFICATIONS FOR RIGID PLAIN
CONDUITS OF INSULATING MATERIAL
BOXES AND ENCLOSURES FOR ELECTRICAL
ACCESSORIES FOR HOUSEHOLD AND SIMILAR FIXED
IEC 606701 ELECTRICAL iNSTALLATION {L-§1)S - PART 1: GENERAL
REQUIREMENTS
SINGLE-GAPPED FLUORESCENT LAMPS - PERFORMANCE
IEC 60901 SPECIFICATIONS
SINGIE-CAPPED FLUORESCENT TAMPS - SAFETY
IEC 61189 SPECIFICATIONS

e
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ELECTRICAL INSTALLATION

{L-S1} Date: Jan 2013

Section Revision: 3

SECTION: LIST OF STANDARD
21.0

Page: 521 -8 of 10

"STANDARD BESCRIPTION

SELF-BALLASTED LAMPS FOR GENERAL LIGHTING
IEC 60968 SERVICES - SAFETY REQUIREMENTS
SELF-BALLASTED LAMPS FOR GENERAL LIGHTING
SERVICES - PERFORMANCE REQUIREMENTS
AT MOTOR CAPACITORS - PART T GENERAL -
PERFORMANGCE, TESTING AND RATING - SAFETY
IEC 60252-1 REQUIREMENTS - GUIDANCE FOR INSTALLATION AND
OPERATION
SAFETY REQUIREMENTS FOR ELECTRICAL EQUIPMENT
IEC 610101 FOR MEASUREMENT, CONTROL, AND LABORATORY USE -
PART 1: GENERAL REQUIREMENTS
ELECTRICAL SAFETY INLOW VOLTAGE DISTRIBUTION
SYSTEMS UP TO 1 000 V A.C. AND 1 500 V D.C. -
IEC 61557-1 EQUIPMENT FOR TESTING, MEASURING OR MONITORING
OF PROTECTIVE MEASURES - PART 1: GENERAL
REQUIREMENTS
L OW-VOLTAGE ELEGTRICAL INSTALLATION - PART 6

VERIFICATION

DOUBLE-CAPPED FLUCRESCENT LAMPS -
PERFORMANCE SPECIFICATIONS (IEC 60081:2003, iDT)

DOURLE - CAPPED FLUORESCENT LAMPS - SAFETY

SPECIFICATIONS (IEC 61195 : 1999, IDT)

TEST ON GASES EVOLVED DURING COMBUSTION OF
ELECTRIC CABLES - PART 2: DETERMINATION OF

IEC 60754-2 DEGREE OF ACIDITY OF GASES EVOLVED DURING THE
COMBUSTION OF MATERIALS TAKEN FROM ELECTRIC
CABLES BY MEASURING PH AND CONDUCTIVITY
SPECIFICATION FOR CONDUIT FITTINGS FOR

IEG 61035-1 ELECTRICAL INSTALLATION PART 1: GENERAL
REQUIREMENTS.
SPECIFICATION FOR CONDUIT FITTINGS FOR

IEC 61035-2-1 ELECTRICAL INSTALLATION PART 2: PARTICULAR
SPECIFICATIONS - SECTION 1: METAL GONDUIT FITTINGS.
[EEEREC

IEEE Std C62.41.2 | OF SURGES IN LOW-VOLTAGE {1000 V AND LESS} AC
POWER CIRCUITS

IEC 60969

IEC 60364-6

MS IEC 60081

MS IEC 61185

e —
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SECTION:
21.0

Section Revision: 3

LIST OF STANDARD

Page: 8§21-90f10

STANDARD

DESCRIPTION

BS 5467

ELECTRIC CABLES, THERMOSETTING INSUCATED, |
ARMOURED CABLES FOR VOLTAGES OF 600/1000V AND
1900/3300 V

BS 6346

ELECTRIC CABLES. PVC INSULATED, ARMOURED CABLES
FOR VOIL.TAGES OF 600/1000 V AND 1900/3300 V

BS 6387

SrEls
CABLES REQUIRED TO MAINTAIN CIRCUIT INTEGRITY
UNDER FIRE CONDITIONS

BS EN 50086-1

SPEC
MANAGEMENT. GENERAL REQUIREMENTS

B3 1710

SFEC ATl
SERVICES

BS 4800

SCHEDULE OF PAINT COLOURS FOR BUILDING PURPOSES

BS 1322

SPECIFICATICN FOR AMINOPLASTIC MOULDING
MATERIALS

BS EN 13601

COPPER AND COPPER ALLOYS. COPPER ROD, BAR AND
WIRE FOR GENERAL ELECTRICAL PURPOSES

BS 7671

REQUIREMENTS FOR ELECTRICAL INSTALLATION

BS EN 55015

LIMITS AND METHODS OF MEASUREMENT OF RADIO
DISTURBANCE CHARACTERISTICS OF ELEGTRICAL
LIGHTING AND SIMILAR EQUIPMENT

BS EN 50262

CABLE GLANDS FOR ELECTRICAL INSTALLATION

{EC 60614-2-5

SPECIFICATIONS FOR CONDUITS FOR ELEGTRICAL
INSTALLATIONS - PART 2: PARTICULAR SPECIFICATIONS
FOR CONDUITS - SECTION 5: FLEXIBLE CONDUITS

MS 1873 PART 24

BOXES AND ENCLOSURES FOR ELECTRICAL
ACCESSORIES FOR HOUSEHOLD AND SIMILAR FIXED
ELECTRICAL INSTALLATIONS - PART 24; PARTICULAR
REQUIREMENTS FOR ENCLOSURES FOR HOUSING
PROTECTIVE DEVICES AND SIMILAR POWER CONSUMING

DEVICES (IEC 80870-24:20C5, IDT)

IEC 60670-24

BOXES AND ENCLOSURES FOR ELECTRICAL
ACCESSORIES FOR HOUSEHOLD AND SIMILAR FIXED
ELECTRICAL INSTALLATIONS - PART 24: PARTICULAR
REQUIREMENTS FOR ENCLOSURES FOR HOUSING
PROTECTIVE DEVICES AND SIMILAR POWER CONSUMING
DEVICES (IEC 60670-24:2005, |DT)

]
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SECTION:
21.0

Section Revision: 3

LIST OF STANDARD

Page: 521 -10 of 10

STANDARD

DESCRIPTION

MS 2112-3

ELEUTRIG CA
INSULATED CABLES OF RATED VOLTAGES UP TO AND
INCLUDING 450/750 V - PART 3: NON-SHEATHED CABLES
FOR FIXED WIRING

MS 2112-4

IEC 60658

IEC 62471

ELECTRIC CABLE AND WIRE - FOLYVINYL CHLORIDE {PVC] |
INSULATED CABLES OF RATED VOLTAGES UP TO AND
INCLUDING 450/750 V - PART 4: SHEATHED CABLES FOR
FIXED WIRING

CONVERTING A.C. AND D.C. ELECTRICAL QUANTITIES TO
ANALOGUE OR DIGITAL SIGNALS

SYSTEMS

TEC 61547

EQUIPMENT FOR GENERAL LIGHTING PURPOSES —EMC |
IMMUNITY REQUIREMENT

IEC 61347-2-13

[AVIP CONTRULGEAR — PART 2-137 PARTICULAR
REQUIREMENT FOR D.C. OR A.C. SUPPLIED ELECTRONIC
CONTROLGEAR FOR LED MCDULES

IEC 62384 DC OR AC SUPPLIED FOR CONTROL GEARFOR [ED |
MOCDULES — PERFORMANCE REQUIREMENT:!

[EC 62031 LED -
SPECIFICATIONS

iEC 60838-2-2 g
REQUIREMENTS — GONNECTORS FOR LED MODULES

[ESTM-79-08 AFPROVED NETHOD: ELECTRICAL AND FHOTONMETRIC., . |
MEASUREMENTS OF SOLID STATE LIGHTING PRODUCT.

TES LM-80-08 | :

OF LED LIGHT SOURCES

e
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SECTION CONTENT PAGE
1.0 General $1-1 of 1
20 Types of Cables $2-10f 2
3.0 Cable Routes 53-1 of 1
4.0 Length of Cable $4-1 of 1
50 Cable Trench $5-1 of 1
6.0 Cable Ducts S6-1 of 1
7.0 Traffic Safety and Control §7-1 of 1
8.0 Cabla Laying and Installation 88-1 of 7

8.1 Cable Laid Direct in Ground

8.2 Cable Installed in Cable Channel

8.3  Cable Run on Walls and Underfloor Slabs

8.4  Cable Run on Cable Tray

8.5 Cable Run on Cable Ladder
9.0 Cable Termination, Cable Jointing and Cable Lug S9-10of 7

9.1 Cable Termination for Armoured Cable

8.2  Cable Jointing

9.3 CablelLug

9.4  Bi-metal Cable Lug
10.0 Cable Markers S10-1 of 3
11.0 Testing and Commissloning S11-1 of 1

11,1 Test Instruments
11.2 Test and Test Cerlificates
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SECTION CONTENT PAGE
12,0 Service and Maintenance §12-1 of 1
13.0 Working Drawings, As Installed Drawings and §13-10f2

As Built Documents

13.1 Working Drawings

13.2 As Installed Drawings

13.3 As Built Documents

14.0 List of Standards S$14-1 0of 2
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1 Cable Lald Direct In Ground S8-2 0of 7
2 uPVC Cable Protective Cover 88-30of 7
3 Markings of Cable Lug §9-50f 7
4 Markings of Bi-Metal Cable Lugy §9-7 of 7
5 Cable Marker - Joint Sign & Lettering S10-10of 3
6 Cable Marker — Diractional Sign & Letter 310-2 of 3
7 Cable Marker — Construction S10-3 of 3
TABLE CONTENT PAGE
1 uPVC Cable Protective Cover Dimension S8-3of 7
2 Mok Cross Sectonsl Areaof
3 Material Specification for Gable Lug S9-4of7
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Page: S1-10f1

1.0 GENERAL
1.1 SCOPE

4.4.1 This section of the Specification describes and specifies requirements for the
supply, delivery, installation, testing, commissioning and handing over in
approved working order and maintenance during the Defects Liability Period of
the underground cabling works in accordance with the Conditions of Contracts,
Bill of Quantities, Drawings and other related documents.

1.2  STANDARDS

1.2.1  All standards shall conform to the latest Malaysia Standards (MS), International
Elecirotechnical Commission (IEC), MS IEC, British Standard (BS), and for BS

EN standard.
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21 TYPES OF CABLES
2.1  This specification shall cover the following types of cables: -

2.1.1 PVC/SWA/PYC Cable (Polyvinyl Chioride / Steel Wire Armoured / Polyvinyl Chloride}
- Cable shall be manufactured and tested in accordance with MS 2103. The conductors
shall be of Class 2 (stranded conductors) plain aluminium or plain annealed copper in
accordance with MS IEC 60228 insulated with polyvinyl chloride (PVC) suitable for a
voltage of 600/1000 V laid together and bedded with PVC, armoured with galvanised
steel wires and sheathed with PVC. The maximum conductor temperalures during
normal operation is 70°C in accordance with MS 2103. The conductor shall be of
annealed copper or else specified.

2.1.2 PVC/AWA/PVC Cable (Polyvinyl Chloride / Aluminium Wire Armoured / Polyvinyl
Chloride) - Cable shall be manufactured and tested in accordance with MS 2101. The
conductors shall be of Class 2 (stranded conductors} plain aluminium or piain annealed
copper in accordance with MS [EC 60228 insulated with polyvinyl chloride (PVC)
suitable for a voltage of 600/1000 V laid together and bedded with PVC, armoured with
aluminium wires and sheathed with PYC. The maximum conductor temperatures during
normal operation is 70°C in accordance with MS 2101. The conductor shall be of
annealed copper or else specified.

2.1.3 XLPE/SWA/PVC Cable (Cross-linked Polvethylene / Steel Wire Armoured / Polyvinyl
Chicride) - Cable shall be manufactured and tested in accordance with MS 2107 or IEC
60502-1. The conductors shall be of Class 2 (stranded conductors) plain aluminium or
plain anneaied copper in accordance with MS IEC 60228 insulated with cross-linked
polyethylene {XLPE), suitable for a voltage of 600/1000 V laid together and bedded
with extruded PVC, armoured with galvanised steel wires and sheathed with PVC. The
maximum conducter temperature during normal operation is 90°C in accordance with
IEC 60502-1. The conductor shall be of annealed copper or else specified.

2.1.4 XLPE/AWAIPVC Cable (Cross-iinked Polyethylene / Aluminium Wire Armoured /
Polyvinyl Chiloride) - Cable shall be manufactured and tested in accordance with MS
2105 and IEC 60502-1. The conductors shall be of Class 2 (stranded conductors} plain
aluminium or plain annealed copper in accordance with MS IEC 60228 insulated with
cross-linked polyethylene {XLPE), suitable for a voltage of 600/1000 V laid together
and bedded with extruded PVC, armoured with aluminium wires and sheathed with
PVC. The maximum conductor temperatures during normal operation is 90°C in
accordance with IEC 60502-1. The conductor shall be of annealed copper or else
specified.

- ————
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2.1.5 All cable shall be legibly and durable marked on the external surface of the cable with
at least the following elements;
a} Manufacturer's identification,
b) Voltage designation,
¢) Manufacturing year and the standard number.
d) Number of core (optional)
¢) Nominal cross-sectional area and type of cenductor (optional)

T e —I R —m
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3.0

3.1

3.2

CABLE ROUTES

Cable routes shown in the Drawings are for tendering purpose only. The Electrical
Contractor shall submit working drawings as required in Section 13.0 of the proposed
routes and peg out the cable routes for the approval of the 3.0/ 8.0's Representative
prior to excavation of the cable trenches. The work programme for excavation of
cable trenches, cable piping, laying of cables, reinstatement of trenches ete. shall be
submitted to the 8.0 / $.0's Representative for approval one week before execution
of the work.

The Electrical Contractor shall make available all necessary insurance or guarantee
and shall also ensure all approvals are obtained from relevant authorities prior to
commencing works. The Electrical Cantractor shall be responsibie in making good any
damage to buildings, tarmacs, pavements, concrete areas, slopes, drains, culverts,
pipes, etc. which had not been properly make good arising out of his work.

R R —— i ——
SPECIFICATION FOR LOW VOLTAGE UNDERGROUND CABLE



T

Dokumen Meja Terkawal

SPECIFICATION FOR LOW VOLTAGE
UNDERGROUND CABLE
(L-S3)

CKE.LS.01.03.(01).2020
Date Issued: April 1999

Revision: 1

Date: September 2020

Page: 54 =-10f 1

40 LENGTH OF CABLE

4.1 The length of cable each indicated in the Drawings and/or Bill of Quantities is for
tendering purpose only. The Electrical Contractor shall ascertain the length of each
cable required before ordering. Actual length of each cable installed shall be
measured on site and the Electrical Contractor shall be paid according to the unit rate
in the Contract. However, the rates guoted shall include wastage due to culting to

lengths, terminations, etc.
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5,0 CABLE TRENCH

5.1 Unless otherwise specified, cable trenches shall be 750mm depth below finished
ground level. The trenches shall be of sufficient width to enable provision of adeqguate
spacing between cables but in any case, shall be of minimum 450mm wide.

5.2  Trenches shall be kept as straight as possible and shall have vertical sides which
shall be protected where necessary to avoid subsidence and damage. The bottom of
the trenches shall be firm and of smooth contour and any other objects likely to
damage the cable sheathing shall be removed. The material excavated from the
trenches shall be placed or removed so as to prevent nuisance or damage to adjacent
areas or buildings.

5.3  The trench excavation and filling-in shall be exacuted that all roads, walls, sewers,
drains, pipes, cables, structures, eic. shall be reasonably secured against risk of
subsidence damage. Provision shall be made, during excavation and until interim
restoration has been completed, for reasonable access of persons and vehicles to
the areas of buildings adjacent to the trenches.

5.4  The Electrical Contractor shall provide pumps and other appliances for the necessary
pumping required for the disposal of water to prevent any risk of the cables and other
materials to be laid in the frenches being detrimentally affected. Where necessary,
bailing shall be provided.

5.5  Where trenches pass from a footway to a roadway or at other positions where a change
of level is necessary, the bottom of the trench shall rise or fall gradually as per .G /
$.0's Representative approval.

]
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6.0 CABLE DUCTS

6.1 At road crossings, sewerage pipe crossings, water pipe crossings, paved areas,
concrete areas, and where specified by the 8.0 / S.0's Representative, cables shall
be protected by heavy duty galvanised iron class B or class C (Road work), or heavy
duty uPVC Class D or High-Density Polyethylene (MDPE) PN10 pipes buried to a
depth of 900mm below finished ground level. The pipes shall be of heavy-duty type,
complying with MS 863 or MS 628 or MS 1058 respectively and complete with
screwed and socketed joints. Unless otherwise specified the pipes shall be 150mm in
diameter, Where it is necessary to cross drains, culverts or similar obstructions, which
is too deep for the cables to be buried below, galvanised iron class B or uPVC class
D pipes as specified above shall be provided. All ducts shall be extended at least
600mm beyond paved areas, concrete areas, drains, road crossings, pipe crossings,
etc.

6.2 Cable enteting a building shall be protected by heavy duty galvanised iron class B or
or heavy-duty uPVC class D or High-Density Polyethylene (HDPE) PN10 or
complying with MS 863 or MS 628 or MS 1058 respectively as specified of 150mm In
diameter completed with bend pieces, and buried under the ground beam. The ducts
shall be installed with a gradient to drain away any water in the ducts. All ducts passing
through walls shall be effectively sealed and made water resistant internally (in
between cables) and externally (in between pipes).

6.3 The number of cables installed in each duct shall be such that the space factor shall
be of maximum 40%. A draw wire shall be provided for each duct.
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7.0 TRAFFIC SAFETY AND CONTROL

7.1 When work is being carried out beside any public road or other existing road,
appropriate temporary signage for waming signs shall be erected by the Electrical
Contractor. The form, placing and light of the temporary signs must comply with all
local and national regulations, Arahan Teknik Jalan JKR and safety codes for road
works.

7.2  Where it is necessary for any trench, pit or manhole to be left open overnight, ample
flashing lights (blinkers) shall be placed at each end and at intervals not greater than
10 metres. In built up areas batricades shall be erected along the length of the trench
pit ar manhole in addition to flashing lights. Flag-men shall be stationed at strategic
locations to control prevailing traffic. Where necessary or as directed by the 8.0 /
S.0’s Representative.

T T —
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8.0 CABLE LAYING AND INSTALLATION

8.0.1 All cables shall be handled, laid and installed according fo this specification, MS [EC
£0364-5-52 and cable manufacturer's recommendations by using proper installation
equipment and tools.

8.0.2 All cables shall be supplied in complete length to suit the circuits they serve, and no
straight through joints shall be used. Straight through joints or other approved joints in
the cable, will only be permitted in very exceptional circumstances such as arising
from unavoidable limitations in manufacturing length. If straight through joints or other
approved joints is permitted, the cost of such joints shall be borned by the Electrical
Contractor. No joints in the cable will be allowed unless approved in writing by 5.0/
5.0's Representative.

8.0.3 The minimum internal bending radius of the cable shall be of minimum 12 times the
overall diameter of the cable. Wherever cables are cut, the ends shall be immediately
sealed in an approved manner unless it is intended to proceed with cable jointing for
termination straight away.,

8.0.4 No cable shall be laid and covered up in the absence of the S.O / 8.0's
Representative.

T T T ——5
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8.1 CABLE LAID DIRECT IN GROUND

8.1.1 Before cable is laid, the trench shall be thoroughly inspected, any debris and sharp
objects shall be remcved. The bottom of the trench shall be covered with a layer of
75mm of washed river sand. The cables shall then be laid on this bedding in an orderly
manner without overlapping and crossing each other. After laying the cables, a layer
of 75mm of washed river sand shall cover the cables and carefully spread over the
trench before placing the cable protective covers as shown in Figure 1.

proud

Ground Level

=

6mm Diameter

750mm Orange Nylon Rope
1T 300mm -+
+ Brick/uPVC Cable

S A Protective Cover
75mm ety

+H . Cable
75 ;)

mm Washed River
Sand
: 450mm ]
(min)

Figure 1: Cable Laid Direct In Ground
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8.1.2 Unless otherwise specified, uPVC cable protective covers complying with BS EN
12613 shall be of polyvinylchloride without plasticizer type with specific density
between 1.37g/cm? to 1.42g/cm® as shown in Figure 2, Figure 3 and Table 1 approved
by the S.0 / S.0's Representative. The uPVC cover shall be resistant {o aggressive
soils and of dimension 150mm / 250mm wide and 1000mm long. The covers shall be
single coloured green and top side shall be embossed with standard danger sign and
bold letters “BAHAYAl KABEL ELEKTRIK DI BAWAH". The covers shall be
provided with male and female interlocking device. The covers are laid together
lengthwise from end to end along the entire cable route and they are held together
tightly by the interlocking device. At least 25 mm overhang on each side of the cable
shall be provided to protect the cable underneath.

Locking device e Emmboszged lettering
X

- 1

444 DBAMAYA 1 KADEL ELERTRIK DI BAWAH 544 (¢ &

Thickness t = 2.0mm
SECTION x—=x
Figure 2: uPVC Cable Protective Cover

SIZE (mm) a b c d {
150/1000 150 1000 35 50 2.0
250/1000 250 1000 60 100 2.0

Table 1 ;: uPVC Cabhle Protective Cover Dimension

SPECIFICATION FOR LOW VOLTAGE UNDERGROUND CABLE
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8.1.3 ifthe cable protective covers are of clay bricks, the bricks shall be new, weil burnt and
in complete pieces. They shall be laid lengthwise from end to end along the entire
route of the underground cable if the cable size is not more than 120mm?, For cable
size more than 120mm?, more than one row of the bricks shall be laid. Each shall be
separately protected by these bricks and the cover shall have at least 25mm overhang
on each side of the cable.

8.1.4 The trench shail then be backfilied with earth and shaill be consolidated after every
150 mm of backfiling using a mechanical rammer / compactor. Multi-strand orange
nylon rope of minimum (six) & mm diameter shall be laid at a depth of 300mm along
the trench to identify the cable route. At every 10 meters interval, an extra (fwo) 2
meters length of nylon rope shall be coiled. The finished surface shali be left proud by
50mm to allow for subsidence and the Elecirical Contractor shall be responsible for
the removal of any surplus to a posifion indicated by the §.0 / 5.0's Representative.

8.1.5 The surface of the refilied trench shall be temporarily reinstated and maintained in a
thoroughly safe condition until complete consctidation of the soil is achieved. As soon
as the soil has consolidated, the trenches shall be made good to the original conditions
to the satisfaction of the 5.0 / 5.0's Representative.

SPECGIFICATION FOR LOW VOLTAGE UNDERGROUND CABLE
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8.2 CABLEINSTALLED IN CABLE CHANNEL

8.2.1 Method of installation of cables in cable channel shall be in accordance with Method
in Table A.62.3 of MS {EC 60384-5-52,

8.2.2 Cables laid at the bottom of the trenches shall be in accordance with Table A.52.3 of
MS IEC 80364-5-52.

8.2.3 The trenches inside the buitdings shall be filled with washed river sand above cable
ducts.
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8.3 CABLE RUN ON WALLS AND UNDER FLOOR SLABS

8.3.1 Cable run on walls and under floor slabs shall be mounted on perforated hot dipped
galvanised sheet steel cable trays or cable ladders. Method of installation of the cables
shall be in accordance with Table A.52.3 of MS IEC 60364-5-52. The construction and
finished of the cable trays or cable ladders and the method of installation of the cables
on the cable trays shall be as described in |.-81 Specification.

8.4 CABLE RUN ON CABLE TRAY

8.4.1 The cable iray system shall comply with MS IEC 61537 and shall be fabricated from
perforated hot dipped galvanized sheet steel complete with all necessary bends, tee
pieces, adaptors and other accessories. The perforated hot dipped galvanised sheet
steel cable trays shall be minimum of {two} 2.0mm thickness. The hangers, brackets
and other suspending and supporting structures shall be hot dipped galvanized. All
brackets shall be securely fastened with steel raw bolts and nuts. Samples of cable tray
and bracket shall be submitted to the S.0 / 8.0's Representative for approval ptior to
installation.

8.4.2 The cable trays shall be suspended from floor slabs by hangers or mounted on wail by
brackets at 600mm interval.

8.4.3 Whenever cable trays pass through fioors or fire-resistant walls, the cables shall be
sealed with fire resisting barrier of non-hygroscopic fire-resisting material at minimum
{two) 2-hour fire rating. The floor openings and wall openings shall also be sealed with
simiiar type of compound.

8.4.4 To provide electrical continuity, all cable tray joints shall be bridged by means of tinned
copper tape of dimension not less than 25 mm x 3 mm.

8.4.5 The minimum bending radius shall be not less than 12 times the cable overall diameter
and steel bend spagcing not more than 500mm for vertical run and 1000mm for horizontal
run. Al steel bend complying with BS EN 61914 for cables on cable trays shall be
installed by bolts, washers and nuts. All cable tray tees, intersection units, adaptor units
etc. shall be factory manufactiured.

SPECIFICATION FOR LOW VOLTAGE UNDERGROUND CABLE
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8.5 CABLE RUN ON CABLE LADDER

8.5.1 Cable ladder system shall comply with MS |IEC 61537 and fabricated from mild steel
and finished in hot-dipped galvanised steel complete with ali necessary horizontal
eibow, horizontal tee, horizontal cross, reducer straight, outside riser, inside riser,
reducer left, reducer right, cable clamp, cantitever arm, hold down clip/clamp, hanger
bar, vertical bar for welded type and horizontal splice plate for screwed type. The sheet
stee! shall be minimum of (fwo) 2.0mm thickness.

8.5.2 Cable ladder may either be suspended from floor slabs by hangers or mounted on walls
or vertical structure by cantilever arm. Cable ladder shall be supported rigidly and
adequately by external spring hangers mounted on channel base. The cable ladder shall
be supported at maximum intervals of 3000mm for vertical runs and 1500mm for
horizontal runs so that the cabie ladder will not be in contact with the wali or floor slab
surfaces. The spring hangers shall be supplied by the cable ladder manufacturer. All
supports, hangers and structures shall be robust in construction and adequately
installed to cater for the weights of the cables and ladder supported on them so that
cable ladder and cables will not sag.

8.5.3 All cable ladder joints shall be bridged by means of tinned copper tape of dimension not
less than 25mm x 3mm for electrical continuity.

854 Minimum bending radius shall be not less than 12 times the cable overall diameter and
steel bend spacing not more than 500mm for vertical run and 1000mm for horizontal
run. All steel bend complying with BS EN 61914 for cables on cable ladder shall be
installed by bolts, washers and nuts. All cable ladder tees, intersection units, adaptor
units, etc. shall be factory manufactured.
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9.0

8.0.1

CABLE TERMINATION, CABLE JOINTING AND CABLE LUG

All cable termination and jointing works shall only be carried out in the presence of the
5.0/ S.0's Representative. A plastic laminated plate engraved with details such as size
of cable, number of core, date of commissioning, date of jointing, length of cable,
distance of cable joint, etc. shall be securely fixed near the termination. All cable
terminations and jointing shall be undertaken by Certified Cable Jointer (PK1) as
prescribed in Electricity Regulations 1994. The Electrical Contracior shall submit the
certificate of Certified Cabie Jointer to 5.0 / 5.0’s Representative.
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9.1 CABLE TERMINATION FOR ARMOURED CABLE

9.1.1 PVC/ISWA/PVC, PVC/AWA/PVC, XLPE/SWA/PVC and XLPE/AWA/PVC cable shall
be provided with compression cable gland for termination.

9.1.2 Cable glands shall be installed for termination of armoured cables. It shall be
mechanical type complying with BS EN 50262. Each cable gland shall be installed
with back nuts (lock nuts) for plain hole fixing.

8.1.3 Cable gland shall be installed for termination of steel armoured multicore cables and
shall comply with BS EN 50262. The cross sectional of a protective conductor
connecting a gland earth tag washer to the switchboard earthing bar shail be selected
in accordance with Table 54.3 of MS |IEC 60364-5-564 (Table 2).

Cross- Minimum cross-sectional area of the
sectional area corresponding protective conductor
of line (mmy
conductor S If the :
protective
I_f the protective cond_uctor conductor is not of the
(mm)? is of the same material as same materlal
the fine conductor as the line conductor
Ky
S <16 s xS
kkz
s §
16 < § < 35 16 x16
ks
A ki 8
$ >35 5 k_z x 3

Table 2: Minimum Cross=Sectional Area of Protective Conductors

9.1.4 The heat shrinkable termination materials used shall be supplied in a complete kit to
suit various sizes of cable and to provide stress control, non-tracking and
environmentally sealed fermination. It shall consist of high permittivity, high resistivity,
heat shrinkable, stress control, UV stable, non-tracking polymetic materials and heat
activated sealant to prevent ingress of moisture and contamination. The termination
shall meet the sequence test of IEC 60112 and the conductors shall be identified by
colour.

9.1.5 Protective conductor for single core aluminium wire armoured undarground cables shall
be of aluminium braided type.
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9.2  CABLE JOINTING

921 The type of cable boxes, compound and jointing materials used shall be factory
manufactured. Cast iron joint boxes shall be used, and all jointing kits shall be
approved by the S.0 / 5.0's Representative before joints being carried out. Every
cable joint shall be started and finished on the same day. Whenever cables are to be
jointed openly during wet weather conditions, the Electrical Centractor shall take all
necessary precautions to prevent moisture getting into the cables. Phasing and
Insulation Resistance tesis shall be carried out and witness by 5.0 / 8.0's
Representative before jointing is commenced.

9.2.2 Core numbers printed on the papers shall be observed when jointing and whenever
possible such numbers shail be maintained throughout the system. Gore number '0’,
'{', '2" and '3' shali denote as neutral, red, yellow and blue phases respectively. In the
case of two core cables, number '1' shall denote the phase conductor and '0' the
neutral. Crossing of core in the boxes shall be avoided wherever possible but
connections shall be consistent with the foregoing requirements. The jointing of cables
shall be undertaken by Certified Cable Jointer (PKI) as prescribed in Electricity
Regulations 1994. The Electrical Contractor shall submit the certificate of Certified
Cable Jointer fo 8.0 7 8.0's Representative.

SPECIFICATION FOR LOW VOLTAGE UNDERGROUND CABLE
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9.3 CABLELUG
8.3,1 Cable lug shall comply with MS 1540.

9.3.2 The copper material for the cable lug shall comply with the following specifications:

Description Speclfication
Material type Copper
Electrolytic Tough Pitch Copper
Grade of copper (ETP Grade)
Electrical conductivity of a
coppar 99% IACS
Purity of copper 99.9%

Note: ®JACS - Internationat Annealed Copper Standard
Table 3: Materlal Specification for Cable Lug

9.3.3 The finishing for the cable lug shall comply with the following specifications:

Description Specification
Finishing type Electro tin plating
Purity of tin 99%

Minimum thickness of tin 3 micron

plating

Table 4: Finishing Specification for Cable Lug

SPECIFICATION FOR LOW VOL.TAGE UNDERGROUND CABLE
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934

The cable lug shall be clearly marked by stamping the conductor size on the palm of
the cable lug, as shown in Figure 3:

g
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-
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Legend

1
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3

SPECIFICATION FOR LOW VOLTAGE UNDERGROUND CABLE

Manufacturer's symbol representation {for the minimum cable size of 70mm? and
above)
Conductor size 120mm?

Cable lug material and corresponding cable material type (for the minimum cable
size of 70mm? and above

Figure 3: Markings of Cable Lug



Dokumen Meja Terkawal

CKE.LS.01.03.(01).2020
Date Issued: April 1999

SPECIFICATION FOR LOW VOLTAGE | Revision: 1
UNDERGROUND CABLE
(L-S3) Date: September 2020

Page: §3-60f 7

ey,

9.4 BI-METAL CABLE LUG
94.1 Cabie lug used for aluminium armoured cables termination shall be of bimetal type.

9.4.2 Connector comprising a copper palm, friction welding to an aluminium barrei, for
connecting aluminium conductor to an equipment copper terminal. The bi-metal cable
lugs mentioned in MS 2584, applies to crimp type bi-metal lugs for low voltage
applications.

9.4.3 The copper material for the bi-metal cable lug shall comply with the following

specifications: -
Description Specification
Grade of Copper Electrolytic Tough - Pitch (ETP)
Electrical conductivity of copper 299% IAGCS®
Purity Of Copper 98% IACS?
Finishing Natural

Note: 2IACS - International Annealed Copper Standard
Table 5: Material Specification for Copper Bi-Metal Cable Lug

9.4.4 The aluminium barrel shall comply with the following specifications: -

Description Specification
Grade of Aluminium 1050-0
Purity Of Aluminium Minimum 29.5%

Finishing Natural

Table 8: Material Specification for Aluminium Barrel Bi-Metal Cable Lug

SPECIFICATION FOR LOW VOLTAGE UNDERGROUND CABLE
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9.4.5 Bi-metal cable lug shall be clearly marked by stamping tha conductor size, model or
part humber and manufacturer's marking o symbol as per Figure 4.

8,4.6 Additionaliy, the barrel of the bi-metal cable lugs shall be embossed or printed with the
name of manufacturer. Marked on the barrel as shown in figure 4:

s s
e %
IR KKKK
RN __,/ i
N e .
l.egend
A Manufacturer's marking or symbol
150 Conductor size 150mm?
KKKK Name of manufacturer

Figure 4: Markings of Bi-Metal Cable Lug
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10.0 CABLE MARKERS

10.0.1 Cable marker with lettering and sign as shown in Figure 5 and Figure 6 shall be
provided by the Electrical Contractor at every change in direction of underground cabie
routes and at every 15m on straight run. Cable markers shall be of heavy duty
reinforced concrete construction. The cable marker and its actual locations shall be
approved by the 5.0/ §.0's Representative.

10.0.2 The cable marker shail be of trapezoidal block with 100mm square top face, 150mm
square bottorm face and 400mm in height as shown in Figure 7. The top face shall be
indented with bold lettering 'L.V. and directional sign indicating the direction/directions
of the cabie route. The lettering and directional sign shall be fully painted orange
colour. The cable marker shall be buried to a depth of 300mm. Cable joint marker of
similar conatruction but with the lettering and sign as shown in Figure 7 shall be
provided and installed at every cable joint in the similar manner.

Lettering: 40mm {H) x 30mm {L} x 10mm (W)} x Smm (D)

H) =

Figure 5: Cable Marker — Joint Sign & Lettering
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Lettering: 40mm (H) x 30mm (L) x 10mm (W) x 5mm (D)
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Figure 6: Cable Marker- Directional Sign & Letter
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4 noa. Bmun i, steal har

4 noa. lOmim dia. wtes]l bar

|._150 mm_{

SECTION X—X

Figure 7: Cable Marker — Construction

Naote:
1. All covers to be 40mm (W)
2. Grade 20 (1:2:4) concrete 20mm (3/4) aggregate

SPECIFICATION FOR LOW VOLTAGE UNDERGROUND CABLE
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11.0

111

1111

11.1.2

11.2

11.2.1

11.2.2

SPECIFICATION FOR LOW VOLTAGE UNDERGROUND CABLE

TESTING AND COMMISSIONING
TEST INSTRUMENTS

All measuring and test instruments used for testing and commissioning of the instaliations
shall be regularly tested and calibrated by the manufacturers or accredited calibration
laboratories for their functionality and accuracy. Test and Calibration Reports or
Certificates for the measuring and test instruments issued by the calibration laboratory
shall be valid for two (2) years from the date of issuance.

The instruments and their Test and Calibration Reporis or Certificates shall be submitied
to S.0 / 5.0’s Representative for verification two {2} weeks before tesfing of the
installations being carried out. No test on the installations shall be carried out without
prior approval of the 5.0 / 5.0's Representative. Notwithstanding the validity of the
aforesaid Reports or Certificates the measuring and test instruments shall be re-
calibrated if so required by the S.0 / 8.0’s Representative after any mechanical or
electrical mishandling. Fee required for the testing and calibrating of the measuring and
test instruments is deemed to be included in the Contract.

TEST AND TEST CERTIFICATES

After the installation work has been completed and before Certificate of Practical
Completion is issued, the whole system shall be tested for compliance and petformance
as follows: -

11.2.1.1 Insulation Resistance Test
11.2.1.2 Continuity Test

The 3.0 / 8.0's Representative reserves the right to be present at all tests and the
Contractor shall give at least one week notice in writing to the 8.0 / 8.0’s Representative
for this purpose. In any case, no test shall be carried out without prior approval of the 5.0
! 8.0's Representative. A copy of test results certified by competent person shall be
submitted to the 8.0 / 8.C's Representative. Copies of all the test certificates together
with As Installed Drawings properly bound and titled shall be submitted to the S.0/8.0's
Representative within one week after the completion of the testing.
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12.0 SERVICE AND MAINTENANCE

12.1  During the Defects Liability Period, the Contractor shall be responsible for the service
and maintenance work of the complete installation. All works shall be carried out by
competent person. All labour, material, tools and parts necessaty to rectify the defect
due to manufacturing or installation faults shall be supplied and/or executed at the
Contractor's cost.

12,2 The service and maintenance to be performed and defects io be reclified and making
good shall include but not limited to the following: -

12.2.1 Replace or make good any defective cables, cable joints and cable terminations
12.2.2 Replace any broken or defective cable markers

12.2.3 Making good any damage fo roads, buildings, drains, existing cables, pipes,
concrete areas, paved areas, slopes, drains, culverts etc. which had not been
properly made good arising out of his work; and

12.24 Any other works deemed necessary by the 8,0/ 8.0's Representative.

42.3 All works shall be carried out as socn as the Contractor is being informed by the 5.0 /
S.0’s Representative or the occupant, and shall be completed within a reasonable time
except under emergency situation. If the Contractor fails to comply with the above
requirements, the $.0 / 8.0's Representative reserves the right to engage another party
to carry out the work, in which case, the Contractor shall be responsible for all the
expenses incurred.

———— ]
SPECIFIGATION FOR LOW VOLTAGE UNDERGROUND CABLE
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13.0

131

13.2

WORKING DRAWINGS, AS INSTALLED DRAWINGS AND AS BUILT DOCUMENTS

WORKING DRAWINGS

Within 2 weeks after award of the Tender, the Electrical contractor shall submit to the
$.0 / 8.0's Representative for his appraval dimensiched generai arrangement and
section drawings of the equipment ordered. These drawings are to be submitted in
quadruplicate. The drawings submitted are to be modified if necessary as requested
by the 8.0/ 8.0’s Representative and re-submitted for final approval.

AS INSTALLED DRAWINGS

13.2.1 The as installed drawings shall comprise of. -

13.2.2

13.2.3

13.24

13.2.1.1 Site plan;

13.2.1.2 External cable routes;
13.2.1.3 Site and type of cables; and
13.2.1.4 Location and type of joint.

These drawings shall be labelled at the lower right hand corner with the Electrical
Contractor's name and address, date of commissioning, scale, drawing number {the
drawing number to be obtained from the S.0. / 8.0’s Representative), title and
following particulars: -

JABATAN KERJA RAYA
CAWANGAN KEJURUTERAAN ELEKTRIK
CONTRACT NO.:

If the drawings submitted are not according to the actual installation at site and/or not
acceptable to the 8.0 / S.0’s Representative, the Contractor shall amend and re-
submit the drawings within two weeks from the date of return of the drawings to the
satisfaction of the S.0 / 8.0’s Representative.

In addition, one (1) set of the as installed drawing shall be submitted in the form of
original document, and four (4} sets in physical digital storage.

SPECIFICATION FOR LOW VOLTAGE UNDERGROUND CABLE
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13.3 AS BUILT DOCUMENTS

13.3.1  As built document shall consist of but not limited to the as installed drawings, manuals,
certificates, catalogues and inventories. Manual and documents for the installation
shall be supplied. It shall comprise of: -

13.25.14 Inventories;
13.2.5.2 Product data and catalogue;
13.2.5.3 Product test certificates; and

13.254 Instailation test results.

13.2.6 Each of the as built documents shall be bound together with hard cover and submitted
in minimum four (4) sets upon issuance of Certificate of Practical Completion of the
project.

13.2.7 The cost of all these prints, manuals, tools etc. whether or not provided in the Bill of
Quantities, is deemed to be included in the Contract.

13.2.8 One set of the as installed drawing shall be properly framed up in the MSB Room.
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14.0  LIST OF STANDARDS

DESCRIPTION

BS EN 12613

Ptastics Warning Devices For Underground Cables And Plpellnes With
Visual Characlerlshcs (Brftlsh S!andard)

BS EN 61814

| Indlces'Of So'lld Insulatmg M'aterlals

1EC 605021

Cables For Rated Vo1tages Of 1 kv (Um 1.2 kV) And 3 kV (Um 3 6 kV)

Power Cables With Extruded Insulation And Their Accessories For Rated
Voltages From 1 k¥ (Um = 1.2 kV) Up To 30 kV (Um = 36 kV) — Part 1:

tio or Unplastlczsed PVC ((uPVC) Plpes For Water Supply s

MS 863

Non-Alloy Steel Tubes Suitable For Welding AndThreading — Technical
Dellvery Conditions

Polyethylene (PE) Piplng System For Wate:

MS 1540

Specification For The Material, Marking And Dimansions Of Crlmp Type

M82101 ':Insulated Cable _ Armoured

Cable Lugs For Use thh Copper Conductors In Low Voltage Applications

MS 2103

Electric Cable And Wire: 600/1000 (Um 1.2 kV)} Multi Core PVC
Insulated Cable — Armoured

WIS 2105 | Etectric Cable And Wire: ﬁoonooo (Um =1, 2 i(V) Slngie Core XLPE
M-IV insulated Cable = Armoured . FRNER

MS 2107

Electric Cable And Wire: 600/1000 {Um = 1.2 kV) Multi Core XLPE
Insulated Cable ~ Armoured

A SR “| Crimp Type Copper Aluminium Bi-Metal Lugs For Use With Compact -
MS 2584 > Appilcallons Specn‘” cahon For The Matenal Mark r:g, DlmenS|ons And

Copper Conductor In Single And Multi Core Power Cable In Low Voltage

Type Test.

SPECIFICATION FOR LOW VOLTAGE UNDERGROUND CABLE
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nr-_'scmpnon

MSIEC
60228

Conductors Of Insulated Cables

“MSIEC -
60364-5-52

| Electrical Instaliations. of Buildings - “Part 5- 52 Selectlon' And_Erectlon
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1.1

1.2

SCOPE

This section of the specification describes and specifies requirements for the
supply, delivery, installation, testing, commissioning, handing over in approved
working order and maintenance therecf during the Defects Liability Period {DLP) of
the whole lightning protection system {LPS) in accordance with the Specification,
Supplementary Notes, Bilis of Quantities, Conditions of Coniracts, Drawing etc.

The lightning protection system shall include air termination system, down
conductor system, joints and bonds, testing joints, lightning flash counter, earth
termination system, and other accessories incidental to the completion of the
whole system as specified in the Drawings and/or Bills of Quantities.

STANDARDS

Generally, methods and materials used for the construction and installation of the
LPS shall comply in accordance with MS IEC 62305:2007 and IEC 62561.
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2.1 CLASS OF LIGHTNING PROTECTION SYSTEM

Four classes of LPS (I to [V) are defined in MS |EC 62305-1 carresponding to
lightning protection levels as shown in Table 1 (see Appendix A: Table 1) and the
class of required LPS shall be selected on the basis of a risk assessment.
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341

3.2

GENERAL

Air termination components installed on a structure shalt be localed at corners,
exposed points and edges (especially on the upper level of any facades) in
accordance with one or any combination of the following methods:

- the proteciion angle method,

- the rolling sphere method;

— the mesh method.

The values for the protection angle, rolling sphere radius and mesh size for each
class of LPS shall be as per Table 2 of MS IEC 62305-3 (see Appendix A : Table
2).

For the determination of the volume protected oniy the real physical dimensions
of the metal air termination system shall be considered.

AIR TERMINATION SYSTEM

Air termination system shall consist of a network of vertical and horizontal
conduciors generally as shown in the Drawings. All salient points of the structure
shall be incorporated in the air termination system. All metallic projections,
chimneys, ducts, gutters, vent pipes, guard rails, aerial masts, efc. on or above
the main surface of the roof of the structure whether shown in the Drawings or
not shall be bonded to and form part of the air fermination system. Air terminais
or verfical finials shall be provided if specified in the Drawings and/or Bilis of
Quantities.

For structures taller than 60m, a lateral air {ermination system shail be installed
on the upper part typically the topmost 20% of the height of the structure for
protection against flashes to the side of the structure. If there is metal fagade, it
must be bonded and form part of the air terminaticn system.

In addition, for structures taller than 120m, all parts which may be endangered
above 120m shall be protected.

Unless otherwise specified, air termination system other than the air terminals
or vertical finials shaill be of 25mm x 3mm annealed copper tape. Should other
materials be specified, it shall conform to Table b and 6 of MS IEC 62305-3
{ses Appendix A : Table 5 & Table 6).
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The method and nature of the fixing shall be simple, solid and permanent. The
air termination system shall be secured to the structure by means of purpose
made conductive fixtures at the intervals not exceeding 500mm. Purpose made
supparts for securing the air termination system onto the roof tiles and ridge tiles
shall be used. Conductive fixtures shall be of same material as the air termination
system.

In the case of metal cladding roof where it cannot be considered as air
termination components, the air termination system shall be secured fo the
metal roof structures by means of non-metallic purpose made. Intervals
between fixings shall not exceed 500mm.

In the case of metal cladding roof to be used as air termination components, the
minimum thickness of metal sheets shall conform to Table 3 of MS IEC 62305-3
{see Appendix A : Table 3).

Air termination rods shall be of rounded or tappered pointed end and made of
copper. Unless specified otherwise in the Drawings and/or Bills of Quantities,
they shall be minimum of 300mm in length and 16mm diameter with lock nut. The
base for supporting the air termination rods on the flat surface or ridges shall be
of same material as the air iermination system.

If portions of the structure vary considerably in heights, any necessary air
termination system of the lower portions shall, in addition to their own down
conductors, be bonded to the down conductors of the taller portions.

SPECIFICATION FOR LIGHTNING PROTECTION SYSTEM FOR STRUCTURES




Dokumen Meja Terkawal

SPECIFICATION FOR LIGHTNING CKE.LS.01.09.(01).2011
PROTECTION SYSTEM FOR
STRUCTURES
(L-S9)
Date: September 2001
SECTION: Revision: 1
4.0 DOWN CONDUCTOR SYSTEM
Date: May 2011
Page: S4-10of 2

4.1

DOWN CONDUCTOR SYSTEM

Unless otherwise specified, down conductor system shall be 25mm x 3mm
annealed copper tapes installed around the outside walls of the struciure.
Should other materials be used, it shall conform to Table 5 and 6 of MS |IEC
62305-3. (see Appendix A: Table 5 & Table 6).

Down conductors shall not be installed in gutters or down-spouts even if they are
covered by insulating material. No down conductors shall be routed inside the
service ducts, A down conductor should be installed at each exposed corner of
the structure, where it is possible.

The down conductor shall be installed in such a way that its path is as direct as
possible between air termination system and earth termination system. It shall be
as straight as possible along the shortest path without sharp bends or upward
sections. They shali be securely fixed at intervals not exceeding 500 mm by
means of conductive fixtures same material as the down conductor systems

The bend radii shall not be less than 200mm. Deep re-entrant loops, routing
round parapet or cornices shall be avoided. However, a maximum height
increase of 400mm is permissible for passing cver a parapet wall with a slope of
maximum 45°. Where this is not possible, the instaliation shall conform to Clause
6.3 MS IEC 62305. All wall or other building penetrations shall be made in a
manner to prevent the ingress of water/water moisture and PVC sleeves shall be
provided.

The number of down conductor shall not be less than two and should be
distributed around the parameter of the structure to be prolected subject to
architectural and practical constraint. Typical values of the distance between
down conductors with the relevant class of LPS shall be as per Table 4 of MS
IEC 62305-3 (see Appendix A : Table 4).

All exposed down conductors may be painted with the decorative colour paint of
the same colour for the wall finishes.

SPECIFICATION FOR LIGHTNING PROTECTION SYSTEM FOR STRUCTURES




e,

L,

Dokumen Meja Terkawal

SPECIFICATION FOR LIGHTNING CKE.LS.01.09.{01).2011
PROTECTION SYSTEM FOR
STRUCTURES
{L-59)
Date: Septembear 2001
SECTION: Revision: 1
4.0 DOWN CONDUCTOR SYSTEM

Date: May 2011

Page: S4-2of 2

4.2

NATURAL DOWN CONDUCTOR SYSTEM

If specified in the drawing andfor Bill of Quantities naturai conductors such as
reinforcing bars and structural steelwork may be used as a down conductor
system provided that they are electrically continuous and adequately earthed.

When using a particuiar rod of the reinforcement steel as the down conductor,
care should be taken in the route to earth to ensure that the rod that is located in
the same position will be used all the way down, thereby providing direct
electrical continuity.

Steelwork within reinforced concrete sfructures is considered to be electrically
continucus provided that the major part of interconnections of vertical and
horizontal bars are welded or otherwise securely connected. Connections of
vertical bars shall be welded over a fength not less than 30mm or properly
clamped.

The electrical continuity of the reinforcing bars shall be determined by electrical
testing between the uppermost part and ground level. An additional conductor
may be used to enhance the natural down conductor system if the overall
slectrical resistance is greater than 0.2 Ohms. The additional conductor shall be
bonded fo the reinforcement bars by means of purpose made clamps conforming
to IEC 62561 at 1 meter intervals.

The type and size of the conductor Lsed shall conform to Table 5 and 6 of MS
IEC 62305-3 (see Appendix A: Table 5 & Table 6).
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5.1

JOINTS AND BONDS

The lightning protection system should have as few joints as possible.

Joints and bonds shall be made mechanically and electrically effective by means
of purpose made copper clamps or by exothermic welding or brazing. Contact
surfaces shall first be cleaned then inhibited from oxidation with a suitable non-
corrosive compound. With overlapping joints, the length of the overlap shalt not
be less than 20mm.

All metal works, including water pipes, gas pipes, handrails, air conditioning units,
metal cladding, metal roof efc in the vicinity of the LPS shall be bonded fo it, to
avoid the danger of side flashing.

Where it is hecessary to bond the copper conductor to any other metaltic surface,
this must be done by bolting or riveting. Care should be taken when attaching
copper to a dissimilar metal to prevent electrolytic corrosion in that the jeints are
to be thoroughly cleaned and subsequently sealed. Proprietary bi-metallic
connectors shall be used. LPS earth shall be bonded to the Main Earthing Bar,
as well as any other earthing system present in the structure.

e
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6.1 TESTING JOINTS

Each down conductor shall be provided with a testing joint along the route of the
down conductor except in the case of natural down-conductors combined with
foundation earth electrodes. The testing joints shall be of purpose made copper
clamps or of the same material of the down conductor, Unless otherwise
specified, each testing joint shall be installed at 2500mm above the ground fevel.

=
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7.1 FIXING, CLAMPS AND SUPPORTS

All fixings, clamps and supports for the air termination system and down
conductors of the lighining protection system shall be purpose made for use in
the installation. Unless otherwise specified elsewhere, they shall be of copper
alloy, naval brass or gunmetal.

The Electrical Contractor is required to submit installation methods and samples
for fixings, clamps and supports for the approval of the 8.0.’s Representative
before installation.
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8.1

EARTH TERMINATION SYSTEM

An earth termination system shall be connected to each down conductor. Earth
termination system shall be by 25mm x 3mm annealed copper tapes connecting
the down conductor at the testing joint to the earth electrodes or reinforcing bars.
The connection of the down conductar to the earth electrode of the earth
termination system shall be soundly made by exothermic welding or brazing. The
portion of the earth termination system between tesfing joint and ground may be
enclosed in PVC casing of suitable size.

The earth termination system shall be of Type B arrangement in accordance with
Clause 5.4.2.2 of MS IEC 82305-3. This type of arrangement comprises either a
ring conductor external to the structure to be protected, in contact with the soil for
at least 80% of its total length or a foundation earth electrode. Such earth
electrodes may also be meshed.

The earth electrade of the type B arrangement shall be inter-connected by ring
conductor 25mm x 3mm annealed copper tapes to form earth termination system
and preferably be buried at a depth of at least 500mm and at a distance of about
1m around the external walls. The copper tapes shall be identified by permanent
labels legibly marked with words "Lightning Protection Earth — Do Not Remove”
permanently fixed at 1000mm intervals. The connection of two copper tapes shall
be soundly made by exothermic welding or brazing.

Each earth termination connected to the down conductor shail have a resistance to
earth not exceeding 10 Ohms. The entire of the LPS shall have a combined
resistance to earth not exceeding 10 Ohms.

Bonding conductor of 25mm x 3mm annealed copper tapes shall be provided for
connection between the earth termination for the lightning protection system at the
testing joint and the Main Earthing Bar for the electrical installation.
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9.1

EARTH ELECTRODES

Earth electrode shall be of copper-jacketed steel core rods with 16mm diameter
and supplied in 1500mm length and shall have provision for screw coupling with
another standard length. The copper jacket of 99.9 % purily electroiytic copper
shall be of minimum radial thickness 0.256mm and shall be molecularly bonded to
the steel core to ensure that the copper jacket and steel core are not separable.
Each earth electrodes shall be driven 3000mm in depth.

Where the desired earth resistance value cannot be achieved after the first earth
electrode have been driven, sufficient number of earth eiectrodes in paraliel shall
be installed outside the resistance area until required value is reached. Mutuai
separation between two earth electrodes shall be more than the driven depth of the
earth electrode but fess than twice the driven depth. Interconnection between
different earth electrodes shall be by means of 25mm x 3mm annealed copper
tape. ‘

The connection of the annealed copper tape to the earth electrode shall be soundly
made by exothermic welding or brazing.

Each earth electrode shall be provided with heavy-duty type inspection chamber
with removable cover. The compressive strength of the inspection chamber and
caver shall be minimum 6 N/mm?. Lifting hook shall be provided on the cover.

Each earth electrode shall be identified by permanent label legibly marked with
words "Lightning Protection Earth — Do Not Remove" permanently fixed at the
point of connection of every down conductor fo an earth termination system.
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10.1  LIGHTNING FLASH COUNTERS

Where lightning flash counter is specified in the Drawing andfor Bilis of
Quantities, the counter shall be of outdoor weather proof type and shali be
triggered whenever it encounters a 1.5 kA impulse current in 1.5 microseconds
duration. The counter shall record up to minimum 9,999 lightning strikes. The
counter shall be installed on the most direct down conductor above the testing
joint or any location indicated in the Drawing and, in any case, at the height of
about 2500mm above ground level.
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1.1

11.2

TEST AND CALIBRATION OF MEASURING AND TEST INSTRUMENTS

All measuring and test instruments used for testing of the LPS installations
shall be regularly tested and calibrated by the manufacturers or fest and
calibration iaboratories for their funcfionality and accuracy. Basic
measurement accuracy for these instruments shail be within 5 %. In the case
of analogue instruments, a basis accuracy of 2 % of full-scale deflection
shall be provided. Test and Calibration Reports or Cerificates for the
measuring and test instruments issued by the fest and calibration laboratory
shall be valid for two years from the date of issuance. The instruments and
their Test and Calibration Reports or Certificates shall be submitted to S.0.'s
Representative for verification two weeks before testing of the electrical
installation being carried out. No test on the electrical installation shall be
carried out without prior approval of the 5.0.’s Representative.

Notwithstanding the validity of the aforesaid Reports or Certificates the
measuring and test instruments shail be re-calibrated if so required by the
5.0.'s Representative after any mechanical or electrical mishandling. Fee
required for the testing and calibrating of the measuring and test instruments
is deemed to be included in the Contract.

TEST AND TEST CERTIFICATES

After the installation work has been completed and before Cerlificate of
Practicai Completion is issued, the whole LPS for electrical installation
covered under this part of the Contract shali be tested in accordance with
MS JEC 62305 and any other tests deem necessary by the S.0's
Representative. In the event the installation fails to pass any of these tests,
the Electrical Contractor shall take such measures as are necessary to
remedy the defects and the instaliation shall not be considered as completed
until all such tests have been passed.
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The tests to be carried out by the Electrical Contractor shall consist of the
following tests as a minimum requirement: -

a)
b)
c)
d)
e)

f)
a)

Continuity of air termination system.

Continuity of air termination system and the down conductors,
Continuity of the down conductor and earth termination.

Continuity of earth fermination system.

Continuity of earth termination and the main earthing bar for the

electrical installation
Earth electrode resistance.
Earth termination resistance.

Fee required for the tests as described above is deemed to be included in
the Contract.

The 5.0.'s Representative reserves the right to be present at all tests and the
Electrical Contractor shall give at least one-week notice in writing to the §.0.’s
Representative for this purpose. In any case, no test shall be camied ocut without
prior approval of the 5.0.'s Representative. Copies of all the test certificates
together with as-installed Drawings properly bound and titled shall be submitted
to the S.0.'s Representative within one week after the completion of the testing.
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121

SERVICE AND MAINTENANCE

During the DLP, the Electrical Contractor shall be responsible for the service and
maintenance work for the complete instaliation. All works shall be carried out by
the competent person. All labour, material, tools and parts necessary to rectify
the defect due to manufacturingfinstallation faults shall be supplied/executed
at the Electrical Contractor's cost.

The service and maintenance to be performed and defects fo be rectified and
making good shalt include but not limited to the following: -

(a) Replacing or making good all lighining flash counters that do
not meet the manufacturer's guarantees and warranties.

(b) Replacing and making good all loose joints and ferminations,
all mechanical support linkage, earth electrode chambers and
covers, etc.

(c) Making good any damage fo roads, buildings, drains, cables,
pipes, concrete areas, paved areas eic. which had not been
properly made good arising out of his work.

(d) All other works as deemed necessary by the S.0's
Representative.

All works shall be carried out as soon as the Electrical Contractor is being
informed by the S$.0.'s Representative or the occupant and shall be
completed within a reasonable time except under emergency situation as
stipulated in the Supplementary Conditions for Electrical Work. If the
Electrical Contractor fails to comply with the above requirements, the S.0.'s
Representative reserves the right to engage another party to carry out the
work, in which case, the Electrical Contractor shail be responsible for all the
expenses incurred.
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13.1 SHOP DRAWINGS

Two sets of prints of shop drawings for construction andfor installation shali be
submitted to the S.0.’s Representative for approval. The Electrical Contractor
shali prepare and submit shop drawings for the whole work ar parts of the work at
least two weeks before the work begins. If the shop drawings submitted are not
acceptable by the S.0.s Representative, the Electrical Contractor shall amend
and re-submit the shop drawings within two weeks from the date of return of the
shop drawings. No work shall be carried out without the shop drawings being
approved by the $.0.'s Representative. The shop drawings shall inciude and
show the following:

a) The

dimensioned general arrangements, layouls, positions and
routes of air termination system, down conductors, earth terminations and
ali others necessary for the complete LPS installation as specified in the
Drawings and/or Bills of Quantities;

b} Elevations views of the LPS;

c¢) The dimensioned general arrangements, layouts, positions and routes of
bonding conductors;

d) The dimensioned general arrangements, layouts, positions and routes of

earth terminations and their earth electrodes,

e) All other drawings as deemed necessary by the S.0.'s Representative.

The cost of all these shop drawings, whether or not provided in the Bills of
is deemed to be included in the  Confract

Quantities,
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13.2 AS-BUILT DOCUMENT AND TOOLS

As-Built document shall consist of but not limited to the As-Installed drawings,
manual, certificates, catalogues, inventories and parts lists.

The As- Installed drawings shall comprise of:-

(a) Site plan;
(b) Layout Plans;

{c) Elevations views of the LPS;

(d) Layout plans of conductor routes and earthing points with
reference to easily recognisable buildings and structures.

(e) All other drawings as deemed necessary by the 5.0.'s
Representative.

These drawings shall be labelled at the lower tight hand comer with the
Electrical Contractor's name and address, date of commissioning, scale,
drawing number (the drawing number to be obiained from the S.0.'s
Representative), title and following particulars: -

JABATAN KERJA RAYA
CAWANGAN KEJURUTERAAN ELEKTRIK
CONTRACT NO..

If the drawings submitted are not according to the aciual installation at site
andfor not acceptable by the 8.0.s Representative, the Electrical Contractor
shall amend and re-submit the drawings within two weeks from the date of
return of the drawings to the satisfaction of the S.0’s Representatives,
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Manuals and documents for lightning flash counters and other important
equipment shall be supplied.

It shall comprise of:-

()
(b)
(c)
(d)
(e)
("
(9

Brief description of the installation/system
Installation manual

Operation manual,

Service And Maintenance Manual,
Parts List;

Product Data And Catalogue;

Product Test Certificates;

Certificates shali comprise of:-

All Testing Certificates (as per section 11.2)

Catalogues, parts lists, inventories, shall be as per project requirements.

Each of the As- Built documents shall be bound together with hard cover and
submitted in minimum four (4) sets upon issuance of Cerlificate of Practical
Completion (CPC) of the project.

In addition, one set of the As-Installed drawing shall be submitted in the form of
tracing/original document and two sets in CD ROM.
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Special tools required for the operation, service and maintenance of lightning fiash
counters and other equipment shall also be provided,

The cost of all these prints, manuals, tools etc. is deamed to be included in the

Contract.
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LPL Class of LPS
| |
Ii ]
M i
v v

TABLE 1 — Relation between fightning protection levels (LPL) and class of LPS (see MS IEC

62305-1)
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Protection Method
Class of LPS Rolling sphere radius r Mesh size W Protection angle
m o’
I 20 5x5
Il a0 10x10 See figure below
]l 45 15 %15
v 60 20x 20
a* 80 S
1
70 -_:'\'\ \
L]
1
50 i\\\\:\\ o
L]
50 | i \\\\\_\h—\ ______ e
: Class of
| : \\ \ \\ LPS
' \ ] S ———
1 i
0 : \\lbl \l Il \‘ L Xh
i
1
10 L
1
4 J9 -
o 2 10 20 30 40 50 60
nom IEC 200505
TABLE 2 — Maximum values of roling sphere radius, mesh size and protection angle

corresponding to the class of LPS
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Thickness @ Thickness b
siClass of LPS Material t £
fnm mm
Lead - 20
{
‘ Steel (stainless,
galvanized) 4 0.5
Titanium 4 05
lta IV
Copper 5 D5
Alurminium 7 0,65
Zinc - 0,7
3 t prevents punclure, hot spot or Ignition
& ¢ only for metal sheet if it is not Important to prevent puncture, hotspot or ignition problems,
The metal cladding can be considered as natural air termination components and part of an LPS in
accordance with Clausa 5.1.3 of MS |IEC 62305-3, provided that:

-~ the electrical continuity batween the various parts is made durable {e.g. by means of brazing,
welding, crimping, seaming, screwing or bolting};

— the thickness of the melal shest is not Jess than the value " given in Table 3 of MS IEC 62305-
3 if it is not imperlant to prevent puncture of the sheeting or to consider ignition of any readily
combustible materials underneath (see Appendix : Table 3);

— the thickness of the metal sheat is not less than the value ¢ given in Table 3 If it is necessary 1o

|
|
|
!
|

take precautions against puncture or to ¢ensider hot spot problems;

they are not clad with insulating material.

TABLE 3 ~ Minimum thickness of metal sheets or metal pipes in air-termination systems

SPECIFICATION FOR LIGHTNING PROTECTION SYSTEM FOR STRUCTURES
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Class of LPS Typical nl?listance
| 10
I 10
]| 15
v 20

TABLE 4 - Typical values of the distance between down-conductors and batween ring

conductors aceording o class of LPS
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Lisa Carrosion
May be
Material . ) dasgyed
In open air In earh In concrete Resislance Increased by gaivanic
coupling
with
Copper Solid Solid Solid Good inmany Suiphur -
snvironments compounds
Stranded Slranded Stranded
Organic
As coating As coating materials
Hol Solid Sglid Solid Acceptableinalr, in High chlorides | Copper
galvanized concrete and in conlent
steel benign soit
Stalnless Solid Solld Solid Gead in many High chlorides | -
Glael environmenis content
Siranded Stranded Stranded
Aluminium Solid Unsuilable Unsuitable Goodin atmospheres | Alkaline Copper
containing low satutions
Stranded concendrations of
sulphur and chloride
Lead Salid Solid Unsuitable Good in atmospheres | Acid solls Copper
with high
As coatlng As coating concentration of Slainless
sulphates Sleel
NOTE 1 This table gives general guidance only. In special circumsianees maors careful corrosion immunity considerations
are raquired (see Annex E}.
NOTE 2 Stranded conductors are more vulnerable to corresion than salid conductors, Stranded conductors are also
vulnerable where they enter or exii earthfconcrete positions. This is the resson why stranded galvanized steel is not
recommended in earth.
NGTE 3 Galvanlzaed steet may be corroded in clay soil or moist seil.
NOTE 4 Galvanized stesl in concrate should not extend into the soif due to possible corrosion of the stee! just outside the
congerete,
WOTE 5 Galvanized stee! in contact with reinforcement steel in concrele may, under cerain circumstances, cause
damage to the concrats.
NOTE 6 Use of lead in the earth Is often banned or restricted dus to environmentat concerns,

TABLE 5 - LPS Material and conditions of use
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Material Configuration Minimtm cross- Comments ™
sectlonal areas
mm?
Coppar Solid tape 509 2 mm min, thickness
Selldround 7 50 % & mm diameler
Stranded 50® 1.7 mm min. diameter of each strand
Saolid round -4 200% 16 mm dismeter
Tin plated copper ¥ Solid tape 508 2 mm min, thickness
Solid round ? 50° 8 mm diameter
Stranded 50 % 1.7 tin min. dlameter of each strand
Alurndnivirm Solid fape 70 3 mm min. thickness
Sofid round 50 % 8 mm diamster
Stranded 508 1.7 mm min. diamater of aach strand
Aluminium alloy Sofid tape 502 2.5 e min. thicknass
Solid round 50 8 mm diameater
Siranded 50 @ 1,7 mm min. diameter of each strand
Solid round # 2009 16 mm diameter
Hot diz;;ped galvanized Solid tape 50° 2.5 mm min. thicknass
steel Solid round ® 50 § mim digmeter
Siranded 50 % 1.7 mm min, diameter of each strand
Solid round 9.9 200% 16 mm diameter
Stainless sleel ® Balid taps ® 50 % Z mm min, thickness
Solid round ® 50 & mm diameter
Stranded 709 1.7 rm min. diameter of aach strand
Solid round 34 2009 16 mm diameter

1)  Hot dipped or slectroplated minimum thickness ceating of 1 pm.

2y  The coating should be smooth, contimuous and free from fiux slains wiih a minimum thickness coating of 50 pm,

3) Applicable for air-lermination rods only. For applications where mechanical stress such as wind loading Is not
critical, a 10 mm diameter, 1 m long maximum air-termination rod with an additional fixing may be used.
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4
5
6}

7)

8)

9)

10)  Thickness, width and diameter are defined at + 10%.

Applicable fo earth [zad-in rods only.

Chromfum = 16%, nicke! 2 8%, carbon = 0.07%.

For stainless steef embeddad in concrele, andfor in direct contact with lammable material, the minimu sizes
shoutd be increased to 78mm? (10 mm diameter} for solid round and 75mm? (3 mm minlmum thickness) for solld
{apa.

50 mm? {8 mm diameter) may be reduced to 28 mm? (6 mm diamater) in certain applications where mechanical
slrength is not an essentlal requiremant. Consideration sheuld, in this case, be given ta reducing the spacing of the
fasteners.

If thermal and mechanical considerations are important, these dimansions can be increased to 60 mm? for sclid tape
and te 78 mm? for solid round.

The minimun cross-section to avoid malling Is 16 mm? {copper), 25 mm? (aluminium}, 50 mm? (steel) and 50 mm?
{stainless steel) for a specific energy of 10 000 kJ¥(2. For further informalion see Annex E.

TABLE 6 —  Material, configuration and minimum cross-sectional area of air-termination

conductors, air-termination rods and down conductors

SPECIFICATION FOR LIGHTNING PROTECTION SYSTEM FOR STRUCTURES
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SCHEDULE | : SCHEDULE OF PROPOSED BRAND (ELECTRICAL)

NO

DESCRIPTION OF EQUIPMENTS

BRAND
PROPOSED

MODEL NO.

MAIN SUB SWITCH BOARDS, POWER FACTOR
CORRECTION BOARDS, AMF BOARD, FEEDER PILLAR,
DISTRIBUTION BOARDS, CONTROL BOARD

(Other items please itemize)

1.1

Main Switchboard / Sub Switch Board (MSB/SSB)

12

Automatic Mains Failure (AMF) Board

1.3

Distribution Boards (DBs)

14

Control Board

1.5

Feeder Pillar

1.6

Air Circuit Breaker (ACB)

1.7

Microprocessor Based Combined O/C & E/F Relay

1.8

Microprocessor Based Combined O/C Relay

1.9

Microprocessor Based E/F Relay

1.10

Earth Leakage Relays c/w leakage indicator (ELR)

1.11

Adjustable sensivity & Time delay Earth Leakage Relays

1.12

MCCB

1.13

MCB

1.14

RCCB

1.15

RCBO

1.16

Fuse Switch

1.17

Switch Fuse

1.18

Automatic Transfer Switching Equipment

1.19

Busbar Trunking

1.20

Surge Protective Device (SPD)

1.21

Power Factor Correction Board

1.22

Capacitor

1.23

AC-6b Contactor

1.24

Reactor

EARTHING SYSTEM
(Other items please itemize)

2.1

Copper Tape

22

Earth Chamber

23

Earth Electrode

24

Main Earthing Bar

25

Exothermic Welding

2.6

Ground enhancement material
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SCHEDULE | : SCHEDULE OF PROPOSED BRAND (ELECTRICAL)

NO

DESCRIPTION OF EQUIPMENTS

BRAND
PROPOSED

MODEL NO.

LIGHTNING PROTECTION SYSTEM
(Other items please itemize)

3.1 Copper Tape

3.2 Earth Chamber

3.3 Earth Electrode

34 Air Terminal

3.5 DC Tape clip

3.6 Tesling joint

3.7 LPS Component

3.8 Heavy Duty uPVC Ducting

3.9 Heavy Duty Junction Box

UNDERGROUND COPPER CABLE & ACCESSORIES
(Other items please itemize)

4.1 PVC/SWA/PVC cable

4.2 XLPE/SWA/PVC cable

4.3 XLPE/SWA/PVC cable

4.4 Cable Gland

4,5 Earth Tag Washer

4.6 Heat Shrinkable Cable Termination

SUBMAIN CABLE
(Other items please itemize)

51 PVC, PVC/IPVC, XLPE/PVC cable

5.2 Mineral Insulated Mineral Sheathed Mi/Ms
Fire Resistance cable

CONDUIT/ TRUNKING/ CABLE TRAY/ CABLE LADDER
(Other items please itemize)

6,1 GS conduit

6.2 GS conduit accessories

6.3 uPVC Heavy Duty Conduit

6.4 uPVC Heavy Duly Conduit accessories

6.5 Flexible GS Conduit

6.6 PVC Coated Flexible Conduit

6.7 Hot Dipped Galvanised Trunking

6.8 perforated Hot Dipped Galvanised (HDG) Cable Tray

6.9 Hot Dipped Galvanised Cable Ladder
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SCHEDULE | : SCHEDULE OF PROPOSED BRAND (ELECTRICAL)

NO

DESCRIPTION OF EQUIPMENTS

BRAND
PROPOSED

MODEL NO.

SWITCHES, SOCKETS AND ACCESSORIES
(Other items please itemize)

7.1 Big Rocker/Dolly/ Metalclad SP/DP Switch

7.2 Switched Socket Outlet /Unswitched Socket Outlet

7.3 Metalclad |solator

7.4 Polycarbonate |solator

7.5 Fireman Switch

WEATHER PROOF SWITCHES, SOCKETS & ACCESSORIES

(Other items please itemize)

8.1 Woeather Proof Isolator

8.2 Weather Proof Sliding Switch

8.3 Weather Proof Sliding Switch Switched Socket Outlet

WEATHER PROOF OUTDOOR LUMINAIRE & ACESSORIES

(Other items please itemize)

9.1 Fload light luminaire

9.2 Street Lighting

9.3 Compound Lighting

9.4 Aircraft warning light luminaire

9.5 Fagade lighting

9.6 Bollard Lighting

9.7 Highmast Lighting

9.8 Hot Dipped Galvanised Steel Pole

10

INDOOR LUMINAIRES & ACCESSORIES
(Other items please itemize)

10.1 Fluorescent Luminaire

10.2 LED Luminaires (T8 LED)

10.3 LED Luminaires (Linear LED)

10.4 CFL Downlight Luminaire

10.5 LED Downlight Luminaire c/w frosted tempered glass

10.6 LED Keluar Sign

10.7 LED Emergency Light

10.8 LED Emergency Light - recessed mounted

10.9 LED Flood Light

10.10 LED High Bay Luminaires

10.11 High Bay Luminaires

10.12 Metal Halide flood Light

10.13 Motion Sensor Photo Sensor

10.14 HPSV Flood light

11

FAN
(Other items please itemize)

11.1 Ceiling Fan
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SCHEDULE | : SCHEDULE OF PROPOSED BRAND (ELECTRICAL)

BRAND

NO DESCRIPTION OF EQUIPMENTS PROPOSED

MODEL NO.

11.2 Wall Fan
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SCHEDULE | : SCHEDULE OF PROPOSED BRAND (ELECTRICAL)

BRAND
DESCRIPTION OF EQUIP s
NO QUIPMENTS PROPOSED MODEL NO

11.3 Industrial Wall Fan

11.4 Oscilating Fan

11.5 Exhaust Fan

11.6 High Volume Low Speed (HVLS) Fan

12 |SREEDED UNDERFLOOR DUCTING SYSTEM

(Other items please itemize)

12.1 Heavy Duty uPVC ducting

12.2 3 compartment zink alloy die-cast cover junction box

c/w galvanised flyover

12.3 3 compariment zink alloy die-cast cover service outlet box
12.4 3 compartment vertical access box

12.5 Underfloor type Switched socket outlet

12.6 Angular RJ45 for Telephone Outlet REFER TO ICT BRAND LIST
12.7 Angular RJ45 for Data Outlet REFER TO ICT BRAND LIST

13 |OTHER EQUIPMENTS
(Other items please itemize)

13.1 Gl Pipe Class B - Road crossing
13.2 HDPE PIPE

13.3 PN10

13.4 TNB MANHOLE

Declaration by Contractor:

Signature of Contractor :
Name of Authorized Personnel :

Official Stamp of Contractor :
Date :
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Schedule Of Unit Rates
Electrical Services

$5.0/1

| SCHEDULE OF UNIT RATES ELECTRICAL SERVICES |

INFORMATION TO BE SUPPLIED BY THE TENDERER.

This schedule is to be utilised for the assessment of costs for the purchase of materials, equipment and
accessories for the additions or deductions from the Sub-Contract Works and which are to be supplied or
performed by the Contractor for this Sub-contract. The tenderer is therefore required to complete the

whole portion of the above schedule and submit at the time of submission of his tender. In the event of the
Tenderer being awarded this Sub-Contract, the rated stated by him herein shall be incorporated and form part
of the Sub-Contract document. Failure by the Tenderer to comply with the foregoing requirement may deem
his tender as being invalid.

All rated stated herein shall be calculated in Ringgit Malaysia (Malaysian Ringgit) and shall remain valid
throughout the period of the Sub-contract Work or any approved extension thereof. All rates shall be inclusive
of import and custom duties, surtax and sales tax and all other charges.

[1.0  LIGHTING WIRING POINTS __|

Supply and install the following lighting wiring points, including the provision of all necessary cables,
wiring materials, conduit, switches and accessories, for complete installation to be effected (wiring
points stated herein shall also include all necessary earth-cintinuity cables) :-

No. Description Concealed Conduit Surface run Conduit
Price in RM Price in RM

1.1 |Lighting point in concealed G.I. Conduit using 2 x 1.5
mm sq PVC c/w 5A switch & accessories, for a wiring
run nof exceeding 20 mefres each,. 0000 | iceeeisresesicess siressiannsioellibosiataiihiend seaiiaesiieysyines

1.2 |ltem as 1.1, but additional length exceeding 20
metiess e i sk b e e | ek e s A SRR et

1.3 |Lighting point in concealed G.l. Conduit using 2 x 1.5
mm sq PVC cfw 2-ways 5A switch & accessories, for
a wiring run not exceeding 20 metres each. | coiiiiiii ceen [ e

1.4 |ltem as 1.3, but additional length exceeding 20
MR GRER o LR e e e

1.6 |KELUAR' sign lighting point in concealed G.I. Conduit
using 2 x 1.5 mm sq PVC c/w 5A swilch &
accessories, for a wiring run not exceeding 20
metreseach. | R e N N, N e DO L b

1.6 [ltem as 1.5, but additional length exceeding 20
REISEE e R o U R T v e e [ e e R e G D

Signature & Offical Stamp of Tenderer :-
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Schedule Of Unit Rates
Electrical Services

$5.0/2
[1.0  LIGHTING WIRING POINTS ( Con't) |
No. Description Concealed Conduit Surface run Conduit
Price in RM Price in RM

1.7 |Unswitched 'Emergency' sign lighting point in
concealed G.l. Conduit using 2 x 1.5 mm sq PVC c/w
accessories, for a wiring run not exceeding 20
mefrssieach., 0 e s resies st | e s et S sy Saa er

1.8 |ltem as 1.7, but additional length exceeding 20
memes: 0 R e s pae v e s B v a g be b a i mnl olsee ae AN

Signature & Offical Stamp of Tenderer .-
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[2.0

POWER WIRING POINTS AND SOCKET-OUTLET POINTS |

Schedule Of Unit Rates
Electrical Services

§5.0/3

Supply and install the following minor-power wiring points, including the provision of all necessary
cables, wiring materials, conduit, switches and accessories, for complete installation to be effected
(wiring points stated herein shall also include all necessary earth-cintinuity cables, but exclude trays or
trunking which are measured seperately) :-

No.

Description

Concealed Conduit
Price in RM

Surface run Conduit
Price in RM

241

252

23

24

2.5

2.6

2.7

2.8

13A, general purpose, switch socket wiring point,
using 2 x 2.5 mm sq PVC cables in conduit wiring for
a wiring run c/w 13A x 3-pin switch outlet as specified
each.

As per Item 2.1, but for metalclad switch socket outlet
and c/w accessories specified and using 2 x 2.5 mm
sq PVC cables in conduit wiring.

15A, general purpose, switch socket outlet point,
using 2.5 mm sq PVC cables in conduit c/w 15A x
3-pin switch socket outlet and matching plug top as
specified.

As per item 2.3, but for weatherproof 15A x 3-pin
surface mounting switch socket outlet ¢/w cover and
plug top as specified, each.

30A, 240V, single phase 50 Hz, AC power point,
using 6 mm sq PVC, cables in conduit wiring cfw
30A, SP&N, metalclad isolator as specified, each.

60A, 240V, single phase 50 Hz, AC power point,
using 25 mm sq PVC, cables in conduit wiring c/w
60A, SP&N, metalclad isolator as specified, each.

30A, 415V, 3-phase 4-wire, 50 Hz, AC power point,
using 6 mm sq PVC, cables in conduit wiring cfw
30A, TP&N, metalclad isolator as specified, each.

60A, 415V, 3-phase 4-wire, 50 Hz, AC power point,
using 25 mm sq PVC, cables in conduit wiring cfw
60A, TP&N, metalclad isolator as specified, each.

................................

................................

..................................

..................................

Signature & Offical Stamp of Tenderer -
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Schedule Of Unit Rates
Electrical Services

$5.0/4
[3.0 PVC, WIRING FOR SUB-MAINS & CONTROL CIRCUITS |
Supply and install the following types of PVC, cables either in G.I. Conduit or steel frunking (Note : Price
to exclude conduit and trunking which are measured separately). Only one cable per size is required.
Should there be more than one cable installed in each conduit or trunking-run, then the single cable rate
for the relevant size shall be multiplief by the number of cables installedin the conduit or trunking-run, to
form the total rate of each item, e.g. rate per meter run of 10 x 1.5 sq. mm PVC, cables installed in
concealed conduit - Rate 3.1 (a) multiplied by 10 :-
(a) (b) (c)
No. Description In Concealed| In Surface | In Trunking
Conduit Conduit
(RM) (RM) (RM)

34 [Mx15sqmm. e [aeen ] s
32 |[1x25sqmm e [
33 [1x40sgmm e [
34 |1x60sq.mm e [ |
35 |1x10.0sq. mm e | D (e e
36 [Mx16.0sq.mm e e e
37 [1x25.0sq.mm i e [
3.8 |1x35sqg. mm e o | [0y Ty e [ e e,
39 |Mx50sq.mm e [
310 [Mx70sq.mm e e [
3141 Mx9sq.mm e [
312 M1x120sg.mm e [ o e
S| iSlisaimmET SRS S ey s | e B bkt R
344 |1x185sq.mm e e | i
345 [1x240sq.mm e s i

Signature & Offical Stamp of Tenderer :-
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Schedule Of Unit Rates
Electrical Services

S5.0/5

[4.0  PVC/PVC, WIRING FOR SUB-MAINS & CONTROL CIRCUITS |

Supply and install the following types of PVC/PVC, cables either in G.|. Conduit or steel trunking (Note : Price
to exclude conduit and trunking which are measured separately). Only one cable per size is required.

Should there be more than one cable installed in each conduit or trunking-run, then the single cable rate

for the relevant size shall be multiplief by the number of cables installedin the conduit or trunking-run, to

form the total rate of each item, €.g. rate per meter run of 10 x 1.5 sq. mm PVC/PVC, cables installed in
concealed conduit - Rate 3.1 (a) multiplied by 10 :-

(a) (b) (¢)

No. Description In Concealed| In Surface | In Trunking
Conduit Conduit

(RM) (RM) (RM)
41 |[txtssgmm.  oeestainaes [aidinniaie || csesieine s
42 [1x28sqmm e L e
43 [1x4.0sqmm L [ ] s
44 |1x6.0sq.mm e ] s
45 [1x100sq.mm e | P e B e s
46 |[1x16.0sqg.mm e s i
47 [1x25.0sq.mm [ i s
48 [1x35sq.mm e e
49 MxB0sg.mm [ eerseseseenann [ aonsenenimnnann] saneeneinscesii
440 |1x70sq.mm e L] s

411 [1x95sq.mm L L

412 [1x120sq.mm e || e e,
413 [1x160sq. mm e ] [ I I e
444 [1x185sq.mm  eessesemene [ eermmesnecin ] Seceseiiionne
415 [1x240sq.mm e L] e

Signature & Offical Stamp of Tenderer :-
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Schedule Of Unit Rates

Electrical Services

5.0 LV CABLING Sa.05
CORE SUPPLY INSTALL
ITEM DESCRIPTICN 4 (RM) (RM)
PER METRE RUN OF XLPE/SWA/PVC
FOUR CORE (COPPER) CABLE 415V MAKE OF MATERIAL !.....ccoicininnnnanes
GRADE.
5.1 1.0 1.0sgmm ] v Lo
5.2 20 15sqamm L i L
5.3 30 25sqa.mm e s e
5.4 40 40sqamm e srrrereeesssieeeans |
55 50 6.0sq.mm L] s [
56 B0 10.0sgitmm: 0 eeaina] adisniniiienniinlsaiie | e aciiiesiad
57 7.0 168.0sg.mm  aseseeesees] esereregeesesseeiiennnin [ o,
5.8 B0 25sq.mm ] e [
59 80 35sqamm ] snreesessesreessens |
5.10 100 B0sg.mm ] e
5.11 11.0 70sg.mm ] s |
512 120 96sgmm ] s [
5,13 130 120sg.mm L] s [
5.14 14.0 150sq.mm b e [
5.15 15.0 185sq. mm R L e T [l
516 16.0 240sq.mm L] e [
517 17.0 300sq.mm ] s |
5,18 18.0 400sg.mm e e
5.19 1.0 800sg.mm ] i [,
5.20 20,0 630sq.mm L e [

Signature & Offical Stamp of Tenderer :-
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Schedule Of Unit Rates
Electrical Services

[5.0 LV CABLING
CORES SUPPLY INSTALL

ITEM DESCRIPTION 4 (RM) (RM)

PER METRE RUN OF XLPE/SWA/PVC

FOUR CORE (ALUMINIUM) CABLE 415V MAKE OF MATERIAL:

GRADE.
5.21 10 10sqgmm ] s [,
522 20 15sgmm | seeasiiine] seseaensn s e | sy
5.23 3.0 25sgmm ] s [,
5.24 40 dosq.mm  lsseeneenea | e il | s s dias i s
5.25 50 6.0sg.mm e i |
5.26 6.0 100sg.mm e s |
5.27 7.0 16.0sg.mm ] e [
5.28 B0 28sgimm 00| eresesmeesees] cooeranmeeemnnssmairrarasaseds |apierraiennsistiiese
829 9.0 35sq.mm e e |
5.30 1000 50sgmm  [sebhan] it ishea i | sissess
5.31 140 70sq.mm  errvmerereses] eseess i [
5.32 120 95sa.mm L] e e
5.33 13.0 120sg.mm e e s
5.34 140 150sqg.mm ] s | s
5.35 150 188sg.mm  feeeeeneee] srrenissniisniinseain [ areesseieianna
5.36 180 240sq.mm e s Dnessssnaneas ane
5.37 17.0 300sg.mm ] somsionsneamesieeseane |
5.38 18.0 400sq.mm ] i [
5.38 19.0 500sq.mm ] e s [
5.40 200 630sg.mm ] e s | e

Signature & Offical Stamp of Tenderer :-

85.017



Dokumen Meja Terkawal

Schedule Of Unit Rates
Electrical Services
85.0/8
CORES SUPPLY INSTALL
ITEM DESCRIPTION 4 (RM) (RM)
PER METRE RUN OF PVC/SWAIPVC
FOUR CORE (COPPER) CABLE 415V MAKE OF MATERIAL: __ »
GRADE.
5.41 10 1.0sgmm e s b e b
542 20 1Bsamm e ] s
543 | 3.0 2.5sq. mm et 10 T i ol L
544 40 40sgmm b i s
545 50 B.0sg.mm e i [,
gugl wp dsdERmm. 0000 B seasmmermsneiiin
547 7.0 4680sqmm L] i e
5.48 B0 25sqmm ] i P
549 9.0 35sq.mm  Breeeeee] s [,
5,50 100 80sg.mm B e e [ PR
5.51 110 70sq.mm L] s feeric e
552 120 95sg.mm i e s
5.53 13.0 120sq.mm e seeessiiiegeessssnesss Lo
5.54 140 180sq.mm B e
el R e | PSS P ——
5.56 160 240sg.mm ] s [
5.57 170 300sg.mm Lo PRl e e s e b ey e | S e
gand v eaURTs, et R b Rl | et s i
558 | 19.0 500sg.mm L] e I e
560 | 200 630sq.mm L] s L

Signature & Offical Stainp of Tenderer :-



Dokumen Meja Terkawal

Schedule Of Unit Rates

Electrical Services

Signature & Offical Stamp of Tenderer -

$5.0/9
CORES SUPPLY INSTALL
ITEM DESCRIFTION 1 (RM) (RM)
PER METRE RUN OF PVC SINGLE CORE
(COPPER) CABLE 415V GRADE. MAKEOF MATERIAL:

5.61 1.0 1.0sq. mm AR S ST Nl
5.62 20 1.5sg.mm
5.63 3.0 2.5s0,.mm
564 40 AO0sq.mm e st Lo
5.65 50 6.0sgmm ] e, T T A v "
5.66 8.0 10.0sa.mm e el fssriesiasenisinie.
5.67 7.0 18.0sg.mm ] snmieessssssnnese e seenaae
5.68 B0 25sqa.mm e e e
5.69 90 3vsamm L] e L
5.70 100 S0sg.mm e e PO PP oeE s e pe
5.71 116 70sqmm e i [ et
5.72 120 95sq.mm L] v L
573 130 120sg.mm e s feasenpiinnnssiens
5.74 440 180sg.mm ] e R e

| 575 | 150 185sqmm ] v
5.78 16.0 240sqmm e
5.77 17.0 300sg.mm e ssemmeinnnee i L
578 180 400sq.mm e tnan | cmsnn sz vain xhn s swe ses R [oraa kS NSRS S e s
5.79 190 500sg.mm B seessssensnnimranesee fnesesnnnnne i
5.80 200 630sg.mm . L] i [



Dokumen Meja Terkawal

Schedule Of Unit Rates

Electrical Services

35.0/1¢
CORES SUPPLY INSTALL

{TEM DESCRIPTION 1 {RM) {RM)

PER METRE RUN OF PVC/PVC SINGLE CORE

(COPPER) CABLE 415 V GRADE. MAKE OF MATERIAL:
5.81 R hlsgemmy e e e Vi
5.82 it I G Ta )7 R AT L B SRR ) SR,
583 30 Z8Epemm ] iR Prrrrayes
5.84 G0 AgRLmE e e e i
5.85 50 6.0sg. mm b
5.86 i e e TR ey o GOSN | TS | e e | [ Sy
3.87 70 80emmme ] e s i e s
5.88 il Zvemimy L e b el s e oo
5.89 RSt o PO - ey L A e | LR
5.80 2iv s s e o 11T R el S B RN S e R
5.91 0 twsemm 0 Fo e R S e p e e
5.92 12.0 95 sq. mm o [ e
5.93 120 smemmt 0 e e = o o o
594 0 A80sg:mm 0 s ] e sk awAie i
5.95 ASIE SRR D e e | B S g
5.96 - 3 L s L | e
597 | 17.0 300 sq. mm et | o O S L e iRl
U I I fo 10T T v N S S, SO
68001 190 si0Eqimme ] e e S e O SRR
e B AT R e[ 1 e s [ s O - S e

Signature & Offical Stamp of Tenderer :-



