SECTION 14A

GENERAL IN MECHANICAL WORK

. GENERAL

The general arrangemeﬁt"of the mechanical work shall be as indicated.

" Detailed drawings of proposed departures due to actual fileld condi-

tioning or other causes shall be submitted for approval. The Contractor

" ghall carefully examine the drawings and shall be responsible for

the proper fitting of materials and equipment in the building, as
indicated, without substantial alteration. Material and equipmient
installed in the mechianical work shall be suitable for the pressures
and temperatures encountered, Unless otherwise specified, all

jmeterials, nethods; and details of mechanical work shall comply
- with the latest editions of ‘the following recommendations, specifi—

cations or standards.

- International Standard Organization (ISO)
: = Japanese Industrial Standards (JIS)

~  British Standdards (B.S.) :

- American Society of Testing and Materials (ASTM)

- American Soclety of Heating, Refrigerating and Air—Condition
Engineers (ASHRAE) Standards

-~ American Society of Mechanical Engineers (ASME) Codes
- National Fire Protection Association (NFPA) Standards

UTILITIES

City water service piping shall be connected to the cilty water
service main as shown on the drawing. Sewer and water pipes shall

“be laid in separate trenches, except when otherwise shown,

CROSS CONNECTIONS AND INTERCONNECTIONS

No plumbing fixture, device, equipment, or pipe connection shall be
installed that will provide a cross connection or intercomnection
between a potable water supply and any source of ‘nonpotable water,
such as a ged water system or a drainage system or a soil or waste '

_pipe.

CGNNECTIONS TO EQUIPMENT AND FIXTURES

' The Contractor shall provide all necessary material and 1abour to

connect to the plumbing system all fixtures and equipment having

plumbing connections. Drainage connections shall be trapped..

The supply line to each item of equipment or fixture, except faucets,
flush valves, or other control valves which are supplied with an
integral stop, shall be equipped with a cutoff valves to enable

isolation of the item for repair and maintenance without. interfering _

';'with operation of other equipment of fixnurea.
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_NAMEPLATES

- Each major component of equipment shall have the manufacturer 8’

name, address, and catalogue number on E plate eecurely attached'to
the item of equipment. :
SAFETY REQUIREMENTS'

Belts, pulleys, chains, gears, couplings, projecting setscrews,
keys, and other rotating parts located so that any person can come

in close proximity thereto shall be fully enclosed or properly

guarded,  Items such as catwalks, ladders, and: guardrails shall be
provided where réquired for safe opeération and maintenance of

equipment,

: SPARE~PARTS DATA

As goon as" practicable after approval of the st of equipment, the
contractor shall furnish spare-parts data for éach different itéem
of equipment listed, The data shall include a complete list of
parts and supplies, with current unit pricea and source of supply.

VERIFICATION OF DIMENSIONS'

The contractor shall be responsible for the coordination and proper
relation of his work to the building structure and: to the work of
all Lrades. -

CUTTING AND REPAIRING

The wotk'shall be cerefully laid out in advance, and no excessive
cutting of construction will be permitted, Damage to buildings,

. piping, wiring, or equipment as a result of cutting for installetion

shall be repaired by mechanics skilled in the trade involved

PROTECTION TO FIXTURES MATERIALS AND EQUIPHENT

Pipe openings shall be closed with caps or plugs during installation.
Fixtures and equipment shall be tightly covered and protected against
dirt, water, ‘and chemical or mechanical injury. .Upon completion of
all work, the fixtures, materials, and equipment shall be thoroughly
¢leaned, adjusted, and operated. :
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DRAWINGS

. Because of the small scale of the drawings, it is not possible to

indicate all offsets, fittinga, and accessories that may be required,
The Contractor: shall carefully investigate the structural and finish

- conditions affecting all his work and shall arrange such work accord-

12,

13,

~ ihgly, furnishing such fittings, traps, valves, and accessories as

may- be required to. meet such conditions,

MAYERIALS, FIXTURES, AND EQUIPMENT

'Materials, fiktﬁrés,_and equipment shall be as sﬁecified herein and
as shown on the drawings., Fixtures and equipment shall be the

~products of maniifactirers regularly engaged in the. manufacture of
such products. - Fixtures and equipment differing in ninor respects
-from that specified may be proposed, provided such. differences are

clearly stated.

APPROVAL oF MATERIALS FIXTURES, AND EQUIPMENT

Before starting installation of. any materials or equipment the

Contractor shall submit to the Engineer for approval, in triplicate,

. layout drawings and lists of materials, fixtures, and equipment to

be incorporated in the work, The layout drawings shall consist of
plans drawn to scale, with elevations and sections to show ¢learly

the location and slze of major items of equipment and large piping,

and ‘clearances of maintenance withdtawal of removal components.

1f departures from the contract drawings are deemed necessary by
the Contractor, details of such departures, including changes in
related portions of the project and the reasens therefor, shall be
submitted with the drawings.  Where such departures require piping

N ‘or equipment to be supported, the details submitted shall include

‘leadings and type and kinds of frames, brackets, stanchions, or

other supports necessary. Approved departures shall be made at no
additional cost: The lists of materials and equipment shall be
supported by sufficient. descriptive material, such as catalogues,
cuts, diagrams, and other data published by the manufacturer, as

‘well as evidence of compliance with safaty and performance standards,

to demonstrate conformance to the requirements. ~The data shall
include the name and address of the nearest service and maintenance

‘organization that regularly stocks yepalr parts.
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15.

- 16,

sHop DRAﬁiNGs

: After receiving tentative approval- of the items on the materials

and equipment ligts, and before instellation of any of these items;
the Contractor shall submit 4 copies of" complete ‘shop drawings and

‘such other desciiptive data, Approval of thé submitted drawings

and lists will be promptly acted upon, However, if materisls or
equipment are installed prior to approval, the Contractor shall be .
liable for the removal and replacement of any such item not approved
at no additional cost to other Owmer, . All work shall be accurately
laid out with reference.to the architectural drawings and in co- _
opération with other trades. Shop drawings shall be gubmitted for -
‘the following items at one time in order to demonstrate that these:
items of equipment have been properly coordinated and will function
properly wlth each other: .

City water and sea water pumps - .
City water: reservolir and elevated tanks'

- 8eptic¢. tank and soak avay

Sea water filtratlon ‘system’

- Direct expansion fan-ccil units and air cooled condensers

Wall thru type room air conditioners
Fans -

. Plumbing fixtures and fittings
- Walk-in refrigerator

Rotary blowers

ESEEH

" Shop drawings-shall be submitted also the following items:

Pipes snd fittings, valves, alr ducts and supports, diffusers,

dampers, ‘grilles, registers, insulation, and such other items as
may be directed. :

SAMPLES

All samples requested by the Owner or the Engineer shall be promptly
'submitted. .

ELECTRICAL WORK

Electric—motor-driven equipment specified herein shall be provided '

- complete with motor and motor starters, KElectrical equipment and

wiring shall conform to Section: ELECTRICAL WORK. Electrical charac-
teristics shall be as indicated. Motor starters shall be provided
complete with properly sized thermal-overload'protection and other .
equipment at the specified capacity including an allowable service
factor, and other appurtenances necessary for the motor control.
Manual or automatic control and protective or signal devices required

 for operation and any wiring required but not shown on the electrical -

drawings shall be provided under this section of the specifications,
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A complete electrical—connection diagram for each pilece of mechanical
equipment and automatic or manual electrical-control dévice shall

be submitted for approval., Motors shall be suitable for use in
ambiernt temperatures of 50-degrees C. and shall be capable of tbe Y-
,equired characteristics indicated on the drawings.

17. PAINTING

17 1 Except as otherwise. specified, pipe hangers, structural gupports,
pipe and pipe ‘fittings, duets, and all metal surfaces assoclated.
with mechanical equipment shall be painted utilizing the paint-

~ ing systems as specified hereinafter. Filnish paint in areas
" having painted adjacent surfaces shall match the adjacent gur- -
faces. Ferrous piping in unpainted areas shall bé given two’
coat of asphalt varnish. Steel and wrought-iron pipe which has
an- undamaged factory—applied bituminous varnish protective coat-
ing shall require no furtheér protection. . Bare pipe and fittings
with factory-applied bituminous varnish protective ‘coating shall
- require no further protection. Bare pipe and pipe on which ’
. factory-applied protective coating 1s damaged and the pipe sur-
‘face shows rusting shall be cleaned to bare metal and then painted
~with one coat of ptetreatment coating applied to a dry film
" thickness of 0.3 to 0.5 mil, and two coats of zine chromate
primer, each coat applied to a minimum dry film thickaess of 1.0
~omil, Equipment shall be finished in accordance with the speci-
 fication for the. particular end ltem. Surfacés on factory- =y
' finished equipment that are damaged during installacion shall be
restored to theilr original condition .

17.2 Metal surfaces, external (not shop primed)

' Metal surfaces, external (not shop-primed), except structures
requiring special paint systems, shall be primed with one coat
of red-lead palnt conforming to BS 2523: 1966 applied to a
minimum dry film thickness of 1.0 mil, and finished with two
coats of external alkyd oil paint, each coat applied to a
minimun dry film thickness of l 5 mila. :

17.3 Metal, internal (not shop-primed), surfaces shall be painted
~ with a thrée-coat aystem as follows! .

(a) Primer.

. One coat of zinc-chromate primer conforming to BS &652{-”
1971]app11ed to a minimum dry film thickness of 1.0 mil.

(b) Intermediate
One coat of internal flat odorless alkyd paint for under
flat odorless alkyd paint, and internal enamel undercoat

for under glass enamel, ‘applied to a minimum dry £11m
-thickness of 1.0 mil,

-




{¢) TFinish

One ¢Oatldf_interhal flat odoriess'élkjd_pqiﬁt or internal
ollpaint applied to & minimus d¥y f£1ldh thickiiess of 1,5 mils,

(d) Piping identification shall cokiform to the requirements of

B 1710: 1971, Stenciling shall be placed in clearly visible
locations. All piplng not covetred by the a forementioned . -
standard shall be stenciled with names or code letters
approved by the Engineer, not less than 12 mm (1/2 in.)

- high for piping and not less than 50 fm (2 in.) high else~

‘where. Arrow-shaped markings shall be painted on the lines
to indicaté the direction of flow. Two copies of the

- complete colour and stencll codes used shall be provided;
they shall be framed under glass and shall be installed
where directed by the Engineer,. ~ = : .

- (e) Other surfaces fﬁf'vhich the‘typezof P%int:hés not been

specified ghall be palnted as_sﬁecified.for-sur£a¢e$ havirng

similar conditioha of exposure.
(£) Inspectién

Surface preparation, application procedures, and- material
selection will bé examined by the Engineer to .determine
conformance with the requirements specified. Each aseparate
operation shall be approved priqr:to-initiation:Qf sub-
sequent operations. ' f R :

18, WORKMANSHIP/INSTALLATION

18.1-

18,2

18.3

Consider that applicable manufacturer's détailed directions

governing thinners, solvents and related materials, paint gtorage,
surface preparation, application conditions and techniques, dry
fllm thickness, temperature and ventilation requirements before,
during and after application.. Finished surface protection and
touch-up are herein ineluded. Deliver materials to site in

" original, unopened containers CIearly'marked'with mandfa¢turerfé ‘

brand, contents and grade.

Apply only colours seleéted by Eugineer; prepare and submit
selected samples to Engineer for prior approval of colour and
texture. Tint successive paint coats sufficlently to differen-
tiate between coatings; use only tints compatible with applicable
paints, ' : : ' - .

Temporarily remove or mask all furnish hardware, electric plates
and fixtures, factory finished surfaces and glass dpmediately
prior to paint application; clean areas not specified for paint—
ing, leaving sharp, straight demarcation lines. '
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18,4 Apply no protective'coatings over dirty, rusted, oily, wet or

19,

- 20,

greasy suifaces, over -undried, retted, or unsound wood or over
loose, undried or uncured previous applicatione' apply no paint
over concrete, plaster, stucco or concrete block when molsture
meter indicates 8 or above} apply no paint over wood when '

. moisture meter indicates 12 or above, ' :

OPERATING AND MAINTENANCE INSTRUCTIONS

Six complete sets of instructions containing the manufacturer's
operating and maintenance instructions for each plece of equipment
shall be furnished. Each set slhiall be permanently bound and shall
have a hard cover, The instructions shall include, but shall noct

be limited to; the following"

' System 1ayout. _
.- Wiring and contrel diagrams, with data to explain the detailed

wiring and eont:rol of each component.
A deseription of startup, operation and shutdown,

'Manufacturer s bulletins, cuts, and descriptive data.
Parts 1ists and recommended spare parts. -

GUARANTEE

The equipment to be furnished under this section of the specifications

- shall be- guaranteed for a period of 1 year from the data of acceptance

- against defective materials and workmanship.' Upon receipt of notice

" of fallure of any part of the guaranteed equipment during the
‘guarantee period, the affected part or parts shall be replaced

promptly with new parts by and at the expense of the Contractor.
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SECTION 148

PLUMBING

1. WATER PIPE, FITTING, AND coNNEéTIONs

1.1

1.2

1.4

1.5

1.6.

1.7

City water service pipe to the bullding up to and. including 80mm '

_diameter shall be galvanized.steel pipe Schedule 40 serew~jointed

and pipes 100mm and larger in diameter shall be asbestos cement
pipe or approved materilals by Water Supply Department. :

Potable water pipe shall be galvanized steel pipe Schedule 40
screw—jointed : R .

Hot water pipe shall be type L copper tubing..

'Exposed cold—and hot-water-supply piping to fixtures shall be
-chrome-plated brass pipe. : :

Fitting shall be compatible with the pipe material, Fittings for'

‘galvanized steel pipe shall be the threaded type and: for copper=

tubing shall be the solder~type bronze or wrought copper. o
Installation' R ' :

Piping shall be installed as indicated. Pipe shall be. cut accu-
rately to measurements established at the building by the
Gontractor and shall be worked into place without- springing of .
forcing. Care shall be taken not to weaken structural portions
of the building. Piping shall be run parallel with the lines of
the building unless otherwise indlcated, Branch pipes from
service lines may be taken from top, bottom, or side or main, -
using such crossover fittings as may be raquired by structural

or installation conditions. Supply pipes, valves, and fittings
shall be kept a sufficient distance from other work and other
services to permit not less than 15 mm between finished covering
on the different services. . Changes in pipe sizes shall be made
with reducing firtings. Use of bushings will not be permitted. o
Change in direction shall be made with fittings L

Joints .

'Ihatéllation of pipe and fittingé shall be: méde in accordance

with the manufacturers' recommendations, - Mitering of joints for
elbows and notching of straight runsg of: pipe for tees will not be
permitted, _
SN _
(a) Threaded joints shall be cut with an approved threadcutting'
.. 0il. Joints shall be made tight with a stiff mixture of
‘1itharge and glycerin or other approved thread-<joint com-
pound applied with a brush to the male threads only, Not
more than three threads shall show after the joint 1s made

UP.
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(b} Flared or sweated tublng shall be cut square, and burs shall
be removed. Outgide of tube where engaged in the fitting
and inside of the: fitting in contact with tube shall be
cleaned with an. abrdsive materld) before sweating. Care -
shall be taken to prevent annealing of tube and fittings
when making connectlons. Joints shall be made with a non-
corrosive paste flux and solid-string. or wire golder. Core
solder will not be permitted. Flared joints shall be made
using flared fittings. ' ' o

2. VALVES

Valves shall be provided ou supplies to equipment or fixtures. No _
valve shall bé installed on any line with its stem below the horizon-
tal. All valves shall be gate valves., Valves up to and including
50 mm shall be all brass with threaded ends, and sweat-type connec-
“tions for tubing. Valvés 65 mm and larger in diametre shall have
iron bodies, bronze trim, and either screw or flange ends; and shall
‘be cast bronze with sweat-type connections for dnstallation with
tubing. - L ' .

3. UNIONS

Unions on water piping 65 mm in diametre and larger shall be flange
pattern. Gaskets for flanged unions shall be of the best quality
fibre, plastic, or leather., Unions shall not be concealed in walls,
ceiling or partitions. ' = : '

4, FLEXIBLE JOINTS

The body of the flexible joint shall be stainless steel tube or copper
with bellows type construction, and the assembly shall be reinforced
with stainless steel wire braid or strip, having sufficient flexibi-
-lity and rated for a working pressure of 10 Kg/cm '

5, ' SOIL, WASTE, DRAIN AND VENT PIPING

Soil, waste and drain pipe and fittings shall be polyvinyl-chloride
pipe schedule 40, TFittings for soll, waste, and drain pipes shall

be of the drainage-pattern type and shall be compatible with the

pipe material except where adapters are required for interconnection
of different pipe materjals. Fittings on dry vents shall be regular-
pattern type.- ' . ' ' '

5.1 Installation
(a) Drainage and vent pipes
.Horizontal soll and waste pipes shall have a grade of 20 mm

per metre. When authorized, horizontal piping of 100 mm
nominal diametre of - 1arger may be installed with a fall not
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less than 10 mm per metetr. Main vertical sofl and -waste
stacks shall be extended full size to the roofline and above

' as vents, except where otherwise indicated. Where practic—_ o

~able, two or more vent pipes ehall ‘be - confiected ahd extended
as one pipe through the roof. Where a circuit vent pipe '

- from any fixture or line of fixtures is connected to a vent"

~ 1ine serving other fixtures, the connection shail be st
least 150 mm above the flood-level rim of the highest fixture
served to prevent the use of any vent line as a wasté, -Vent:
and branch-vent pipes shall be so graded and connected as to
drip back to the vertical stack by gravity. Vent pipe shall
be taken out from dralnage branches vertically or with 45°

~angle but shall not' bé taken out horizéntally. “The meeting _
points of lateral $6il and waste’ branches, the pipe .8hall be o
3ointed horizontally with an angle less than 45°., '

(b} Fitting shall be compatible with pipe material : Changes in _
- pipe size on soil, waste, and drain lines shall be ‘made with -
reducing fittings. Changes in direction.shall be made by -
the appropriate use of. 45-dégree wyes, lofig-‘or. short~9weep .
1/4 bends, 1/6, 1/8, or-1/16 bends or elbows, or by a combi-.
“nation of those or equivalent fittings.  Single and double
. sanitary tees and 1/4 bends or elbows may bé uséd in drainage
. lines only where the diréction of flow is from horizontal tof'
'vertical, except elbows 50 ‘mm or less in dlametre may be. used.
Short sweeps not' less than 75 mm in diametre may be used where
‘the change in direction of flow is either from horizontal. to
vertical or from vertical to horizontal, and may be used for
making necessary offsets between the ceiling and the next
floor above. .

() 'Union-connection
S1ip joints will be permitted only in trap seals or on the

inlet side of the traps. Tucker or hub drailnage fittings
shall be used to ‘make union connections wherever practicable,

Joints
Installation of pipe and fittings shall be made in accordance
with the manufacturer's recommendations. Mitering of Joints for
.. elbows and notching of straight Tuns of pipe for tees will not, be o
”_permitted. E ‘
{a) Plastic bipé

Joints for polyvinyl-chloride pipe and fittings shall be

made using solvent cement, Thréaded Joints shall_be used
only where required for discommection and inspeéction.
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.6, PIPE CLEANOUTS

Pipe cleanouts shall be the same slze as the pipe except that clean-
out plugs larger than 100 mm will not be required, Cleanouts in ‘
connection, where indicated, shall be T<pattern, 90-degree branch
drainage fittings with screw plugs of the same size as the pipe up
‘to and including 100 mm. : Cleanout tee branches with screw plug
shall be installed at the foot of soil and waste stocks, at the foot
of internal downspouts are indicated, and on each building drain
outside the building. Cleanout plugs for metallic pipe shall be
cast brass.. Cleanouts on pipe concealed in partitions and walls
shall be provided with ¢hromium-plated cast-brass covers secured to
plugq. :

7. FLASHINGS =

Pipes passing through waterproofing membrane shall be flashed.
A sheetlead flashing shield shall be provided for drains and pipe
sleeves with integral . clamping devices that penetrate a membrane,
Flashing shield shall be made from not lighter than 1.8 Kg sheet
" lead and extend not less than 200 mm from the drain . or sleeve in
all directions.. Flashing shall be inserted into the clamping device
. and made: watertight. Lead flashing shields, and roof flanges of :
-1lead or copper flashing with integral flange, shall be set over
membrane in a soiled coat of bituminous cement and strip—flashed

8.  TRAPS

Fach fixture and piece of equipment requiring comnections to the
dralnage system, except grease Intérceptors, shall be equipped with
a trap. Rach trap shall be placed as near the fixture as possible,
and no fixture shall be double-trapped.

9, DRAINS

The size of'rhé drains shall be determined by the branch sizes
indicated. Drains Iinstalled in connectlon with waterproofed floors
‘shall be equipped with bolted-type clamping devices.

9 1 Drain for fléor and shower shall be of heavy cast iron, double
‘drainage pattern, wikh perforated or slotted stainex of chromium-~

plated cast brass threaded or calked outlet connection. A suitable
clamp shall be furnished when attaching to waterproofing membrane.

9.2 Indirect sight drains shall be with a brass funnel strainer, 80
installed that the direct waste will terminate 50 mm above the
flood rim of the fumnnel to provide an acceptable airgap. A brass
“funnel shall be securely mounted over an opening in the centre of
the strainer. :
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10.:

11.

ELECTRIC HOT WATER HEATERS

The size, capaclty, veoltage and combiried wattage of heating elements
shall be not less than indicated. Wiring shall be so arranged that,
when required by thermostats, both heating elements will operate
simulataneously. ~ Electtic hot water heaters shall include a thick

blanket. of dnsulation between imner and outer shells. Heating.

elements shall be "nichiome' immersion type imbedded in magnesiun
oxide and sealed in seamless copper tubing. The electric heaters
shall be factory wired with a high temperature cut=off and shall be
complete with a thermometer, drain valve, temperature~pressure *
rellef valve. Eléctric water heaters with bottom supply connections’

~shall be provided with a vacuum relief valve on the cold water
supply line at an elevation above the top of the tank

'_WATER TANKS

Water tanks shall be constructed of unsaturated polyester reinforced

with glass fibre (herein called F.R.P, ) prefabricated ‘pafiel as shown -

on the drawings

‘Unsaturated polyester resin shall have excellent waterproofing and

weather resisting characteristics and not harmful to health and

- water gquality.

The' tank shall be provided with fittings for connections of water
filling pipe, water supply pipe, drain pipe, overflow pipe, vent
plpe, electrode and ripple proof baffle board, manhole and FRP or
steel ladders. Vent and overflow pipe shall be provided with
plastic insect screen. Water tanks shall be similar or equal to
"SEKISUL KOJI €O., LTD." (5-2, Dojima l-chome, Kita-ku, Osaka,
Japan, Telex: J 648 96 SEKIKOJI, International Phone: +81.6.344,

. 9251) of type and size as shown on the drawings and shall be of

approved by the Engineer.

11.1 .Clty water reservoirs shall have a storage capacity of 16 m3 (3,550

- imp. gallons}. - The reservoir foundation shall have sufficient

. bearing surface to support the weight of tank, when full, filled -

with water and without any.distortion at the bottom plate of - the
reservoir. Piping shall be properly supported to avoid the
piping loads depending upon the reservoirs, Piping shall be.
connected to reservoir by flexible" joints except over. flow pipe,
vent pipe and blow off pipe :

11.2 Header tanks shall have a gtorage capacity as indicated on draw-

ings. The elevated tank foundation shall have sufficient bearing
surface to support the weight of tank, when filled full with water
and without any distortion at the bottom plate of the tank, and
shall be mounted on the base in a manner sufficiently to resist .
wind loads and other impacts, Piping shall be properly supported
to avoid the piping loads depending upon the tank, Piping shall
be connected to tank by flexible joints except overflow pipe,
vent pipe and. blow off pipe.. o
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12, WATER PUMPS

- Water pumps shall be the horizontal, centrifugal, multi-stage type
and shall be direct~connected to the electric motors through flexi-
- bi¢ couplings. Each pump and electric motor shall be mounted on a
 conimon base arranged for bolting to a concrete foundation. The
pumps shall be designed for waterworks service, with flanged suction
and discharge nozzle on opposite sides of the pumps, Pumps shall
be capable of discharging the quantities against the total heads
indicated.  The efficiency of each pump when operating under the
conditions of the specified capacities and heads shall be as near
its peak efficiency as practicable: Pump casings shall be of cast
iron, of horizontal-spiit design. Impellers shall be of the in-
closed type, of bronze, statically and hydraulically balanced.
Wearing rings of bronze shall be provided for impellers. Shaft
shall be of stainlesgs steel or carbon steel, accurately machined,
and shall be of sufficilent size and strength for the work required.
Bronze shaft sleeves shall be provided for carbon steel shaft for
protection of shaft in contact with water, and in stuffing boxes,
Shaft sleeves shall be keyed to the pump shaft. Stuffing boxes
shall be water-sealed, and shall be designed to insure tight pack-
ing without excesslve weat or friction on the shaft sleeve, and to-
prevent air- leakage into the pump under all conditions of operation.
-Glands ghall be the split or solid type, with suificient room to-
pack the box,and shall be held in place by swing bolts or other
~suitable’ devices. . Flexible couplings shall be the heavy-duty type,
- designed go that: ‘the pump shaft may be removed without disturbing.
the position or adjustment of electric motor. All.rotating parts
shall operate without exceéssive thrust, vibration, or nolse. Bear-
ings shall be the ball or roller type, designed to handle all
radial loads and end thrusts, Base plate shall be of cast iron ox
welded sttuctural steel, strongly ribbed or reinforced with cross
 members. The base plate shall have a raised 1lip, tapped for drain-
age connections, and lugs drilled to receive the foundation bolts.

{a) Accessorles shall be as follows (for each pump):

] - .
Common base plate i.viivrearraaess 1 @&
Flekible joint ...ivivevsvreveensss 2 €8
Gate valve ,isiiiiraenesiiaerianeis Lo €A

" Check valve (with by-pass valve) ... 1 ea
Prime water funnel (with cock) ..... 1l ea
Adr cock ...;....;..............;.. lea
Drain cock cuiiviissaariiarrsesaess L Bt
Pressure gage (with cock) P A -

" Connecting flanges {with bolts) ..., 1 set
Anchor BOolts  tivevssaeesrarasanrasy L1 set
Hrenches ..uivesesesasrsresssireass L €L

(b) Pump foundation shall be concrete with proper strength and
bearing suiface to support the equipment mounted and shall be
constructed on floor slab having the bearing capacity. Sur-
faces shall be finished with necessary cement mortar, '




{¢) Valves and plpes shall properly supported go that the 1oad of
the valves and pipes will not be directly tranSmitted to the

pump.-

PIPE SLEEVES, HANGERS, AND FIXTURE SUP'POR'TS

Pipe sleeves, hangers, and filxture supports shall be furnished and
set, and the contractor shall be responsible for their proper and
permanent location. - .

13.1 Pipe sleeves

Pilpes passing through concrete Or masonty walls or concrete
floors shall be provided with pipe sleeves fitted into place at
the time of construction, & Sleeves shall not be required for
waste and soll pipe passing through concrete slab on grade except
where penetrating a membrane vaterproof floor. Sleeves shall not

- be installed in structural members éicept where indicated ‘or

' approved. All rectangular ‘and -square openings shall be as de-

- tailed on -the drawing. Each sleeve shall extend through its

. respective wall, fioor, or roof, and shall be cut flush; except

- clamping flanges, with each- surface. Sleeves shall be of “such
'size as to provide a minimum of 8 inm all around clearance betwéen
bare pipe and slegves or between jacket over insulation and.
sleeves, Sleeves in bearing walls, waterproofing membrane
floors, and wet areas shall be steel pipe or cast iron pipe,
Sleeves 1In non-bearing walls, floors, or ceilings may be steel
pipe, galvanized sheet metal with lock-type longitudinal :seam, or
moisture-resistant fibre or. plastic. ‘Except in pipe: ohases or
internal walls, the annular space between pipe and sleeve or
between jacket over insulation and sleeve shall be séaled. Metal
jackets shall be provided over insulatiom passing through -ex--
ternal walls, fire walls, fire partitions, floors, or roofs and
shall not be less than 0.15 mm thick aluminium, if corrugated,
and 0,41 mm~thick aluminium, if smooth, and shall be secured with
aluninium or stainlss-steel bands not 1ess than 100 Tm wide and

. not more than 200 mm apart : : :

‘Where penetrating roofs, before fitting the metal jacket into."
place, a 15 mm wide strip of sealant shall be run vertically
along the inside of the longitudinal joint of the metal Jacket -
from a point below the backup material to a minimun. of 990 ‘mwm
above the roof. If the pipe turns from yertical to horizontal,
the sealant strip shall be run to a point just beyond the first
elbow. When penetrating waterproofing membrane for floors, ‘the
metal jacket shall extend from a point below the backup material
to a minimum of 50 mm above the flashing. For other areas; the
metal jacket shall extend from a point below the backup material
to a point 300 mm above the floor, or when passing through walls
above grade shall extend to minimum of 100 mm on either side of
the wall. ‘ : .
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13.2

13.3

Pipes passing through waterproofiﬁg membrares

Pipes paésing through roof or floor waterproofing membrane shall

‘be installed through a 1.6 mii~-thick lead flashing or a 0,055 mm-

thick copper flashing, each withinh an integral skirt oxr flange.
Flashing shall be sultably formed, and the skirt or flange shall
extend not less than 200 mm from the pipe and shall set over the
toof or floor membrane in a solid coating of bituminous cement,.
The flashing shall extend up the pipe a minimum of 250 mm. The

. annular space between the flashing and the bare pipe or between
“the flashing and the metal-jacket—-covered insulatiom shall be

sealed, - Flashing for dry vents shall be turned dowm into the

.pipe to form a waterproof joint.'

Pipe hangers, 1nserts, and supports shall be the standard pro-
ducts of manufacturer. Hangers in contact with uninsulated
copper. tubing or brass pilpe shall be electrically coated and .
shall be sized to sult the outisde dlametre of the pipe. Hangers
for insulated pipe shall have a diametre large enough to dnclude
the, insulation, and a protection shield shall be installed with
each hanger. The location of hangers and supports shall be co-
ordinated with the structural work to agsure that the structural

‘embers will support the intended load. Overhead horizontal

 ‘piping shall be- ‘gupported with clevis or roll, single or multiple

type hangers, rods, inserts, clamps, and other methods of sus-
pension suitable for type of building construction, Horizontal
piping which are close to the floor shall be supported with pipe:
rest and’ floor flange or pipe roll stand on pilers, Horizontal
piping adjacent to the wall shall be supported with hooks, hangers
suspended from wall brackets or roll stand on wall brackets.
Vertical pipes shall be supported with steel pipe clamps, special

cast~iron pipe rests, base fittings, or other approved methods of
‘suitable type. In lieu of separate hangers, the contractor may

submit for approval a detail drawing of trapeze hangers with

turnbuckles on rods and a solid or split-ring clamp which he pro-

poses to furnish for each pipe. Lateral piping shall be supported

_ in accordance with the following table:

Diametre | Less . Larger
pype .t than 50 - - 100 - than . -
IRASTIUERALN 40mm 80mm -~ 150mm  200mm
of.pipe - .
_PYC Pipe L2zm - 1.5m 1.5m 1.5m
Steel Pipe | 1.8 . 3,0 4.0 5.0
Copper'Pipé' 1.5 - - -

‘Lateral cast-iron pipe shall be supported at each section of pipe

and fitting unless otherwise directed. Vertical steel pipe and
cast-iron pipe shall be braced at least one place at each floor,

‘and fixed at the lowest floor slab and at every third floor slab.
_;Vertical polyvinyl—chloride pipe shall be Supported at 1.2 m
 1nterva1 T .
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- 15.

13.4 Fixture Supperts

Wall-hung fixtures shall be fastened to the wall by throughubolts
‘where appearance of the bolts is not objectionable.j Exposed bolt
heads in findshed areas_shali be heXagonal and painted, Exposed
nuts. shall be chromium~plated hexagonal cap nuts, Washers shall
be painted or chromium~p1ated to match bolt heads or nuts.

IDENTIFICATION TAGS

Identification tags made of brass, or _aluminium,.. indicating function
of the valve, size, and working pressure, ‘shall be installed on all. :
valves except valves installed on supplies at plumbing fixturés. -
Tags shall be 35 mm minimum in diametre, and marking shall be stamped.

Tags shall be. wired to valve, - . _

FLOOR, WALL AND CEILING ESCUTCHEONS '

Escutcheons shall be provided at all finished surfaces where exposed
piping, bare or insulated, passes through. floors, ‘walls, or ceilings,
Escutcheons shall be fastened securely to pipe or pipe covering and
shall be chromium-plated iron or chromium-plated brass, eitler one-

- plece ot split pattern held in place by internal spring tension or
i setsetew. . :

16.

TYPES OF FIXTURES AND FIXTURE TRIMMINGS

Types 0f fixtures and fixture trimmings indicated on the:dfswings.'

" shall be furnished and installed compléte with all trimmings and

fittings. Fixtures with the supply discharge below the rim shall

‘be equipped with backflow preventers., Angle stops, straight stops,
. stops integral with the foucets, or concealed type of lock-shield, -

loose-key pattern stops for supplies shall be furnished and instal-
led with fixtures. Exposed traps and supply pipes for all fixtures
and equipment shall be connectéd to the rough piping systems at the
wall, Floor and wall escutcheons shall be furnished. Exposed

fixture trimmings and fittings’ shall be- chromium—plated or nickel~
placed brass with polished bright surfacss. “ . ‘

16 1 Fixture conneetions

Where space conddtions will not permit standard fittings in con-
junction with the flpor. flange, special short radius fitrdngs -
shall be provided. Connections between earthenware fixtures and
flanges on soil pipe shall be made sbsoluytely gastight and water- -
tight with a closet-setting compound or with a neoprene gasket
and seal, Use of national-rubber gaskets ox putty will not be
permitited for these connections. Bolts shall be not less than

8 mm in diametre and shall be equipped with chromium-plated nuts
and washers, ¥ixtures with outlet flanges shall be set the pro-
per distance from floor or wall to make. a first-class joint with
the closet-setting componnd or gasket and fixture used o
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16.2 Flush valves shall be of the nonéholdwopen type.
16.3  Traps

Chromium-plated brass tube P—tiaps shall be used. Depth of seal
water In traps shall be 50 s _ o

16.4 Waste fittings

Materials for fittings shall be cast-iron or cast brass and
suited for the respective purpose. intended, Depth of seal water
in traps shall be 50 mm and effective opening of strainers shall
not less than the sectional area of the’ waste pipe. :

16:5 Plumbing-fixtureg and fittings

(8) All fixtures and fittings shall be new and unused, Plumbing
fixtures and fittings indicated on the drawings are "Armitage
Shanks Sales, Ltd." products unless otherwise shown. Other

"manifactureér's standard products may be approved by the
‘Engineer on an or approved equal" basis.

(b)"Installation of brackets and backhangers necessary for mount-
ing fixtures to concrete masonry unit walls shall be by screw
- anchors or expansiOn bolts.

(c) Lavatories ‘shall be so installed that the rims will be- hori—
zontal and without rocking, and the backhangers shall be
accurately and firmly fastened. 1Installation shall be in '
accordance with the detailed drawings and fit in with the
joints of . ceramic tile findsh, .

- (d) The 1ocations of faucdets and shower sets shall be determined
by fit in with the jolnts of ceramic tile finish and for con-
venience of use, and shall be firmly installed without affect-
ing the appearance. The edges of water discharge ends of-
faucets shall be sufficiently above the rims of fixtures to
prevent back siphonage.‘

17. INSULATION )

'All hot water piping except exposed piping at fixtures shall be
insulated with mineral fiber pipe insvlation, Insulation thickness -

shall be 20 mm.
18. EXTERNAL SANITARY SEWER AND DRAINAGE SYSTEM

::18}1 Locations and elevations

The_antractor shall follow the indicated locations and elevations
as .closely as possible, ground conditions permitting, and deter~
‘mine exact locations and elevations at site subject for approval.
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1852

18.3

18.4

~ 18,5

The sewer shall not be closer horizontally than 2'm to a water-
supply ‘main or service line, except that where the bottom of the
water pipe will be at least 300 mm above the top of the. sewer L
pipe, the horiyontal spacing may be a minimum of 1'm,

Minimum cover

f=Un1ess otherwise indicated or directed maintain 300 wmm minimum
cover above piping. : .

Badding

The bedding surface for the pipe shall prOVide'e3firm foundation

of uniform density throughout the entire length of the pipe.
The pipe shall be carefully bedded in a soil foundation that has
been accurately shaped and. rounided to conform to the lowest one-

fourth of the outside portion. of circular pipe. When nécessary,
" the ‘bedding shall be tamped. - Bell holes and depressions for

joints shall be only of such length, depth, and width as’ required
for properly making the particular type’ joint..

Placing pipe
Fach pipe shall be carefully examined before being laid and

defective or damaged pipe shall not be used. Pipelines shall Be
laid to the. grades and alignment indicated, Proper facilities.

-shall be provided for lowering sections of" pipe into trenches,
‘Pipe laying shall proceed upgrade with the spigot ends of bell-

and-spigot pipe and tongue ends of tongue-and-groove pipe point~

‘ing in the direction of the flow. Each pipe shall be laid ttue.

to line and grade and in such.manner as to form a close concen-
tric joint with the adjoining pipe and to prevent sudden offsets
of the flow line. Under no circumstances shall pipe be laid in
water, and no pipe shall be laid when trench conditions or
weather are unsultable for such work. Diversion of drainage or
dewatering of trenches during counstruction shall be provided as

‘necessary.  All pipelin place shall have been inspected before
- backfilling, : o : : L

Infiltration and exfiltration

Leakage shall not exceed .a rate of 0, 06 litre per hour per

100 linear metre fo¥ any section between successive: manholes.

1f infiltration appears excessive, the amount of leakage:

shall be measured by e suitable welr .or other device as

directed, When determination of infiltration is not practicable
because of dry trench conditions, exfiltration tests shall be

made if, as, and where directed. The tests shall be made by
filling the sewer between successive marholes with water to the
top of the outlet of the upper manhole. The amount of water.
required to maintain the pipe full for the requived test period
shall be measured and the rate of leakage determined. When

leakage exceeds the maximum amount specified, ﬂatisfactory correc—
tion shall be made. Both measurement and eorrection ehall be made ‘
at no additional ‘cost. : :
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18.6"Bagkfilling_p1p9

18.7

- After the bedding has been prepared and the pipe installed,

- selected material from. excavation or borrow, at a moisture con~
" tent that will facilitate comipactidon, shall be placed along both
sldes of the pipe in layers not exceeding 150 mm in compacted

déepth, The backf1ill shall be brought up evenly on both sldes of
the pipe for the full length of the pipe. Care shall be tdken
to insure thorough compaction of the fill under the haunches of
the pipe. “Each layer shall be thoroughly compacted with mecha-
nical tampers or rammners, This method of filling and compacting
shall contimie until the £111 has freached on elevation of at
least 300 mm above the top of the pipe. "The reémainder of the
trendh shall be backfilled and compacted by spreading and rolling,
or compacted by mechanical rammers or tampers in layers not ex-
ceeding 300 mm and shall be compacted 90 per cent of maximum .
density, ‘' Where 1t is necessary, any sheeting and/or portions of
bracing used shall be left in place.

-Movement of construction machinery

:In compacting by rolling or operating heavy equipment parallel o

. with the pipe, displacement of ‘or injury to the pipe shall be
“avolded. Movement of congtruction machinery over pipes at any:

stage shall be repaired or replaced at the expense of the

-';Contractor

18 8

Manholes

(a) General

'ManholEQ”shall be constructed of brick, concrete, precast
concrete rings, or precast concrete segmental blocks, with
cast irom covers, and In accordance with the drawings. The
invert channels shall be smooth and semicircular in shape
conforming to the inside of the adjacent sewer section.
-Changes in direction of flow shall be made with a smooth
curve of as large a radius as the size of the manhole will

Cpermit,  Changes in slze and grade of thé channels shall be

formed directly in the concrete of the manhole base, or
‘shall be bullt up with brick and mortar, or shall be half
tile laid in concrete, or shall be constructed by laying _
full-section sewer pipe through the manhole and breaking out,

" . the top half after the surrounding concrete has hardened.

The flcor of the manhole outside the channels shall be smooth
and shall slope toward the channels not less than 25 mm per

"~ metre nor more than 150 mm per metre. Free drop inside the
manholes shall not exceed 450 mm measured from the dnvert of
the inlet plpe to the top of the floor of the manhole outside
the channels, and drop manholes shall be constructed whenever
the free drop would otherwise be. greater than 450 mm. When
the depth from top of cover to invert. of main sewer exceeds
3.5 m, manholee shall be provided with a straight-type steel
ladder not less than 400 wmm in width with 20 mm-dlametre
rungs" spaced 300 mm apart. . The 1adder shall be adequately
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anchored to the wall by means of steel inserts spaced not
more than 1.5 m apart verticelly and ehall be so installed
as to provide at least 150 mm of toe spacé between the wall
and the insidé of the rungs. The ladder and insérts shall
be galvanized after fabrication; The wall along the Line:

- of the ladder shall be vertical- its entire height. Ladders.
shall not be installed unlesgs the depth exceeds 3. 5 m,

(b) Concrete used in manholes shall have a compressive strength
of not less than 210 Kg/em2 (3,000 p.s.i. ) after 28 days.-

() Jointing and plasting

Mortar for jointing and plastering shatl - consist of 1 part
portland cement and 2 parts fine sand, For brickwork, lime
may be added to the mortar in the amount of not more than

25 per cent of the volume of cement. The’ joints shall be
completely f£illed and shall be smooth and free from surplus’

 mortar on the Inside of the manhole, Brick manholeés shall

be plastered with 15 mm of - mortar over the entire outside
surface of the walls. : L

(d) Frames and covers .

Cast iron frames and covers shall conform to the drawings
‘in all essentials of design. Approved standard coasting
differing in nonessential details will be ‘acceptable, . The’
frames and covers: shall have-a combined weight of not less
than 140 Kg (400 pounds). The letter "S", at least 50 mm
high, shall be stamped or cast into all covers so as to be
plainly visible. The frames and covers shall be so set

that the top of the cover will be flush with or higher than
finished grade as directed

19. SEPTIC TANK AND SOAK AWAY
19 1 General )

Septic tank and Soak away shall be constructed in the position
and to. the dimension shown on the drawings . :

19,2 Septic tank shall have a capacity and shall be constructed of
' unsaturated polyester reinforced with glass fibre (FRP) .as showm . .

on the drawings. Septic tanks shall be mounted on the conerete .
pads. Concrete pads shall be so constructed that.tanks are
anchored stable to the pads and, when tanks are empty, they are
etable against buoyant force caused by ground water. Concrete
work shall be executed in comformity with the specification in-
dicated in Section: CONCRETE WORK. During installation care shall
be taken for dewatering of .ground water. ‘

19.3 Soak away shall have a capacity and shall be constructed in acoordance
with the applicable requirements hereinbefore specified for manholes.

19.4 -Installation

Prior to installation of septic tank and soak way, detailed drawings
ghall be 'submitted to the Engineer for approvel showing’ exact loca~-
tion of eeptic tank and the 1ocation of inlat ewer. pipe.ffﬁiv“
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20, - INSPECTION, TEST, AND STERILIZATION

2001

20,2

20.3

20,4

20,5

£ 20.6

Tests for plumbing systems

Soil, waste, vent, and water piping shall be tested by the con-
tractor and approved before acceptance, Underground soil and
waste piping shall be tested before backfilling. Equipment
required for test shall be furnished by the contractor.

Drainage and venting system piping shall be tested with water
before the fixtures are installed, . The water shall be kept in.
the system for at least 15 minutes before the inspection starts;
the system shall then be tight at all jeints,

 Watef system.

'_When the roughiﬁg~iﬂ 1s completed and before fixtures are set, the
entire potable and sea-water piping systems shall be tested at B

a hydrostatic pressure of not less than 7'kgfcm2 gage, and pro- -
ved tight at this pressure for not less tnan 30 minutes in order
to permit inspection of all jolnts. Where a portion of the water-
piping system is to be concealed before completion, this portion
shall be tested separately as specified for the entire system.

Defective work

1f inspection or test shows defeéfs, ~such defective work or

material shall be replaced or repared as necessary and inspection
and tests repeated. Repairs to piping shall be made with new
materials., No calking of screwed joints or holes will be accept-

.able,
' Cleaning and adjusting .

" Bquipment, pipes, valves, fittings, and fixtures shall be cleaned

of grease, metal cuttings, and sludge that may have accumulated

 from operation of the system during the test. Any stoppage, dis-

coloration, or other damage to the finish, furnishings, or parts.
of the building due to the contractor's failure to properly clean-:
the piping system, shall be repalred by the Contractor. When the
work is complete, the potable and sea water system shall be
adjusted. Flush valves and automatic control devices shall be

‘adjusted for proper operation.

Sterilization

‘After pressure tests have been made, the entire potable water

distribution system to be sterilized shall be thoroughly flushed
with water until all entrained dirt and mud have been removed
before introducing chlorinating material. The chlorinating -
material shall be either liquid chlorine or hypochlorite. The
chlorinating material shall provide a dosage of not less than 50

 parts per million and shall be introduqed-into the system in an
~approved manner. .The treated water shall Dbe retained in the pipe
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long enough to destroy all non—sporeforming bacteria. The- re~ .
tefition time shall be at least 24 hours and shall produce not

lees than 10 p.p.m. OFf chlorine at the: extreme end of the system_i:-

at the end of the retention petiod. All valves in the gystem

- being .sterilized shall be opehed and closed sevéral times during
the contact periocd, The system shall then be fliushed with clean

water until the residual chlorine is reduced to léss than 0.2
_p.p.m. During the flushing period all valves and faucets shall
be openedd and closed several times. ) .



1,

SECTION 14C

ATR CONDITIONING AND VENTILATION

ATR. CONDITIONING EQUIPMENT

All air conditioning equipment shall be designed to operate with~
out malfunction upto maximum amblent condition of 50°C. All equip~
ment 1nstdalled externally or which ¢an be affected by external
conditions shall be capable of withstanding the effects of solar
radiation, rain, wind, dust, sdndstorm, salt or other weather
phénomeha prevalent in the area In which the building is located
without damage or deteriotation,. .

1.1 Air—cooled remote condenser type packaged alr conditioners
- shall consist of indoor packaged air conditioner and outdoor
‘air-cooled remote condenser, Unlt shall be complete factory-
fabricated and assemble unit, The following manufacturer 5
standard products may be approved by the Engineer on an "or
approved equal" basis, B

Hitachi Ltd: =~ = -

6-2 Otemachi 2~-chome

Chiyoda-ku; Tokyo, Japan

Telex: J 22395 HITACHY e
International phone: +81 3 270 2111 '

'Matsushita Electric Industrial Co., Ltd (NATIONAL)
1006 Kadoma~City,~03aka, Japan

Telex: J 63426 MATUSITA-
International phone: +81.6:908.1121

(a) Indoor packaged aly cbnditioner shall consist of direct
expansion coil, compressor, fan/motor, alr filters, drain
tray, integral thermostatic control and unit casing,

o (a=1) Compressor shall be of the hermetically sealed reciprou
o ‘cating type for use with R~22 refrigerant.

- Compressors shall have integrally cast housing of
close~grained iron with oil-level bull's-eye, cast .
¢ylinder heads, cast-aluminum or forged-steel connecting
rods, and cast iron or forged~steel crankshaft, Main
bearings shall be sleeve-insert type, Lubrilcation
system shall be of the forced-feed positive~-displacement
‘type with oll strainer, ~Shaft seal in open type units
shall be mechanical type, Suction and discharge valves
shall be flange connected, wrench operated, rising stem,

~with cap. Rotatidg parts shall be statically and

- dynamically balanced at the factory to eliminate vibra-
tion. Crankcage oil heatéers shall be provided when the
compressor will be subjected to ambient temperature

s




(a-2)

(a-3)

(a~4)

1ower than the crankcaee operating temperature. 011
lieaters shall be provided. and controlled as recommended
by the manufacturexr, - Piston speed ehall not exceed '
the manufacturer's recommendation. S

Didve shall be by an electric motor at speed that ia
not in excess of the speéd for which the compressor 1is
designed. Motors”sha;l be induction type with continuous~

“duty rating; low-starting-=current, Motors shall have

totally enclosed enclogure. Motor Btarters shall be
reducéd-voltage type with weather-resistant enclosure.
Motor shall be thermally protected against overheating,
and overload protection shall be’ provided on’ all three

‘phases.

Controls

:Compressors shall be provided with automatic. capacity
controls actuated by either presaure or tefiperature: to .

provide step capacity reductions and ecylinder unioading

at start up, low-oil~pressure cutout, high-and=Iow- - .
pressure c¢utout,: and suction, discharge, and oil-

pressure gageés.  Pressure cutouts and gages shall be _
factory mounted on a’ gage board. ~High préssure cutout .
shall actuate a 100 mm (4 in,) diameter alarm bell. - _
Transformer for bell circuit shall be provided 1f required.

Base

The unit shall be mounted on an all-welded structural-
ateel or cast ilron base complete with wvibration isolators

-~ with published load rating. The entire unit shall be

(a-5)

isolated from the building structure..

Direct expansion coils shall be fin-and-tube type
constructed of seamless copper tubes and copper or
aluminium fins mechanically bonded to tubes.. Casing
shall be not lighter than lé-gage (0.0653 inch in- nominal

- thickness) galvanized steel with l&—gage {0:0806 - ineh

in nominal thickness) flanges and ‘support plates.
Suction header :shall be seamleps copper tubing, Supply

" header shall consist of a distributor which shall dis—g

tribute the refrigerant 1iquid through seamless copper
tubing to all ‘circuits in the coll equally. - Tubes shall

‘be circuited to insure minimum pressure drop and maximim

heat transfer. Circuiting shall provide downward flow
from liquid inlet to suction outlet., Each coil shall

be tested at the factory under water at not less than

20,9 Kg/em? (300 p.s.i, % alr pregsure and shall be
suitable for 17.5 Kg/em® (2530 p.s.1.) working pressure.. 

Each coil shall be completely dehydrated and sealed at
the factory upon completion of pressure teste. Coils -
shall be mounted for counterflow service,
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(a~6) TFans shall be double-inlet centrifugal type with each
- fan in a separate scroll, Fans shall be statdcally
arid dynamically balanced at the factory after fan
assembly. . Fans shall be mouited on steel shaft, ground =
and polished, and supported in ball—type bearings
provided with lubrication facilities outside of the
unit or permanently lubricated sleeve~- or ball-type
bearings, ' Pans and scrolls shall be furnished with an
approved rust=inhibitor treatiment, Fan shall be belt
~driven or diréct connected to electric motor. Belt
drives shall be designed for not less than 150 percent
of the connected motor capacity, and sheaves shall be
adjustable to provide not less than 20 percent speed
variation, Sheaves shall be selected to drivé the fans
~ at such speed as to produce the specified capacity when
set at the approximate midpoint of fan capacity.’
Pan motors shall have totally enclosed enclosures,
‘Motors shall be induction type with continuots~-duty
rating, 1ow~starting—current. Motor starters shall be
magnetic across-the~line or reduced~voltage start type
with general purpose enclosre. Fan tip speed and outlet
velocity shall not exceed the recommendations of ASHRAE
‘ Guide and Data Books.. A fire safety swltch shall be
provided in the return duct to de-energize the fan if
the air temperature exceeds 60 deg. C. (140 deg. o)

(a~-7) Casing shall be constructed of not lighter than lé—gage
. (0,0653 inch in nominal thickness) steel treated inside
with rust inhibitor. Drain pans shall be of not lighter
‘than 12-gage (0.1112 inch in nominal thickness) steel,
waterproofed by coating with a noncombustible water-
- proofing material. Casing and drain pan shall be in-
. sulated at the’ factory, acoustically and thermally, and
" internally with not less than 12.5 mm (1/2 in.) thick
semirigid fibrous-glass insulation material. Access
doors or removable panels shall be provided in each
casing section. Casing of units exposed to the weather
shall be lé-gage (0.0806 inch in nominal thicknesgs)
steel weatherproofed and insulated inteérnally with 40 mm
{1~1/2 inch) thick semirigid fibrous—glass insulation.

(a—$) Cleanable alr filter shall be installed to return air
pass through the direct expansiOn coil, :

(b) Air«cooled remote condenser shall be mounted in a weather- .

. protected casing and shall be a complete factory - fabricated
‘and - assembled unilt consisting of coils, fans, and electric
- motor drive, The alr-cooled condenser capacity rating ghall
be based on 45°C dry bulb entering outside air temperature.
.The condenser shall be capable of maintaining continupus
operation of the refrigeration compressor when the outside
entering alr is ~12°C above design ambient air temperature

- specified above, Air discharge grilles shall be provided
.with wire mesh bird screens.




(b~1) Condenser shall be of the extended~surface fin-and-tube
type and shall be constructed ‘of seamless copper or
aluminium tubes with coppér or aluminium fing., The fing
shall be soldered or mechanically bonded to the. tubes
and installed in & metal cdsing. The coil shall be -

.. designed and tested after assembly. After;. testing; the
“coil shall be dried to reméve free. moisture and capped
to prevent entrance of foreign matters, :

(b-2) Fans shall be either centrifugal or prOpeller driven as’
best suited for the application.  Pens shall be belt
driven or direct connected to electrie motors, Belt
drives shall be completely enclosed within the unit :
casing or provided with a guard and an sdjustable sheave
to provide not less than 20 percent fan—epeed adjustment.

'(b—3) Electric motor shall be totally enclosed.' Motor starter
shall be maghetic across-the~line type with Weather—
reeistant enclosure.__ o _

1.2 Direct expansion fan coll units shall congist of indoor fan coil '

1,3

-unit, outdoor. air-cooled condensing unit and thermostat with- on-off -

switch shall be a complete factotry-fabricated and - assembled unit.
The following manufacturer's standard products may be approved by
the Enginéer on an "or approved equal" basis.=_

Matsushita Electric Industrial Co., Ltd. (Japan)

" NATIONAL "

Carrier Co. (U S.A.)

(a) Fan coil unit'shall consist of direct expansion coil, fan/.
motoy, cleanable air filter, and unit cabinet. All itenms
shall be in accordance with Paragraph: Alr-cooled remote
condenser packaged alr conditioner.

(b) .Air-cooled condensing unit shall consist of compressor,
condenser coll, fans/motors, and weather-protected unit
casing, All iteme shall be in- accordance with Paragraph--
Alr-cooled remote condenser packaged alr conditioner..

Alr-cooled self—contained air conditioning units shall be of a
one-piece air to air cooling unit consist of direct*expaneion
coll, compressors, condenser coil, filters, indoor and outdoor
fans, safety controls, automatic controls, thermostat assembly,
and unit cabinet. Unit shall be complete factory - fabricated
and assemble unit, Alr-cooled self-contained air conditioning
unit shall be of the product of "“Carrier Co." or approved equal,

(a) Compreseor shall be in acecordance with Paragraph. Alr-
cooled oondeneing unit, .

(b) Drive shall be in accordance with Paragraph° Alr-cooled
' condensing unit. : .
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1.4

)

{(d)

(e)

(£)

" Direct expansion fan-coll unitas,

()

_Controls ghall be in accordance with Paragraph Alr-cooled

condensing unit.

Base shall be in accordance with Paragraph Air-cooled
condensing unit. _ .

Air-cooled condenser shall be in accordance with Paragraph:
Air—cooled condensing unit,

Direct expansion coll shall be in accordance with Paragraph.

Indoor fan shall be of the forward-curved centrifugal class

- 1 type, belt driven by a motor. Other items shall be in

(h)

; (ij

(5

" be in accordance with Paragraph Direct expansion fan~coil

(k)

.accordance with Paragraph DirecL expaneion fan«coil units,

Outdoor-fans shall be of the propeller type, each directly
driven By a inherently protected motor. Other items shall
be in accordance with Paragraph Direct expansion fan—coil
unite ' .

. Thermostat assewbly shall consist of thermostat; manual or

automatic changeover switch and continuous or automatic fan
operation Bwtich. -

Unit cabinet ahall be conatructed of ‘galvanneal steel, ‘
bonderized and coated with baked enamel. Other items shall

units..

Cleanablc filter shall be installed to return air pass
through the direct expansion coil.

Room air conditioning units shall be of the "through-the-wall"
type, consist of a permanent cleanable filter, permanentcly
lubricated fan, integral thermostatic control, 4<way adjustable

- grilies, hermetically sealed resiliently mounted compressor
motor, fully sealed refrigerant charge, evaporator and air cooled
condenser coils, ilnternal insulation, insulated drain tray and

~wnit casing. Unit casing shall be built of heavy gauge sheet

- steel, zinc coated, phosphatized, and covered with an extruded
thermosetting plastic finish applied after the sheet netal is
formed : ; Lo
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3.

VENTILATION EQUIPMENT

2,1 wall exhaust fans ehall be the propeller type; wall mounted

2.2

direct motor driven type. Fan motor ahall be totally enclosed
with double sealed, permamently lubricated ball bearings.

Fan blades and casing shall be constructed of heat~proof plaetics =

or baked enamel coated steel ot ‘anodized aluminium.. Wall exhgust -
fan shall be provided back-draft shutter and aluminium o¥. FRP o
weathering cover, Stainless steel nuts, bolts and washers shall -
be used for all fixings exposed to the weather.

Tubular fans shall caneist of tubular casing and blades directly
‘connected to the electric motor.  Fans shall be connected to the :
ducts by flexible duct connection, :
DUCTWORK
3.1 General

' Ductwork shall be constructed of galvanized irén, galvanized
"steel sheets. Unless otherwise: approved, ducts shall conform

accurately to the diméngions indicated;. and shall be straight
and. smooth on the inside, with joints: neatly ‘finished, Ducts
shall be anchored securely ‘to the building and shall be so * .
constructed and installed as to be completely free from vibration

~under all conditions of’ operation. Curved elbows shall have a
“centerline radius not. less than 1«1/2 times the width of the’

duct unless provided with turning vanes. Joints shall be made

- substantially airtight, and no dust marks from air leaks shall

show at duct joints or connections to grilles;. registers, and
diffusers. - Laps shall be made in the direction of airflow. -
Edgs and slips shall be hammered down to leave. a smooth interior—-
duct finish, Button or bolt connections in standing seams shall
be spaced at fixed centres not greater than 150 mi (6 in.) spac-
ing. Transformations shall be made with a slope ratio of 5i1
minimum and 7:1 where practicable, or in a specifically approved '
manner. - Duct construction, hangers, and anchors shall comply -
with details outlined in ASHRAE Guide &nd Data Books, | Sheet
metal gages and stiffeners shall be as followsf .

Size of Duct -'j' o g Gauge of Sheet Metal_

300 mm (12”) or less in width of depth . -K' kS Gauge;26

301 to 750 mm (12" to 30") in width or depth - Gauge 24
751 to 1500 mm (30" to 60") in width or depth Gauge 22
1501 mm (60") in width or depth . Gauge 20



3.2

303_

3.4

3.5

3.6

3'.'7_:

Splitters and dampers

Dampers shall have accessible operating mechanism, and where
operators. occur in finished portions of the building, operators
shall be chromlum plated with all exposed edges rounded,
splitter dampers shall be operated by damper quadrant or by

4,7 mm (3/16 in,) rod, using two rods on splitters over 200 mm
(8 in,) in height. Damper quadrant or rod shall be brought
through the side of the duct with locking setscrews and bushing.,
Manual. volume-gontrol dampers shall be opeérated by locking-type
gquadrant opetators. Dampérs and splitters shall be 2 gages

‘heavier than duct in which installed. Multi-leaf dampers shall

be opposed~blade type with maximum blade width of 300 mm (12 iu. ).
Splitter dampers shall be of sufficlent length to close off

elther branoh duct.,

Air deflectors shall_be provided in all square elbows; ducté;_
mounted supply outlets, and tap-in branch~takeoff connections.
Air deflectors shall be factory fabricated and assembled

Fire . dampers ehall be provided in accordance with the National

- Fire 'protection Association Standard No,90A, Dampers shall'be

installed with sufficient tension to prevent rattling or vibration, .

_Duct access doors

Hinged access doors shall be provided at all. automatic dampers,
fire dampers, thermostats, and all other apparatus requiring

service and inspection in the duct system, Access doors shall
be 450 mm by 450 mm (18 by 18 1n.) unless indicated. Where size
of duct will not accommodate this size, access doors shall be
made as large as practical. Access.doors shall be provided on
each side of each alr-handling unit and shall not be less than

600 mm by 600 mm (24 by 24 in.). Access doors shall be of rigid
‘type and shall be provided with felt gaskets to make doors air-

tight, Doors shall be provided with galvanized hinges having
bronze pilne and two approved brass fasteners. All dooxs 600 mm
by 600 mm (24 by 24 in.) or larger shall be provided with fastners

that can be operated from both sides, Access doors in insulated

ducts shall be of the insulated type. Doors shall swing so that
fan pressure or suction holds the door closed, unless indicated. .

Duct’ test holes

'Holes with patches in ducLs and plenume shall be provided where

directed or necegsary for using pivot tubes for taking air .
measurements to balance the alr systems. . At each of these

- locations where ducts or plenums are insulated extension shall

be ptovided with plug fittings.

-Apparatus_conneotions

'-At'eoints where sheet-metal connections are made to airéhandling
~units, a flexible connection of 0.43 Kg (l5~ounce) woven asbéstos,

or other approved noncombustible material, approximately 200 mm

*2(8 in,Y in width shall be installed and securely fastened by
-zinc~coated iron clinch—type bands _



3.8,

Duct sleeves shall be fabricated from 22~gage galvanized sheet
gteel unless 1ndicated. Flanges constructed of 22-pgage galvav'

" nized sheet steel not less than 100 mm (4 in.) wide shall be .

installed tight against the wall on each side of the wall and :
fastened to the sleeve, Duct insulation and vapour barrier -

‘'shall extend throiigh the duct sleeve, Sleeves shall be 50 mm
(2 4n.) larger than the duct unléss requlred by the thickness:

.. of the insulation used. -Framed openings shall be provided for =

3.9

ducts larger than 30 mm (12 in.) in dlameter and fot all square 

‘and rectangular ducts. The space between the duct or duct in-

sulation and the opening or ‘sleeve shall be packed with commer-
CIal—grade twisted asbestos rope. :

Duct: supports shall consist of not less thati 25 vm (1 in. ) by

2 mm (1/16 in,) galvanized strap-iron hangers spaced not over -
1200 mm (4 ft.) on centres. Duét risérs shall be supportéd at
each’ floor, : B

4.' DIFFUSERS REGISTERS, GRILLES |

4, 1

General

'_Diffusels, registers, and. grilles shall be. factorwaabricated
aluminium and shall distribute the quantity of air specified

evenly over space intended without causing noticeable drafts . -
over 0.25 m/sec: {50 £.p.m,). The Contractor shall be :respon-

" sible for diffusion, spread drop, and throw.. If, accord-
. ing to the certified data of the manufacturer:of.the propqsed

units, the sizes indicated will not perform satisfactorily, thé
units shall be reselected to perform quietly . and.-effectively

~in accordance with the manufacturer's recommendations.

A schedule of all air inlets and outlets dndicating location,
specified air quantity, neck or face velocity, nolse level,
pressure drop, throw and drop for registers, and maximum and '
mininum diffusion range shall be submitted. Diffusers and
registers shall be provided with volume control and accéssible

'..operator After the system is in operation, if excessive noise,

4.2

drafts,; or dead spots, are noticeable in the conditioned spaces
due to improper selection of type and size of . diffuser,. grille,
or reglster, the unif shall be changed to the proper size and.
type without additional cost. The colour of the diffusers,
reglsters, and grilles shall be indicated by Engineer,

Diffusers shall be rdppd, half-round, sqﬁare, rectaﬁgulaf, or’
strip shape as Indicated, and shall be of the expanding-cone
type, the plaque type, or a combination of the two types. .

" Sponge-rubber gasket shall be provided between ceiling and..

diffuser or antismudge ring. Duct collar connecting the duct
to diffuger shall fit inside of diffuser neck.
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4, 3 Registers shall be four-way directional-control type except

that return and exhaust registers may be fixed pattern of

. deslgn similar to supply-reglster face. Each reglster shall

" be provided with aq face-operated opposad-blade volume-control
damper, Registers shall be provided with sponge-rubber gasket
between flange and wall or ceiling. Wall-supply registers shall'

“be installed at least 150 mm (6 in.) below the celling.
Return and exhaust registers shall be located 150 mm (6 in,)
above the floor unless dndicated, Free area of all registers
shall be not less than 60 percent of face area.

4,4 Louvers in the air-condltioning system shall be eilther in bulld~
. ing wall or directly connected by ductwork, Louvers shall be
fabricated from aluminium sheets, and shall be provided with-
~frames of: aluminilum structural shapes. Blades shall be
‘accurately fitted and fixmly secured. Edges of louver blades
shall be folded or beaded for rigidity, and shall be baffled
to exclude driving rain:. Bivd screen shall be provided where
indicated on the drawihgs, - : S .

4.5 Grilles shall be as specified for registers, without volume—
control dampers.. ' o . C

4.6 Sound insulation for Duet

Ductwork to be internally sound insulated are indicated on the
“drawings by hatching., Duct lining shall be 25 mm (1 im.) thick
fiberglass with glass cloth and vinyl net covering to help '
prevent fiber erosion and reduce resistance to air.flow. Lining

shall be attached to ductwork by cementing. Where ducts are
~lined thus, the duct width and height shall be increased by
" lining thickness to match free air passage cross-sectlonal areas
of lined and adjoining unlined metal cut. :

5, REFRIGERANT PIPING
5.1 Pipe.

'Refrigerant piping shall be cOpper pipe or copper tubing.
Copper' tubing shall be type K or L, bright annealed, dehydrated,
and sealed. Soft-temper tubing shall be used where bending is
required, and where flare joints are used. UHard-drawm tubing
shall be used where no bending 1s required and silver brazed :
_ joints are used. Copper~tube joints shall be brazed. except that
‘joints on 1lines 15,5 mm (5/8 in,) or smaller may be flared.
Fittings. for flare joints shall be standard SAE Forged-brass
 flare type with short-shank flare units. Fittings for brazed
joints shall be wrough~copper or forged-brass sweat fittings.
Cast sweat-type fittings will not be allowed for brazed joints.
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5.2

5.3

5'4

3.5

Vibration isolators of the allemetallic'beilows and wovehewire
type shall be provided on suction and discharge lines where

_connections to compressor are made._

Refrigerautwservice valves shall be designed for use with the

refrigerant used and shall have pressure ratings compatible
‘with system woiking pressures encotintered. Gate valves will:

not be acceptable, Valves shall be. all—braes packiess~type
globe valves, wrench operated with brass or steel eealcaps..

Check valves shall be brass bedy, 1ift or swing type suitable
for refrigerant liquid or gas setvice as required. _

Expansion valves shell ‘be - designed for use with the type of
refrigerant used with a preéssure rating &ultable for pressures

-encountered, - The valves shall be of the thermostatic type,

diaphragm ox bellows operated, with. an’ adjustable extetnal ,
superhéat adjustment set at the factory for ~12 degree C.- ‘guper- .
heat. .Power eléments and valve size shall be as recommended by-'

© the valve manufacturer for the service intended.

5.6

5.7

5!8

5.9

Dehydrator shall consist of a steel c¢ylinder fijled with a-
suitable desiccant -through which the refrigerant is paeeed

‘The desiccant ghall be such that 1t will not plug, cake,’ duet,

channel, or break down; and shall remove both water and acid
from the refrigerant. The dryer shall be constructed.so that
none of the desiccant will pass into. the refrigerant 1ines

- The dryer pressure rating shall be suitable for the. pressures
. encountered, A dehydrator shall be provided in the liquid line-
_to each evaporator and shall be piped with a threemvalve bypass

Strainers shall be'installed in the refrigerant_line on the inlet
side of each thermostatic expangion valve, Strainers may be an

r_integral part of the’ expansion valve,

Sdight glasees shall be glaes, see-through ‘type or- bull's—eye '

type with cover cap. Sight glass shall be provided in liquid-
line immediately preceding each expansiOn valve and where '
indicated, : Co :

.Discharge-line oil separator of rated capacity equal £o or

greater than the compressor- capacity shall be provided in the

discharge line from each compressor when recommended by . the "

‘compressor manufacturer, The separator shall be provided with'
‘an oil-float valve dssembly or needle valve and orifice eesembly, E
drain~line. shutoff valve, and sight glass. ' The oil-return line

shall be conmected to the compreesor as recommended by the .

- COMPYEssor manufacturer._

‘ 140 -10 SRE




5. 10 Installation

Pipe shall be cut accurately to measurement established at the
. “jobsite and worked ‘into place without springing or forcing,
Cutting or other weakening of the building structure to facili~
tate piping installation will not be permitted, = Pipes shall
be cut square; shall liave burs removed by reaming, and shall
be so installed as to permit free expansion and contraction
‘without damage to joints or hangers. Filings, dust, or dirt
shall be wiped from interlor of pipe before counections are
made. Changes in direction shall be made with fittings, except
that bending of pipe will be permitted, provided a hydraulic
or mechanical pipe bender is used and wide-sweep bends are
formed. Bent pipe showing kinks, wrinkles, or other malforma-
tions will not: be accepted. All piping shall be imstalled with
sufficlent pitch to insure adequate oil drainage. Open ends
of pipelines or equipment shall be properly capped or plugged
during installation to: keep moisture, or other foreign material
out of the system. Copper-tubing joints shall be brazed with
silver solder, Joints in lines not insulated shall be pélished
after cooling to remove all heat marks. Flanged jolnts shall
be. faced true, provided with not less than 1/16-inch-thick:
soft-léead gaskets and made square and tight, Union or flange
. joints shall be provided in each line immediately preceding the
connection to each plece. of equipment or material requiring .
maintenance such as compressors, coils, control valves, and.
other similar items, Valves in gas lines shall be: installed
with stems horizontal or above., Stop valves shall be installed
on each side of each pilece of equipment such as compressors,
condengers, receivers, and other similar items and at any other
points indicated or required for maintenance, isolation, charg-
.ing, or sectionalizing purposes. Each valve, except check _
valves, shall be identified with not less than a 2-inch-diameter
brass tag correctly stamped to explain the valve function and
with a number for identification. Tags shall be gecured to the
valve with 18-gage copper or brass wire. Piping located under
the concrete floor slab shall be installed in 150 mm diameter
PVC piping and without joints where possible .

(a) Pipe supports

Piping shall be supported by adjustable hangers., Chain,
wire, strap, or other makeshift devices will not be per-
mitted as hangers or supports. Piping shall have a
maximum support spacing of not over 40 pipe diameters.
Valves in copper lines smaller than 1 inch shall be sup-
ported indenpendently of pipe, Brackets or clamps may be
used where pipe runs along walls. Pipe hangers or brackets
shall be properly isolated where necessary to prevent noise
trangmission. Where pipes are insulated, the slze and

- position of the hanger shall be such as to bear on the

' outside of the insulation. Sleeves or saddles of no lighter
than 18~gage {0.0530 inch in nominal thickness) galvanized
steel shall be placed between hangers and insulation.
Supports or hangers for uninsulated copper lines shall be

3_COpper coated.-
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(b)

Pipe sleeves

Pipes pagsing through concrete or maSOnry walls or concrete
floors or roofs shall be provided with pipé sleeves fitted

into place at the time of construction, Sleeves shall not .
‘be installed in structural members except where indicated

or approved. FEach sleéve shall extéend through its respec-
tive wall; floox, or roof, and shall be cut flush with.

each su1face._ Sleeves shall be of guch size as to provide
a minimum-of 6,5 mm (1/4 in.) all around clearance between
bare pipe and sleeves or between jacket over insulation

and sleeves, Sleeves in bearing ‘walls, waterproofing
membrane floors, and wet dreas shall be steel plpe or cast
iron pipe:. Sleeves in noncbearing walls, floors, or ceilings
may be steel pipe, cast iron pipe, or galvanized sheet

- metal with lock-type longitudinal seam. FExcept in pipe

chases or internal walls, the annular space between pipe

- and sleeve oF between jacket over:insulation and gleeve

shall be sealed.  Metal jackets shall be provided over -
insulation passing through external walls, fire walls, fire

:partitions, floors; or roofs, and shall not be less than = .
0.4 mm. (0,06 in.) thick aluminium and shall be secured. with

"'_'aluminium or stainless-steel bands 1ot less than 10 it (3/8

_(c.).

in.) wide and not more than' 200 tm (8 in.) apart. Where'
penetrating roofs, before fitting the metal Jacket into
place,.a 12.5 mn (1/2 in.) wide strip of sealant shall be

~‘run vertically along the. inside of the longitudinal joint .

of the metal jacket from a point béelow the backup material
to a minimum of 900 wm (36 in.) above the roof.. If the
pipe turns from vertical to horizontal, the sealant strip.
shall be. run to a point Just beyond the first elbow.. When

‘penetrating waterproofing membrane for floors, the metal

jacket shall extend from a point below the backup: material
to a minimum of 50 mm (2 in.) above the flashing sleeve,
For other areas, the metal jacket shall extend from 4 point

below the backup material to a point 300 mm (12 in.) ab0ve :

the floor, or when passing through walls shall extend a
minimum of: 10 mm - (4 in ) on either side of - the wall,

Pipes passing through waterproofing membranes-

Pipes passing threugh roof or floor waterproofing membrane
shall be installed through-a 1.8 Kg (4 pound) lead~flashing
sleeve, a 0,45 Kg (16 ounce) copper sleeve, or a 0.81 mm .,
(0.032 in,) thick aluminium sleeve, each within an integral
skirt or flange, Flashing sleeve shall be suitably formed,
and the skirt or flange shall extend not less than 203 mm

(8 in.) from the pipe and shall set over the roof or floor
membrane in a troweled coating of bituminous cement. The.

. flashing sleeve shall extend up the pipe a minimum of 50 mm

(2 in.) above the highest flood level of the roof or a
minimum of 254 mm (10 in.) above the roof, whichever is
greater, or 254 mm. (30 in.,) above the'floor. The annular.’
space between the flashing sleeve and the bare pipe or
betweeri the flashing sleeve and the metal~jacket—covered '
insulation shall he sealed, w ‘ e
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{d) Floor, wall, and ceiling escutcheons

Escutcheons shall be provided at all finished surface
where exposing piping, bare or insulated, passes through
floors, wall, or ceilings. Escutcheons shall be fastened
securely to pipe or pipe covering and shall be chromium-
. plated iron or chromium-plated brass, either or split
patté¥n, held in place by internal spring tension or-
‘setscrew, .

5,11 Refrigéraht pipes and. fittings shall be of a type and size
recommended by .the air-conditioning equipment manufacturex and
the Contractox shall submit for approval,

6. INSULATION
-6;1 .Lcht insulation.
(a) Generél.;

Ducte shall be insulated to the thickness with mineral _
wool or cellular glass.  Insulation shall be of the flexible
‘type for condcealed ducts and the rigid or semiiigid type.
for exposed ducts. A vapour-barrier facing material con-
“sisting of 0.05 mm (0.002 in,) thick alumlnium foil re~
inforced with kraft- paper. and glass fibers or other approved
vapour~barrier material, shall be applied to. the exterior
of all-duct insulation. Vapour-barrier shall be noncombustible.
- Insulation shall be secured to rectangular ducts by welded
pins or metal stick clips and speed washers spaced not over
300 mm {12 in,) on centres each way, by 18-gage copper—
- clad-stee]l wire spaced not over 450 mm (18 in.) on centres,
or by a combination of the two methods if necessary to
accomplish a neat ‘finished installation. In all cases
where insulation jolnts occur, facing tabs ghall be over—
lapped not le%s than 50 mm (2 in.)} and sealed with an -
. approved noncombustible adhesive recommended by manufacturer
. of the facing waterifal., All punctures in the facing material
shall be sealed, : : ‘ '

- (b) Thickness of ﬁaterial

(b-l} Return~air ducts, and air—conditioning supply dcuts
outside of the conditioned area: 25 T (one«inch thick)
material.;

{b-2Y) Insulated ducts exposed in equipment rooms or other
locations subject to damage shall be insulated and
. vapour sealed, covered with chicken wire, and finished
with 12 mm {1/2 in ) thick smooth trowel coat of Keene's
cement, . -
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(b~3) Inaulated ducts exposed to weather .

Two—inch—thiek material. Insulation finish shall be _
0.41 mm (0,016 in.) thick corrugated~aluminium sheet ‘
‘with joints lapped not less than 75 mm (3 i1.),
sealed and secured with No.6é by 10 mm (3/8 in.) .
alumipiuin sheet~metal screws, or aluminium hand~gun~
type rivets, ' : .

Pipe Insulation

(a)

General

No pipes shall be insulated until after tests are complete.-:
Refrigerant suction lines, shall be. insulated with fosdm

' - polystyrene pipe insulation. Insulation shall be jackéted

(b)

©

@)

with nonadhesive fiot less than 0.2 wm thick vinyl tapes,

 Lap of jacketing material shall be not less ‘than 15° mm,
Adhieslve tape shall be used to protect vinyl tape from
slipping. Filttings ‘and | valves :shall be covered with the’

same material of the game. thicknégs and jacketing as the -
pipe insulation and sealed with an. ‘approved vapour—sealing
tapeé and 4 hard smooth surface of ‘approved inSulating T

Loement, Covering shall be. finished neatly at pipe hangers -

and shall be terminated neatly on the ends ‘of the unions.
with approved insulating cement. .

Thickness of material

-Insulation thickness of refrigerant pipes shall be not

less than 30 mm.

Pipe insulation exposed to weather shall be provided with
an additional jacket consisting of 0.15 mm (0,006 4n.)’
thick corrugated—-aluminium sheet with 50 mm (2 in.) lap.
connected with 25 mm (1 1in.) hem overlap joint located on
side of pipe and turned down to shed water, Jacket shall
be strapped 300 mm (12 in.) on centres with 10 mm (3/8 in.)
wide aluminium, lock-type straps.  Factory-applied jackets,
consisting of 0.4 mm (0,016 in,) thick flat aluminium and.

- vapour-sealing type aluminium bands, may be provided in

live of the corrugated jacket at the option of the Contractor.
Aluminium jacket material shall be mitered to fit all fittings.s

Acoustical duect lining shall not be less than 25 mm (1 |
JAn,) thick, 3mpound-per—eubic~f00t—density fibrous glass

with a noncombustible coating on the surface in contact.
with the air. The duct-~lining material shall be non-
combustible, Noise~reduction coefficient shall be not
less than 0.60. The lining shall be applied in cut-to-~
size pieces fastened to the interior of the duct with
approved noncombustible adhesive. Duct’ panels over 24
inches wide shall have the lining additionally secured
with sheet~metal screws and waghers,
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9,

BQUIPMENT INSTALLATION

Necessary supports shall be provided for equipment, appurtenances,
pipe, and ductwork as required. All floor-mounted equipment shall

" be set on-not leéss than 150 mm (6 in.) concrete pad doweled in
place. Fbundation drawings, bolt-setting information, and found-
ation bolts shall be submitted for approval for all equipment

. indicated or required to have concrete foundations.

ACCESS PANELS

Access panels shall be provided for all concealed valve controls,
dampers, or any itenm requiring inspection or malitenance., Access
 panels shall be of sufficient size and so located that the. concealed

items may be serviced and maintained or completely removed for
_ replacement.

CLEANING, _TESTING, ARD BALANCING -

9.1 i=CIEaﬁing and edjusting

Pipes shall be cleaned free of scdle and thoroughly flushed of
all foreign matters. Strainers and valves shall be thoroughly
cleaned. Ducts, plenums, and casing shall be thoroughly cleaned

. of-all debris and blown free of all small particles of rubbish

 and dust before installing outlet faces, Equipment shall be
wiped .clean, with all traces of oil, dust, dirt, or paint spots
removed, Temporary filters shall be provided for all fans that
are operated during construction, and after all construction
dirt has been removed from thé building, new filters shall be
installed. Bearings shall be properly lubricated with oil or
greases as recommended by the manufacturer. Belts shall be
tightened to proper tension, All control valves and other

- miscellaneous equipment requiring adjustment shall be adjusted.
to setting indicated or directed, Fans shall be adjusted to
the speed inddicated by the manufacturer to meet specified
conditions, -

9.2 Testing

(a) Refrigerant piping connecting condensers and cooling coils
- ghall be subjected to a pneumatic test. The pneumatic '
testing shall be done with anhydrous carbon dioxide or dry
- nitrogen before any refrigerant pipe is covered. The high -
and low side of the refrigerant system ghall be tested for
the minimum refrigerant-leak filed-test pressure specified
in Americ¢an Standards Association Standard B9.l for the
refrigerant employed in the system. The system shall be
- proved tight under test pressure by first checking each
joint with soap solution and second, with a halide torch
~or by electronic leak detection. Leaks detected shall be
repaired by taking the joint apart, thoroughly cleaning,
-and remarking as a hew joint. Joints repaired by calking
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9.3

9.{' [

or- remelting and adding niore brazing material will not be
acceptable. The system will be proved tight and free of
leaks by successfully completing the soap. and detectof . o
tests and by allowing the’ leak-test pressure to remaln on - .
the system for 24 hours with no drop in pressure, -
Correction of 0.3 pound per square inch will be allowed :
for each degiee change in the Initial and final temperature
of the surrolnding air, plus fot an increase ‘and minus -
for a decréase, Aftet the above~mentioned tests have been
sstisfactorily completed and the pressure relieved “the
entire systéem shall be evacuated to’an absolute pressure
of 5,000 microns (0.2 inch of Hg) or less.at ambient Toom
tempetature of not less than 12.8 deg. C-(55 deg. R.),
The vacuum line shall be closed, and the system shall
stand for 2 houirs. After this period the incérease in
absolute pressuré ghall not exceed 25 microns. During -
this test, pressure shall be recorded using a thermocouple-
. type, electronicmtype, ot a calibrated . micron gage. .
Upon completion of the tegt, tlie ‘vacuum shdll be broken
by charging the systém with dry refrigerant for which the
system 1is designed .

(b) Ductwork
'Ducts,'plenums,:and casings shall be tested and made |
_substantially alrtight at static pressure: indicated for
. the system before covering: with insulation or concealing.
Substantially airtight shall be- construed to mean that wo

alr leakage is noticeable through the senses of feeling
or hearing. :

(¢) Balancing

Duct systems shall be balanced to produce air quantities
within 5 percent of that indicated :

Performance tests..

After cleaning, balencing, and. testing'operations'have'been'

completed, the system shall be tested as a whole to see that

all items perform as an integral part of the system; and -
that temperatures and conditions are evenly controlled through—
out the building. Corrections and ‘adjustments shall be made

" as necessary to produce the conditions indicated

Lubricating oil

~Two complete charges of 1ubricating oil for each compressor

crankcase shall be furnished. The oil shall be of a type
recommended by the wanufacturer of the equipment. One charge
shall be used during the performance testing period, ‘and upon

 the satisfactory completion of the tests, the oil shall be

drained and replaced with the second charge.
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SECTION 14D

SEA WATER SERVICE SYSTEM

GENERAL

Séa water service system shall consist of sea water pumps, settling
- tank, header tanks, fitting equipment and distribution piping. All
materials to be used for sea water service shall have excellent
chemical resisting characteristics to sea water. Sea water service
system is divided into two subsystem as follows:

a) Filtered sea water service system
b} Raw seajWater service system

SEA WATER FILTERING EQUIPMENT

Sea water shall be filtered by full automatic gravity type sand filter
and capacity and sizes as shown on the drawings. The raw sea water
shall be suppliéd from the header tank.by gravity. The inlet raw .

-séa water is-distiributed uniformly from the flow welr to all unit of
the filter where it is removed of turbidities by filter media. The
‘filtered sea water is collected by the underdrain and flows out of
the outlet weir and being led to the filtered sea water reservoir.:
The operation for backwash is automatically according to .the time

- setting of filtration, Ses water filtering equipment shall consist
of reinforced concrete tank, filter media, surface wash system,
underdrain system, waste water discharge troughs, waste water dis-
.charge siphon pipes. Inlet weirs, filtered water outflow welrs,
surface wash pump, ejectors, motorised. pvc valves, oriflow meters,
electrode and control system.

2.1 Filter media shall be as follows:

(1) Marble stone: - 1.~ 2 mm diametre, 50 mm. depth
(2)  Fllter sand: 0.6 mn diametre (effective size)
o 550 mm depth '
uniformity coefficient 1.4 or less

(3) Supporting gravel: effective size: _ depth
' 2 - 4 mm 50 mm
b~ 8mm 50 mm
8 = 12 mm 50 mm
12

- 20 mm 50 mm
2.2  Surface wash system
Six (6) sets of surface wash system shall be provided and each

. system shall consist of 65 and 40 mm diametre polyvinyl
chloride (PVC) pipe 8 pes. nozzles.




2.3

2.4

2.5

2.6

2.7

2.8

2.9

Under drain system

. 8ix (6) sets of under drain system shall be provided and each

systeii shall consist of 8 pcs. of pre*stress eéoncirete plates

- (600 mm square) with_lftype_stxainers, ade of polypropylene.

Waste water dischargé troagh
Six (6) sets of waste water discharge trough shall be provided
Discharge trough shall be of fiber-glass reinforced plastic (FRP)
and sizes shall be as followse:

Width : 300 mm ~ Length : 2,600 im Darth-:'250 i

Waste water discharge siphon pipe

Six (6) sets of waste water discharge siphon pipe shall be pro-
 vided and shall be 200 mm diametre FRP- reinforced PVC pipe with
‘a nozzle for wvacuum.

Inlet weir

six (6) sets of inlet weir shall be provided and shall be of PVC

_ plate with frame.: 8izes shall be as follows

Width-' 100 mm : Length :'400 i

Filtered water outflow wier shall be 5 pcs ldO'mm.widg71’200 tm

long and made of wood with frame.

Surface wash pump. £hall be of the horizontal -centrifugal type

“and shall be direct-connected to the electric¢ motor through

flexible couplings. The pump shall be designed for sea water

" works service, Pump casing, impeller, shaft, and shaft sleeve

shall be of stainless steel. Other items shall be in accordance
with paragraph - Water Pumps. ‘

Ejectors shall be provided to produce siphonage and shall be of
cast 1ron with rubber lined . :

Sea water filtering equipment shall be similar or. equal to’
"EBARA-INFILCO GO., LTD,". (Palace side Bldg., 1-1, Hitotsubashi,
Chiyoda-ku, Tokyo, Japan, Telex:fJ'22441-EBAFILCO “Intexrnational
Phone: +81.3.212,3311). - '

"3, SEA WATER SERVICE PIPE, FITTING AND CONNECTIONS

C 3.1

3.2

Sea water service pipe shall be polyvinylhchloride water pipe
comforming to BS 3505 and 3506 or equivalent international
standards.

Fitting shall be compatible with the pipe material,
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3.3 Installation of pipes and fittings shall conform to Paragraph:’
Plumbing., Joints for polyvinyl-chloride pipe and fittings shall
be made using solvent cement and free from uneven surfaces at
inside of the pipe affecting water fiow,

3.4 Valves installed for sea water service system shall be all .
polyvinyl-chloride light chemical type., Valves up to and includ-
ing 50 mm shall be ball valve with flange ends, Valves from
65 mm up to and Including 200 mm shall be gate valve with flange
ends, 250 mm and larger shall be butterfly valve with flange ends.
Valves shall be similar or équal to "ASAHI YUKIZAI KOGYO 0., LTD."

 (Gojokai Bldg., 15-9 Uchi~Kanda 2-chome, Chiyoda-ku, Tokyo, Japan,
Telex: J 222-2134 AYKPOK, International Phone; +81.3. 254,7221) of
type and size as shown on the drawings‘

~4.  HEADER TANK

Header tank shall be constructed of uhsturated polyester reinforced
with glass fibre (FRP) prefabricated panel as shown on the drawings
and shall conforii to Paragraph Plumbing, .

5. 'SFA'WATER'PUMP

8ea water pumps shall be of the horizontal, centrifugal type and
shall be direct- connected to the electric motor through flexible
couplings. - The pump shall be designed for sea waler works service,
Pump. casing, impeller, shaft, and shaft sleeve shall be of stainless
steel, Other items shall be in accordance with Paragraph. Water
Pumps.
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' SECTION 14E

AIR DISTRIBUTION SYSTEM |

. GENERAL

Air:diStribution systeit shall be provided for aeration of sea vater
tanks and ponds. Alr shall be supplied by means of rotary: blowers
through alr distribution piping to each tanks dnd ponds,

ROTARY BLOWER _

Rotary blowers shall be of dry compression service type and - shall be
statically and dynamically balanced at the factory. Rotary blowers
‘shall be driven by 4 unit wmounted motor connected to blowers by V- _
belt drive complete. with belt guard. Motérs shall be totally enclosed.
Rotating parts shall be 1abyrinth—sealed non-contact type: Bearings .
shall be protected from hot blast by means of flinger. Lubricating
oil shall be protected by air-cooling and. water—cooling fins, The
interior of the casing shall be oll~free type. Lubrication systéem
shall be splash lubrication type for gear side and oil bath laburi-:
cation-type for. driving side, Casing, cover and rotor shall be of
cast~iron, and shaft shall be carbon steel, ‘Rotary blower and

~ electric motor shall be mounted on a common base arranged for bolting
to a concrete foundation

2.1 Accessories shall be as follows (for each rotary blower):

Common base . vi.ever. O DR ea

1

Suction filter ...ivivirnranrvaesriers 1 g2
Suction sllencer ... iviiiriiansas ver loea
Discharge silencer ..... A T A -
SAfely VBIVE v ervierressssrvesnseess 1 ea
Vacuum breaking valve ..iviieeisveraes "1l ea
Check valve t.iiiiiiisnervernenorees, loea ’
Slulce valve  cvvvirvirvernvenrraesses lea-
PLessure BAUBE. ,..vsvesnsssvrsrsessss lo€a
Vacuum ZAUEE vivrvrrrorvssnnrirsessios 1 €8
Compound pressure gauge ............. 1 €&

- Thermometer .ivviaivevssassaninresses: 1 €8
Flexdble jodnt ..v..iiveivieriinnsses. 2 @8
Vibration absorber (rubber) ......... 4 ea
Disassembly tools .....iv...ihuniinae. 1 oset

2.2 Foundation shall conform to Péragraph: Pﬁmp Foundation.
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3.

AIR DISTRIBUTION PIPE

Alr distribution pipes shall be polyvinyl*chloride (PVC) water pipe
comforming to BS 3505 and 3506 or equivalent international standards.

Fittings shall be ‘compatible with the pipe material,

VALVE

Valves installed for air distribution system shall conform to Section'

' SEA WATER SERVICE SYSTEM,

PIPE INSTALLATION AND OTHER ITEMS

. Pipe installation and other items shall conform to Section SEA

WATER SERVICE SYSTFM and PLUMBING
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SECTION 14F.

WALK-IN FREEZER

1, GENERAL

Walk-in freezer shall be of a factory-made pre-fabricatéd, sectional
version of the built~in freezer, consist of low heat-conductivity
‘sectional pre-~fabricated panels, base frame, skid, air~cooled con-
densing unit, direct expansion fan coll unit, thermometer and
‘eompartment lamp. All parts of the walk-in freezer shall be shipped
to the site and elected on the Job., ‘Walk-in-freéezer shall be similar
or equal to "SANYO MURAKO INT, 00., LTD," (8-6 Kameido 1l-chome, . .
Koto-ku, Tokyo, Japan, Telex: J 26222185 SMI, International Phonef
_+31.3.68&.6861). - - R ' S

2, FREEZER COMPARTMENT

Freézer compartment shall consist of celling panels, siding panels,
corner panals, floor panels, door panels with magnetic double gaskets
door, skids and base frame.

2.1

Pre-fabricated panels shall be filled with foamed-in—place poly-’ -
urethane dnsulation: and the two surfaces of the panels shall be -
covered with high=- grade steel sheet, galvanized- electrostatically,
and polyvinyl chloride (PVC) coating, Panels shall.have double -
gaskets and dipense with the post—assembly caulking of the panel

sean,

3. AIR-COOLED CONDENSING UNIT

Air-cooled condensing unit shall be mounted in a weather-protected
casing and shall be a complete factory—~fabricated and assembled.

unit consisting of compressor, condenser, fan, electric motor drive
and control panel : -

3.1

3.2

3.3

Compressor shall be of the semi—hermetic reciprocating type for .
use with R~502 refrigerant ‘and shall conform to Section. AIR :

CONDITIONING AND VENTILATION.‘

Condenser shall consist of Section: AIR CONDITIONING AND' VENTI~-
LATION. ‘ .

Direct~expansion fan coil unit shall ba ceiling gourted: type con-

sisting of direct-expansion coll, fans, defrost heater, drain

tray and pipes with heater, control box with heater, and casing.
Fans shall be direct connected to electric motors, Other ltems
ghall conform to Section AIR CONDITIONING AND VENTILATION,
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SECTION 146

FIRE EXTINGUISHER

The following hand portable fire extingulshers shall be provided and

placed at each buildings as shown on the drawings. The extinguishers

- shall be wall mounted at a height of 800 mm above floor level, and

shall comply with BS 5423 : 1977 or equivalent international standards

and shall be of approved by the local Fire Authorities. Operating

instructions shall be clearly printed on each unit,

a) Carbon digxlde (CO3) Extinguisher 5 1b, capacity
b} Dty Chemical Extinguisher 5 1b...capacity '
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SECTION 154

ELECTRICAL GENERAL

'SCOPE OF PROJECT AND WORK

Work covered by these specifications shall include furnishing labor,

materials, equipment, and service to be required for the construction

of the following work im dccordance with the tender drawings and the

- specifications herein. The work shall not be limited only for the =
electrical drawings but all other affiliated drawings pertaining with

any electrical systems, ‘ S

_The main electrical work to be cOmpleted under this project shall

- consist of the following works:

Al Installstion of. medium voltage main circuitubreaker, an automatic S
. -voltage stabilizer, medium voltage distribution switchgear ‘both
- for normal and emergency power supply systems, and associated
electrical system including wirdng in the Sub-station Building.
“Howaver the following electrical work shall not be included as
- parts of this contract: o :

{a) Introduction of high voltage primsry distribution cables
to the premises ’ . . . Do

(b) Furnishing and installing of high voltage switchgear and two
power traunsformers and associating wiring system, except
for that the furnishing and connections of medium voltage .

cables between the secondary terminals of the transformers, = -
the mailn circuit~breaker and the switchgear which shall be .
furnished and: installed by the Contractor. . '

B: 1Installation of all electrical equipment, devices, and wiring

for the emergency power generating plant and system, including
a generator and fuel system.

C: Installation of'undergrsund medium~-voltage electrical distribution .
. system between the Sub-station Building and the following huildingsl.
and facilities. o :

- (a) Laboratory Bullding.

(b) Aquarium Building
(¢} Seed-Production Building
(d) Filtration Building-
(e} Workshop Bullding ..
{f) Dormitory Building
(g) Intake Reservoir
(h) Area Lighting System

' D: Installation of interior and area 1ighting and power systems as
indicated on the drawings,

E: Installation of slsctrical system to be connected to the
_ emergency powsr plant. - :

el




I:

Installation of empty conduit system including terminal cabinet
for Public Telephone System indicated on the drawings

Installation of manual fire evacuation Bystem 1ndicated on the

drawings.

All necessary control system wirlng for lighting and power systems

- as . indicated on- the dravings.

Installation of wanholes for telephone conduit system.

2. PLANS, DRAWINGS AND REGULATIONS

2.1

2.2

2.3

The tendef'drawings for thls projeéct shall serve as working drawings.
They indicate the general layout of the complete electrical system
such as medium-voltage mailn service, sub-main distributlon systen,

final sub-cireults, lighting fittings, control switches; socket~

outlets,'Heating and cooking appliance cilrcuits, air~conditioning
system's ¢ircuit, distribution beards, emergency electric service.

-system, pumps control system; and otheyr work indicated on the
'drdwing. : S - : _

Field verification as to real dimensions shall be accomplished
by the contractor since the dimensions showm on the’ drawings mnay

_‘vary with -the. actual site 1ocations.

The electrical contractor shall study architecthral, struétural;
mechanical, dnd civill drawings to avoid possible installation

confliets, Should drastic changes from original drawings be

necegsary to resolve such conflicts, this Contractor shall

‘notify the Engineer and shall secure from him written approval and

agreement as to necessary changes and adjustments prior to any

‘alteration of work.  In any case such changes shall be planned

-strietly in accordance with the Regulations staLed in other

2.4

2.5

provision of these spécifications.

Discrepancies shown on different drawings, or between'drawings
and actual field conditions shall be brought to the attention

of the Engfneer prowptly for resolution.

Given drawings may be superseded by later revised drawings or

‘specification addenda prepared by the Engineer, and the contractor

shall conform to all reasonable changes without extra cost to the
client. _All_items not specifically menticned in the specifications .
or noted on the drawings, but which obviously are requiied to. .make

~the working installation complete, shall be included automatically.

3, SHOP DRAWINGS PREPARATION

' The é¢ontractor shall submit to the Engineer detailed, dimensioned
shop drawings covering all items of equipment and devices, and
brochures describing all lighting fittings, accompany with all
technical data 1f required. No materials, devices, and equipment
shall be ordered or scheduled for production until such shop drawings,

-brochures, and technical data have been approved by the Engineer.
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The following procedure shall be carried out when shop drawings,
brochures, and technical data are. required. ‘The -contractor shall
submit 4 prints of shop draiwings, brochures, or technical data
for approval. A copy of such submitted document will be returned.
to the contractor with comments or revisions by the Engineer

After the approval of the Engineer as to such submissions, the
contractor may commerice the aotion of purchasing of the approved

- dtems.

APPROVAL PROCEDURES

The electrical products to be uged on this project:ehali strictly
conform with appropriate the British Standard Specificatione (B S. ),_

- ‘unless otherwise specifically noted.

- Acceptance:or‘rejectione”of the substitutioosﬂshallgoe subject
" to the approval of the Englneer. . The contracter shall submit sample .

of both the speécified and the proposed subgticutions items for.

inspection if the Engineer requests to do 8o, -In all cases the -

oontractor shall not be_paid.fot_extra cost for‘sueh eubstitotions.

MATERIALS AND SUB%TITUTIONS

Where materials, equipment, apparatus ox-other products are specified
by manufacturer, brand names, or type ot catalogue number, such

‘deadgnation is to establish standards of desired quality and. style :
_ and shall be the basic of the tender. Materlals: so specified" shall be

furnished under the contract unless changes. by mutual ‘agreement., Where

two ‘or more designatlons are listed, cholce shall be optional with the .
.contractor, It is the intent of these speclfications 'to eetablish_"
‘quality standards of materials and equipment to be installed.

.Hence, specific ltenns are identified1by_manufacturer, trade.name or

catalogue designation. Should the contractor propose to furnish
materials and equipment other than those specified, as permitted by
the "or approved equal" clause, the contractor shall submit a. written
request “for any or all substitutions to the ?ngineer.t' -

Such request shall be an alternate to the original tender"shall be

. accompanied with complete descriptive (manufacturer, brand name,

catalogue number, ete.) and technical data for all items;'andrehall_'

- indicate any addition or deduction to contract price. Where such

substitutions require the alternation of the design or space require-

- - ments indicated on the drawings, the ceontractor sliall include all ltems

of cost for the revised design and construction, including cost of all

'allied trade involved.

CODES, REGULATIONS AND ORDINANCES

The electrical work under this contract shall be strictly governed by
appropriate provision of the following: RegulationS"
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(a) "The Regulation for Electrical Installation work by the
Government.

(b) The Electrical Supply Regulations, the latest edltion issued
- by the Electricity Commissioner under the authority of the
Electric Supply Acts,

(e) Thc Regulationsrfor the Eiect;ieal Equipment of Building
: issued by the Institution of FElectrical Engineers.

(d) Electrical (Factory Act) Special Regulations issued by the
Department of Employment.

If the discrepancles between the above Regulations and these
specifications or the drawings be found; the Regulations always

- govern the codes and rules. Should the contractor find such

- discrepancies, he shall report to the Engineer for the revislon of
‘the specifications or-the drawings, except for the tropical ratings
and currernit carrying capacity of cables shown on the drawings or in
‘the dpecifications that is inevitably different.

7. .SAFETY PRECAUTIONS

'The contractor shall furnish and place proper guards for the preven-
‘tion of accidents. The contractor shall provide and maintaln any
other necessary . construction required to secure safety of life and -
property, including the maintenance of sufficient lights during
such protection :

8. TEMPORARY SERVICES AND RELATED CONDITION

. The electrical contractor shall furnish, install, maintain and remove
after construction a temporary power and lighting systems. The source
of power shall be obtalned from the contiractor owned generator plant
or the available existing electrical power line. The necessary equip-
ment and materials such as transformer, switchgear, and cables shall
be furnished and installed by the contractor in accordance with the
directive by the Engineer,  In such case the contractor shall have to

_pay electricity bill. according to the reading of the approved kilo~
watt-hour metre to be imstalled by the contractor and sealed by the

. Engineer upon commencement of service. The rate of electricity bill
3will be notified to. the contractor prior to the service. :

‘ Temporary wiring iﬁstallation 3ha11 be drawn on the drawing attached
with a letter of request for the approval of the Engineer, and the

. electrical system shall be so designed that the system can supply

sufficient electrical power to the project site for the purpose,

9. AMBIENT TEMPERATURES

9,1  The amblent temperatures to be affected to cables, motors, control<
gear and ancillary apparatus for continuous and prolonged operation
shall be as follows:. '




(a) Locations within buildings of substantial
construction having good heat insulatiug
properties & adequate ventilation PR E 110°F (43. 3°C)

(b} Locations in well ventilated pOSition and
- séldom from direct sun through the day
(in building of light construction or. ' '
of doors) .....;......................;}... 120°F (48 9°C)

.(c)_ Locations exposed to direct sunlight cereees 175° F (79.4°C)

(d) Minimum temperature 1ikely to occur are _ o o
OutdOOrS -ch«-lo;tltn.loloeuv.c&so-o-ino BOOF ("lOC)
IndOOfS :iooo‘loul'll'ilo'olobioltol-'hulo 40°F(50C)

These temperatures make no allowance for produced in or by
electrical equipment or apparatus itself or in _any adjacent
equipment whether eleetrical or othetwise

'9.2_'0the1 than those which are specially designed for high temperatures
shall not be installed in .any duct, coniduit, or trunking in which
_ambient alr temperatures are likely to exceed the following °

valueS‘
L = ©. Maximum temperature of

Type of insulation o a -ducts or cable surroundings
Rubber o A © o 55°C 0 . 131°F
P.V.C. o R L 65°C .. 149°F

" Polythene . _ S B5°%C - - 149°F
Impregnaged paper 75°C . 167°F

. Varnished camblic and heat- resisting fibre 80°C . .. 176°F
Silicon rubber o . 1l45°C 293°F
Butyl rubber with heat—resisting fibre 80°C  176°F
Mineral insulated _ ) 145°¢C 293°F

(1f temperatures over 145°C are likely to be continued, special
. heat-registant cables shall be used. i,
10, INSULATION CLASSES

Clasees of insuration materials used for all electrical equipment S
applicable shall be defined as follows ' :

Maximum ailbwabie‘fulle

" Class of insulation o ' load temperatures (°C)

¥ 90

A 105

E 120

B 130
¥ 155

H 180

C

. over 180
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11.

12,

.

It is defined that Lempeieture rise on .the electric equipment

. shall be the. temperature differencial between measured temperature

on the equipmenL and ambient temperatures.

SYSTEM VOLTAGES

The electrical system voltage ranges to be dealt with this project

“shall be as - follows:

{a) extra-low voltage; normally not exceed 50 volts between
' ' - ¢onductore, and not exceeding 30 volts
aic. or 50 volts d.c. between any
conductor and earth,

(b). low veltage;' 'hormally exceeding extra-low voltage but
' e not exceeding 250 volts between ccnductor
to earth. :
(¢} medium voltage; "normally exceeding 250 volts but not _

exceedlnig 650 volts,. whether between
conductor or earth

(d) high voltage; . - _ normally exceeding 650 volts, whether

between conductor or to earth

VOLTAGE DROP

The #oltage'drop'betweeu the supply terminals and any, ofievery,_point

. 4in the installation shall not exceed 2.5 per cent of the declared

voltage. The declared voltage is the voltage declared by the Supply

" Undertaking and not necessarily the actual voltage at the supply

terminals which may vary 6 per cent above or below the declared

voltage, as defined by Electricity Supply Regulation 34 (b).

With a declared voltage of 240 volts, the actual veltage may be anything
between 225 and 254 volts but the voltage drop calculation shall be
based upon.240 volts, and therefore, the maximum drop shall not be

. allowed in any part of the installation exceeding more thaih 2.5 per
" cént of 240:volts which 1s 6 volts,

CIRCUIT CATEGORY AND SEGREGATION OF CONDUCTORS

13.1 The electrical wiring systems for this contract ehall be categorized

as follows:
(a) Category'l clrcuits
Cirecults (other than fire-alarm circuits) operating at low

or medium voltage and supplied directly from a main supply
.system,’ . :
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13.2

14,

13.3

13.4-

{b) VCategory 2 ¢circuits |

With the exception of flre~alarm circults; and telecommunica~
tion circuits (e.g. radlo; telephona, gound~ ~ddgtribution,
burgular-alarm, bell and call ciréuits) which are not supplied
directly from a main supply system. o .

() Cetegory 3 cireuits
Fire~alarm circuits

Cables of Category 1 circuits shall not. be dirawn into the same
conduit or duct as:cables of Category 2 circuits, unless the
latter cables are insulated for the highest voltage present in the
Category 1 circuits.

Cables of Category 1 circuits shall not be in any circumstances be
draWn into the same conduit ot ‘duct as cables of Category 3 circuits.

Cables of Category 1 and cables of Category 2 circuits cdn be _
drawn into a common channel or trunking 1f effective partition be.
provided between two e¢ircuits, or the cables of Category 2 has

- the same insulation with highest voltage cablee in Category 1

13.5

13.6

7 cirCUits

Where a commor channel or trunking is" used to contain cables of
Category 1 and Category 3 clrcuits, two categories of cireult
shall be separated by continuous partition of fire-resisting
material unless the Category 3 circuits are wired in mineral-?. S
insulated metal sheathed cable B

In conduit, duct, or trunking systems, where controls or.outlets

for Category 1 and Category 2 circults are mounted in or on common
boxes, thé cables and connections of the two categories of circults =~
shall be partitioned by means of rigidly fixed screen or barriers.,

At any common outlets in a trunking system for Category 1 and
Category 3 circuits, the two categories of circuits shall be .
separated by continu0us partitions of fire-resisting material.

'Electrical services shall not be insta]led in the same conduit or :
_trunking as pipes or tubes of nonveleetricel services, e, g. air,
Bas,. oil, or water,

REQUIREMENTS FOR SAPETY

All electrical conductors shall be of sufficient size and current
rating for the purpose for which they are used. Every electrical

" g¢ireuit and sub-circuit and final sub-circuit shall be protected
against excess current by fuses, circuit«breakers, or other similar
devices. .
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Where the earth- faulL leakage current from a circuit due to fault
of negligible impedance from a live conductor to earthed metal is
Insufficient to operate the fuses or circult-breakers, the earth-
leakage. circuit~breakers or equivalent device shall be used,

Ho fuse, or cilrcilt-breaker other than a linked circuit-~breaker,
shall be inserted in a conductor counected with earth, and any
linked ¢ircule-breaker inserted in a conductor connected with earth
shall be arranged to disconnect also all live conductors.

Every non—current carrying metal parts-shall'be-earthed.- Every

" electric motor shall be controlled by efficient switch for starting
and stopping, gsuch switch to be readily accessible and easily operated
and so placed as to prevent danger,

Conddctors and apparatus operatiug at voltdge between conductors ot
to earth exceeding 250 volts shall be completely enclosed by earthed
“robust metallic enclosure. :

15, EARTHING

15 1 Every iten of apparatus and every conductor operating at a voltage
‘ exceeding extra-low voltage shall be of all~insulated construction
type or be earthed.

15.2 3511:metal work of wiring systems (other than curréht-catrying'oaft);
' including cable sheath and a¥mour, condult, ducts, trunking, boxes,
and catenary wires, ‘shall be earthed properly

©15.3 Earth continuity conductors shall be Copper conductor and be :

' connected to earth-bus with earthing rod as shown on the drawing.
 Minimum size of copper earthing leads, copper bonding leads, and
copper earth-continuity conductors not contained in a composite
.cable, flexible cable, or flexible cord shall not be smallet than
~sizes shown as follows: :

(Unit: mmz)
;Nominal - Nominal : ~Nominal " Nominal
cross-sectional - cross-sectlonal cross-sectional cross-sectional
‘area of largest area of earthing area of earth- area of
~assoclated copper lead continuity “bonding lead
eircuit conductor . ' . conductor S '
C : -1 .,2 . . 3 B S
1,0 sq.mm 6 sq.mi - 1.5 sq.mm 1.5 sq.mm
1.5 6 1.5 1.5
2.5 6 1.5 1.5
4 6 2.5 1.5
6 b 2.5 - 1.5
710 6 6 - 2.5
16 6 6 2.5
25 16 16 6
'35 16 16 6
50 15 16 6
70 50 50 16
95 50 - 50 16
120 50 50 16




15,4

15.5

15,6
' - excess—current ¢ivcuit-breakers, the. circuit shall be dead when

150 50 50 16

185 - 70 ST 70 - 50 .
240 70 10 50
S 300 ' 70 70 2 .50
400 : 70 - A [ 50
500 j 70 : T D 50

630 70 R 70 S50

A current~operated earthhleakage circuit—breaker shall be used

. where indicated on the drawings or required by the. Regulatione.__'

In such cases, the earth-loop impedance shall not exceed 40 ohms,
and earthing terminals shall be connected to suitable electrodes

_The operating current of a current operated eartb~1eakage circuit—

breaker shall not exceed 2/ of the normal rated current’ of the L
circuit.. Operating current shall be 1ese than 500 ma. .

3Pipes Such as gas or water pipes,-or member of structural metal
work; shall not by themselved continue on earth~continuity -

conductor, but it is. admissible to bond them ‘to earth-continuity
conducto¥ where this is neceSSary for compliance with the I.E. B,

' Regulations.

Earth~leakage protection may be afforded by ‘mean of fusee or

the fault clreuit current exceeds,

'(a) 3 times the current rating of any semi-enclosed foee; or

any cartridge fuse having a fusing factor exceeding 1.5,
used to protect. the circult, or maximum earth-loop impedances
for earth-leakage protection by semi-enclosed fuses, or. '
cartridge fuses having a fusing factor exceeding 1.5. °

(System, operating at 230-250 volts to earch)

Current rating of fuse - Impedance
 amperes . _ : - .- ohms
5 _ e B - 16
10 : : - 8
15 | - SRR 0
20 : ' ' 4
3¢ ' : B S 2.7
45 - | 1.8
60 o o 1,35
100 . S 0.8

* For system of any other voltage E to ‘eartch the. impedance
value, tabulated are to be multiplied by E/240 '
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(b) 2.4 times3the'rat1ng of any cartridge fuse having a'fusing
factor not exceeding 1.5, used to protect the citrecuit, ox

{e) 1.5 times, the tripping current of any excess-current
_‘circuitebreaker'used-to protect the circuit.

For a socket-outlet of rating 15 ‘amperes or less, the impedance
of the earth-loop should not  exceed more. than 4 ohms,

15.7 Earthing bus ei7e shown on-the drawing shall be installcd where
indicated on plan and be connected to earthing electrodes by
means of earthing leads,

15.8 Main eafth'eléctrode shall be supplied and installed near the
. service and shall consist of made electrodes of copperwéld steel,
- -and those shall be driven ionto ground at least 3 metres.

15.9 From the earth eléctrodes to the any position.of steel conduit,
. trunkings,- and enclosures the resistance of the earthing lead
-shall not’ exceed more than 0, 5 ohms. :

15Jﬂ A substantial stranded earth continuity conductor shall connect
' the earth pin of all socket-sutlets, and any runs of conduit and
metal cases and’ sheathing not otherwise In continuous and effective
metallic contact with the main earth electrode.  Such earth’
ontinuity conductor shall run in one continuous length from the
farthest point of the installation to the main electrode and shall
be ‘connected by branch conductors to all other metal casing and
'sheathing housing electrical apparatus., All branches shall be
connected to the main conductor by approved method. The series
earthing of one plece of apparatus to another shall not be permitted
-except 1n the socket outlets connected to a ring circuit,

15.11 UWhere wiring is enclosed in a continuous system of metallic conduit)
. such conduilt will be accepted as an earth continuity conductor
" provided all joints are electrically sound and the specified
resistance figures can be obtained and maintained. '

15.12 The_main_earth continuilty conductor from: the main switch or
' © ¢ircult~breaker to the .earth electrode shall not be run through
- steel or other magnetic condult or duct, but shall be protected
from damage by suitable sheathing which shall not completely
~encirele the earth conductor, if the sheathing is of steel or
.'other magnetic materials. .

.Note: This shall not apply to earth condnctors run in the same
conduit as all wires of the circult which it protects.

16. ELECTRICAL INSULATION TESTS

. 16,1 The.eiectrical contractor shall test all wiring and comnections
for continuity and earthing before equipment be installed.
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Such testing shall be performed in accordance with the supervision:
of the Engineer. This contractoxr shall also test all medium-
voltage distribution cables after installation ‘and before. energizing
by applying potential. Test period shall be not less “than the time
directed by the applicable regulatione or codes. :

Before energizing the system, the contractor shall 1nspect all
connections and set all relays and instiuments for proper opéra-
tion. The contractor shall obtain necessary clearances; approvals-
and instructions from the undertaking authority._

Test procedure, conduct of tests, and documentations of test
shall be in accordance with the applicable British Standard
Electrical Code of Practice..

16.2 - Every installation on completion shall be inspected and tested
- in accordance with the I.E, E. Regulations. : ;

16.3 A verification of polarity shall be made in accordance with the
~1.E.E. Regulations. :

16.4 Prior to an installation putting into“commission, a separate
: tést of évery earth continuity conductor shall be made by the
‘contractor under the. supervision of the EngineEr in accordance
with the I,E.E. Regulations, - -

16,5 Where the operationlof excess~current clrcuit-breakers are used
. for earth-leakage protection of the circuits, the contractor under
-~ the supervision of the Engineer shall carry out earth-loop- -
"impedance test in accordance with the I.E.E. Regulations.i

16.6 Where earth—leakage circuit—breakers are used for protection
of earth-leakage of the circuits, the contractor under the super-
ision of the Engineer shall carry out effective test of the
earth-leakage circuit-breakers in accordance with the I.E.E.
Regulations. : :

16.7 Minimum installation resistance of a complete eircuit, all
~switches in closed position, to earth shell not be less than 1
megohms

- 16.8 Where measured between_ali the conductors connected'to any one
"~ pole or phase ofthe supply, the insulation resistance between
two conductors shall not be less than 1 megohms

16.9 The insulation resistance of the case or frame work to earth
shall not be less than O 5 megohms after disconnecting from
source made.

. 16.10 The continuity of all conductors of ring circuit shall be tested,
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16,11 All insulatilon test described hereto shall be carried out before

- a completed installation is permanently connected to the supply.
For these tests large installations may be devided into groups of
outlets, each containing not less than 50 outlets. A d.c.
voltage tot less than twice the normal voltage of supply shall be
~applied for the measurement of insulation resistance, provided that

- for test on medium-voltage circuit the test volLage need not
exceed 500 volts d.c.

iﬁ,lZ All results of insulation test shall be recorded and submitted to -
the Engineer.
17, .DISTINCTIVE‘COLOﬁR FOR CONDUCTORS AND CABLES .

17.1 -All bus-bars ‘and cables shall be coloured with correct distinctive
: colours as specified following.

(a) TWO-wire d c. system_

Red for positive or switch wire,
Black for nEgative.'

. {b) Two—wire-d é. from a 3~wire d.c. system

~ Red for outer or switch wire._ o
Black for middle wire,.

:‘(c)" Three—wife'd.c.‘system (bf-twq 6Qter of a 3-wire d.e. system)

Red for positive or switch wire.
Blackffor negative or switch Wire.

17.2  A.C, system shall be coloured with correct distinctive colours as
specified as follows:

(a) Two~wire a.c.. single phase system

Red fot phase-line or switch wire
Black for neutral, : '

(b) Three-wire single-phase system B
Red for switch wire or one conductor
~ Black for 'middle' wire.
. Yellow for switch wire or other conductor.
(¢) Two-phase 3-wire system
Red one phase.

- Black common return.
- Yellow other phase,
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'17.3

1-7.4

(d) Four-~wire or 3-ﬁire 3—phase_system
Red for first phase,
Yellow for second phase.c
Blue for third phase.
_Black for neutral (dn 4-wire systems)
(e) lFour-wire 2-phase system .

Red for one phase. o
Yellow for other phase,

Flexible earth cords shall be coloured with green or green/yellow.

cFlexible cords colour distinctions'

When thiree-core flexible cord are used the colours of the cords '

:shall be brown (connected to. phase or live side), blue (conmected

to neutral or return), and green/yellow (connected to earth).

'f} When four-core flexible cords are used for fixed or. portable

fittings that have to be earthed, ‘the colours of the cores shall

. be brown (connected: to phase or live side), blue (connected to
'neutral or return), and green!yel]ow (ccnnected to earth)
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SECTION 15B

MEDIUM-VOLTAGE DISTRIBUTION SYSTEM

1. GENERAL‘

(a) The main distribution centre of the electrical system to the whole
_facilities of this project site shall be the Sub~station Bullding
which. shall consist of the following rooms:

(a) High—voltage switchgear roOm,
(b) Transformexr room,

{(¢) Medium-voltage switchgear Toom,
{d)  Emevrgency generator room.

The description of the equiprient to be installed in the above
gtated rooms are described in the following provision of these
specifications, except for'the high-voltage switchgear and two
transformers which shall be furnished and: installed by the M P, W. e

2. PRIMARY ELECTRICAL'SYSTEMV

The primary. electrical distribution system to be introduced in to the
 premisis by the: M.P.W. will be dual service of 3-phase 11 K,V., 50 H.Z.
. underground. cables.. The cables shall be brought. and" introduced by |
“other up to the high-voltage switchgear room in the Sub-station via

manholes and ducts to be constructed by the contractor in accordance

with the. drawing. Those high~voltage cables will be connected with
. the two primary circult breakers and primary terminals of two trans-
formers respectively. _All equipment and materials -shdll be furnished
and installed by other,

3. SECONDARY ELECTRICAL DISTRIBUTION SYSTEM

 The contractor shall furnish and install the following equipment and
alsc install the secondary distribution cables:

(a)o Main medium-voltage switchgear. See 15C-3.
© (b) Automatic voltage stabiliser. - See 15C-1.
(e) Medium—voltage Distribution switchgear, for normal power system.
- ‘Bee 15C-3.
- (d) Medium-voltage distribution switchgear, for emergency power
.- system.  See. 15C-3. : =
(e) Diesel Engine Driven emergency generator plant and all necessary
- .ancillary equipment and devices,

The ‘descriptions of the above stated items shall conform to the other
provision of these specifications. See 15D. :

4. SECONDARY ELECTRICAL DISTRIBUTION SYSTEM EQUIPMENT

© The equipment shall consist of the items (a) through (d) stated in
para. 2. above, and those shall be assembled as a unit structure as
indicated on the drawings. However the contractor shall realise that
'the dimensions shown on the. drawings are for reference only.
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MEDIUM VOLTAGE MAIN CABLES CONNECTIONS

The contractor shall furnish PeVily: insulated, p.v.c. extruded wire
atmoured cables sizes indicated on the- ‘draving, between . the secondary
terminals of - the transformer and the supply side terminals of the:
main circuit«breaker._. y :

TRANSITIONS. . . - | o o e

The connections between the main circuit-breaker, automatic voltage

‘stabiliser, and medlum-v0ltage switchgear shall be made by means of

the factory fabricated copper bus transition section having the full
rated current carrying, and rupturing capacities identical to the bus™

-of the main bus. The shop drawings of the sections shall be Submitted

to the Engineer for his~ approval

: MEDIUM—VOLTAGE DISTRIBUTION SYSTEM

- The mediumwvoltage distribution systems in this situation shall consist

of the following systes:

(a) Normal power system,. which shall be fed by the city electrical
. power service and to feed all electricil load to be: required by
‘the buildings and area lighting, including airwconditioning -
."_systems, water pumps and aly blowers systems.;

(b) Emergency power.; system which shall Be produced by a diesel engine |

:driven geneérator and only to feed all water pumps and air. blowers
‘incase of the outage. of the city electrical power service,

MEDIUM- VOLTAGE DISTRIBUTION FEEDER SYSTEM

The medium-voltage feeders to the buildings, facilities, and area—lighting
" system shall be completed by p.v.c. insulated and p.v.c. extruded: cables

in concrete encased duct system as indicated on the drawings, .The'duet.
shall be nonmetallic conforming to B.S., and the sizes indicated on the

drawing may indicate equivalent sizes to the B.S. of nearly equals. The =

locations of the manholes and duct banks shown on the drawings may be"

. varied due to the condition of the site, the’ contractor shall submit

shop drawing of such 1ayout prior to excavation._

COORDTNATION OF CIRCUIT—BREAKERS CHARACTERISTICS

-~

Upon selection of the circuit-breakers, the contractor shall carefully
study the characteristics of the circuit-breakers against short cirecult’
current. The coordinations of the circuit=breakers in. the systein shall
be very important and no case that be allowed the main eircuit~breaker
be tripped prior to the clearance of the sub-main or smaller cdircult-
breakers in the system, The contractor shall obtain the characteristic
curves of all circult-breakers to be used and the coordination analysiv

~shall be Submitted ‘to the Engineer._ :
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- 10.

CONCRETE AND STEEL REINFORCING BARS

The concrete and steel reinforcing bars to be used for the construction

- of duct system and manholes shall conform to the other section of these
-specifications. :
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'SECTION 15C.

ELECTRICAL INTERIOR PowERﬁAND'LIGﬁTINGfSYSTEM '

1. AUTOMATIC VOLTAGE STABILISER
1 1 General _

Where indicated on the drawinga, the contractor shall furnish
and install an automatic voltage stabiliser completed with full
automatic control gear.

 The voltage stabiliser shall be of no brushea induction type,
and. rated for the syetem indicated on the drawings._. :

The voltage stabiliser shall be. applicable to electrical circuits
in drdustrial plants or commercial buildings to perform either
of’ two functions. : . _

(a) Maintain a constant voltage or current despite variations
' in the supply voltage or the connected load.

(b) Provide a widely adjustable output voltage or current from
an essentially constant supply.

The voltage stabiliser shall be used succeasfully in applications .i
like the . follows: .

(a)"Computere
(b) - Long Feeder Runs
. (e} Electronic Equipment
(d) Lighting
(e) Adr-conditioning Equipment
(f) Communication Equipment
(g} Temperature Control
(h) Electrical Planting
(i) Roctifier_

The voltage stabiliser shall not introduce harmful waveform dis-
tortion, : . .

Load power factor shall not be affected on the output voltage of .
automatic voltage stabilisations.=

Drift~Free control system shall hold voltage automatically within
A1% bandwidth, - The compensated controls on the stabiliser shall
make it unnecessary to continually reset voltage level,

The control shall be compeneated also ambient temperatures and
frequency. :

Electrically the voltage stabiliser shall withstand up to 15
times normal short circuit current.-
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1,2

1.3

The- voltege stabiliser shall withstand up to a 100% overload for
one hour while maintaining axcellent long-life operating character—~
istics.

Automatic control'

The control for voltage stabiliser shall use ilntegrated circuits,

- and shall completely be static with the exception of the motor

starter contactors or releye.'

They shall be designed to maintain output voltage within +17%

over an ambient temperature range of minus 30°C to plus 45°C.

Each- control shall sense output voltage with an internal potential '
transformer. ‘ :

The range of adjustable voltage shall be 20% and can be adjusted
by & potentiometre on the front panel. The output voltage level

'ishall be selected in ‘relation to the input véltage affects the
;regulating range of the stabilizer.

Setting of control adjustment for a given output voltage, shell
make the stabiliser sense any voltage vardation automatically
and maintain preselected output voltage. -

Retingsé

The voltage'etebiliser shall be. dry=type or safety-oil insulated
type in accordance with. standard of the manufacture, the stabiliser
shall be either self-cooled or forced-cool for indoor use:

The K. V A. rating shall be in accordance with the K.V.A. rating

of the power transformer which will be the source of the electric
service of the systen,. The voltage stabiliser shall be suitable
for the three phase 400 volts, 50 Hz incoming service, and the
range of the voltage regulation shall be +20%.

Performance.

The voltage stabiliser ehall start COrrection in 4 cycles, and

. complete the regulation within 1 second for usual 25 change in -

_'1}5

- line. voltage.

The: control bandwidth shall be +1%, and control aCCuracy eha]l
be not more than 1%, .

The efficiency of the voltage etabliser shell be not less than
9% :

Overeurrent protection:

The‘eotomatio voltage stabiliser shall be connected to the

" secondary terminals of the government furnished main transformer

via the contractor furnished and installed circuit breaker of

-which rating shall be as indicated on the drawings.
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1,6 Enclosure and Earthing:

The vo]tage stabiliser shall be encased within. the robust steel
enclosure of which colour shall be subject to the approval of
the Engineer, And the stablliser shall be earthed completely
in accordance with the. instruction of the manufacturer.

1,7 Bwaass Circuit:

In case of the maintenance and repair of the voltage stabilizer,
a compartiment of by-pass circuit. éongisting of mafiual change~over
- clrcuit-breaker as indicated on the drawing shall be cohnected
with the system circuit ~breaker, voltagc stabilizer, and/or main
bus directly. '

2. CONTROL, DISTRIBUTION AND EXCESS*CURRENT PROTECTION
2.1 General '

- The electrical installation for this contract premises shall be'r
: 'adequatcly contiolled by Bwitchgeer readily accessible to the _a-
_qualified person which shall inccrporate. ) .

(a) means of. isolation, and
(b) = means: of excess-ciurrent protection, and
(c). means of earth—leakage protection.'

The means of isolation shall comprise a linked switch suitable
for operation on load or a linked: circuit-breeker, arranged. to
disconnect all circuit conductors of ‘each installstion from the
supply, Alternatively for 4-wire three-phase A, Ciy 3=wire
single-phase A.C. or 3-wire D,C., supply, where one conductor
~ 1s connected with earth; the linked switch or. circuit—breaker
"may be arranged to disconnect the live conductors only

The means of excess~current protection shall compriee either a -
fuse inserted in each live conductor of the supply or a circuit-
breaker having an excess- current release fitted in each live
conductor of the supply.:

Every conductor in the. ingtallation shall be protected against -~
- excess—current by a fuse or clrcult-breaker fitted at the origin
of which the conductor form part, The gurrent rating of fuse
used for this purpose shall not exceed amperage of the lowest= -
- rated conductor in. the ¢ircuit, Every circuit-breaker used for . =
- this purpose shall operate when the circult protected is subject:
to sustained excess current of 1.5 timee the rating of the 1owest— '
_rated conductor in the circuit. ‘ :

2.2"Rupturing capacilty:
All excess-current protective devices shall have enongh. ruptnring
capacities as indicated on the drawing enable to clear out. the ‘
~cireuit from short circuit ‘current, : :
Those devices shall be well coordinated so that the neéarest

locating excess~current device from the point of short circuit_;
occurrence shall be. actuated first. : : :
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The manufacturer g curves of coordination curves of each device :

. ehall be submitted to the Engineer by the Contractor, -

| 3& MEDIUM—VOLTAGE SWITCHGEAR

3 1

Maln switchgear

The Contractor ehall furnish and install a dead front, fixed type,

metal encloged se1f~5upporting switchgear consists of the follows

(a) Metreing compartment.

(b) Two topless eircuit-breekere for secondary disconnection of
) ‘two transformers. :

(¢) A main system circult-breaker,

(d) A manual change-over circuic ‘breaker for by*pass circuit of
‘ the automatic voltage stabilizer.

- Buse shall be of  ¢opper tropical rated Lhroughout ‘all switchgear,

3.2 -

.and the rating of the circuit- breakers shall be as indicated omn
the drawings R

Sub-feeder switchgear*

'Sub—feeder switchgear for both normal and emergency electrical

" discribution system shall be installed adjacent to the automatic

voltage stabiliser in the Sub-staticn building. 7

The switchgear_for normal power system shall be directly connected
to. the eecondary-terminaiS'of the automatic voltage stabiliser..

. The switchgear for the emérgency power system shall also be fed

from the automatic stabiliser; however, the switchgear shall be

-fed through the automatic changeover switch to be backed up by

the emergency generator, which shall be installed in the generator
room.
Both switchgears shall consist of moulded case earthhleakage

:_ circuit breakers of which ratinge are indicated on the drawings.

3.3

Secondary distribution system

- Through.the normal power switchgear the lighting, socket-outlets,

3.4

air-conditioning; and area lighting systems in entire buildings
and facility shall be served by feeders of 3 phase 4 wire 240/415

-volts, or 1 phase 2 wire 240V 50 Hz system

'The emergency ewitchgear shall supply the power for water pumps,

sea water j_ntak,e, pumps’ ciLy-water pumps, and blowers.
Cirecult identifications:

All.main and sub-main circuit-breaker cnbicles:shall be provided
with plastic boards which indicate the deseription of the load

' " to be connected to the circult~breakers, The letters shall be
' engrave on White ¢olour plastic boards, the height ‘of the letters

shall be approximately 30 om and the stroke ehall be 3 um, the

fi iSCﬁﬁigl



3.5

colur of the letters shall be black or red._

Each eompartment of switchgear shall be provided with illuminated
_identification board, . The source of- illumination shall be fluoresﬂ-
cent 1amps. : :

All power and control cables shall be provided with made terminal
_.markers, make shift terminal markers shall not. be uged, '

tInstallation location:

“The mediun=voltage main switchgear, automatic voltage stabilieer,
“and switchgear for normal and emergency power distribution switch~

gear shall be situated as one unit power ceénter type electric - :
. equipment, and shall be situated in the Mbidum~voltage switcbgear
' room of the Sub—station Building. ' _ )

'nﬂll electrical equipment shall be eathed completely

3.6 Earthing copper bus.

Bare copper earthing buses shall be installed in the rooms of the

‘ Sub—station Building as indicated on the drawing, and. bonded::
together then earthed to. ground by means of copper—clad steel ,
rods. - Sufficient numbers of earthing rods- shall be diven into i
ground until required registance value of earthing ‘system 1s
obtained. ,

The size of cobper busesg shali be 50 mm #ide_hhd:S iy thick, ahd..
shall be securely supported on-the wall at every l'metre. :

Bonding of bus and earthing conductor shall be made by means of
proper pressure type earthing terminals, or by cadwelding method

o MAIN AND SUB-MAIN DISTRIBUTION BOARDS

'fWhere shown on the plans or diagrams, and 1isted in the distribu—':
‘tion board schedules, the contractor shall furnish and insgtall

distribution boards of the types and sizes noted. ‘Mounting’ height-
of board to top of cabinet shall be 1,8 metres above the finished -

. floor._

© Distribution boards shall be equipped'with'the moulded case thermal -

and magnetic circult~breakers and the type of construction shall be-
dead-front incorporating hinged cover. . The distribution boards
shall beé provided with a main circuitwbreaker or main lugs. only as
indicated on the drawings.. oo

Bus shall be of copper _and for voltage as noted on .the drawing,
however, ampere rating ghown on the’ drawing shall be' construded as

the tropical rating which requires 1arger dimensions than standard




size bus for the same ampete rating, so that the distribution bcard
shall be serviceable in the use at amblent temperatures of 50°C;
When the standard bus be used, such ampere rating shall be, applied
- with rdating faetor in accordance with requirement in other provision
: of these specifications. :

Bus also shall have sufficient capacity to feed the enough number
of circuit-breskers indicated on the drawings. All cilrcuit-breakers
‘shall ‘be of "bolted-on" type to the bus, “plug-in" type circuit-
breakers shall not be used. Distribution board assembly shall be
enclosed in a code-~gauge steel cabinet of robust construction, with
flush ot surfacé mounted typé and ample wiring space on top, sides,
‘and bottom, Cabinet doors shall be equipped with spring latches
and locks,; all distribution boards 'shall be opened by a master key,

. -Number. of master key to ‘be turned in to the Engineer shall be five.

‘All bus shall be color distinetive in accordance writh other provision
in these specifications. The size of neutral, and earthing buses

" shall have full ampare capacity of phase buses, and the number of
-cable terminals shall have ample spaces for future wiring. ‘

- Neutral bus shall be insulated from cabinet. Where multiple cables
to be connected to a phase lug, such terminal lugs shall be made
* for multi-cable connection purpose, Not more than one cable shall .
be connected to any conventional type lugs, '

Distribution boards shall be fabricated in accordance with all rem
quirements in B. S 3676.

Moulded case circuit-breakers shall conform to B,S. 3871 or equal.

Where indicated on the drawings. distribution board shall equip
'earth-leakage circuitwbreaker/s.

Each distribution board shall have a circult schedule pasted or

- otherwise permanently fixed inside the door or adjacent to the . -
“distribution board. All such schedules shall be in Arabic and
English., : ' R ‘

"5, LIGHTING & SOCKET-OUTLETS DISTRIBUTION BOARD
This-distribution bodrd shall feed final”sub—circuité;

All lighting & socket-outlets final sub—circult distribution boards
-shall be of the- ‘bolted-on miniature eircuit-breaker type of size
indicated on panel schedules, Distribution boards shall be arranged
for service on 240 volts, single- phase 2~wire system unless otherwise
speelfied on the drawings., e s T
.__All final sub—circuit distribution board shall be of the boltedmon
mindature circuit-breaker type-of sizes indicated on panel schedules.
Disgribution boards shall have earth-leakage main circuit-breaker
with sensitivities of not larger than 500 ma. on the main bus bar.
_The earthmleakage circu1t~breaker shall break phase and neutral
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oonductors'simultaneOusly.'.Earth-leekage circuitfbreekers”snell
coriform to B,S, 4293, ' S :

Bus ampére rating showii on the drawing ehall be construded as
tropilcel ratings, and be colour distinctive, and bus shall be .
of all copper,

" Cabinets of distribution board. shall be of oode—gauge thickness

o steel with ample wiring spaces for: all eable and . connections.

Door shall be the single tvpe with spring 1atches for flush or
surface. mounting as noted,

Five each of ‘master keys shall be furnished and. turned in. to the
Engineer. S S : o

.'Each distribution board shall be’ prOVided with insulated neutral -
~bar and earthing terminal bar, both shall be provided enough space: :
for additional future wiring. o . o

_ The colour sample of dietribution boards shall be submitted to the-
-Engineer for his approval

ALY distribution boards shall be’ standard product of 1eading manu-

.facturer and conforming with British Standard Specifications. _

In case two or more distribution boards be fed from other phase

of medium~voltage system, minimum distance between those shall not:
 less than 2 metres,. or warning signboard "DANGER 400 VOLTS“ shatl

_ be provided Sample of. signboard will be given by the Engineer.

Each distribution boaid shall have a circuit echedule pasted, -or
otherwise permanently fixed inside the door or. adjacent to the
distribution boards, in both Arabic and English :

No switch or circuit-breaker controlling more than one.phase shall = -
break any neutral conductor, All switch or. cireuit-breakers control~
ling circuits containing more than one phase ehall break all phaees
simultaneously.

Ko fuse or circuitnbreaker shall be inserted in the neutral conductor:
in any part of an installation. . RIS

No distribution board shall be mounted in such a poaition that it

' can be touched by any person at the samé time as any water taps,'
basin sink, bath, metal drawing board, etc. the mipimim acceptance
from baths and showers shall be normally 2.45 metres and from other
plumber s fittings 2 metres, '

Maximum number of excess—current protective elements shall be no
more than 36 in one distribution board, :



6, ELECTRIC MOTORS
‘ 6. 1 General

The Contractor shall furnish and install all electric motora and
:controllers shown on the drawihgs, an isolator for each wmotor
where indicated, and required power and control circuits as-
indicatéd on the drawings., All motors and controllers shall be
delivered to the receiving dock at the jobsite. Unless otherwise
noted, the contractor shall receive, handle, set, mount, install
‘and connect this equipment where indlcated on the drawings.

6.2 Moeor enclosures'

The typee of motors described on the drawings or in the speeifica-
'tione shall be defined as follows:

: (a) ~Open, General Purpose. Ventilated openings permit passage
: " of external cooling- air over and around the windings of the
'machine. . :

: (b)-.Open Drip-proof. Ventilating openings are 80 constructed
. that successful operdation is not interfered with when drop
of liquid or solid particles strike or enter the enclosure
at any angle from O to 15 degrees downward from the vertical,

(c) :Open, Splash~proof° Ventilating openings are 8o constructed
that successful opération is not interfered with when drops
- of liquid or solid particlee strike or enter the enclosure
at any angle not greater than 100 degrees downward from the
vertical : '

{d) Open, Guarded: Openings giving direct acdess to live or
. rotating parts (éxcept smooth shafts) are limited as to
slze by the design of the structural parts or by screens,
grills, expanded metal, etc., to prevent accidental contact
with such parts,. .

- {e) Open, Semiguarded'h Part of the ventilating openings, usually
. 4n top half, are guarded as in a guarded machine, but othere
- are left open.

(£) Open, Drip-procf, Fully. Guarded‘ A drip- proof machine with .
o entilating openings as in a guarded machine.

.(g). Open, Externally Ventilated' A machine which 1s ventilated
by means of a aeparate motorndriven blower mounted on machine=
encloeure

(h): Open, Pipe-Ventilated: Openings for admission of ventilating
air are so arranged that inlet ducts or pipes can be connected
L to them

' (1) Open, Weather—Protected. Typel: Ventilation passages are so
e 'deeigned as to minimize the entrance of rain, snow and alr-
- born” particles to: the electrical parts. Type 11: Ventilacing

ises



W)

(k)

(1)

passages at intake aud discharge are 80 arranged that high— ’

- velocity alt and airborn particles blown into mdching by
stokms or high winds can be- diacharged without entering the -
 internal ventilating passages leading directly to the

electric parte. |

Open, Encapsulated WindingS" nn alternating-current squirxel~
cage machine having random windings filled with an insulating
regin which also forms a protective coating.

Open; Sealed Windings: An alternating-current squirrechage

- machine making use of form-wound coils and having an insula-
tion system which; - through the use of materials, processes,‘

or a combination of materials and processes, résults in a’
sealing of the windings and connections againSt contaminants.

-Totally Enclosed Non~Ventilated' Enclooure orevents free--l
. exchange of air inside and outside of case, but not airtight.

'.; (m):

Totally Enclosed FanaCooled': Equipped for extcrior cooling L
by means of a: fan; dntegral with machine, but external to

- tbe enclosing parts

o
| (0)

()

| {q)

Totally Enclosed, Fan~Cooled Guarded. A1l openingc,”giving:=.

‘direct. access to fan, are 1imited in size by degign of-
structural parts or-by screens, grills, expanded metal ete.,
to prevent accidental contact with fan. Lo o

Totally Enclosed, Flame—Proof' Design and built to withstand
an explosion of gas or vapor within 1t and to prevent ignition '
of gas or vapor surrounding machine by spark, flashes, or :

explosions which may. oceur within machine casing.

Totally Enclosed Dust—IgnitionhProof Designed and bullt
to exclude . ignitiblc amounts of dust, or amounts affecting
performance or rating, to prevent ignition of exterior dust
on or in- vicinity of enclosure.

Totally EnclOsed Pipe-Ventilated' Openings 05 - airanged that'
inlet and outlet ducts or pilpes may be connected .to them for -

. admission and dlscharge of ventilating air._--v

(x)

(s)

()

Totally Encloecd Water~Cooled°: Cooled by circulating water,l-

the water or water eonductors come in direct’ ‘contact ‘with
the machine. parts, ' :

Totally Enclosed, Water-Air-Cooled: Cooled by circulating
alr which in turn is cooled by clrculdating warer.

Totally Enclosed, Air-to-Air Cooled._ Cooled by circulating
internal air through heat exchanger which, in turn, is
cooled by circulating external air. - : :

: ) 15:0_*'.9.




7. TRANSFORMERS TOR SMALL POWER SUPPLY AND CONTROL POWER
7.1 Genaral

Where 1ndicated on the drawings, Lhe Contractor shall furnish
and 1nstall all dry type transformers. = Transformers shall be
rated ds indicated on the drawings. Unless otherwlse specified
transformer shall be used forthe purpose of stepping down medium
voltage to low voltage, primary snd secondary colls shall be
wound separately, and core and casé of transformers and one leg
of secondary terminals shall be connected to earth continulty

" conductors, Encasement of transformers shall be robust and
treated with rust inhibiting coatings and the colour of finish-
'ing paint shall be’ approved by the Engineer.

7.2 Noise 1evels' -

For 1ccation where qulet ooeration of ‘transformers is essential
the sound level of transformers shall not exceed more than 40 db.,
for single or three phase rated 600 volts or less, 9 kVA or less

'_7.3_:1n3u1ation class:

Insulation ¢lags of dry type transformer shall be class H, unless
otherwise specified on the drawing. : - o

7.4 _Excess—current protective devices.

The primary and secondary ungrounded c0nductors shall be provided
-with excess—current protective device such as fuse or circult-
breaker of which rating not more than 125% of the rated current
of “the transformer In no case the current carrying capacity of
 the primary end secondary conductors shall not be less than 125%
of the rated current of the transformer.

7.5 Control circuit transformers:

Where specified on the drawlngs, control transformers shall be
_provided to obtain 110 volts A.C. control power for motor
_eontrollers, magnetic contactors, or other devices requiring

such low voltage; The control transformer ghall be type of

{ndividually mounted in the enclosure of each electric device,

or the ‘type large enough to feed a group of such devices.,

o 7.6 Exeessecurrent protection:

ALl control transforﬁers shall he'single phase, dry-type and
ungrounded leg shall be protected by fuse, of which capacity
is not larger than the rating of transformer.

: 7.? Rating'
A eontrol circult transformer shall not overheat when operated

‘as 1its maximum continuous volt-ampere (v.a.) rating, nor shall

o iese secondary output voltage fall below 95% of rated output
..voltage when selected according to the following recommendations

+15C-10




8'1

8.2

(a)

requiiemcnt of the controller._'

)

The centinuous V.A. capacity of the transformer shall be
equal to or greater than any continuous maximum V. A. '

The inrush V.A. capacity of the transformer shall be equal_
'to or greater than maximum V,A, inrush which can: occur for
any combination of sealed and inrush V A requirement of the

controller.

The V.A. values which fulfill these requirements shall be calcu~_.

LIGHTING SYSTEM

General

lated by the manufacturer of the controllers.

The Contractor ghall furnish and- install ali. lighting fittings,' :
assoclated wiring, eontrols, and distribution boards in. dceord-

ahed

with the drawilngs.

A1l lighting. fittings and associated

devices and materials shall be deldivered to the construction

places after obtaining the approval of: the Engineer.-

“The type,zc

size, and rating of the lighting fittings shall be as indicatéd

in the-lighting fitting schedule on the drawings.

Where special:

lightding eQuipment other than standard products of the manufacturer
are required on the drawings, actual scaled- shop drawing showing
the ‘details of ‘such lighting equipment ghall be submitted to the
Engineer for approval .

Lighting fittings.

All indoor use lighting fittings shall be fabricated strictly
in accordance with the relative British Standard Specifications,

evges

(a)

(b)

(@
@y

(e)

&)

(g)
(h)
1)

Fluorescent fittings

Battery operated transistorisesf.
: Class ir B s, 4533-2 2 (1P20)

fluorescent filttings
Circuline?fluorescent'fittings

Bathroom model with: shawer

'joutlet

" Flame-poor fluorescent fittings

Dust-tight fluorescent fittings
Rain-proof type fittings
Corrosion resisting fittings

Exit sign fittiongs front panel.

. 15C-11 -
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.BIS'

B8, 4533 2,2 (1P20)

B.S, 4533-2 2 (1?20) &
B.8. 3052 ‘ oo :

229 B, S 4533-2, 2 (1P65)
889 B.S. 4533-2 2 (1P65)
B.S. 4533 2 2 (1P23)

| B.S. 5266




(§) P.V.C. film used in fittings B.S. 1763, 2782

(k) Light trinking . B.S. 2260.9

(1) Interior discharge lamp fittings B.S. 4533-2.2 (1P22)

(m) piteo Drip-ﬁroof-- o B.S, 4533-2,2 (1P22)

ALl outdoor lighting or. floodlighting fittings shall be of
rain-proof type conforming to B.S: 1P23 and be provided with

Class 1 earthed metalwork. And dust-tight rain-proof type
fittings shall conform to B. S 4533—2 1 (1P63) or B.S. 4533-2,2
(1P63),- _

Splash~proof lighting fittings shall conform to B, S. 1P24 and
be provided with Class 1 earthed metalwork.

"Dust—proof and splashwproof fittings shall conform to 1P54 and

""be provided with' Class 1 earthed metalwork.-

Street. 1ight fittings shall conform to B.S. 1788 and the column

8.4

8.5

ghall be aluminum alloy. conforming to B.S. 3989,

Control gear sets for fluorescent lamps and Interior. discharge S

lamp fittings

Thegcontrol;gears sets shall be of ‘high power factor type with
automatic resetting thermal protector and be built-in the
housing.of the lighting fitttings or installed near by the
appropriate 1ighting fittings only when directed on the drawings.
The gear shall be manufactured strictly. in accordance with the
requirement of applicable safety code and of standard product of

. the manufacturer

All control gears shall be provided with radlo interference
suppression device.

Fluorescent tube circuit installation

.Supply cables shall have current carrying capacity of not less

than 125% of the load current at normal ambient temperatures.

The size of the cables shall be increased accordingly for the
' higher ambient temperatures : ‘

Lamps"

:_Straight or "U" shaped Bi-pin fluorescent tubes shall conform
to B.S. 1853.-

High pressure mercury vapor lamps ghall conform to B.§. 3677,
Low pressure sodium vapor lamps shall conform to B,S. 3767.

Tungsten filament general service electric lamps shall conform

'__to E.S. 161.

Dimension of  strew lamp caps and lampholder shall ‘conform to

"T.B 5, 553.
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8.6

Byonet lamp-caps, lampholders and B, C adapters shall conform to

" B.8., 52.
'Controls'--

' All lighting system shall be controlled by the methods indicated.

on the drawings., Any better alteinative method 1s suggested by
the Contractor, such alteérnative shall be indicated an . the Shop
drawing and submitted to the Engineer for: approval.

Each area—lighting pole shall be provided with a rain-tight
type 5 ampere trip rated eiréuit breaker to protect individual

Juminaire, - The sub-circuit of outdoor lighting systen: shall be

connected with the supply side terminals of the circult breakér _
to feed neighboring area*lighting circuit consequently located‘.

Individual circuit of area—lightlng cirucit shall be. connected
with a circuit-bréaker in the distribution board to be installed
in the Power Building.. : : : .

The area-lighting dieribution boerd shall be consisting of
minvature cireuit-breakers and shall be comnected with a earth~
leakage circuit~breaker protected magnetic 1ighting contactor
which shall be controlled by a astronomical dial. controlled

- timer relay that shall be 1ocated in the Power Building.

901

9.2'

9. SOCKET—OU&LETS SYSTEM

The Contractor shall furnish and 1nsta11 all socket-outlets
system including wiring, distribution boards, and matching

. male plugs in accordance with the drawings."

In low-voltage single—phase A.C. or D.C, edrcults, plugs and
socket~outlets shall conform to the following table:

 Type of plug and o Rating ' Appropriate :
socket—outlet . (amperes) - B,8. "

- Fuged plug and shuttered 13 (with fuses 1363 (fuses to

socket-outlets, 2-pole  rated at 3 & - 1362)

and earth, for A.C." =~ 13) _ ' S
Plugs (fused or non- 2, 5, 15, 30 546 (fuses if any
fused) and socket- | - Lt 646)

outlets, 2ﬁpole and ' = c

earth

Plugs (fused or non-'. . 5, 15,.30. 196

fused) and socket-
outlets, protected type, .
2-pole with earthing
contacts

Plugs and socket-outlets - 15 ' ‘ wif?S
(theatre type) _ : - S
Plugs and socket—outlets 16, 32, 63; 125 4373
(1ndustrial type) AL e
15€-13 0



9.3 Plugs and socketwoutlets for medium—voltage clrcult shall comply
- with B S. 4343,

9.4 'Plugs and socketmoutlets other ‘than those complying with B.S,
1363, 546, 196, 1778 or 4343, may be used in 1ow~voltsge two-
wire circuits:

(a) for the connection of electric clocks, provided that the
- " plugs and socket—outlets are designed specifically for
that purpose, and eafth plug incorporates a fuse of
rating not exceéeding 3 amperes complying with B.S. 646 and
B.S. 1362 ‘as appropriate.

(b): for the connection of. electric shavers, provided that the
socket-outlets shall either beé incorporate in a shaver supply
_unilt complying with B.8., 3052 or, in rooms other than Bath-
rooms, be of a type complying with B.S. 4573,

9,5 Plugs incorporating cdpacitors for radio interference suppression
-~ ghall comply with the appropriate British Standard, and types
. and maximum values of capacitors used shall be in accordance with
: ;the requirements of B S 613. ' '

9.6-pCab1e couplers and connectors shall conform with B.S. 196, B. S.
1778, or B.S. 4343. '

‘9,7 Lower cutrent rating socket«outlet adapter to be used with the
larger current. circult shall have approriate fuses. Socket~
outlet adaptors intended for use with electrlc shavers shall
incorporate with a fuse of rating not exceeding 3 amperes comply-

-ing with B.S, 646 or B.S, 1362 as appropriate and shall be marked
"FOR SHAVERS ONLY"

10. ELEGTRICAL MOTOR CIRCUITS
10.1 General

10 1. 1 ‘The Contractor shall furnish and install electrical wiring
‘system associating with motor starters, ancellary equipment,
and distribution board for all motors as indicated on the
drawings. :

10.1.2 Where indicated on the drawings, magnetic motor starters in
' . robust.metal enclosures with push-~buttons, pilot lights,
" red and green, manual resetting buttons shall be installed.
The motor starters shall be provided with overcurrent and
single phase failure operation protective device set at the
rating of .the motor commected with it. Where indicated on
- the drawing pushbutton station may be installed at the
location apart from the starters, Where required the motor
starters shall be provided with H.R.C. (high rupturing capaci~
ty) fused 1solator or circult~breaker having sufficient inter-
‘ rupting capacity within the starter cage or at the adjacent
”of the’ starter.‘ .




: 10.1,3 where indicated on the drawings, the Contractor shall furnieh

and dnstall a céntralised control centre of aelf—aupporting,
totally: packaged steel type consiating of standard modular -

~dimension unite with swing doors ag noted on the. drawinge.f'"'

In order to avoid excessive temperature raise ingide. the

* ¢control centie; the number . of the ‘module 11 one column ehall

not be more than that indicated on the drawing._;

-Bus ahall be provided with colour distinction.” Horizontal

bus shall have full ampere capacity of tropical rating shiown. .
on the drawing. Vertical bus shell heve enough ampere capacin

'fallowance connecting load 1 on- column. “Roth bue ahall have
sufficient rupturing capacity.:. The. complete ‘control centre -
shall ‘eontain main 1golating mans of - ‘type shown on the drawing,.

sub~main mouldedwcaae circuit-breaker, earth—leakage type

shall be used where indicated on the drawing, and combination .

type motor control gears ‘shall be’ provided with. single phaae

~ fallure protective device i£: circuithbreakers are not-of
motor proteotor equipped type._ Each motor control ‘gear-.
“shall be provided manual reset. button ofi - cover doot; where

.5;required on: the drawing pllot- lighte, ’hand-off-auto"change--'
“‘over switch shall be ptovided. ' All motor control centires

- shall be factory wired internally,  Only. field wiring to be

'-'_ reqitired shall be source and dontrol wiring beyond main luga,'

‘gontrol wiring, and earth continuity . wiring ALl wiring

' “'shall be connected at lugs or teruinal blocke, and all.-

10.1.4

10.L.5

terminated cables shall be provided with terminal markere

Motor control centre ahall c0nform to applioable British
Standard Specifications, &and also all components and wiring : -

devices and materials in use shall be strictly in’ accordance :

with relative: British Standard Specifications._

The colour eample of control centre for outside and'inaide'
finishing shall be submitted to the Engineer for approval.-

10 2 Section applying to all motora'

10 2 1

110.2.2

Powear supplies shall be given at 415 volta 3 phase 50 oycles.r.'

‘Motor below one horse power may bé connécted to the. single
_phase supply at 240 volts 50 cycles. A number of motors
‘each above 70 H.P. shall be recommended that ‘such motors-

should be connected to a aupply at high voltage.

Where shown on-the drawing, each motor up to 5 H.P, may. be

- connected to the single phase supply.. No single phase = '~

motor in excess of 5 H,P, shall be connected to the supply.
Self-contained air-~conditioner up to 1-1/2 tons capaclity.
may be connected to a single phase supply, bat where more
than two such units are used, such units shall be so con-.
nected to the system that the 10ad ehall be balanced between
two or three phases, .




10.2.3.
10.2.,4

. _10.2’.5

16,2.6"

All single phase motors: larger than lvl/2 H.P, shall be

'provided with capacitors for maintaining the power factor

at not lower than 80/ throughout the normal working range

. of the motors.

Three phase fmotors not over 25 H. P nay be started “direct~

‘on". ‘Motors above 25 H.P, shall be provided with equipment

to ensure that starting current does not exceed 120 ampeéres
per line or twice full load eurrent, whichever is the larger.

Where transformEr sub—stations are installed in the immediate
vicinity of the premises, starting current for three phase
motors 100 amperes per line mdy be permitted.

ALl motors over 1 H.P. ahall be provided with meaiis for.autOw
matically disconnecting them from the electrical supply in

__the event for:

©10,2.7.

10.2.8 -

:(e) failure of supply.

(b) serious voltage drop.
(c) flow of excess current.

All motors of 25 H.P; and above shall be also protected by
_automatic earth~leakage circuit-breaker or relay. '

All motors shall ‘be provided with means of isolation from
the supply for purposes of adjustment and maintenance.

‘Such means of isolation shall effeotively interrupt the

‘-supply on all’ conductors.

C 10-2-9

All motors and control gear shall have their frames, cases
and all metal parts not normally carrying current, effective-
ly and continuously earthéd. Each motor, starter, regulator .-
and other component shall be separately conneécted to a main
earth conductor which shall be directly connected at each
end to the principal earth electrode or electrodes, Not
less than two principal earth electrodes shall be installed,

‘and these shall be interconnected by an underground run of

cable._

"The "Series" method of earthing one piece of equipment to

another shall not be approveéd.  The cross sectional area

of the main. earth conductor shall not less than a half of

the. phase conductor for the largest motor or other component
circuit. The minimum size of the earth conductor shall not

. be smaller than 10 2,

10:2.,10

10,2,11.

All motors and control gear shall. comply with the relevant
British Standard Specifications, including dimensional
standards where these are applioable

All motors, control gear and ancillary spparatus shall be

-oapable of continuous and prolonged operation in ambient
'temperature as’ Specified in other provision of these
:specificationsré' EE




10.2,12

10.2.13

10.2.14

ALl motors, control gear and ancillary apparatus shall

be totally enclosed with or without foreed: ventilation _
or otherwise arranged to exclude- dust In a: proper manner, -
If installed in outside of tha buildings 411 ‘motors and
equiptient shall be- cspable of satisfactory operetion :

during sand storm of several hours duration. ‘

A1l three. phase motors shall be provided with ‘means of _
automatic protecting device. for. single phase 0perating.

All overload trips of thé. thermal type shall be provided
with automatic compensetion for various in ambient tempera-
tures: between 32°F (0°C) and 175 ¥ (79 4 C) : -

ALl motors, control gear and ancillary equipment shall be
protected by a switch with H.R.C, fuses or ¢ircuit-breaker
for shutting off eupply during inspeetionenuimeintenanee.'
Such disconnecting neais may be integral with the control

-gear, ot ‘may be separately 4nstalled but- shall be within_“J"
view fron the starter position.- Where several starters

are mourited in'a panel ‘¥ack or bank-éach starter shall
have a separate ‘disconnect- meansi  One Matld switch with

‘H.R.C. fuses or main circuit-breaker shall:te provided to

¢ut the incoming supply to the whole panel or motor control-_

L centre..

10.2.15

310.2.16

©10.2.17

10.2.18

10.2.19

_Arabic and English stating machines they control, and‘th

Where starter control circuits ‘and control apparatus (e g.

;;pushbuttons, limit switches, detectors, eto.) ‘are: energised

by: any auxiliary supply other .than the main power circuit.
to' the motor, the lsolator shall incorporate auxiliary -
contacts to effectively isolate all poles or. phases of ‘such
auxiliary supplies. . . S

All motors, control gear and all anoillery epparatus (e.g.,”

. remote pushbuttons, pressure, float or limit switches,

interlocks, relay, ete.) shall be of tobust construetion _
and shall have all windings, contacts, and currept carrying
and live parts and components insulated with . Clsss B mate~
rials, In special locations approved by the Engineer. An -

- guch case, motor insulated with Class E materials may be
.installed.;u . : :

A clear schematic diagram of circuits and eomponents con—V

tained in the case shall be firmaly fixed within the 1dd

or cover of each starter, controller or cubicle._'

Unless otherwise specified, motors and thelr. control gear
required for reversing duty, shall be capsble of not less =
than 40 starts per hour, All contactors for motors on
reversing duty, shall be so’ designed that it ds: impossible
to cloge both forward and reverse contactors at the same
time. Any mechanical interlocking to :accomplish this shall -
be very robusgt, and, as far as possible, inherent in the o
design of the. ‘contactor,

All starters and pushbuttons shall be clearly labelled 1nf3-J

“-ff””‘il;3¢¥l§;ﬁ;”



function of the varlous buttons, Wards shall be indicated
as ''START AND STOP etc.". All Arabic designations shall
be subject to the epproval of the Engineer.

rnlO;2.20 Stop pushbuttons shall have’ large mushroom heads and/or be

coloured bright red. Start pushbuttons shall be shrouded
to prevent accidental operation and be coloured green.

©11. THREE PHASE WORK

1.1

General

In -any premises where all or a part of the electrical load conw
gists of lights; fais, and/or other single phase consuming de-

:“ vices, the provisions of the single phase specification shall _
- apply to each separate pahse as if-it was eeparete installation.

"In any. one rOOm or: otherwise will defined area not exceeding

11,2

100 8q, métres in -area all afngle phase conisuiming devices: shall :

be connecied.to the same phase of the supply unless otherwise

'speoifically required by the Engineer.

“-In large halls - and other situations where the load is to be

divided between tWo or three phase whether for load balancing
purpose or otherwise, no two. single phase switches, fans;
lights fuses, other: equipment or -g¢ccessories connected to dif-
ferent phases shall be mounted within 2 metres of each other
unless they are eo constructed or so marked and maintained
that 1t is impossible for any person to expose live metal

'-therein without first being aware that danger of shock between

phases exist therein.'

Bunching and segregation of conductors

' Where conductors ot bunches of conductors are protected by

metallic sheathing, installed in conduit, trunkings or ducts,

*the conductors of all phases and neutral, associated with any
“one circuit, shall be included in the, same sheath conduit,

trunking, ot duct.

" Where conductors pass through the metallic case of any switch

fuse; distribution board of other apparatus, . or through any
steel structure of building, ate, all phase conductors and the

neutral associated with any eircult shall pass through the same_
'hole or apperture in such case, or structure, :

Where 240 VOltB 1oads are fed from a three phase and neutral
distribution board no conduit shall contain the wiring fed
from more than one phase._ '

;'.Where circuits -are bunchad proceeding from the.distribution'
.. board and have. separated they shall not be brought back
,f:again into any common conduit.




11,3  Socket outlets and plpgst

Socket outlets add plugs. for use on niore’ than one phase shall .
‘inelude a pin or other approved contact for the éarth continuity

connection which shall make contact before and break contact
after all the phasé econnections and - neutral connection where
stch is fitted. Wheie a pin for the neutral conduct01 1s fitted,
;'it shall make contact not- later than and break. contact not
darliér than all the pins ‘for the conductors. .

The design of the socket and plug shall be sueh that the plug
can not be inserted (even using appreciable force) in such a
manner that the neutral and any phase conductors become wrongly
‘connected to the supply. BT : _ S

'All socket outlets and plugs of 15 amperes rating and 1arger
.shall be combined with a switch eo interlocked with the plug.
that the ‘circult must be made or’ broken by ineertion of the

plug into Hobo removal of 1t from the socket. : SRURTA

Where viewed from the direction in which the plug is inserted
- all multi-phase socket outlets shall. haye: the contact tubes. so :
connected to the varibug supply leads that when read in order
“in & clockwige diréction they: shall be,. Phaise A;: Phaee B, Phase c,
Neucral Earth, The phase’ being so. arranged. that they give -
standard rotation to a phaee sequence 1ndicator.p' g _

11,4_ Isolators'

All motor and other electrical devices not - connected to the
supply by means of a socket’ outlet ghall be provided with
isolators which effectively disconnect all phases of “the .
supply from the machine o0f apparatus and its control. gear.

" Where a neutral conductor is preseénted a neutral link or -
special switch blade with close but- does not open on operation _
of the isoldtor shall be provided. ‘Sueh isolator may form part

~of the control gear if the incoming terminals and contacts: are

“still covered by an insulated or an earthed’ barried when the
‘main covers of the control gear are removed. e :

12, wmts AND CABLES
12 1 General

Secondary cables shall have multi—stranded tinned COpper con- ‘
~ductors insulated with coloured polyvinyl ¢hloride. The in- :

sulation of each 1liné conductor shall be to'the standard of

the 600 volts grade of  the Cable Makers Association 1in single,

twin, or three core type as specified on.the drawings. Vires

and cables shall comply in all respect with the current’ British

Standard Specifications covering polyvinyl. chloride insulated

No cable with a conductor smaller than 1 3 mm2 ehall be used in.
any -circuit connected to the 240 volts supply.w A maximum con-:".
nected load on a l. 5 mm2 cables circuit shail not be more thanﬂf A

Soasers



_1600 watts under normal eondition% that any rating factors be
applied._ :

:_fCables with conductors of 2,5 min? or 1arger shall be uged for
circuits slipplying sogket outlets, and elsewhere as speqified_

Where polyvinyl chloride or lead sheathed cables contain an
~earth continuity conductor within the same sheath, the earth
conductor shall not be smaller than that speclfied below:

= with 1.5 mim? iine eonductors, 1.0 mm2 earth conductor.

—'with 4 0 mm? line conductors,'2 5 mme earth cdnductor.

Current carrying capacity of wires and cables shall not exceed
the value shown below' . :

Current Carrying Capacity of V,R.I. & P.V. c.
wires & cables _
~ Bingle Core

o e Three or four . - S
Two cables in - cables in one - Four cable in

- . one casing or casing or con~ .one casing or
Size of = - conduit for . =~ duit for balanced conduit for -
conductor . . single phas¢ ~  three phase single phase
Co TR A AL

pmd ~oamps, - amps, ) amps.,

.5 squmm 7. - 6 6
5o 12 11 .10
0 " ' - 19. - _ 17 S 15
0 22 | 19 | 17
o " 31 o © 28 . 25
16 " 36 I S 29
25 t 52 _ .48 . 44
50 " _ 67 ' ‘ S8l . 54
70 110 3 9% -
120 M 155 140 o -

Where siore than 2 circuits are bunched in the same condult the
above current carrying capacity shall be applied with the
following bunch factor ratings..

No._of circults: 3 5
Rating factor 0.6 - 0.5

ALl wives and cables shall be so installed that they are not
- themgelves reliablé. to- damage, nor te cause damage, injury or
danger to other.

AT all terminations of wires and cables,'che insulation shall
- . be. neatly stripped withOut nicking the strands of the conductor.




12.2

The brading or outer sheathing of the wire or- eables shall be .
stripped back not less than 7 mm furthex than the: insulation
and. the conductor ehall be tightly twisted and double ‘back

;(where space is available in the terminal) before: being clamped

with pinching screw. Where two or more wires: or cables are
looped into the same terminal, thaix conduCtors shell be L _
tightly twisted before being iiisrted intd the terminal, In no

" case shall bare conductoér be allowed to project. beyond any .
.insulated shrouding or’ mounting of a 1ive terminal. e

' Gables connected in’ para]lel shall be of the same type, 8lze b

and length, to ensure proper division of the current. .

“Applicable B, S for low~voltage and medium—voltage cables'{

Every cablé for use .as fixed wiring operating at low or medium—
voltage shall be gelected from the following types and shall -
conply with the appropriate’ British Standard. Specifications
referred to below.  In:cables:of: every. type, ‘conductors ehall
be of. copper. unless otherwise specified on the drawing.

(a) Non~armoured P.V. C.minsulated cables (B S 6004, B S 6231-l
' Type B or B S, 6346) - _

(b) Armoured P.V; C.winsulated cables (B s 6346)

=(c) Split—concentric copper-conductor P Vi C.ninsulated cables

(8.5, 4553)

(d). Cables insulated with valcanised rubber, buryl rubber, f

E.P, rubber, ox silicon rubber (B S 6007)

(é) Impregnated-paperuinsulated cables, 1ead—sheathed (B 8.
6480 Part 1) . S

(f) Mineral—insulated metalwsheathed cables (B S. 6207 Part 1

Or. Part 2)

() Cables for discharge-lamp installation (B S.. 556 in compli~
ance with I.E.E, Reguleticns G15 16—17 and G25~26)

{h) Flexible cables & Flexible cords complying with I E E
- Regulations B.4. o _ .

Busbars and busbar connections on switchboards shall. comply :
with Regulation B.S..159. This requlrement does not- apply,te
busbar trunking system. " ' : R . :

"Every fléxible cables and f]exible cords for usé at low or
-medium—voltage shall conform to one of the follows. ;

(a) flexible cords insulated with PV, C.y valcanised rubber,l
butyl rubber, E,P, rubber, silicon rubber, or glass e
fibre (B S. 6500} _ T

(b) flexible cables 1nsu1ated with valcanised rubber, butyl.ffFlbfnf

rubber, E,P. rubber, sllicon rubb"l(B S 600?)

'i':];,,15c;21_:.*



12,3 Flexible cords and cablés:

 No smaller tﬁaﬁ'0275 w4 shall be ueed. Size of flexible cords

12.4

" and cebles shall be such that the current normally carried by

them shall not exceed the values shown as follows

Current carrying capaclity of
flexible cords

- Current rating for single_ o

Size of conductor - of three pahse A.C.
o mmzr ' R ' _ amps._
0,075 3.4
1.0 o 6.9
1.5 | o 1040
s :” 140

‘Where. apparatus requires to be earthed, flexible cables ‘shall
be provided with earthing conductor.

Conductors of flexible:cable'shall‘be.colourjdietinetive in
'1raecorcence with other provisioh of these specifications.

Flexible cables and cords shall be 80 connected 6 portable _
or fixed apperatus, standard lamp, etc.. that the éarth conductor
is connected to- the frame of the apparatus and any single pole
switches are so connected that they break the phase (red) con-
ductor to. the apparatus.

Tough rubbér sheathed (TRS) or cabwtype sheathed (CTS) type

‘cables. shall be ueed in lieu of flexible cables where situation

requires ‘rough handling.

. Connection of flexible cords and cables to terminals of apparatus

and accessories ghall be in a similar manner to those wires and

_cables.

Joints and coﬁnections'

Joints shall be avoided in eonductors of all sizes wherever

'possible.

In final subncircuits and eub—circuite feeding two or more lights,
,switches, sockets and/or other acceesories the loop in system of
‘wiring employed. : : :

Where joints are essential they shall be housed in purpose made |

“boxes and/or be otherwise readily accessible for inspection

throughout the 1ife of the installation. Under no circumstances
shall joints be drawn into conduits or positioned in the thickness
of walls, ceilings ox floors, ete. or behind plaster, tile or

panel finishes, ete,

L 156-22°




Joints 1n conductors not. larger than 4 0 mmz, shall be made by
bartel type connectors with adequate pinehing screwe, and
-_terminal blocks fixed to - the junction box or’ other h0using._5_

' Joints in conduotors larger than 4 0 mm2 shall be made with-' -
approved clamps in approved housings and ghall be to the
satisfaction of “the Engineer. o 5

ALl sharp edges and ends of conductors, and strands shall be _
removéd and insulation shall be applied with layers of inaulation
tapes.- } ‘ . .

Jodnts in earth continuity conductors,_earth 1ead, ete.. shall be
.. made in a similar manner to those fn current - carrying conductots,
‘The strands of Ethe various.coductors- and/or’ lead hall be adequate~
- ly cleaned, and twisted together before being inserted in a berrel
~.conneotor or before being soldered : . D

‘. The resistance of a joined conductor in all cases shall be the
'lsame with the’ resistance of unjointed conduetors.;g-' ,

13, counuxtrs & CONDUIT FITTINGS

"13.1r-Conduits to be used An: this contraet shell be of heaVy gauge S
- - galvanized steel or approved type P, V C. type '“Bergman" tube Lo
.shall not be ueed - ‘ L i B

13,2 Steel conduits and fittings for uge therewith shall comply with ﬂ-
B.S. 4568, Part 1 and Part 2. ‘And B, S 3L shall be epplicable, ‘
to fittings ' ' P o

13.3 P, V C. conduits and fittings for use therewith shall comply with
' " B,S- 4607, Part-1 or Part 2, as applioable. : .

13.4 The internal radius of every bend shall be such ag. to’ ellow com-
pliance with the appropriate values stated in Table B,IM of =~ .
L.E.E. Regulations for bends in cables and, .in addition; the -
inner radius of bend shall not be less than 2 5 times the '
outside diametre of conduit. S

13.5 The use of solid (nonninspection) conduit elbows or’ tees shall
' “be located at the end of conduits immediately behind: lighting
fittings, outlet box or accessory of - the. inspection type ot
be restricted to one solid elbow: located: at a4 position not -
more than 500 um from a readily accessible outlet box in-a
conduit run, and not more than 10 metres between two outlet
- points provided that all other bends in the conduit ruh are
not-wore than the equivalent of. right angle S

13.¢6 Total cross—sectional area of cables in conduit shall not ex--
' ceed 40% of ‘the cross—sectional area of the conduit,

13.7 Steel coriduit shall not be installed underfloor or undergrOund o
unless such conduit be coated with-two heavy coats: of hot . S
' bitumen or red lead oxide, Only P_v C. o lminum oonduit can L '

sy



. burried underfloor or underground, with proper 1einforcing
: enoasement where required.

13.8 P.V.C. and metal condudt ehall not both be installed in the
. same. conduit run tunless such installation 1s unavoidable, In

sueh case both types. conduits shall be connected With appro-

pfiate connecting fittings. : .

13.9 P, .Gy conduit shall not be used at where mechanieal strength
- be applied directly on condult, or in exposed location at the _
helght of ¢onduit is: not*leSS than 2.43 metres from the finished
grade -

13.10 The bores of all conduits shall be smdoth and free from projec-
a tion' and/or. sharp edgee which might injure the wires or prevent
thém being drawm in.  The internal edges of the bends of all
- conduits shall be radiused or chamfered before assembly into
position. i .

13,11 All runs of conduit. ehall be assembled tompletely and firmly,
. attached to the structure of the building before any witres are
 drawn in. ALl wires shall be drawn in through the covers of

-1nspection and ‘other fittings installed for the purpose.  The
crunning joints for. drawing in of wires and cables shall not be
permitted :

lB;iZ Conduit system ehall be readily aecessible for inspection or
wo rewiring purpose throughout the ‘1ife of inetallation

- 13.13 Where conduit and/or conduit fittings are attached to switch and/or
fuse . caeings, steel or cast iron boxes or other equipment, the
material of the case or box shall be tapped for a depth of not

- less than 10 rm or smooth bore (male) brass bushee and flange
'coupling shall be used.

13,14 P,V,C, rigid conduit shall be jointed to fittings or boxes made
- of a plastic material specifically for the purpose, such joint-
ing secured by locking ring. No cement is required, - except
”-that it ie recommended in dump situation,

13.15 P V C. conduits shall not be used where the -ambient temperarure
.. would be below 15°C, or above 65°C‘

13}16 Where a. P v.C. outlet box is used for the suepension of a
' lighting fitting, care shall be taken to ensure that the tempera-
. ture of box does not exceed 60°C, The mass euspended from the
“box ghall not exceed 3 kg,

. 13,17 Where metallic conduit exposed to weather or installed in damp
. location, all conduits and fittings shall ‘be of corrosion-
proof type.'

‘13,18 A11 runs of conduit shall be truely vertical or horizontal except
' where the architectural feetures of the building demand otherwise.




13,19 Except where: provision is made for fastening a. box or other

- econduit fitting directly to the, building structure, and: auoh
fastening is made; conduit shall be saddled to the. structure
of building within-150 fm of edch’ terminal box; :

- beénd,. teé ot other condult firting @ d_at inte :ai not greater S
~than 15. metres. Coupling and. throughﬁtype draw=in boxes sha11i¢

' be counted as part of a straight run of conduit.

13,20 'Conduita for- Category 3 circuits shall have colour of orange f :
' or painted with orange colour enamel throughout in the instal~ -

lation.'j_

'13;2l,FWhere conduits ire buried in walls ot in the ceiling slahs of

 the building, all branch switchee, ‘sockets, ceiling roses,
-~ ete. shall be.houséd in purpose made. galvanised or sherediaed

" boxes -and all switch plates, socket- plates and acceseories
-'shall be installed fluah with the plaster finishing.

13,22 ,Where oonduits are run on the surfaoe of walls:or ceiling of

14.

the building,- all branoh switches, socketa, ceiling Toses, .
and fan regulatore may ‘be mounted on hardwood or teak: blocks
oF boxes providedithe earth continuity 1 maintained befween
“conduit ‘and metal casing of accessory, - ALL such mounting s

‘blocks: shall be securely fixed: to the stiructure of the. building;af

in ‘such manaer ‘that they can not- rotate or ‘roek’ throughout ‘the

life of the" installation. ' Block shall be’ painted with the =l_j,‘

‘eame oolour paint as the surrounding wa11$.~,@ e

FLEXIBLE METAL CONDUITS

'Flexible metal conduita and fittings shall comply in all: reepect
-with B,8. 731, Part 1. Flexible P.V.C. conduit shall comply. with

B.S. 4607, Part 3 and fittings for use therewith ahall comply with
B.S§. 14607, Part 1 or Part: 2 as. appropriate.

Flexible metal conduit shall not. be ueed as the eole meane of

_providing earth continuity and separate conducter complying with

the appropriate roequirements of the I.E.E; Regulations D.27+30:

‘Where: any cables carried in conduit have to be connected to an i
“electric motor or other apparatus subjeot to adjustment of »

position or to vibration, connectioni ghall be’ ‘made: by flexible
conduit of the game internal diametre as: the tiain’ eonduit, and

- not 1ess ‘than 0,30 mm, but not more than l 5 metres.-‘

Flexible conduit shall be secured at ot more than 0 15 mm apart
from the- both ends of flexible conduit.'

.shall be provided for every pert of a system formed by such con— RRK ':
- dult, R e L T e



15, FINAL SUB-CERCUET INSTALLATIONS
15 1 General

Final sub—circuit i8 an outgoing connected to a distribution
" board and intended to supply electricity to electrical apparatus,
either directly or’ through ‘socket-outlets of fused of excess-
current protected spurwboxes. :

'The wiring of each sub-circuit shall be electrically separated
- from that of every other final sub-circuit, For easy dis-

. c¢onnection of each final sub-circuit for testing, the neutral
. condiictors shall bée coninected at the distribution board in
_the same order as that fn which the live conductors are con-

: nected to the”circuit~breakers.

A final sub*circuit having 8 rating exceeding 15 amperes shall
- not supply more than one point akcept specially permitted in~
.+ the ‘L.E,E, Regulations. And, above stated limitation may not
. be neeessary to apply the follows- :

'-i(a) a cOoker control unit 1ncorporating a soeket—outlet

(b) A 1uminsire (lighting fitting) ‘track system complying.
“with B,S. 4533 provided that indidividual luminaires are
suitably against excess~current. )

_' Not more than five 1ighting circuits o1 three socket clrcuits
“shall be bunched in the same conduit._ : '

Circuit fed from different distribution boards or through dif—
ferent isolater shall not be bunched in the condult. :

Bunch rating factor shall be applied to the current carrying
capacity of conductors in the same conduit as stipulated Iin
the other. Provision of these Specifications.

The minimum size of the conductors shall not be smaller than
* the sizes shown on the draWings, or specified in these specifica-
tions. . .

15 2 Lighting final sub—cirouit'

15 2 1 In non-domestic installations final lighting sub—circuit
‘_;shall not be rated nore ‘than 15 amperes

15.2.2 -When wiring in installation with P.V.C. covered cables in
' - conduits or trunkings, joints shall be avoided as far as
possible, and the loop-in system shall be adopted. Wiring
in conduit, the two. lengths of cable forming the loop shall
be threaded in Separately and the junction shall be made
at the switch 1ighting fitting or other terminal,

15;2,3 The earth—continuity conductor of a circuit shall not
N "‘_necessary to be forming a loop system. The earth-continuity
: conductor per a’ circuit shall be installed in throughout




:every condult’ system and . it ‘shall be connected only at

the fittings and switches. ~The ¢blout of insulation

- . material of the earth—continuity conductor shall be
-.-green. : S y

15.2.4

15.2.5

All local or branch switches shall ‘be of fully capacity

of “designated amperage ‘showm . on - the drawings and shall

have insulated dollies and covers. At the switch posiw '
tions the condult must be terminated with a box

Unléss otherwise specified on the drawings, all local
and/or branch switches shall be mourted with the dollies.

1.37 metres, ‘above the finished floor: level, . Where several

switches are ‘mounted two horizontal TOWS; . the lowest row

- shall have dollies 1,37 metres above the: finished- floor
level, Unless prevented by the swing of the doory: all

switches shall be siounted inside the roam, eKCept in the

'bathroom where the switch shali be dnstalled outside of -

the foom, on the side of the door where the ‘catch or lock;_

15 situated; the nearest switch being approximately 0. 15
,:metres from the- door frame.

15.2.6

“In kitchens and other situations switches shall be mounted -~
within 2 metres of any. taps, basin, ‘sink or metal draining -
“ boards, or ‘any pipe work’ connected ‘thereto 1f: such pipe P

' 'work could be touched while touching the switch.

- 15,2,7
15.2.8.

15.2.9

15.2.10°

'15.2.11

15.2.12

All one way tunbler switches (both single and double pole)ﬁ'
shall be so mounted that the dolly 1s UP when the switch
is’ in the "OFF" position,

All single pole switches shall be so connected that they
control the phase lead to the light or other consuming

'devices.

All lampholders shall be of the all insulated pattern,

and 1f not separately and firmly attached to a bracket, = =
conduit or block, shall have a substantial cord grip with-
the flexible wire so connected that no pull:dug to the :
welght of the holder, lamp shade or fitting or pull on:
flexible can transmitted to . the terminals.- K

In bathrooms, kitchens, and other places where water is

‘regularly used, no 1ampholder within. 2.45 metres shall

be installed within 2 metres of any taps, basin or sink - |
unless it and the lamp are totally epnclosed in & fitting
of insulated construction and the lampholder is of the
heavy duty porcelain type. Such fittings shall be f.,,
nounted on a wall directly. . R o

The screw cap of the lampholder shall be always connected
to the neutral conductor. : oo :

Every switch not speeificslly designed Lo break an 1nductiveu
load of its full rated capacity shall, if used to:control -
a discharge-lighting, have a currene rating of not 1ess than;:-

”i*f150427f5'11’i



twice the total steady current which it is required to
. carry or, Af used o control filament lighting and dis-
; charge lighting? hdve a current rdting of rot léss than
' the gum’ of the currfent flowing in the filament lamps and
twice the total ‘steady current flowing in the electrical
'discharge lamps.

15.2.13 Circuits shall be capable of carrying the total steady

5 - .ocurrent, vizi that of the lamps and any assgociated gear
.and also their harmonic curreénts. Wheére more exact is not
available, the demand in volt~amperes may be the rated
lamp watts multiplied by not less than 1.8. The neuttral
conductor in every discharge—lighting clreult shall have
a: cross-sectional area not: less than that of the phase

' conductors.

.;15.2.14 Every - inductor and high—reactance transformer shall be
' B installed as near-as. is practicable to- its agsociated
electric discharge~lamp. .

- 15.2,15 . Lampholders shall fiot . be connected to circuits having '
- excess-current protection of rating the following: B

Type ‘of lampholder :(as: Maximunm rating of fuse or

designated in B.S, 52, - miniaturé clrcuit-breaker
~B.8. 98 and B.S. 1875} - protecting the circuit
el " .' L {amp) :
Shsll byonet—type'(B.lS) SR 5
Small Edison-type screw -. 5
(E.14) :
'-'Byonet-typei(B.22) 15

Bi~pin'type . 15
: 15 3 Socket—outlets final sub-—circuit° o

) Unless otherwise specified on the drawings, socket- outleLs
- shall be of the 13 ampére three pin flat pin type with
shuttered line sockets. The earth contacts of each socket
shall be effectively connected to the earth continuing conductor @ -
and the neutral conductors shall be connected to the corvect

sockets, viz.

-When viewed from the front, in its final mounted position the

"~ EARTH socket shall be beiow at the top, the NEUTRAL socket
shall be below to the left, and the PHASE {(OR LINE) socket
shall be below to the right. The proper comnections to ensure
this are indicated by letters and colours adjacent to the pinching

screw terminals.

.3No socket outlet shall be mounted in any bathroom, except shaver's
'socket which 1s combinad with enclosed lighting fitting.




. Two socket outlets may be connected to a circuit wited with
2.5 mn? cable protected by a fuse not greater than 15 amperes
current carrying capacity. L L . “

Ten socket outlets may be. connected to 8 circuit subject to the s
following provisions. v S : . =

(a) The circuit shall, consist. of ring of 2.5 mm2 cables looped
‘from the last aocket back to the: distribution board.t-
No more than. two. conduétors shall be connected into one
terminal of any socket. :

-The total f£loor area ‘served by the socket on any one ring shall'
not exceed 100 sq. metres. R

'The total 1oad’ exceeding more than 6 Kw shall not be connected -
on ring circuit. . . - I '

' _Not moie than two sockets mey be connected on e spur from the h
ring, . _ : . i

- The total current rating of apparatue to’ connected to any one
‘clrcult shall not exceed 15 metres. . The number. of socket

outlets cohinected to the eircuit shall be reduced by oné for

each so that the total current shall net exceed 15 amperes.‘

A11. plugs supplied for use with sooket outlete shall conform
to B.S. 1363 and shall be fitted with 3 amperes fuee, unless
the apparatus connected to the plug normally takes a 1arger '
~current with a 7 amperes fuse may be fitted o

.Plugs shall be connected to flexible conduit in accordance with“ |
the appllcable provisions in these specifications. :,'

‘Tuse or excess—-current protection shal not be more than 30 amperes
for a ring circuit.

CTIseas
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~ SECTION 15D

EMERGENCY ELECTRIC POWER GENERATING SYSTEM

GENFRALf

In order to backmup thé power system in the premises in case of
the stoppage of the commerclal power service is taken place either
by aceldental power failure or the periodical maintenance service .
on the primary service lines; an emergency électrical power generat~

"ing systen shall be completed -the contractor as indicated on the

"drawing The system shall consist of the following eéquipment and

all necessary equipment of ‘devices be required by the system-

(e) Generating Plant.

(b):-Engine starting system.

(e) =Automatic engine starting and power change-over switchgear.

'(qS Fue oil storage and- transferiing system.

o (e)'iEngine cooling system.-

. (f)..Generator room ventileting systém,

EQUIPMENT

The Contractor shall secure for the purchaser a stand-by generator

set of the latest commercial type and design as specified herein.

ALY materidle, and equipment, and parts comprising the units speci-

fied herein, shall be new and unused; of current manufacturer and
of highest grade. :

The ‘engine, generator and all major items of auxiliary equipment
shall be manufactured by manufacturers currently engaging in the

-production of such équipment. The unit shall be factory assembled,
and tested by the engine manufacturer and shipped to the project

site: by ‘his authorized dealer haviug a parts and eervice facilicy
in the area:

:_'Equipment furnished under thie eection of the specifications shall

be- guaranteed against defective parts or workmanship under terms of
the manufacturer & and dealer's standard warranty.
The generator get shall receive the manufacturer's standard £actory

‘load testing, Prior to acceptance of the installation, equipment

shall be tested to show it is free of any defects and will start

‘automatically and be subject to full load test, or that load which

is available at the project site,




On completion of the installation, start-up shall be. performed by

& factoryvtrained dealet service repreaentative._ Operating and
-instdllation book. writtén in both English and Arabic ghall be
" supplied upon delivery of the unit and’ procedurea explained o

operating personnel.

The tenderer shall furnish iuformation ehowing manufacturers' model.

; numbers, dimensions and weights for the generator set, and major

auxiliary equipnient. Proposed deviations’ ‘from thé specifications

shall be stated in the tender documént, The succegsful tenderer

shall submit copies of pertinent drawings ahd wiring diagrams for

_ approval.

-GENERATOR SET CHARACTERISTICS

'_Acceptable unit shall have sufficient capability of the capacity
to supply: sufficient electrical gervice in the circumstances to

be encountered at the project site.

Rating at. 1500 RPM '

_Standby-Kw.withjfan 1260 KW

‘Standby XVA with fas : 325 KVA -

fdwer:factor::_: s ‘80% .

Frequency ‘ S .50 HZ .

The standby Kw capacity shall be for 10 houre electrical service -

during interruption of the normal utility source,

~ The rating must be Substantiated by manufacturer's standard

published curves. Special ratings or maximum ratings are not
acceptable, o
The generator out -put- voltage ahall be - 3 phase 4 wire 240/415 volte. )

ENGINE

The engine shall be turbocharged aftercooled type four-atroke cycle'
.compression ignition diesel, It shall meet specifications when

operating on No.2 domestic burner oil (ASTM D396)." Diesel ergine
requiring premium fuels will not be considered. Thé engine shall.

.be equipped with fuel, lube oil, and dntake . air filters, lube oll

codlers, fuel transfer pupp, fuel priming pump, ‘and other necessary’
equipment. = The engine governor shall malntain frequency regulation-
not exceed 3% (1.5 HZ) from no load to full rated load.

The unit shall be mounted on a structural steel sub-base and - shall
be provided with suitable vibration ieolators.‘ Safety shut«offs

for high water temperature, low oil preSSure, overspeed and engine
overcrank shall be provided




_ GENERATOR-

" The generator shall be a thrée~phase, 50 HZ, single bearing,

'+ synchronous type with Brushlese exciter and be built to British -

standards, Class F- insulation shall be used on the stator and
. rotor, and- both shall. be further protected with -100% epoxy. impreg-
nation and an overcoat of resilent insulating materials to reduce
possible fungus and/or abrasion deterioration. Generator shall
- incorporate. reactive droop compensation for parallel operation and

include a thermal protector for generator protectiorn against low

 factor loads, A generator mounted volts per Hertez type regulator

shall be prOVided to. match the characteristics of the generator
and erngine. Voltage regulation shall be 2% from no load to full

rated load: ‘Readily accessible voltage droop, voltage level and

© Yoltage galn controls shall be provided. Voltage level adjustment _

“shall be #5%. The sclid state regulator module shall be shock-.
“vesistant mounted  and epoxy. encapsulated for protection against

: 'vibration and atmospheric deterioration

‘ZCOOLING SYSTEM

_An engine—mounted radiator with blower type fan shall be sized to
“maintailn safe operation at 33 degree C maximum amblent temperature
The radiator shall be équipped for a duct .adapter flange. "Alr flow

estriction from. the radiator shall not exceed 125 mm H20, The

' Contractor shall provide duct work with flexible connection beLween
radlator duct flange and exhaust damper. ' :
The installing Contractor ‘ghall provide motorized intake air and

radiator ‘éxhaust alr dampers mounted in wall openings as shown on
the ‘drawings. The damper shall open automatically when engine

' starts, close when enging stops.

Intake damper shall be sized and located to provide sufficient

 intake air for engine combustion,. ventilating air, and to. provide

required air flow through the radiator City water shall be used

‘,'as coolant,

.'_FUEn SYSTRM

:_An underground fuel storage tank, gauges, and valves, shall be

- supplied and installed by the installing conttractor in accordancej
~with the; drawings. :
41000 litres floor. standing ‘day tank unit shall be furnished and
. installed by the installation contractor. .The tank shall incor-.
-fporated threaded pipe connections, 240 volts a.c. suction pump,
~float switch, fuel gauge, and mounting brackets. Fiexible fuel

connections at engine shall be provided.
An engine-mounted fuel filter, fuel pressure gauge, and engine

fuel priming pump shall be provided.

asped




EXHAUST SYSTEM

Provide a critical or residential type eilencer including flexiblel

exhaust fitting for remote mounting, propetly sized and- installed,l~
according to the manufacturer ] recommendation. Mounting ghall"

- be -provided by the installing contractor asg shown on'.the ‘drawings.
‘Silencer shall be mounted 86 that its weight 1s riot supported by’

the engine.- ‘Exhaust pipe size shall be sufficient to- ensure that:
measuted exhaust back: pressuré does not exceed’ the maxigum 1imita—_

_'tions specified by the génerator manufacturer,

The muffler and all indoor exhaust piping shall Bellagged by the '

. installing contiactor to malntain a surface temperature not to.
~ exceed 66 degree C. The insulation shall ‘be installed so that it

does not interfere with the functioning ‘of thé flexible exhauet

.fitting

[';AUTOMATIC STARTING SYSTEM

':=Starting motoreiZé volte d.e; electric system with positive .
_engagement drive shall be furnished. '

Fully automatic generator ‘set start- ~8Lop - controls in: the generator

control panel ghall be" provided controls. shall provide shutdown.

for low oil pressure, high water temperature, overspeed overcrank,
and auxiliary contact for activating ‘accessoty - items.  Controls' '.,
shall include a 30 second ‘gingle cranking eycle limit with lockout._f

A unit mounted- thermal . circulation type water: ‘heater shall be
“ furnished to maintain engine: jacket water to 32,2 degree 'C in
-ambient temperiture of ~1.11 degree ¢. - The: heater shall be single-f
phase, 50 HZ, 240 volts.

A 24 volts Nickel Cadmium. storage battery set of the heavy duty
diesel engine starting type shall be provided. The battetry set .__'
shall be of sufficient capacity to. provide for one and ‘one- half.
minutes total cranking time without- recharging and will be rated
no less than 170 amp~hours. A battery rack and . necessary cables
and clamps shall be provided. B
A current limicting battery charger shall be furnished to auto-
matically recharge batterles, The charger &hall float at'1.41
volts per cell and equalize at 1,52 volts per cell, it shall
include overload protection, silicon diode full wave rectifiers,

'voltage surge suppressors, d.c, ammeter, and fused a.c, input..

a.c. input voltage shall be single. phase 240 volts. Amperage- out-
put shall be no less than 5 amperes : _ S

 15Dw4
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GENERATOR CONTROL PANEL

A generator mounted metal encased type vibration isolated dead

-]front control panel shall be provided.

The panel shall contain but notlimitted to, the following equipment:

. :Voltmeter 0 ~-500 volts, 2% accuracy

1.

12,

“Ammeter,  0~800 amperes, 2/ accuracy

Ammeter/Voltmeter Phase selector suiteh

_Frequency meter

Automatic. starting controls
Panel illumination lights and switch

_'Voltage 1eve1 adjustment rheostat

- Engine oil pressure gauge _

‘rDry contacts for remote alarm wired to terminal strips
-Faultindicators for Tow oil pressure, high water temperature,

overspeed and overcrank

ﬁFour position function switch ‘auto”, "manual", "off/resetP,
-and stop".: : : '

MAIN LrNE cinéﬁrrisRsAKER.

A generator mounted main 1ine moulded case circuitwbreaker rated

_500 ampere trip shall be installed as a load circult interrupting

and protection device. It shall operateé both manually for normal
switching function and automatically during overload and short

“eircult conditilons,

The trip unit for each pole shall have elements providing inverse

Ctime. delay during overload conditions and instantaneous magnetic

tripping for short circuit protection. The circuit breaker shall

~meet the British Standard Specilfications.

'AUTOMATIC CHANGEOVER SWITCH

An automatic changeover switceh, 3~phase, 50 HZ, 3 pole with solid
neutral and earthing bue for voltage specified herein and for the

:current rating indicated on the drawings shall be provided.

SA5D-5
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The changeover switch shall be equipped with the following
accessorie3°

Time delay - nominal 1 to 3 second 6n:ehangeoﬁer'to'emergenéy
Tine delay—adjustable 2 to 25 minutes on“re-changeover with 5

: minutes unloaded running time._
- Voltage & frequency lockout relay :
: Differential protection three-phasevdropout at 70/ and pickup at

907, voltage.

Test Switch,

Engine starting ‘contact,

Two auxiliary contacts’ —‘close on’ emergency, close on normal. '

OPERATIONAL AND MAINTENANCE MANUALS

The Contractor shall submit to the: Bngineer 5 copies of operational

‘and Maintedance manuals in English prepared by the generator

manufacturer..i-

UNDERGROUND FUEL STORAGE TANK

(a) "The contraotor shall furnish and install a prefabrieated under— [

ground, fuel storage tank -and necessary piping suitable for_”
storing and transfering of diesel o1l to.be used by the emergéncy.
generator which shall be installed in the sub- station building

as indicated on the drawing : :

(b) ' The location of the tank shown on the drawing is for reference :
to the contractor, the contractor shall verify the actual cons
struction site and shall submit- the shop- drawing which indicate’
‘the actual size of tank and pipes to be recommended by the. -
generator manufacturer who will be the supplier of the'generator,

(¢) Excavation of the earth shall be carefully carried 0ut=codsideré
. ing the existing earth conditions. If should- there be any
- .obstruction, the contractor shall’ inform the situation to the -
Engineer to resolve it. o : . T

(d) The underground fuel” tank shall be fabricated with hot-rolled
. steel of its thickmess shall be wot less. -than 5mm, and the
- inside and outside of tank shall be treated in accordance with
and ‘proven tight against leakes at test pressnre'of 0.35 kg/cmz.
All opening shall be threaded.

(e) All seams shall be by welding - There shall be no- usage of K
galvanised lines, fittings or fuel tanks in the fue1 system.
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 PIPE LINES AND ANCILLARY EQUIPMENT

The underground tank shall be provided with the following pipes and

B ancillary equipment, as a -complete system.

(a) Fill pipe.
- {b) Vent pipe,

- 16,

17.

18,

(¢} Lowe level alarm switch ok level metre.
-(d)" Supply and return pipe lines to be connected with the day tank

via a fuel transfer PURip

- SOLENOTD VALVE

A solenoid valve interlocked with electrical system shall be installed
~on supply 1ine pipe

All connections between the engine and fuel pipes shall be connected

- by medns. of flexible pipes.

' The underground fuel tank shall be earthed by means of made earthing
-rod/s. : : .

15De7
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SECTION 158

MANUAL FIRE EVACUATION SYSTEM

GENERAL

The Contractor shall furnish and install menual fire evaeuation
system, where iudicated on" Lhe drawings. : '

The. system shall oonsist of ‘the following equipment and devices.

(1) Manual fire evacuation control board

(2) Alarm bells.

{3) 'Manual alarm actuation stations

.(A)"Loating 1ights.

(5) Conduit and wiring system,

Q'_FQUIPMENT

" The’ manual fire evacuation ‘control hoard shall be provided with =

annunciator windows to be lighted upon actuation .of manual alarm .
actuation station, The annunciator windows shall be provided .
with .red acrylic plate with white painted engravings indicating
room or areal nomenclature. both in’ Arabic and English =

The letter height shall be approximately Smm’ and stroke’ shall bel
at least 1. 2mm.

The control bosrd shall be served by 240 yolts 50 HZ, and also

. be ‘provided with self contained d.c, power pack’ consisting of

alkaline battery and battery charger. ‘Voltage of: battery shallmbe
24 'volts and shall have enough current capacity to supply the

power to the system for 10 hours after outage of commeroial electfic

system The cabinet shall be robust sheet steel made and coloured

'.T_with red baked enamel. :

The alarm bells shall be normally 150mm in diameter and rated for
24 volte d.c. Where used in outdoor the bells shall be:go con-

structed that can be sultable for installation under raining and -
_santustorming weather conditions. Colour of bells shall be red

The manual alarm actuation stations shall be constructed with die x
formed steel or aluminium and of break glass type. Push button
mechanism shall be of maintained contact type and- releasing of the
actuation shall be made only by the suthorized person who has the
resetting key. Where installed in outdoor, the station shall be

of rain-aududUSt tight constructlon. .

BT



_Where indicated on ‘the drawing, surface or flush wall mounted
‘Incandescent. 11ghting fitting made for purpose shall be installed
‘above . the mdhual alarm. actuation station, combining with location
‘indication sign board. The fitting shall be with a red colour

- plastic lens of the size as indicated onh the ‘drawings. The wattage
~of “lamp stiall be 2 watts and fed by a independent conduit wiring’

system derived from the emergency board served by the 24 volts
emergency batteries.

The condult and wirlng installatlons shall be completed in
accordance with the manner recommended in other part of these

 speclfications, however the wiring for this system shall be completely

+ independent with all other systems, except for the wiring between
control board and telephone terminal cabinet to perform the
connection of the system with the local fire station,




SECTION 15F

TELEPHONE CONDUIT SYSTEM

The Contractor shall furnish and install a empty conduit system for
‘publié telephone gystem in each buillding as recommended. by the F. T T.,g
‘and in accordance with the drawings. :

The each building shall be provided with underground conduit stubout
and' main telephone terminal cabinet for the public telephone system
be provided by other, - : i

.Telephone outlet boxes with nonmetallic covet plate, these conduit
systém shall not be combined with all other electrical system of - any
category ; o _

_ lAll conduit system shall be provided with. a. 1mmd galvanized steel
- fish wire. for pulling of communication cablesi- L

'Telephone terminal cabinets shall be of proper size with proper
?-terminal block and wire spaces around installed terminal block

| Introduction and installation of telephone cables, and furnishing,
_connection, and installation of equipment shall be completed by other‘

LoasEl
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o SECTION 156

CONTROL WIRING OF PUMPS AND BLOWERS

. GENERAL

The conttactor shall complete all control wiring for the pumpe and

. blower system i1n accordance with the control dlagram ‘and sequence

of operations. 1ndicated on the drawings.

CONTROL SYSTEM

The electrie motors pertaining to those systems shall be manually

~ or automatically operated deperd on the sequences indicated ot the-
-drawings. _

'_(a).-Manual control

- The manual control shall be accomplished by the changeover
switeh which shall be installed on thé cover of individual

' motor starter or separately encased in a robust. metallic .
enclosure, as indicated on the drawings. =

(b) ‘Automatic control

The automatic centrol shall be accomplished by means. of float~
less electrodes type liquid level controllers as indicated on
the drawings. The Electrodes shall be shrouded by robust
factory made box and attached firmly on the surface of the
_ _-container of which contained liquid levels to be controlled.

~-The relays shall be completely dustfree capsilate type and
assembled in a robust metallic cabinet, and the dlagrams and

- econtrel sequences written in Arabic and English shall be
=submitted to the Engineer after the. completion of the work.

' TEST

.The contractor shall carry out, under the supervision of the .

Engineer, the test of the’ systematic operdtions. Should drastic
conflict between: mechanical and electrical control system be found:
the contractor shall report the fact to the Engineer. 1In case the

‘changes be hecessary the contractor shall submit the shop drawing

© showing the necessary changes for_the approval,

--COORDINATION TO MBCHANICAL’CONTRACTOR

'It shall ‘be noted that the contractor shall realize that it may be

required the connections between electrical relays and mechanical

- devices ‘indicated on mechanical drawings, in order to avold the
"~conf11ct the electrical contractor shall find out the requirement

of the mechanical systems control contacts prior to the purchasing

f:1$G¥if*7:*:



 of the control devices. Such relays shall have adequate numbers of
contacts which can accomplish the required control sequences stated
on the’ electrical and mechanical dxawings. :
5. WIRING
‘ The control wiring shall be installed and tested as well as other
. electrical wiring defined in these specifications. :
6. EARTHING:

‘A1l low voltage control: devices to be enclosed or required on metallic
structures shall be earthed.
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