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I am happy that CPWD has brought out this revised edition of the
‘General Specifications for Electrical Works (Part I Internal), 2005. The previou:s
editions were brought out in 1972 and 1994. This revised specifications reflect
the latest technological practice and trends prevalent in electrical technology
applied to Electrical Installations of buildings. The Electrical Contents of the

present day modern buildings have become very complex, which require very

~ reliable, safe, uninterrupted Power Supply backed by standby systems, UPS

and connected switchgear. The present edition addresses such complex
requirements. I am sure that this edition would be very useful not only to the
engineers of CPWD, but also to other government departments and
undertakings all over India who follow CPWD Specifications in their works.

I acknowledge the efforts made by Er. J. K. Choudhury, Chief Engineer
(Electrical) who has drafted this Specifications based on directions and
deliberations of a number of Specification Committee Meetings starting from

October 2002, where all the connected issues were discussed in detail so as

to make the present Specification technically update, modern and user friendly.
[ acknowledge the efforts put in by the Members of the Specification Committee
and particularly the contribution of Shri-N. Nagarajan, CE (E) DR, Convener
of Specification Committee, in organizing deliberations of the Specification

... Committee. ,.
Er. B. Majun;dar
Place : New Delhi Director General of Works,

Dated : 5th April, 2005 CPWD, Nirman Bhawan, New Delhi-110011
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The general specifications for Electrical Works we_fe first issued in 1949. In
1956, the Indian Electricity Rules were amended and in 1958 the Indian Standards
Institution published a code of practice for Electrical Wiring and fittings in

buildings. In view of this, General .'Speci:ﬁcat'ions for Electrical Works were
revised in 1960, the General Specifications were subsequentlyifévised in 1972,
which was again revised in 1994 to keep pace with change in BIS Specifications,
use of copper wiring and technological trends. '

‘Therefore, the following is the sequence of various editions of CPWD

Specifications for Electrical Works (Internal)
* 1949
1960
1972
1994

2005 (Present edition)

This edition aims to incorporate latest technological trends and safety measures
to ensure that an Electrical Installation remain modem, téchhologically update
and user friendly.

The highlights of the present editions are : -

. New chapters have been devoted for Planning of Electrical Installation,
Electrical Power Distribution, Trunking Cable Management System, Safety
_ Progedure, Fire Hazards, Energy Conservation, Preventive Maintenance.

. Deletion of wooden casing and cépping, Rewirable Fuse Switch Boards.

*  Addition of a number of technical information tables and drawings to serve
as self-contained general guidelines.

wie W ael i e
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It is appreciated that a uniform standard cannot be rigidly adhered to for all
variety of installations in different localities, but it is hoped that these General
Specifications would provide a general basis, and small variations required to suit
local conditions can be catered for specific works by the Superintending Engineers
concerned. Care should, however, be taken, as far as possible, not to over-ride
the basic provisions of these General Specifications for Electrical Works, 2005.

Errors or Omissiohs, and suggestions for improvement, if any, may kindly be
brought to the notice of the Superintending Engineer (E) S&S, Office of the
Chief Engineer (E) DR, CPWD, New Delhi-110001.

Er. N. Nagarajan

CE (E) DR

CPWD, Vidywt Bhawan,
New Delhi-110001




10.

Wiring - i Aluminium wiring deleted

ii. Only Copper Conductor Cable

iii.  Insulation improved to FRLS

v, Strict .Colour Coding )

v. Neutral and Earth wire to come to Switch Box

Switches:- Only modular type switches and socket out lets to be provided for
better quality and service.

Loop Earthing Wire:- In place of Bare Copper Wire, green/yellow insulated
copper wire is to be used.

Loop Earthing of all fans and fittings for safety.

DBs :- MCB/HRC type DBs only, pre-wired type for better service and reducing
fire hazard.

Felephone/TV wiring/Cabling :- All colonies, quarters and buildings to be provided
with telephone wiring/TV cabling for which provision to be kcpt in preliminary
estimate. | ' - :

Obsolete items like casing capping, Industrial/hinged type Switch Boards, Rewirable
fuses deleted.

New specification for rising main; bus" diicting, LT Pari¥l, Pre-wired DBs for
better, quality. '

Emphasise on inter-disciplinary coordination between user, civil, electrical,
architecture and horticulture to have efficient building. '

anagement
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11.

12.

13.

14.

15.

iii.  Fire Hazards

iv. Energy Conservation

V. Preventive Maintenance

Captive DG Set for both residential/non-residential building to take care of

essential loads.
Stair case lighting as extension of road lighting for better security.

Meter Board not to be located under stair case of residential quarters for better
safety.

Relevant tables, charts, diagrams have been added to facilitate planning.

The main intention of revising the specification is for technological updating of
the specifications. The revised specification takes into account latest technology
available in the country. The main emphasis is on:-

i. Proper Planning

il. Design

iii.  Quality materials and equipments

iv. Proper supervision

oy, Reliable, Safe Installation

vi. Coordination with other services.

vii.  Proper maintenance with emphasis on preventive maintenance

I am grateful to the Specification Committee Members, who, on various committee
dehberauons have given a thrust for mcorporatmg latest technology to ach1eve
» better quality and service to the users.

Er."J-._K. Choudhury
“CE (E) BFLZ

CPWD V'dyut Bhawan
" New Delhi- 1 0001
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" I am greatful to Er. M.M.L. Chhibba, Retd. Executive Engineer (E), CPWD

for complete typing, compilation, editing, collection of technical details,
preparation of drawings etc. Without his help this specification could
not taken the present shape.

Er. J.K. Choudhury
CE(E) BFLZ

CPWD, Vidyut Bhawan,
New Delhi-110001
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1.1

1.2

3
GENERAL COMMERCIAL / TECHNICAL

Scope:

i)

iii)

iv)

Related Documents:

Electricity has become the lifeline of Modern society. Homes, Offices,
Industry, Schools, Hospitals, Transportation, Communication, Road Lighting,
Markets all depend on reliable Electric Supply. Life comes to a standstill
without electricity. Electricity has become an integral and inevitable part of
every body’s life. .

It is also necessary to remember that electricity becomes destructive and
dangerous, if not handled with care, safety conforming to laid down safety
standards and norms. In case of building fires, which often destroy property
and lives causing sufferings to the affected people, the first culprit is often
supposed to be ‘Electric Short Circuit’.

In the above context, the general specification for electrical works (Internal)
aims to lay down general guidelines to ensure safe, efficient, reliable and
economical use of electricity.

While these Specifications serve as general guidelines, appropriate technical
sanctioning authority can depart from such guidelines to meet the particular
requirements of any work or for other technical reasons.

This Chapter covers the general commercial and technical requirements
applicable to works contract for execution of Internal Electrical Installation
works.

These general Specifications are subject to revision from time to time.

£

Each work has its own particular requirements. Therefore, in addition to the

.. General Specifications; ;governing BIS; LE. Rules, Standard Contract Conditions
étc. there would be necessity of Additional conditions/Specifications for a
particular work. In case of any discrepancy such additional conditions/

specifications will override these General Specifications. -




1.3

T by

Terminology:

2o g g

1.4

1.5

1.3.2

' The definition of terms shall be in‘accordance withIS; 732-1989 (Indian

Standard Code of Practice for Electrical Wiring), except for the
definitions of point, circuit, and submain wiring, which are defined in
this specification. Some of the commonly used terms are indicated in
Appendix-A. :

The conventi(/)nal signs and symbols for technical work shall be as shown
in Appendix-B. . '

Submission of Tenders:

1.4.1

14.2

Rates:

15.1

152

The tender shall be submitted complete with the following:-

(i)  Complete teOnder documents as purchased from CPWD duly
filled in and signed. The price part of the tender shall be indicated
only on the tender schedule of work.

(i1)  Earnest Money deposit in one of the specified forms.

(iii)  Any other supplementary details required for the evaluation of
the tenders such as drawings, technical literature/catalogues,
data etc.

Where two part tendering system is proposed to be adopted in any
particular work, the procedure for submission and opening of tenders
shall be indicated in tender documents for that work.

The work shall be treated as on works contract basis and the rates tendered
shall be for complete items of work (except the materials, if any,
stipulated for supply by the department) inclusive of all taxes (including
works contract tax, if any), duties, and levies etc. and all charges for
items contingent to the work, such as, packing, forwarding, insurance,
freight and delivery at site for the materials to the supplied by the
contractor, watch and ward of all materials (including those, if any,
supplied by the department) for the work at site etc. '

Prices quoted shall be firm. Price adjustments shall however be governed

- byClause:10€/10cc of the Conditions of Contract given in‘form CPWD

~ 7or 8 of the tender documents, for works executed under these forms.
' All relevant documents shall be produced by the contractor to the

Engineer-in-charge, whenéver called upon by him to do so, for working
out such adjustments in rates.

Ly ]
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iTg.x"es and Diities:

1 6. 1' Bemg an md1v1s1ble wogks contmct, Sales Tax Exclse Duty etc. are not

1.7

1.8

1.9

1.10

payable separately

'1.6.2 The works contract tax shall be deducted from the bills of the contractor
as applicable in the State in which the work is carried out, at the time of

payments.

1.6.3 Octroi shall not be paid separately for the materials supplied by the
Contractor, but the Department, on demand, can furnish octroi exemption
certificate. However, the Department is not liable to reimburse the octroi
duty in case the concerned authorities do not honor such exemption
certificates.

" Mobilization Advance: .

No mobilization advance shall be paid for the work, unless otherwise stipulated
in tender papers for any individual works.

Completeness of Tender:

All sundry fittings, assemblies, accessories, hardware items, foundation bolts,
termination lugs for electrical connections as required, and all other sundry items
which are useful and necessary for proper assembly and efficient working of the

various camponents of the work shall be deemed to have been included in the
tender, whether such items are specifically mentioned in the tender documents

or not.

Works to be arranged by the Departme’nt'.

Unless and otherwise specified in the tender documents, the followlng works

 shall be arranged by the Department

(i) Storage space for all equipments, components and matenals for the work.
(ii) Supply of materials to the contractor as stipulated in the tehder documents.

Works.to be done by the Contfaetor: -

Unless and otherwise mentioned in thé tender documents, the following works

?

L Qong by the. contractor, and therefore their cost shall be deemed to be -

omponeits ‘where required, including -



1.11

1.12

1.13

1.14

(i1) Cutting and making good all damages caused during installation and restoring
the same to their ongmal finish.

) Seallng of all floor operings providéd by himi’ oty plpes and cables, from

fire safety point of view, after laying of the same.

(iv) Painting at site of all exposed metal surfaces of the installation other than
pre-painted items like fittings, fans, switchgear/distribution gear items,
cubicle switchboard etc. Damages to finished surfaces of these items white
handling and erection, shall however be rectified to the satisfaction of the
Engineer-in-charge.

(v) Testing and commissioning of completed installation.

Storage and Custody of Materials:

Suitable and lockable storage accommodation shall be provided by the Department
free of cost to the contractor. However, the watch and ward of the stores and
their safe custody shall be his responsibility till the final taking over of the
installation by the Department.

Electric Power Supply and Water Supply:

Unless and otherwise specified, power supply and water supply will be arranged
by the Contractor at the site for installation purpose.

However, for testing purpose, Electricity Supply will be made available free of
cost to the Contractor.

Contractor will take due care to ensure safety of Electrical installation during
execution of work.

Tools for handling and erection:

All tools and tackles required for handling of equipments and materials at site of
work as well as for their assembly and erection and also necessary test instruments
shall be the responsibility of the contractor.

Payment Terms:

1.14.1 * Unless otherwise specified in the additional conditions of the contract,
the payment shall be made as per the relevant clauses of form PWD 7/8
- forming a part of the tender documents.

1.14.2  Security deposit shall be deducted from each running bill and the final
bill to the extent of 10% of the gross amount payabie subject to the
maximum limit specified. The earnest money deposit shail be adjusted
against this security deposit. The security deposit shall be released on
the expiry of guarantee/mainienance period stipulated in the coniract,

4 -



However, the contractor can furnish a bank guarantee in the specified
format from a schedule bank for the full value of the security deposit,

e e e ChieVentno recovery shallbea#®towards security deposit from

1.15

1.16

1.17

1.18

his bills. The bank guarantee shall be kept valid till the expiry of the
above guarantee/maintenance period.

Co-ordination with other agencies:

The contractor shall co-ordinate with all other agencies involved in the building
work so that the building work is not hampered due to delay in his work. Recessed
conduit and other works, which directly affect the progress of building work,
should be given priority.

Care of Buildings:

Care shall be taken by the contractor to avoid damage to the building during
execution of his part of the work. He shall be responsible for repairing all damages
and restoring the same to their original finish at his cost. He shall also remove at
his costs all unwanted and waste materials arising out of his work from the site.

Structural Alterations to Buildings:

(1) Nostructural member in the building shall be damaged/altered, without prior
approval from the competent authority through the Engineer-in-charge.

(ii) Structurdl provisions like openings, cutouts, if any, provided by the
department for the work, shall be used. Where these require modifications,
or where fresh provisions are required to be made, such contingent works
shall be carried out by the contractor at his cost.

(iii) All such openings in floors provided by the Department shall be closed by

" the contractor after installing the cables/conduits/rising mains etc. as the

case may be, by any suitable means as approved by the Engineer-in-charge
without any extrapayment.

(iv) All chases required in connection with the electrical works shall be provided
and filled by the contractor at his own cost to the original architectural
finish of the buildings.

Addition to an installation:

Any addition temporary or permanent to the existing electrical installation shall
not be made without a properly worked out scheme/design by a qualified Electrical
Engineer to-ensure that such addition does not lead to overloading, safety violation
of the existing systera. ‘

i



1.19-

1.20

1.21

1.22

Work in occupied buildings:

3 '(1) When work is executed i in pccupged bulldmgs there would:be minimum of -

“{nconvenience to the occupants The work shall be programmed in
consultation with the Engineer-in-charge and the occupying department. If
so required, the work may have to be done even before and after office hours.

(ii) The contractor shall be responsible to abide by the regulations or restrictions
set in regard to entry into, and movement within the premises.

(iii) The Contractor shall nottamper with any of the existing installations including
their switching operations or connections there to without specific approval
from the Engineer-in-charge.

Drawings:

(i) The work shall be carried out in accordance with the drawings enclosed
with the tender documents and also in accordance with modification thereto
from time to time as approved by the Engineer-in-charge.

(ii) All wiring diagrams shall be deemed to be ‘Drawings’ within the meaning of
- the-term as used in Clause 11 of the Conditions of Contract (PWD 7 or
PWD 8). They shall indicate the main switch board, the distribution boards
(with circuit numbers controlled by them), the runs of various mains and

sub mains and the position of all points with their controls.

(iif) All circuits shall be indicated and numbered in the wiring diagram and the
points shall be given the same Tumber as the circuit to which they are
electrically connected.

" Conformity to IE Act, IE Rules, and standards:

1.21.1 All Electrical works shall be carried out in accordance with the provisions
of Indian Electricity Act, 1910 and Indian Electricity Rules, 1956
amended up to date (Date of call of tender unless specified otherwise).
List of Rules of particular importance to Electrical Installations under
these General Specifications is given in Appendix C for reference.

General requirements of components:
1.22.1 Quality of materials:
All materials and equipments supplied by the contractor shall be new.
They shall be of such design, size and materials as to satisfactorily function
-under the rated conditions of operation and to withstand the environmental
conditions at site.



1.22.2

& aJj ~ ~~Materials and-equipmientsto be used'.‘in the work shall be inspected by

b)

d)

Inspection of materials and equipments:

the Departmental officers. Such inspection will be of following
categories:

i. Inspection of materials/equipments to be witnessed at the
Manufacturer’s premises in accordance with relevant BIS/Agreement
Inspection Procedure. '

ii. Toreceive materials at site with Manufacturer’s Test Certificate(s).

iii. To inspect materials at the Authorized Dealer’s Godowns to ensure
delivery of genuine materials at site.

iv. To receive materials after physical inspection at site.

The Departmental officers will take adequate care to ensure that only
tested and genuine materials of proper quality are used in work.

Similarly, for fabricated equipments, the contractor will first submit
dimensional detailed drawings for approval before fabrication is taken
up in the factory. Suitable stage inspection at factory also will be made to
ensure proper use of materials, workmanship and quality control.

The tender specifications will stipulate the Inspection requirements or
their waiver for various materials/equipments including norms of
inspection in specific cases. -

Ratings of Components:

All components in a wiring installation shall be of appropriate ratings of
voltage, current, and frequency, as required at the respective sections of
the electrical installation in which they are used.

All conductors, switches and accessories shall be of such size as to be
capable of carrying the maximum current, which will normally flow
through them, without their respective ratings being exceeded.

Conformity to standards:

All components shall conform to relevant Indian Standard Specifications,
wherever existing. Materials with ISI certification mark shall be preferred.
A broad list of relevant Indian Standards is given in Appendix D. These
Indian Standards, including amendments or revisions thereof upto the
date of tender acceptance, shall be applicable in the respective contracts.

¥
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1.23

1.24

1.22.5 Interchangeability:
- Similar’ parts of all switches, lamp: holders, distibution fuse boards,
switch gears, Geilinig roses brackets pandants ‘fans dtida other fittings
of the same type shall be interchangeable in each installation.

Workmanship:

1.23.1 Good workmanship is an essential requirement to be complied with. The
entire work of manufacture/fabrication, assembly and mstallatlon shall
conform to sound engineering practice.

1.23.2 Proper supervision/skilled workmen:
The contractor shall be a licensed electrical contractor of appropriate
class suitable for execution of the electrical work. He shall engage suitably
skilled/licensed workmen of various categories for execution of work
supervised by supervisors / Engineer of appropriate qualification and
experience to ensure proper execution of work. They will carry out
instructions of Engineer-in-charge and other senior officers of the
Department during the progress of work.

1.23.3 Use of quality materials:
Only quality materials of reputed make as specified in the tender will be
used in work.

1.23.4<¥abrication in reputed workshop:
Switch boards and LT panels shall be fabricated in a factory/workshop
having modemn facilities like quality fabrication, seven tank process,
powder/epoxy paint plant, proper testing facilities, manned by qualified
technical personnel.

The tender shall specify some quality makes of fabricators with modern
facilities of design, fabrication and testing capable of delivering high
quality LT panels and switch boards after testing as per relevant
specifications.

Testing:

All testes prescribed in these General Specifications, to be done before, during
and after installation, shall be carried out, and the test results shall be submitted
to the Engineer-in-charge in prescribed Performa, forming part of the Completion
Certificate.



1.25

1.26

1.27

Commlsswmng on Completlon
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After the work is completed it shall be ensured that the 1nsta11at40n 1s tested and

commnssmned

“Completion Plan and Completion Certificate: -

(1) For all works completion certificate after completion of work as given
in Appendix-E shall be submitted to the Engineer-in-charge.

(i1) Completion plan drawn to a suitable scale in tracing cloth with ink
indicating the following, along with three blue print copies of the same
shall also be submitted.

a. General layout of the building.

b. Locations of main switchboard and distribution boards, indicating the
circuit numbers controlled by them.

c. Position of all points and their controls.

d. Types of fittings, viz. fluorescent, pendants brackets, bulk head, fans
and exhaust fans etc.

e. Name of work, job number, accepted tender reference, actual date of
completion, names of Division/Sub-Division, and name of the firm who
executed the work with their signature.

Guarantee

The installation will be handed over to the Department after necessary testing
and commissioning. The installation will be guaranteed against any defective
design/workmanship. Similarly, the materials supplied by the contractor will be
guaranteed against any manufacturing defect, inferior quality. The guarantee period

_ will be for a period of 12 months from the date of handingover to the Department.

Installation/ equipments -or components thereof shall be rectified/ repaired to
the satisfaction of the Engineer-in-charge.

@
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2.1

CHAPTER -2

""PLANNING OF ELECTRICAL INSTALLATION-«

Planning of Electrical Installation:

The design and planning of an Electrical installation involve consideration of all
prevailing conditions and is usually guided by the requirement of the consumer. A
competent Electrical Engineer should take the responsibility of detailed designing
and planning to meet the requirement of various functional needs, efficiency,
economy, energy conservation, aesthetics, appropriate technology, safety and

a.

o P

3

=)

B o

“avoidance of possible fire hazards. Some of the guiding factors are:

Adverse conditions like humidity, high/low ambient
temperature, pollution, heat, dust, flame etc. that are likely
to affect the installation.

Possible presence of inflammable or explosive vapor, gas,
liquid.

The degree of mechanical and electrical protection
necessary.

The need of uninterrupted electrical supply, which requires
adequate standby system, including generating sets and
UPS back up.

Flexibility for future modification or extension.

Energy cost, which requires proper examination of local
electrical tariff.

Energy conservation measures.

Need of Building management system for efficiency and
energy cost saving.

Relative cost of various alternative methods.

Safety aspects including provision of built in safety
measures.

Specific measures for avoidance of possible fire hazards.
Use of appropriate technology.

Quality control based on appropriate design and use of
quality materials and equipments.

Aesthetics and coordination with Architectural and
Structural requirement.

Taking into account future growth of load.

Need to provide related space/conduits/channels/ cables/
wire for services like: Communication cables, computer
cabling, fire alarm cabling, UPS cablmg etc. CCTV/
Security system cables etc.

10



2.2

2.3
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q. Reducing-operation and maintenance cost with appropriate
... use,_of automation, sensors, remote control,
T ?mcroprbcesébr ESttrol for co‘ntroli'ﬂé”Vanous electrical
and mechanical activities.
r. Providing an efficient power distribution system to meet
~ the various power requirement of equipments like:
Computers.
AGs.
Pumps.
Lifts.
Specific equipments.
Ventilation Plant.
ACPlan. etc.

Coordination: .

2.21 Before Planning is started, coordination and collaboration is needed amongst
the following:
Client/user/users of the building/Civil/ Structural Engineer/ Architect/
Horticulture.

2.22 Based on the specific requirement and projected use of the building,
conceptual coordinated detailed planning for the entire building will be
finalized. The Electrical portion has to fit into such integrated concept of
the building.. ~ -

Location and requirement of substation:

2.3.1 Electrical substation may be required for following reasons:

a. When Electric load is in excess of permitted LT supply
limit of ‘Electrical Supply Authority’, which necessitates
setting up of substation.

b. When it is desired to have a substation for technical
reasons.

2.3.2 Ideal location:

i The ideal location for an Electric substation for a building or group
of buildings would be at the load center and shall be located on the
ground floor in a separate building. Such building should have direct
access through a motorable road to ensure easy access or removal
of equipment. The floor level of the substation or switch room (in
case of LT) shall be above the highest flood level of the locality.

1. In case the substation has to be located within the main building itseif
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2.3.6

for unavoidable reasons, then it should be located on ground floor
with easy access from outside. Location of substation in the basement
floors should be avoided as far as possible on account of likely
flooding and fire hazard. In case it is unavoidable, then foolproof
anti-flooding, measures have to be taken, which includes provision
of automatic dewatering pumping and construction of waterproof
basement. Such portion (for substation) should be isolated from the
rest of basement and should have easy entry and exit arrangemeht.
Also, suitable mechanical ventilation and fire detection/ protection
system to be provided to conform to B.I.S. requirements and
requirements of local fire authority. Only dry type transformers and
switchgear to be provided, unless they are installed in a separate
service building separated from the main building.

iii.  Emergency power supply equipment (such as generating sets) shall
not be allowed to be installed above ground floor or below first
basement level of building.

iv. Facility for connection from substation to adjoining building to feed
emergency load shall be permitted. '

Space for Electric substation: Reference may be made to “SPACE FOR
ELECTRICAL AND MECHANICAL SERVICES IN BUILDINGS” as
approved by 38" Specification Committee, October 2002.

Coordination with local Supply Authority.

The power requirement should be assessed, in consultation with the owner/
users, and discussion should be held with the Electricity supply authority to
decide on location/space required for Electricity supply equipment/meter
and tariff involved.

Provision for future growth of load:

The useful life of the building may be more than 50 years. Experience
indicates 5 to 10% growth of Electrical load every year. Therefore, building
should have adequate space provision for augmentation of electrical supply
and associated distribution network.

Space for Electrical Services “SPACE FOR ELECTRICAL AND
MECHANICAL SERVICES IN BUILDINGS” as approved by 38"
Specification Committee, October 2002:
The building has to provide for space for various electrical equipments and
service. These include:
a. Electrical substation to house HT switchgear, Metering,
transformers, LT panels, generating sets, essential LT Panel,
Voltage correction devices, UPS, Battery Room, Electrical

3
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switch rooms, vertical shafts for power, communication, fire
~alarm, UPS:cabling; wet riser;:associated-doors, cutouts in

2.3.7

23.8

239

---floors/slabs, cable routes/renches/ducts; cable entry pipes,
etc. space for distribution boards etc.

All such provisions are essential to provide an efficient, safe
and aesthetic electrical system for the building.

Location of switch room:

Where, it is not necessary to provide a substation, a switch room shall be
provided. This shall be preferably near the entrance of the building on the
ground floor. This switch room shall receive LT supply for which suitable

pipe/trench provision shall be kept for cable entry. Power distribution shall

start with suitable number of rising mains (or rising cables) for vertical
distribution. A large building will be divided into suitable number of parts,
each part served by a rising main. Suitable provision shall be kept for laying
cables/bus duct from switch room to feed each rising main.

Distribution of supply and cabling:

A well-designed distribution system will take into account prevailing
conditions, various requirement of power so that the installation meets the
intended purpose and is safe, and efficient.

System of Supply:

i. All electrical equipments, accessories shall be suitable for voltage
and frequency of supply.

il. Use of low voltage, medium voltage or high voltage system or

combination thereof is a matter of expert calculation, judgement,
comparative studies, prevailing tariff, for ensuring better quality of
electric supply, better operation, control and economy of use of
equipments, better safety etc. Use of high voltage supply entails
provision of suitable transformer substation, which demands
additional cost and space. However, such additional cost may be
justified for following reasons:

a. Advantage in tariff.

- b. _More effective earth fault protectlon

c.. Elimination of interference with supplies to other consumers

permitting use of large size motors etc.
d. Better control of voltage.

2.3.10 Stand-by Systems:

Whenever relizble power supply is intendead, it is essential to plan for stand
by systems like:-



i) Incoming supply from two sources.
ii) ) Minimum 2 Nos. Transformers so that in case of fanlure of one

o~

Prepsl I transformer, there T A standby, Y T -

2.3.11 Planning for peak-Non-peak loads in office buildings:

“Ina typical office building, peak load is between 10 AM to 5 PM. Holidays
and after office hours demand is hardly 5% of peak load. Hence, for such
period a smaller capacity transformer may be planned to reduce energy
losses on account of ‘Core Loss’ of transformer.

2.4  Quality of Electric Supply:
i The parameters which decide the quality of Electric supply are:-
a. Voltage.
b. Frequency.
c. Absence of harmful harmonies.
d. Protection against Surge/Lightning.

il. Modern buildings use large number electromechanical, electronic
devices, which for their proper operation and protection require
quality electric supply.

iii.  Hence, based on specific needs, suitable additional equipments like
voltage correctors, filters, surge protectors, UPS etc. may be
provided as an integral part of the electric power system.

2.5 -Standby Generator Set:

2.5.1 In the event of mains power failure, it is necessary to provide standby
generating sets to meet the requirement of essential power supply, so that
the normal working of offices and other institutions, which provide service

- to the public/users, don’t suffer. Thie essential power loads are as below:-
a - Residential:
" Water supply pump sets.
Lifts.
Fire protection/ Fire fighting system.
Street lighting.
Essential Community needs.

b. Non-residential:
Water supply pump sets.
Lifts.
Fire protection/ Fire fighting system.
Lights and fans.
Exit lights.
Staircase lights etc.



Other requirements like critical air-conditioning, AHUs, essential power
coutdetsete., . cwzvary s :

c. Therefore it is necessary 0 provade for essential power supply system
consisting of

i. Standby DG Sets.

ii. Essential LT Power panels.

iii.  Essential rising mains.

v. Main boards, DB’s, essential wiring etc.

PEAT

P L)

2.6 Power factor Management:

1) Low power factor results in higher current resulting in higher voltage drop
and system losses. In order to have control over these parameters, power
factor of 0.85 to 0.95 to be maintained by the power consumers. Heavy
penalty is imposed in case of low power factor.

Percentage reduction of load current and transformer loss due to power
factor improvement is given in table below:

Initial Power Power factor % Reduction | % reduction in
Factor improvement inload | transformer
current losses
0.7 0.9 23.7 40
_ 0.7 1.0 - 30.0 51
0.8 © 0.9 10.0 21
0.8 1.0 20.0 | 36
0.9 ' 1.0 10.0 19

ii) . Effect of leading power factor: :
Leading power factor causes higher voltage; resulting in:

a) Increase in hysterics and eddy current losses.

b) Transformer may operate in saturated BH curve, resulting in
generation of harmonies, which may lead to heating, and failure of
capacitor.

iii)  Automatic power factor correction capacitor Banks:

Properly designed APFC panels shall be provided to maintain power factor
automatically at desired level.
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2.7 UPS:-
a. To meet the requirement of no break power supply for requirements like
e e e v w.oCOMPpUter/communication/securityneedsiete. it may be necessary to provide
for centralized/de-centralized UPS system.

b. In a centralized UP’s system, there will be a third distribution system(besides
essential and non-essential power distribution system) consisting of battery
room, UPS system, UPS LT Panel, UPS rising main, main boards/DBs wiring
etc.

c. Such a system requires carefully designed power switchgear and distribution
system, so that in case of power failure, the essential/UPS loads are
connected to their respective sources in a safe and reliable manner.

2.8 Allied Services: .
2.8.1 The modern building, besides electric wiring, has to provide for following
services:- '
1. Telephone wiring.
ii. Communication Cabling.
iii. Computer cabling, networking, dedicated earthing.
iv. Audiovisual systems.
v. Security systems.
vi. Soundre-inforcement.
vii. Stage lighting.
viii External lighting.
" ix. Architectural in-built lighting.
x. Solar Energy system.
xi. Photo voltaic power system.
xii. Other specific lighting services etc.
xiii. Building management system.

2.8.2 It is for the electrical planning engineer to coordinate provision of these
services in consultation with the user, Architect, structural engineer and
specialized agencies.

2.8.3 Alsoitis necessary to provide for space/shafis/routes and in-built provisions
for all these services.

2.8.4 The basic guidelines are:-

a. Each specialized service will be executed without mixing up
-with other servicés.

b. Wiring of each service will be taken in its own pipe/channel,
except when it is permitted other wise.

c. Consultation will be made with reputed specialized firms to
provide for space and other in-built provision for such
services.

d Suitable cat - walk shall be provided as an integral part of the
building structure, to provide facility for maintenance of
systems provided at higher level,

£y
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2.9 LuxLevel:
7.~ Properlighting level is to be maintained BIS specifies lux lev,els required for various
. applications. Lowerux level reduces eﬁicwncy of workmg ged person requires
higher lux level. For normal office working a middle-aged man requires 350 lux. A
_person of 55 to 60 years age may require 500 lux. Proper designing is required for
achieving satisfactory lux levels in conformity with BIS. (see Table)

2.10 False ceiling Coordination:
False ceiling electrical layout will be coordinated with the Architect and the
Civil Engineer so that reflected drawing provides for symmetrical and
aesthetic layout of the following: -
Fans .
Light fittings
A/C Diffuses
Fire detectors
Sprinklers
Speakers etc.

2.11 Functional areas like Auditorium, conference hall, computer rooms, and
library:

Special attention to be paid for functional areas to meet the client’s
requirements, and functional requirements in coordination with the Architect
and to provide for specialized services like Audio visual system, P.A. System,
Sound reinforcement, Stage lighting, Conference system, security needs,
etc. It may be noted that provision of such services at a latter stage will not
only mar the aesthetics of the building, also will compromise with efficiency
of such services for want of proper space etc.

2.12 Areas like Hospitals, Stadia:
Planning of such buildings require high degree of professionalism, for
application of latest technology to provide efficient and effective installation.

2.13 Out door Lighting, High Mast Lighting, Road Lighting, Security Lighting,
Garden Lighting, Illuminated Fountains:
Present day modérn buildings require highly aesthetic lighting making use
of a variety of lighting design, themes and fixtures available. For proper
aesthetic effect, high level of professional approach is needed based on
computer aided design and calculations.

17




2. 14 Street Light poles:

“Hot dlpped galvanized poles’ mthintegrated in-built control box and lighting

- brackets is‘a préfétred option t6 énsure ong Tife ‘of poles and to delay effect

of corrosion. The height and spacing of poles should be designed with the
aid of computers for ensuring proper lux level. Similarly the wattage and
type of luminaries should be decided based on proper design. Having an
external control box fixed to the pole is not a preferred option for aesthetic/
technical reasons. If it is decided to go for this option, it is better to go for
non-metallic enclosures (like polycarbonate/ engineering plastic) with IP:
65 protections, to avoid corrosion effect. Similarly street light fittings fixed
to the wall of the building should be generally avoided. Also for feeder pillars
application, enclosures made of non-corrosive materials like fiber glass/
engineering plastic manufactured by reputed firm can be used after suitable

‘technical evaluation.

(See fig: 1 for typical road lighting & fig: 2 for typical feeder pillar)
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CHAPTER -3

ELECTRIC POWER DISTRIBUTION AND WIRING

3.1 “Int'rod'uct‘ion:

The electric power will be received and distributed in a bulldmg, through following
means:-

i

Cabling and switchgear to receive power.

ii. The building is divided into convenient number of parts, each part served by a

1il.

rising main system to distribute power vertically/horizontally.

Power flows from rising main through tap-off box to floor main board to
final DBs and then to wiring.

iv. While rising main takes care of general lighting and power outlet load of the

building, other loads like lifts, pump sets, AC Plants, other motor loads are
fed by independent cables of suitable capacity fed from properly designed
essential/non-essential LT panels with suitably designed switchgear having
necessary control and safely features.

Therefore the distribution/wiring system essentially consists of provision
of cables, switchgear, rising main, bus-ducting, earthing, laying of pipes/
conduits etc. (in surface or recess) based on proper detailed designing to
decide on various sizes/capacities of these components and various controls
and safeties involved, to provide an efficient, reliable, safe and adequate
electrical distribution and wiring system.

A typical schematic diagram of power distribution of a building is enclosed.

{See Fig. 3)

3.2  System of distribution and wiring:

1.

ii.

iii.

iv.

The wiring shall be done from a distribution system through main and/or
branch distribution boards. The system design and location of boards will
be properly worked out.

Each main distribution board and branch distribution board shall be
controlled by an incoming circuit breaker/linked switch with fuse. Each
outgoing circuit shall be controlled by a circuit breaker/switch with fuse.
For non-residential buildings, as far as possible, DBs shall be separate for
lightand power.

‘Only MCCB/MCB/HRC fuse type DBs shall be used. Rewirable type fuses
shall not be used.

Three phase DBs shall not be used for final circuit distribution as far as
possible. : /
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3.3

Vi. ‘Power’ wiring shall be kept separate and distinct from light wiring, from

the level of circuits, i.e., beyond the branch dlstnbutlon boards. Conduits
~for light/power wiring Shall be separate, 7'~ Fr = v

VIi. Essential/non-essential/UPS distribution each will have a completely
independent and separate distribution system starting from the main,
switchboard upto final wiring for each system. As for example, conduit
carrying non-essential wiring shall not have essential or UPS wiring. Wiring
for essential and UPS supply will have their own conduit system. No mixing
of wiring is allowed.

viii.  Generally, no switchboard will have more than one source of incoming
supply. More than one incoming supply will be allowed only at main board
with proper safety and interlocking so that only one source can be switched

on at a time.

iX. Each MDB/DB/Switch Board will have reasonable spare outgoing ways for -
future expansion.

X. Balancing of 3-phase circuit shall be done.

Wiring:

3.3.1 Submain & Circuit wiring:

a Submain wiring:

Submain wiring shall mean the wmng from one main/distribution switchboard to
another.

b.  Circuit wiring:
Circuit wiring shall mean the wirimg from the distribution board to the 1* tapping
point inside the switch box, from where point wiring starts.

3.3.2. Measurement of submain and circuit wiring:

i. - Circuitand submain wiring shall be measured on linear basis along the run
of the wiring. The measurement shall include all lengths from end to end of
conduit or channel as the case may be, exclusive of interconnections inside
the switchboard etc. The increase on account of diversion or slackness shall
not be included in the measurement.

il The length of circuit wiring with two wires shall be measured from the
distribution board to the nearest switch box from which the point wiring

“starts. Looping of switch boxes also will be counted towards circuit wiring,
measured along the length of conduit/channel. .

iii. - When wires of different circuits are grouped in a single conduit/ channel,
the same shall be measured on linear basis depending on the actual number
and sizes of wires run. '

. Protective (loop earthing) conductors, which are run along the circuit wiring
and the sub main wmng, shall be measured on linear bas*s and paid for
separately.
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Note Cohduit carrying submain wiil not carry circuit/point wiring Similady
Conduﬁ’carry‘mg pomt wim‘ng Wﬂljnot carry submam/mrcmt wiring.

Measurement of other wiring work:

Except as specified above for point wiring, citcuit wiring and submain wiring,
other types of wiring shall be measured separately on linear basis along the
run of wiring depending on the actual number and sizes of wires run.

3.4 Point wiring:

34.1

Definition

A point (other than socket outlet point) shall include all work necessary in

complete wiring to the following outlets-from the controlling switch or

MCB.

a.  Ceiling rose or connector (in the case of points for ceiling/exhaust
fan points, prewired light fittings, and call bells).

b. ~ Ceiling rose (in case of pendants except stiff pendants).

c. Backplate (in the case of stiff pendants).

d.  Lamp holder (in the case of goose neck type wall brackets, batten holders
and fittings which are not prewired).

3.4.2 Scope:
Following shall be deemed to be included in point wiring. ~
a Conduit/channel as the case may be, accessories for the same and wiring
cables between the switch box and the point outlet, loop protective earthing
of each fan/light fixture.
b. All fixing accessories such as clips, screws, Phil plug, rawl plug -etc. as
; required.
C. Metal or PVC switch boxes for control switches, regulators, sockets etc,
recessed or surface type, and phenolic laminated sheet covers over the same.
d Outlet boxes, junction boxes, pull-through boxes etc. but excluding metal
boxes if any, prov1ded with sw1tchboards for loose wires/conduit
terminations. i : - *
e. Any special block’ requlred for neatly housing the connector in batten wiring
- - .system.
f. Control switch or MCB, as specified.
g 3 pin or 6 pin socket, ceiling rose or connector as required. (2 pin and 5 pin
socket outlet shall not be permitted).
h. Connections to ceiling rose, connector, socket outlet, lamp holder, switch

eic.



L Bushed conduit or porcelain tubing where wiring cables pass through wall
MG Ll e e e e

3.4. 3A Measurement

a. Point wiring (other than socket outlet points)

i. Unless and otherwise specified, there shall be no linear measurement
for point wiring for light points, fan points, exhaust fan points and call
bell points. These shall be measured on unit basis by counting, and
classified as laid down in 3.4.4.

3.4.4 Classification:
Points measured under 3.4.3 on unit basis shall be classified as under
according to the type of building.

a. Residential buildings:-
i.  Group ‘A’, for point wiring for type I, type II and type III
residential quarters and hostels.
ii. Group ‘B’, for point wiring for type IV and above type of
residential quarters and barracks.
b. Non residential buildings:
Group ‘C’ for all types of non-residential buildings such as offices,
hospitals, laboratories, educational institutions, libraries etc.
c. For any other type of building:-
The group under which the points are to be classified shall be decided
= by the concerned Chief Engineer (Elect.).

3.4.5 Point wiring for socket outlet points:

(i) Thelight (6A) point and power (16A) point wiring shall be measured
on linear basis, from the respective tapping point of live cable, namely,
switch box, another socket outlet point, or the sub distribution board
as the case may be, up to the socket outlet.

(ii) The metal/PVC box with cover, switch/MCB, socket outlet and other
accessories shall be measured and paid as a separate item.

Note: There shall normally be no “on the board” light plug point.

(iii) The power point outlet may be 16A/6 A six pin socket outlet, where
so specified in the tender documents.

22



3 4 6 Group Control pomt wiring:

e ool ve i grated in-butl conirol boaw acd Lohtin

“'In the case ofpomts with miore tharr one pomt controlled by the same
switch, such points shall be measured in parts i.e. (a) from the switch
to the first point outlet as one point and classified according to 3.4.4,
and (b) for the subsequent points, the distance from that outlet to the
nextone and so on, shall be treated as separate point (s) and classified
according to 3.4.4.

i1) Norecovery shall be made for non-provision of more than one switch

in such cases.

3.4.7 Twin control light point wiring:

(1) A light point controllied by two numbers of two way switches shall be
measured as two points from the fitting to the switches on either side
and classified according to 3.4.4.

(ii) No recovery shall be made for non-provision of more than one ceiling
rose or connector in such cases.

3.4.8 Multiple controlled call bell point wiring:

(i)  Inthe case of call bell points with a single call bell outlet, controlled
from more than one place, the points shall be measured in parts i.e.
(a) from the call bell outlet to one of the nearest ceiling roses meant
for connection to bell push, treated as one point and classified
according to 3.4.4 and, (b) from that ceiling rose to the next one and
so on, shall be treated as separate point (s) and classified according
to 3.4.4.

(ii)  Norecoveryshall be made for non-provision of more than one ceiling
rose or connector for connection to call bell in such cases.

3.5 Wiring System:
i)  Wiring shall be done only by the looping system. Phase/live conductors
shall be looped at the switch box. For point wiring, neutral wire/earth wire
-looping for the 1% point shall be done in the switch box; and neutral/earth
looping of subsequent points will be made from point outlets.

ii)  Inwiring, no joints in wiring will be permitted any where, except in switch

box or point outlets, where jointing of wires will be allowed with use of
suitable connector.

iii))  The wiring throughocut the mstallatmn shall be such that there is no break in
the neutral wire except in the form of linked switchgear.
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iv)

Rega

V)

- 3.6 Runof
' 1.

ii.
1il.

v,

Colour coding:-

Followmg colourcodmgshall be followed in wiring:-- -

Phase : Red/Yellow/Blue.(Three phase wiring)
Live : Red(Single phase wiring)

Neutral : Black

Earth : Yellow/Green.

Termination of circuit into switchboard:-
Circuit will consist of phase/neutral/earth wire. Circuit will terminate in a
switch board (first tapping point, where from point wiring starts) in
following manner:-
Phase wire terminated in phase connector.
Neutral wire terminated in neutral connector.
Earth wire terminated in earth connector.
The switchboard will have phase neutral and earth terminal connector blocks
to receive phase/ neutral/earth wire.

SEEFIG 4.

wiring: .

The type of wiring shall be as specified in the tender documents namely,
surface conduit/recessed conduit, steel/PVC, channel.

Surface wiring shall run as far as possible along the walls and ceiling, so as
to be easily accessible for inspection.

Above false ceiling, in no case, open wiring shall be allowed. Wiring will be
dene in recessed conduit or surface steel conduit.

Inrecessed conduit system, routes of conduit will be planned, so that various
inspection boxes provided don’t present a shabby look. Such boxes can be
provided 5 mm above plaster level, and they can be covered with plaster of
‘paris with marking of junction boxes.

Where number of electrical services like electrical wiring, telephone wiring,

. computer cabling, pass through corridors, it may be proper to plan such

service with properly designed aluminium/PVC channels duly covered by a
false ceiling, so that subsequently such service can be maintained and
additional cables can be provided.

Generally conduits for wiring will not be taken in floor slabs. When it is
unavoidable special precaution to be taken to provide floor channels with
provision for safety and maintenance. Alternatively false flooring can be
provided.

3.7 Passing through walls or floors:

i)

When wiring cables are to pass through a wall, these shall be taken through

a protection (steel/PVC) pipe or porcelain tube of suitable size such that

they pass through in a siraight line without twist or cross in them on either

end of such holes. The ends of metallic pipe shall be neatly bushed with
24



‘ porcelain, PVC or other approved material.
e ooidl) o All floar opemngs for carrymg any. wmng shall be su1tabiy sealed after
LR S .__--mstallatmn o s HaallB

3.8 Joints in wiring:

i) No bare conductor in phase and/or neutral or twisted joints in phase,
neutral, and/or protective conductors in wiring shall be permitted.

ii) There shall be no joints in the through-runs of cables. If the length of
final circuit or submain is more than the length of a standard coil,
thus necessitating a through joint, such joints shall be made by means
of approved mechanical connectors in suitable junction boxes.

iii)  Termination of multistranded conductors shall be done using suitable
crimping type thimbles.

3.9 Ratings of outlets:

(to be adopted for design).

i) Incandescent lamps in residential and non-res1dent1a1 buildings shall
be rated at 60W and 100W respectively.

i1) Ceiling fans shall be rated at 60W. Exhaust fans, fluorescent tubes,
compact fluorescent tubes, HPMV lamps, HPSV lamps etc. shall be
rated according to their capacity. Control gear loses shall be also
considered as applicable.

iiil)  6A and 16A socket outlet points shall be rated at 100W and 1000W
respectively, unless the actual values-ofloads are specified.

3.10 Capacity of Circuits:
1) Lighting circuit shall feed light/fan/ call bell points. Each circuit shall
~ not have more than 800 Watt connected load or more than 10 points.
However, in case of CFL points where load per point may be less,
“number of points may be suitably increased.
i1) Power circuit in non-residential building will have only one outlet
per circuit.
iii)  Each power circuit in residential building can feed following outlets:
a)  Notmore than 2 Nos. 16A outlets.
b) Not more than 3 Nos. 6A outlets.
c) Not more than 1 No.16A and 2 Nos. 6A outlets.
iv)  Load more than 1 KW shall be controlled by suitably rated MCB and
cable size shall be decided as per calculations.
V) Power wiring with Bus trunking:
It is permitted to meet large-scale power requirement in a hall, or
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floor, with use of single phase or 3 phase bus bars running inside a

_metal enclosure Thrs wrll be provrded with, careﬁJl desrgn and use of

| 'relevant BIS standards and w1th standard accessories like End feed

unit, tap off with necessary safety features like over current, short-
circuit and earth fault protection. Such trunking will be of specified
breaking KA rating.

3.11 Socket out lets:

L

il.

.

1v.

Vii.

3.12 Cables:
i

Socket outlets shall be 6A 3 pin, 16 Amp 3 pin or 16/6 Amp 6 pin. 5

. pin socket outlets will not be permitted.

The third pin shall be connected to earth through protective (loop
earthing) conductor, 2 pin or 5 pin sockets shall not be permitted to
be used. ,

Conductors connecting electrical appliances with socket outlets shall
be of flexible type with an earthing conductor for connection to the
earth terminal of plug and the metallic body of the electrical appliance.
Sockets for the power outlets of rating above 1KW shall be of
industrial type with associated plug top and controlling MCB.

~ Where specified, shutter type (interlocking type) of sockets shall be

used.
Every socket outlet shall be controlled by a switch or MCB, as
specified. The control switch/MCB shall be connected on the ‘live’
side of the line.
SA/6A and 15A/16A socket outlets shall be installed at the following
positions, unless otherwise specified.

a) Non-residential buildings — 23cm above floor level.

b) Kitchen — 23 cm above working platform and away from the

likely positions of stove and sink.

" ¢).- .Bathroom — No socket outlet is permitted for connecting a

portable appliance thereto. MCB/IC switch may be provided
~ above 2 m for ﬁxed appliances, and at least I m away from
shower. :
d) Roomsin re51dences 23 cm above floor level, or any other
- level in special cases as desired by the Engineer-in-charge.
Unless and otherwise specified, the control switches for the 6A and
16A socket outlets shall be kept along with the socket outlets.

Copper conductor cable only will be used for submairu’circuit/point
wiring.



11) Minimum size of wiring:
Light Wiring: 1.5 sq.mm.
Power Wiring:  4.0sq.mm.
Power circuit rated: More than 1 KW,  Size as per calculation.
iii) - Insulation:
Copper conductor-cable shall be PVC insulated, Fire retardant, low
smoke (FRLS) type conforming to BIS Specification.
iv)  Multi stranded: Cables are permitted to be used.

3.13 Flexible Cable:

1) Conductor of flexible cables shall be of copper. The cross sectional

~ area of conductor for flexible cable shall be as per design.

11)  Only 3 core flexible cables shall be used for connecting single-phase

- appliances.

iii))  Unless the flexible cables are mechanically protected by armour, or
tough rubber, or PVC sheath, these shall not be used in workshops
and other places where they are liable to mechanical damage.

iv)  Flexible cable connection to bell push from ceiling-rose shall be
taken through steel conduit/metallic casing and capping.

3.14 Wiring Accessories:

a

Control switches for point:

i) Control switches (single pole sw1tch) carrying not more than 16A
shall be modular type. The switch shall be ‘On’ when the knob is
down.

iil) 'Modular type switches of reputed make along with matching
mounting boxes, shall be used in non-residential buildings and
residential quarters of all types. Modular type sockets, stepped type
fan regulators shall be used. All such boxes, switches and accessories
shall be of same make of modular switch manufacturer.

iii)  Itis recommended to provide double pole MCB in proper enclosure
as power out let for window type AC units, geysers etc.

Switch Box:

i Switch box shall be hot dip galvamzed, factory fabricated. Suitable in
size for surface/ recess mounting and suitable in size for
accommodating the required number of switches and accessories
(where required to be used for applicaticns other the“x modular
switches/ sockets)
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ii.  Switch box also can be of non-metallic material. The technical
sanctioning authority will approve specified makes of reputed quality
and specifications. .

Switch box covers (for application other than modular type):
Phenolic laminated sheets of approved shade shall be used for switch box
- covers. These shall be of 3mm thick synthetic phenolic resin bonded
laminated sheet as base material and conforming to grade P-I of IS: 2036-
1974.

Note: Specification for switch boxes is covered in the chapters on the various
types of wiring.

Ceiling rose:

1) A ceiling rose shall not be used on a circuit, the voltage of which
normally exceeds 250V.

1) Only one flexible cord shall be connected to a ceiling rose. Specially
designed ceiling roses shall be used for multiple pendants.

iii) A ceiling rose shall not embody fuse terminal 2s an integral part of
1t.

Lamp holders:

1) Lamp holders may be batten, angle, pendant or bracket holder type as
required. The holder shall be made of brass and shall be rigid enough
to maintain shape on application of a nominal external pressure. There
should be sufficient threading for fixing the base to the lamp holder
part so that they do not open out during attention to the lamp or shade.

ii)  Lamp holders for use on brackets and the like shall have not less than
1.3 cm nipple, and all those for use with flexible pendant shall be

: provided with cord grips.

iii)  Alllamp holders shall be provided with shade carriers.

iv)  Where center contact Edison Screw lamp holders are used, the outer
or screw contact shall be connected to the ‘middle wire’, or the
neutral conductor of the circuit.

Fittings:
Types:

The type of ﬁttings shall be as specified in tender documents.

Indoor type fittings:

i) Where conductors are required to be drawn through tube or channel
leading to the fitting, the tube or channel must be free from sharp
angles or projecting edge, and of such size as will enable them to be
wired with the conductors used for the final circuit without remmoving
the biraiding or sheathing, As far as possible all such fubes or channels

e
£33



should be of sufficient size to permit looping back.

11) _ﬂeres used ‘within prew1red ﬁttmgs shall be flexible with PVC

“insulation and 14/0.193 mm (mlmmum) copperconductors. The leads
shall be terminated on built-in-terminal block, ceiling rose or
.connector, as required.

ii1)  Fittings using discharge {amps shall be complete with power factor
correction capacitors, either integrally or externally. An earth terminal
with suitable marking shall be provided for each fitting for discharge
lamps. '

iv)  Fittings shall be installed such that the lamp is at a height of 2.4m
above floor level, unless otherwise directed by the Engineer-in-
charge.

V) Fittings made of CRCA shall be phosphatized and powder/epoxy
painted. For coastal areas and humid area like toilets, kitchen, for
prolonging the life of such fittings, corrosion free materials like
engineering plastic, aluminium, stainless steel etc. should be used.

Outdoor fittings:

Outdoor fittings shall have suitable IP protection. It is preferable
that-street light fittings are of cast aluminium body of IP65, for reducing
recurring maintenance cost and improved performance. Where required IP
66 fittings also can be provided for reducing maintenance frequency and
cost. :
~ Other fittings, which are not available with tested IP 65/54 protection,
can be properly fabricated with weatherproof features, proper gasketing etc.
As far as possible corrosion free material like cast aluminium, stainless
steel, engineering plastics may be used for fabrication of such fittings, to
prolong life such fittings. There should not be any exposed wiring in such
outdoor fittings.

B

3.15 Attachment of fittings and accessories:

iii)

Conduit wiring system:

All accessories like switches, socket outlets, call bell pushes and regulators
shall be fixed in flush pattern inside the switch/regulator boxes. Accessories
like ceiling roses, brackets, batten holders etc. shall be fixed on outlet boxes.
The fan regulators may also be fixed on outlet boxes, if so directed by the
Engineer-in-charge.

Aluminium alloy or cadmium plated iron screws shall be used to fix the
accessories to their bases.

The switch box/regulator box shall normally be mounted with their bottom
1.25m from floor level, unless otherwise directed by the Engineer-in-charge.
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b.

Fixing to walls and ceiling:
i. - Wooden plugs for fixing to wall/ceiling w1ll hot be allowed.
S '1F1x1ng will be‘done with'the help of PVC' siéE:vengowel plugs/
dash fasteners as required.

11 Drilling of holes shall be done by drilling machines only. No
- manual drilling of hole will be allowed.

3.16 Fans, Regulators and Clamps:

111)

Vvil)
Viii)

iX)

Ceiling Fans: ]
Ceiling fans including their suspension shall conform to relevant Indian
Standards.

All ceiling fans shall be wired to ceiling roses or to special connector boxes,
and suspended from hooks or shackles, with insulators between hooks and
suspension rods. There shall be no joint in the suspension rod.

For wooden or steel joists and beams, the suspension shall consist of GI
flat of size not less than 40 mm x 6 mm, secured on the sides of the joists or
beams by means of two coach screws of size not less than 5 cm for each
flat. Where there is space above the beam, a through-bolt of size not less
than 1.5 cm dia, shall be placed above the beam from which the flats are
suspended. In the latter case, the flats shall be secured from movements by
means of another bolt and nut at the bottom of the beam. A hook consisting
of MS rod of size not less than 1.5 cm dia shall be inserted between the MS
flat through oval holes on their sides. Alternatively, the flats may be bent
inwards to hold tightly between them by means of a bolt and nut, a hook of~
‘S’ form.

In the case of ‘I’ beams, flats shall be shaped suitably to catch the flanges
and shall be held together by means of a long bolt and nut.

_For concrete roofs, a 12 mm dia. MS rod in the shape of ‘U’ with their
“vertical legs bent horizontally at the top at least 19 cm-on either side, and

bound to the top reinforcement of the roof shall be used, as shown in Fig. 5.
In buildings with concrete roofs having a low ceiling height, where the fan
clamp mentioned under sub clause (v) above cannot be used, or wherever
specified, recessed type fan clamp inside metallic box, as shown in Fig. 6
shall be used.

Canopies on top of suspension rod shall effectively hide the suspension.
The leading in wire shall be of nominal cross sectional area not less than 1.5
sq. mm. and shall be protected from abrasion.

Unless otherwise specified, all ceiling fans shall be hung 2.75m above the
floor.

In the case of measurement of 2xtra down rod for ceiling fan including wirng,
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the same shall be measured in umts of IOcm Any length less than Scm

¢ .. ..shallbe 1gnored .

xi)  The wiring of extra down rod shall be pald as supplylng and drawmg cable in
existing conduit.

b. Exhaust Fans:

1) Exhaust fans shall conform to relevant Indian Standards.

ii) Exhaust fans shall be erected at the places indicated by the Engineer-in-
charge. For fixing an exhaust fan, a circular opening shall be provided in the
wall to suit the size of the frame, which shall be fixed by means of rag bolts
embedded in the wall. The hole shall be neatly plastered to the original finish
of the wall. The exhaust fan shall be connected to the exhaust fan point,
which shall be wired as near to the opening as possible, by means of a flexible
cord, care being taken to see that the blades rotate in the proper direction.

ii1)  Exhaust fans for installation in corrosive atmosphere, shall be painted with
special PVC paint or chlorinated rubber paint.

iv)  Installation of exhaust fans in kitchens, dark rooms and such other special
locations need careful consideration; any special provisions needed shall
be specified. | '

C. Regulators:
The metallic body of regulators of ceiling fans/exhaust fans shall be
connected to earth by protective conductor.

3.17 Marking of Switch Boards:

i Schematic diagram:
First a comprehensive schematic diagram for each building is to be
prepared, starting from Main LT Panel, rising main, submain boards,
DB, etc. and the manner in which they are connected. This will include

- essential, non-essential and UPS systems. Sizes of interconnecting

main/submain cables shall be indicated.

ii. Marking of each Main Board:
Each main board/submain board shall be marked indicating rating of
each incoming/outgoing switch and the details of load/area it feeds.
Detail/size of incoming and outgoing cable also shall be marked
indicating from where the incoming ¢able has originated.

iii.  Marking of Distribution Board:
Each Distribution Board shall be marked indicating detail of incoming
switch (Size of cable and from where it is fed) and marking of each
outgoing MCRB indicating the area it feeds. Suitable marking sticker

will be suitably fixed to indicate such details.
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v. Marking of Power/Light DBs:
=21 Power/light DBs shall be marked ‘P2 and ‘L respectively.

V. Marking for Non-essential/Essential/UPS/Switch Boards:

Each switchboard shall be marked Essential/non-essential/UPS to
“indicate the nature of such switchboards. -

V1. Marking of Main earthing terminal:
Main earthing terminals in main/submain switchboard shall
be permanently marked, as “safety Earth — don’t remove”.

3.18 LT distribution switchgear:

Only following type switchboards will be used:

Main/Submain switchboard of cubicle type. |

DBs — Only pre-wired type MCB/HRC type DBs to be used.

Specially designed switchboards. ‘

Also specially designed switchboards can be used with detailed specification

and fabrication drawings approved by the technical sanctioning authority.

Specifications of cubicle panel and pre-wired DB are given in Clause 7.1.2
of Chapter 7.

3.19 Location of Switchboards: =

L

ii.

iil.

iv.

Vil.

Switch boards are to be located in common areas like corridors, lobby etc.
and not to be located in locked room.

Switch board shall be located only in dry situation and in well-ventilated
space. They shall not be placed in the vicinity of storage battery or exposed
to chemical fume.

Switch boards shall not be erected above gas stove, or sinks or within 2.5
meter of any washing unit in washing rooms of launderings or in the bath
rooms, toilets, or kitchen.

As far as possible main boards shall not be located in basement. Such main
boards can be located in ground floor.

It is preferable to locate floor main boards in rising main shafts of adequate
size, with steel doors (having ventilation) or in suitable room.

Similarly DBs can be in suitable nitches in corridor walls having doors.
Locating main boards under staircase or standing open in cortidor is not a
desirabie practice, besides being highly unacsthetic.



_v111 . The main switchboard, which receives power to the building, should be
1nvar1ab1y located in a switch room, havmg round the clock access, for
emergency attendance to the switchboard.

3.20.. Guidelines for planning residential areas:

1. U.G. system of power distribution, street lighting, telephone cabling
and TV cabling:
For long-term economical maintenance, better reliability of service, safety,
protection against heavy rains, storm, wind etc. and aesthetics, under ground
cable system will be generally followed. Also considering the high cost of
land, under ground system results in better economic utilization of land
area, otherwise substantial land route has to be earmarked for overhead lines.

1. Efficient working of street lights and staircase lighting is required for
security of the colony and safety and convenience of the residents. Therefore
adequate street lighting, staircase lighting to be provided. Generally back
lanes of residential blocks remain dark. Such areas are also to be covered by
basic street lighting for security.

ii. Kitchen: 1. Exhaust fans opening with one point outlet to be
provided irrespective of yardstick of provision of
exhaust fans.

ii. In addition to one 16 A. 6-pin power outlet for
kitchen, on 3 pin 6 Amp. outlet to be provided for water
filter.

v. Washing Machine: Location to be finalized in consultation with the
Architect. A power outlet plus water supply/drainage to be coordinated with
Architect/Civil Engineer.

V. Meter Board: For A Block of quarters.
Generally for a block of quarters of 2/3/4 storied, electric supply for each
block is received in a meter board, where a cubicle meter panel is provided
with system of power distribution to each quarter.
(SEEFIG7)

At present such meter boards are invariably located under staircase. This 1s
not a desirable practice from technical/aesthetic viewpoint.

It is technically desirable to coordinate with Architect to provide separate
meter room for each block of guarters or a number of blocks.

[
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Vii.

Viii.

Stair case lighting:

Stair case lighting is to be treated as an extension of street lighting, for
security and convenience of the residents. CFL (1 x 11 Watt) type stair case
lighting may be provided to reduce load. As for example, need of 200 quarters
can be met with 100 CFL fitting (each of 11 watt), with connected load of
1.5 KW only. Incandescent stair case lighting and bulk head fittings should
not be provided, in view of excessive energy consumption and low burning

hours.

Emergency Electric supply:

For ensuring essential water supply and security lighting, a D.G. set to be
provided for each colony to take care of water supply pump set, street lighting
and essential load requirement of buildings like CGHS Dispensary,
Community Center etc. '
Fittings:

Subject to limit of yardstick of fittings for various types of quarters following
guidelines to be provided: .,

i. Every room to be provided with one fluorescent fitting
for energy saving.

ii. Kitchen to be provided with a fluorescent fitting, tapped
from a batten holder (through an adopter), so that in case
of need batten holder can be used with bulbs.

iii. Incandescent bulkhead fittings not to be used.

i%= Quality fittings of reputed maké€'to be used.

Main Board of Each Quarter:

It shall be MCB type with provision of ELCB with the incoming MCB. It
shall be located in a nitch with ventilated door cover, in the room connecting
to the entry of the quarter. MCB DB shall be pre -wired type, for trouble
free service.

Corrosion free fittings:
Coastal areas and humid areas like kitchen, toilet are subject to corrosion,
which substantially reduces the useful life of such fittings, besides giving

- anugly look on account of rusting.

Therefore for coastal areas, and other humid areas corrosion free type of
fittings (like aluminium, stainless steel, engineering plastic) should be used,
for ensuring long life of such fittings and to achieve life cycle economy,
after taking into account recurring expenditure on account of painting of
fittings.
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Xii.

Xiil.

XIV.

Telephone wiring:

Telephone wiring is. o,be prov1ded i .‘.gach, quarter One o lct up to type I1I
quarters, two outlets up to type IV quarters and three outlets above type IV
quarters. Such telephone wiring to be brought to a tag-block at a suitable
point in ground floor. Provisions shall be kept for suitable entry-pipe for
laying incoming telephone cable.

TV Cabling:
Internal TV cabling shall be provided, with two outlets up to Type III quarters
and three outlets for type IV quarters and above. Similarly, from suitable

~ point at ground floor, TV cabling shall be provided. With use of suitable

splitters, such TV cabling to be connected to each quarter.

Lighting for parks:

Colonies are provided with parks. Such parks should be provided with adequate
lights to include area lights, pathway lights etc so that the parks can be
effectively used by the residents and they remain secure during nighttime.

External pipe-network for laying telephone and TV cabling for the
Colony: '

Starting from a suitable room, pipe network may be provided to lay
telephones/TV cables for the colony. Suitable road cross pipe and manholes
to be provided for drawing such cables and their maintenance.

Preliminary estimate to take care of telephone/TV cablin;n a colony:
Atpresent, such services are provided in a very crude manner making use of
existing poles and hanging cables. Apart from making colonies shabby, such
services are subject to damages and unsatisfactory service. Therefore
preliminary estimate should provide for such TV/Telephone cabling for the
colony. _

Other Allied Services:

Modern residential colonies require support services like CCTV (for Gate
and house security), intercom system, basic security system etc. for the
safety and convenience of the residents. Therefore, preliminary estimate
should provide for basic provisions for such safety/security systems. Most
of these services pay for themselves within 3 / 4 years of installation, besides
providing security, which sometimes amount to life saving instances.



3.21

‘ 1
-detailed designing and use of quality equipments and materials executed

Guidelines for planning office buildings:

ii.

iii.

.

Vii.

The main objective is.to avoid possible fire hazards, which calls for sound

with sound workmanship and supervision.

All control LT Panels, controlling power supply to the entire building will
be located in a centralized room, from where centralized control and moni-
toring of the entire power supply system can be made.

. Earth fault protection shall be provided for each individual building at the

LT receiving pointi.e. Main LT Panel. ELCB shall not be provided as a mat-
ter of routine in distribution boards. These can be provided, if required, by
The Chief Engineer (E), in charge.

Office buildings are prone to fire hazard during night hours. Therefore, af-
ter office hours, all the LT Panels should be switched off. Based on need of
the building, only the specified LT panel to be kept ‘ON’ which feed the
loads during night hours. Such panel, called common service panel, may
feed following loads, which are normally used after office hours:-

i Some specified lifts.

ii. Staircase/ Corridor/ Compound light.
iii. . Fire protection loads

iv. Pump Sets.

V. Other loads which are kept ‘ON’ after office hours.

Reliability of Power Supply:

Minimum two transformers to be provided to provide certain redundancy.
Also a smaller size transformer may be provided to take care of reduced
load during ‘after office’ hours to have energy saving of transformer, after
proper technical evaluation.

It is preferable to plan for a separate service building, to combine all elec-
trical and Mechanical services of the building, so that the services can be
maintained comprehensively at a lower cost and also reducing the overall
area requirement. Such service building can combine electric substation,
DG Sets, UPS, Air-conditioning Plant, water supply pump sets. etc.

While planning, maintainability of various services to be ensured, like pro-
viding facilities like access, approachability of various equipments, mainte-
nance space etc.
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4.1
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CHAPTER 4
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" METALLIC CONDUIT WIRING SYSTEM

SCOPE

This chapter covers the detailed requirements for wiring work in metallic con-
duits. This chapter covers both surface and recessed types of works.

APPLICATION

(M)

Recessed conduit is suitable generally for all applications. Surface con-
duit work may be adopted in places like workshops, plant rooms, pump
rooms, wiring above false ceiling/below false flooring, and at locations
where recessed work may not be possible to be done. The type of work, viz.
Surface or recessed, shall be as specified in the réspective works.

(ii)  Flexible conduits may only be permitted for interconnections between
switchgear, DB’s and conduit terminations in wall.
MATERIAL

4.2.1. Conduits

(1)

(ii)

(iii)

4.22
()

(ii)

All rigid conduit pipes shall be of steel and be ISI marked. The wall thick-
ness shall be not less than 1.6mm (16 SWG) for conduits upto 32mm dia
and not less than 2mm (13°SWG) for conduits above 32mim dia. These
shall be solid drawn or reamed by welding, and finished with galvanized or
stove enameled surface.

The maximum number of PVC insulated cables conformmg to IS: 694-
1990 that can be drawn in one conduit is given size wise in Table I, and the
number of cables per conduit shall not be exceeded. Conduit sizes shall be
selected accordingly in each run.

No steel conduit less than 20mm in diameter shall be used.
Conduit accessories

The conduit wiring system shall be complete in all respects, including their
accessories.

All conduit accessories shall be of threaded type, and under no circum-
stances pin grip type or clamp grip type accessories shall be used.

P
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(iii)

4.2.3

(@)

(i)

(iii)

(iv)

W)

(vi)

Bends, couplers etc. shall be solid type in recessed type of works and may
be solid or inspection type as required, in surface type of works.

RN G AN

(a) Saddles for surface conduit work on wall shall not be less than 0.55mm
(24 gauges) for conduits upto 25mm dia and not less than 0.9mm (20

~ gauges) for larger diameter. The corresponding widths shall be 19mm &
25mm.

(b) The minimum width and the thickness of girder clipé used for fixing
conduits to steel joists, and clamps shall be as per Table II.

Outlets

The switch box or regulator box shall be made of metal on all sides, except
on the front. In the case of cast boxes, the wall thickness shall be at least
3mm and in case of welded mild steel sheet boxes, the wall thickness shall
not be less than 1.2mm (18 gauge) for boxes upto a size of 20 cm x 30 cm,
and above this size 1.6mm (16 gauge) thick MS boxes shall be used. The
metallic boxes shall be duly painted with anticorrosive paint before erec-
tion as per chapter 15 of these Specifications.

(a) Outlet boxes shall be of one of the size, covered in the Schedule of
Rates (Elect.), Part-1 Internal-1994/2004.

(b) Where a large number of control switches and/or fan regulators are
required to be installed at one place, these shall be installed in more than
one outlet box adjacent to each other for ease of maintenance.

An earth terminal with stud and 2 metal washers and terminal block shall be
provided in each MS box for termination of protective conductors and for
connection to socket outlet/metallic body of fan regulator etc.

A metal strip shall be welded/screwed, to the metal box as support if tum- |
bler type of control switches, sockets and/or fan regulators in flush pat-
tern.

Clear depth of the box shall not be less than 60 mm and this shall be in-
creased suitably to accommodate mounting of fan regulators in flush pat-
tern.

The fan regulators can also be mounted on the switch box covers, if 5o
stipulated in the tender specifications, or if so directed by the Engineer-in-
Charge.



4.3.

(v11) Except where otherwise stated, 3mm thick phenolic laminated sheets as

- aper clause 3.14.c. shall*be fixed: on the front ‘with.brass screws, or alu-

“rniniuin alloy/cadmiuin plated iron screws as approved by the Engineer-in-
Charge. :

INSTALLATION

4.3.1 Common aspects for recessed and surface conduit works.

(i)  Conduitjoints

(@)

(b)

(@

@

(e)

The conduit work of each circuit or section shall be completed be-
fore the cables are drawn in.

Conduit pipes$ shall be joined by means of screwed couplers and
screwed accessories only. Threads on conduit pipes in all cases shall
be between 13mm to 19mm long, sufficient to accommodate pipes
to full threaded portion of couplers or accessories.

Cut ends of conduit pipes shall have no sharp edges, nor any burrs left
to avoid damage to the insulation of the conductors while pulling them
through such pipes.

The Engineer-in-Charge, with a view to ensuring that the above provi-
sion has been carried out, may require that the separate lengths of
conduit etc., after they have been prepared, shall be submitted for
inspection before being fixed.

No bare threaded portion of conduit pipe shall be allowed, unless such
bare threaded portion is treated with anticorrosive preservative or
covered with approved plastic compound.

(ii) Bends in conduit

(a)

(®)

All necessary bends in the system, including diversion, shall be done
either by neatly bending the pipes without cracking with a bending
radius of not less than 7.5 cm, or alternatively, by inserting suitable
solid or inspection type normal bends, elbows or similar fittings, or
by fixing cast iron inspection boxes, whichever is most suitable.

No length of conduit shall have more than the equivalent of fr,L quar-
ter bends from owilet to gutlet.
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(i)

@iv)

432
(@)

(ii)

(c) Conduit fittings shall be avoided as far as possible on conduit system
exposed to weather. Where necessary, solid type ﬁttmgs shall be used.

TR AR

‘Outlets

(a) All outlets such as switches, wall sockets etc. may be either flush
mounting type, or of surface mounting type, as specified in the Addi-
tional Specifications.

(b) All switches (except piano type switches), socket outlets and fan regu-
lators shall be fixed on metal strips which shall be screwed / welded
to the box. Piano type switches and accessories shall be fixed on the
phenolic laminated sheet covers in flush pattern.

Painting after erection

After installation, all accessible surfaces of conduit pipes, fittings, switch
and regulator boxes etc. shall be painted in compliance with the clauses
under Chapter 15 — “Painting”.

Additional requirements for surface conduit work.
Painting before erection.

The outer surface of conduit including all bends, unions, tees, junction boxes
etc. forming part of the conduit system, shall be adequately protected against
rust when such system is exposed to weather, by being painted with 2 coats
of red oxide paint applied before they are fixed.

Fixing conduit on surface.

(a) Conduit pipes shall be fixed by saddles, secured to suitable approved
plugs with screws in an approved manner at an interval of not more
than one meter, but on either side of the couplers or bends or similar
fittings, saddles shall be fixed at a distance of 30 cm from the center
of such fittings.

(b) Where conduit pipes are to be laid along the trusses, steel joists etc.

- the same shall be secured by means of saddles or girder clips or clamps
asrequired by the Engineer-in-charge.

(c) Inlong distance straight run of conduit, inspection type couplers at
reasonable intervals shall be provided, or running threads with cou-
plers and jam nuts shall bey pro ovided.



(iit) Fixing outlet boxes.

433

(i)

(iii)

Only portlon of'the sw1tch‘box shialkbe’sunk in'the wallyuthe other portion
being prOJected out for suitable entry of conduit pipes into the box.

Additional requirements for recessed conduit work

Making chase

(a)

(b)

(©)

The chase in the wall shall be neatly made and of ample dimensions to
permit the conduit to be fixed in the manner desired.

In the case of buildings under construction, the conduits shall be bur-
ied in the wall before plastering, and shall be finished neatly after
erection of conduit.

In case of exposed brick / rubber masonry work, special care shall be
taken to fix the conduit and accessories in position along with the
building work.

Fixing conduits in chase

(a)

(®)

The conduit pipe shall be fixed by means of staples, J-hooks, or by
means of saddles, not more than 60 cm apart or by any other approved

means of fixing.

All threaded joints of conduit pipes shall be treated with some ap-
proved preservative compound to secure protection against rust.

Fixing conduits in RCC work

(2)

(®)

The conduit pipes shall be laid in position and fixed to the steel rein-
forcemeny bars by steel binding wires before the concreting is done.
The conduit pipes shall be fixed firmly to the steel reinforcement
bars to avoid their dislocation during pouring of cement concrete and
subsequent tamping of the same.

Fixing of standard bends or elbows shall be avoided as far as practi-
cable, and all curves shall be maintained by bending the conduit pipe
itself with a long radius, which will permit easy drawing in of conduc-
tors.



(iv)

)

(vi)

(vii)

(c) Location of inspection / junction boxes in RCC work should be iden-
tified by suitable means to avoid unnecessary chipping of the RCC
slab subsequently to locate these boxes. '

Cirdor CThHne o Clamne

Fixing inspection boxes

(a) Suitable inspection boxes to the minimum requirement shall be pro-
vided to permit inspection and to facilitate replacement of wires, if
necessary.

(b) These shallge,mounted flush with the wall or ceiling concrete. Mini-
mum 65mm depth junction boxes shall be used in roof slabs and the
depth of the boxes in other places shall be as per IS: 2667-1988.

(c) Suitable ventilating holes shall be provided in the inspection box cov-
ers.

Fixing switch boxes and accessories.

-Switch boxes shall be mounted flush with the wall. All outlets such as

switches, socket outlets etc. shall be flush mounting type, unless other-
wise specified in the Additional Specifications.

Fish wire

To facilitate subsequent drawing of wires in the conduit, GI fish wire of
1.6mm/1.2mm (16/18 SWG) shall be provided along with the laying of the
recessed conduit.

Bunching of Cables

(a) Cables carrying Direct Current may, if desired, be bunched whatever
their polarity, but cables carrying alternating current, if installed in
metal conduit shall always be bunched so that the outgoing and return
cables are drawn into the same conduit.

y (b) Where the distribution is for single phase loads only, conductors for

- these phases shall be drawn in one conduit.

(c) Incase of three phase loads, separate conduits shall be run from the
distribution boards to the load points, or outlets as the case may be.

42



4.3.4 “Earthing requirements

(i)

(ii)

(iii)

(iv)

The entire system of metallic conduit work, including the outlet boxes
and other metallic accessories, shall be mechanically and electrically
continuous by proper screwed joints, or by double check nuts at ter-

‘minations. The conduit shall be contintious when passing through walls

or floors.

A protective (loop earthing) conductor(s) shall be laid inside the
conduit between the metallic switch boxes and distribution switch
boards and terminated into proper earth lugs/ terminals. Only PVC
insulated copper conductor cable of specified size, green-yellow in
color shall be allowed. Such conductors will not run external to the
conduits.

The proteciive conductors shall be terminated properly using earth
studs, earth texminal block etc. as the case may be.

Gas or water pipe shall not be used as protective conductor (earth
medium).
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TABLEI

Max;mum number of PVC insulated 650/1100 V grade aluminium / copper
Conductor cable conforming to IS: 694-1990.

[Clause 4.2.1 (ii)]

Nominal cross 20mm | 25mm | 32mm | 38mm | 51mm 64lﬁm
sectional area of ' -
conductor in S{B|]S|B|S|B|S|{B|(S|[B]S|B
sq.mm
1 2 (3|45 6|7 ]8]|9 |10} 11| 12]13
1.50 s{4(10{8 |18 12] - |- |-{-1{-1-
2.50 513 8|6 |12 10| - |- -l-1-1-
4 32|65 |1of8 |- f-|-|-1-]-
6 2| - Ss|a |87 |-|-1|-1-1-1-
10 2| -|4|3|6|s5]8|6|-]-][-]-
16 - - 212 313 6 |5 10] 7 121 8
25 - - - |- 3 12 513 8161 91}7
35 -1-1-1- -|l-13(2]|6|5|8]6
50 -1 -1-1- -1-1-1- S13]|6]|5
70 -] {a]3]s |4
. Note:

1) The above table shows the maximum capacity of conduits for a simultaneous drawing
in of cables.

2) The columns headed S’ apply to runs of conduits which have distance not exceed-
ing 4.25 m between draw in boxes and which do not deflect from the straight by an
angle of more than 15 degrees. The columns headed ‘B’ apply to runs of conduit,
which deflect from the straight by an angle of more than 15 degrees.

3) 'Conduit sizes are the nominal external diameters.
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- TABLEII

Girder Clips or Clamps

[Clause 4.2.2 (iv) b]
Size of conduit Width _ Thickness
(i) 20mm 19mm 0.9mm (20 SWG)
(i) 25mm 19mm - 0.9mm (20 SWG)
(iii) 32mm & above 25mm 1.2mm (18 SWG)




CHAPTER S

U NONSMETALLIC CONDUITWIRING SYSTEM' ©°

5.0 SCOPE

This chapter covers the detailed requirements for wiring work in non-metallic
conduits. This chapter covers both surface and recessed types of wiring work.

5.1 APPLICATION
5.1.1. Recessed conduit work is generally suitable for all applications. Surface
conduit work may be adopted in places like workshops etc. and where re-

cessed work may not be possible to be done. The type of work shall be as
specified in individual works.

5.1.2. Flexible non-metallic conduits shall be used only at terminations, wher-
ever specified.

5.1 .3. Special precautions

(i) If the pipes are liable to mechanical damages, they should be ad-
equately protected.

(ii) Non-metallic conduit shall not be used for the following applications:-

(a) In concealed/inaccessible places of combustible construction
where ambient temperature exceeds 60 degrees C.

(b) In places where ambient temperature is less than 5 degrees C. |
(c) For suspension of ﬂuorescent fittings and other fixtures.

(d) In areas exposed to sunlight. |

52  MATERIALS

5.2.1 Conduits

(ij Ail non-metallic conduit pipes and accessories shall be of euitable mate-

rial complying with IS: 2509-1973 and 18:3419-1989 for rigid conduits
and IS: 9537 {Part 5) 2000 for flexible conduits. The interior of the con-
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(ii)

(iii)
(v)

5.2.2.

(@)

(ii)
(iii)
(iv)

v)

™)

(vii)

523
®

(i)

 duits shall be free from obstructlons The ngld conduit pipes shall be ISI
:.imarl(ed‘ A1Y RERIEED LAMIEE DHIAGH,

The conduits shall be circular in cross-section. The conduits shall be des-
ignated by their nominal outside diameter. The dimensional details of rigid
non-metallic conduits are given in Table-III.

No non-metallic conduit less than 20mm in diameter shall be -used.
Wiring capacity

The maximum number of PVC insulated aluminium/copper conductor cables
of 650/1100V grade conforming to IS: 694-1990 that can be drawn in-one
conduit of various sizes is given in Table-I under clause 4.2.1 (ii). Conduit
sizes shall be selected accordingly.

Conduit accessories

The conduit wiring system shall be complete in all respect including ac-
cessories.

Rigid conduit accessories shall be normally of grip type.
Flexible conduit accessories shall be of threaded type.

Bends, couplers etc. shall be solid type in recessed type of works, and may
be solid or inspection type as required, in surface type of works.

Saddles for ﬁxmg conduits shall be heavy gauge non-metallic type with
base.

The minimum width and the thickness of ihe ordinary clips or girder clips
shall be as per Table IV. '

For all sizes of conduit, the size of clamping rod shall be 4.5 mm (7 SWG)
diameter.

Outlets

The switch box shall be made of either rigid PVC molding, or mild steel, or
cast iron on all sides except at the front. The regulator boxes shall however
be made only of mild steel or cast iron.

PVC boxes shall comply with the requirements laid down in IS: 14772-
2000. These i?oxes shall be free from burrs, fins and internal roughness.

N




5.3

. « .
SRCRPrE | e i

) (iii)

The thickness of thc walls and base of PVC boxes shall not be less than 2
mm. The clcar depth of PVC boxes : shall notbe less than 60 m.

“‘:‘ii’;._ LaEE BT 49 63T 3383 m[u._l_,.h._..: ISCESREE RN

The specifications for metallic boxes shall be as per requirements of clause
4.2.3.

(iv)  3mm thick phenolic laminated sheet covers for all types of boxes shall be
as per requirements of clause 3.14.c.

INSTALLATION

5.3.1 Common aspects for both recessed and surface conduit works.

@)

(ii)

(iii)

The ercctlon of conduits of each circuit shall be completed beforc the
cables are drawn in.

-]

Conduit joints

(a) Alljoints shall be sealed/cemented with approved cement. Damaged
conduit pipes/fittings shall not be used in the work. Cut ends of con-
duit pipes shall have neither sharp edges nor any burrs left to avoid
damage to the insulation of conductors while pulling them through
such pipes.

(b) The Engineer-in-charge, with a view to ensuring that the above provi-

sior-has been carried out, may requite that the separate lengths of

conduit etc. after they have been prepared shall be submitted for in-
spection before being fixed.

Bends in conduit

(a) Allbends in the system may be formed either by bending the pipes by
an approved method of heating, or by inserting suitable accessories
such as bends, elbows or similar fittings, or by fixing non-metallic
inspection boxes, whichever is most suitable. Where necessary, solid
type fittings shall be used.

(b) Radius of bends in conduit pipes shall not be less than 7.5 cm. No
length of conduit shall'have more than the equivalent of four quarter
~ bends from outlet to outlet. |

(c) - Care shall be taken while bending the pipes to ensure that the conduit
pipe is not injured, énd that the mtemal diameter is not effectively
reduced. '
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Qutlets

s oAl switches, plugsi fan reguiators etc:shall/ bcdﬁtted in flush pattern. The

(i)

(iii)

5.3.3.

)

(ii)

(iii)

fan regulators can be mounted on the switch box covers, if so stipulated in
the tender specifications, or if so directed by the Engineer-in-Charge.

Painting

After installation, all accessible surfaces of metallic accessories shall be
painted in compliance with clauses under Chapter 15 — “Painting”.

Additional requirements for surface conduit work.

Conduitpipes shall be fixed by heavy gauge non-metallic saddles with base,
secured to suitable approved plugs with screws in an approved manner, at
an interval of not more than 60 cm, but on either side of couplers or bends
or similar fittings, saddles shall be fixed at a closer distance from the cen-
ter of such fittings. Slotted PVC saddles may also be used where the PVC
pipe can be pushed in through the slots.

Where the conduit pipes are to be laid along the trusses, steel joists etc.

. the same shall be secured by means of saddles or girder clips as required

by the Engineer-in-Charge. Where it is not possible to use these for fixing,
suitable clamps with bolts and nuts shall be used.

Ifthe conduit pipes are liable to mechanical damage, they shall be adequately
protected.

=

Additional requirements for recessed conduit work.

Making chase.
Requirements under clause 4.3.3 (i) shall be complied with.
Fixing conduits in chase

(a) The conduit pipe shall be fixed by means of staples, or by means of
non-metallic saddles, placed at not more than 60 cm apart, or shail be
fixed by any other approved means of fixing.

(b) At elther side of the bends, saddles/staples shall be fixed ata d1stance
of 15 cm from the center of the bends.

Erection in RCC work

Requirements under clause 4.3.3 (iii) shall be complied with
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v)

(vi)

(vii)

Fixing inspection boxes.

~ Requirements under clause 4.3.3. (iv) shall be complied with.

Fixing switch boxes and accessories.

Requirements under clause 4.3.3 (v) shall be complied with.
Fish wire

Requirements under clause 4.3.3 (vi) shall be complied with.

Bunching of cables.

For‘ease of maintenance, cables carrying direct current or alternating cur-

534

@

(i1)

rent shall always be bunched so that the outgoing and return cables are
drawn in the same conduits. '

Earthing requirements -

A protective (earth) conductor shall be drawn inside the conduit in all dis-
tribution circuits to provide for earthing of non-current carrying metallic
parts of the installation. These shall be terminated on the earth terminal in
the switch boxes, and/or earth terminal blocks at the DB’s.

Gas or water pipe shall not be used as protective' conductors (earth me-
dium).
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tC1ause 5.2.1(ii) ]

(All dimensions in mm)

TABLE IIT

iRl soiEiktallic conduits

- Maximum

S.No. | Nominal Maximum | Minimum Maximum
{. outside outside- inside- permissible {: permissible
diameter diameter diameter | eccentricity |- ovality
(in mm) (in mm) (in mm) (in mm) (in mm)
1. 20 20 03 17.2 0.2 0.5
2. 25 25403 21.6 0.2 0.5
3. 32 32 +03 28.2 0.2 0.5
4. | 40 40 +903 35.8 0.2 0.5
s. 50 - 50+ . 45.0 0.4 0.6
TABLE IV
Ordinaryclips or girder clips =
[Clause 5.2.2(vi)]
_ Size of Conduit Width Thickness
1) 20mm & 25mm 19 mm 20 SWG (0.9144 mm)
2) 32mm & above 25 mm 18 SWG (1.219 mm)




6.0

CHAPTER 6

. . crieslanan bens i . ’ : 1 H,-'-
' TRUNKINGCABLE MANAGEMENT SYSTEM

SCOPE

6.1 This chapter covers the requirements of mini trunking (casing wiring) and
adaptable metallic or PVC trunking (“otherwise also called wire ways™).

Adaptabie trunking shall be used for power cables andda;a cables to run
parallel in.two different compartments with partition. :

6.1.1. Mini Tr'unkiri'g is suitable.fo'r surface wiring work inddors'where necessi-

tated, either due to aesthetics or technical requirements, such-as case of
extension of exrstmg wiring, avoidance of recessed wiring in RCC col-
umns etc. PVC insulated cables and / or other approved insulated cables to
IS: 694-1990 shall be used in this type of work.

- Wherever data cables are used forinformation outlets, Adaptable trunking

shall be used.

6.1.2 (i) This system using PVC trunking shall be adopted in residential build-
| ings, or office building where there is a need of tidy wiring system.
(ii) PVC Trunking for distribution of Voice Data and Power should be

used for cable management and should accept RJ45 Data socket and
- Power socket or other wiring accessory like switches, indicators etc.
(m) Where the trunkmg has to be necessanly adopted in s1tuat10ns under
- (1) above PVC Trunking shall be used. :
(irr) Preferred size of the mini trunkmg should be 25xl6 mm, 32x16 mm,
40x25 mm, 40x40 mm and for adaptable trunking it should be 100x34
mm or 100x50 mm or 160x50 mm or 200x50mm for makmg upto
four isolated comparlments
() Trunking should be equipped with rail on its surface on which clip-on

partition can be clipped which should accept fmmes/plates for wiring
devices upto 6/8 modules. -
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6.2

G

(vi) Trunking should have insulation rating of S mega Ohm. Trunking should

-;-:.,-f_rz?have the: fellowmg ﬁre reslstance charactenstlcs
iy : C o
- . 'Operz tmg temperature betWEen E 40 Deg to 60 Deg.
- Glow wire test 960 Deg. C
- Oxygenindex— 50+ 5

UL94-VO

MATERIAL

- 6.2.1

6.2.2

623

624

()

The mini trunking and adaptable trunking shall be of the same material, wz
either PVC or anodized alumlmum in extruded sections. -

The mini trunking shall have a square or rectangular body. The trunking
cover shall be “CLIP-ON” type with double grooving in the case of PVC
wire-ways, and CLIP-ON type for the metallic wire ways. All surfaces shall
have smooth finish inside and outside. The top of the side walls of the body
shall be suitable for the above types of fixing arrangement of trunking.
PVC trunking or Aluminium trunking should have uniform thickness
throughout its length and shall be of factory finish.

PVC trunking shall be of good quality PVC, free from defects like defor-
mation, unevenness, blisters, cavities etc.

Dimensions =

The sizes of mini trunking for the various sizes of cables and the maximum
number of 650/1100 V grade PVC insulated aluminium / copper conductor

. cables that can be carried in one trunking are given size wise in Table V.

(iii)

625

Oilﬂet Boxes

" The thickness ofthe.miniuunking& adaptable trunking shallbe 1mm mini-

mum.

When mini trunking cover is cllpped onto the trunking body, cover should
completely overlap on the base (casing).

fome

“THe'outlet boxes suchas switchi boxes regulator boxes and their phenolic

o |ammated sheet covers shall be as per reqmrements




6.3

INSTALLATION -

6.3.1

(ii)
(iii)

@)

6.3.2

6.3.3
@)

(i)

(i)

Attachment to wall and. celhng

\The mml trunkmg an adaptable trunkmg shqll be fixed by means of suit-

able screws to approved type of asbestos or fiber fixing plugs, at intervals
not exceeding 60 c¢m for all sizes for mini trunking. In case of Adaptable
trunking, the screwing distance shall be such that the weight of the trunking
& cable hold firmly on the wall or ceiling. On either side of the joints, the
distance of the fixing arrangement shall not exceed 15 cm from, the joint.

All trunking body shall be ﬁxed dlrectly on wall or ceiling as above.

Trunking shall be used only on dry walls and ceiling, avmdmg outside walls
as far as possible and shall not be buried in walls not fixed in proximity to
gas, steam or water pipes or immediately below the heater.

Adaptable trunking shall be with pill off cover for ﬁrotection against dust.
Pill off cover shall be removed only on completion of painting of walls.

Passmg through floors or walls

When conductors pass through ﬂoors the same shall be carried in an ap-
proved PVC conduit, or heavy gauge steel conduit properly bushed at both
ends. The conduit shall be carried 20 cm above floor level and 2.5 cm be-
low ceiling level and neatly terminated into the casing. Steel conduit pipes
wherever accessible shall be securely earthed.

Joints in casing and eapping

The wire 'ways in straight runs should be in single piece as far as possible
so as to avoid joints. Trunking shall beof 2m or 3m standard length for the
ease of installation.

All joints shall be scar-fed or cut diagonally in longitudinal section, and
shall be smoothed down by filing to make the joints a very close fit as far
as possible and without burrs. They shall be screwed at joints with two or

more screws as would be necessary.

Joints arising out of bends or diversion shall be done using standard acces-
sories like Internal angle, External angle, Flat angle (elbows), Flat junction
(T) and end caps. For the separation of data and power cables there shall be
partition in both trunking and accessories. Internal and external angle shall
have variable angle for the. ahgnment at the wall corners. In no case the
radius of curvature of the cables inside a bend shall be less than 6 times
their overall diameter.
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63.5

o

(ii)
| (iii)
(i)

6.3.6

)

(i)

- 6.3.7

(i)

634 Trunking should be of white ¢élour in case of PVC trunkmg and of white or
- grey colour in case of Alummlum trunkmg

e s 3 RH B nuiniue ; .
;Mlm ‘Trunking; attached, to; ccthng shall be camed completcly across the
* ceiling/wall whenever required by the engineer in charge, instead of being

stopped at an outlet location and in all such cases, dummy mini trunking
must be provided.

Attachment of capping

Wherever required by the Engmeer in Charge, capping shall not be fixed
until the work has been inspected with the wires in position and approved
The inspection will be done from time to time as the work progresses.

Cover shall be attached to body after all the insulated wires are laid inside.

No screws or naﬂs shall be used for fixing PVC cover to the body.

_ Aluminium caver shall be fixed by using cadmium plated flat head / round

head screws with an axial spacing not exceeding 30 cm.
Installation of Cables

For ease of maintenance, cables carrying direct current or alternating cur-

rent shall always be bunched so that the outgomg and return cables are

drawn in the same trunking.
Mini trunking shall be of such a design that it holds the wires inside the

~ trunking body (casing) at suitable intervals, so that at the time of openmg

of the trunking cover (capping), the wires may remain in position in the
trunking body{casing) and do not fall out.

Earth Continuity

A protective (earth continuity) conductor shall be drawn inside for earthing
of all metallic boxes of the installations as well as for connections to the
earth pin of the socket outlets.

In the case of metallic tnmkmg there shall be a metallic link between adj a-
cent tnmkmg covers with screw connections, and also connections from
the end casing to the earth terminal of metallic boxes / outlets / switch
boards as per the case may be, for the complete body earthmg of the sys-
tem.
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TABLE V .

e -.iQMiximnm numberofP—VCmsulateZMé&/ 1160-Voit- Grade \
Aluminium / Copper conductor-cable Conformiing to 1S: 694-1990

[Clause 6.2.4 ()]

" Nominal 10/15 | 20/15 | 25/15 | 32mmx | 40 mmx { 40 mmx
Cross mmx mmx mmx
sectional area | 10 mm 1I0mm | 16 mm | 16 mm | 25 mm 40 mm
1.5 3 5 6 8 12 18
2.5 2 4 5 6 9 15
4 2 3 4 5 8 12
6 2 3 4 6 9
10 1 2 3 5 8
16 1 2 4 6
25 1 3 5
35 2 4
50 1 3
70 1 2

Note: Dimensions shown above are outer dimensions of mini trunking.
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7.1

" CHAPTER?7

VEL, D; B RISTNE M iNs BUS TRUNKING
AND OVERHEAD BUS BAR SYSTEM; - ,

70 SCOPE . .

- This covers supply/erection/testing and commissioning of the equipments suit-

able for 415 Volt, 3 Phase, 50 HZ 4 wire system.

i)

~ii)

For each equipment, required IP rating and short circuit ratmg capacity will
be specified. Govermng BIS also w1ll be spec1ﬁed '

- All the equipments will be factory fabricated in an approved factory having

modern fabrication and testing process. It shall have seven tank pretreat-
ment process comprising of degreasing, rinsing, de-rusting, rinsing,
phosphatising, rinsing and passivation followed by powder coat painting
having a paint thickness of 60 microns or as specified. The powder paint
will be subjected to oven-heated process. All panels will be provided with
suitable gasket to make it dust/vermin proof.

SPECIFICATION OF LT CUBICLE PANEL:

i)

iii)

Cubicle panel shall be floor mounted (on a base frame) totally enclosed

~ and extensible type. The general construction shall conform to IS: 8623/

93. The design shall include all provisions for safety of operating and main-
tenance personnel. Degree of IP protection shall be IP-42 for indoor ap-

 plication and IP-54 for outdoors, unless otherwise specified.

The panel shall be compartmentalized type having space and arrangement
for incoming cable/bus ducting, incoming switchgear/switchgears, bus cou-

_ pler, insulated and properly supported compartmentalized bus bars, outgo-
ing compartmentalized switchgear, bus bat supports, joint shrouds, cable

aﬂeys of suitable size for cabling routing, support and terminations, inter-

‘connection between bus bars-and swrtchgearmth aux111ary bus bars/insu-

lated conductors/strips etc. Also the‘panel will'be provided with necessary
instrumentation like CTs, PTs,; Ammeters, Voltmeters, phase indicating

lamps other required instruments, wmng, ﬁJses etc.

It shall:be: fabricated out of -CRGA mnot: less fhan 2 0 mm thlck for load
bearing members and 1.6mm for doors of LT panels. The framework may
be Angle Iron/Channel/Bolted type construction. General'¢onstructions shail

- .employ the principle of compartmentalization and segregation of each cir-

cuit. Unless otherwise approved, incomer and bus séction panels shail be
separate and independent and shall not be mixed with sections required for
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feeders. Each section of the fear accessible type board shall have hinged

L, BOCeSS door at- the rear. Operating handle of the highest unit shall be at a
‘ _he‘f’gh‘t nbt’ ‘more than 1 7 mt 0verall hexght of 1he board shall not exceed

23 méter! ¢ S

Arrangement for incoming/outgoing cable termination:
Cable entries shall be provided either from the rear or from the front through

~ cable alleys of suitable size. Removable gland plate to be provided for each

cable entry. Cable support arrangement to be provided inside cable alley so
that cables are neatly arranged and fixed. From each outgoing switch, insu-
lated strip/conductor of suitable size to be provided up to suitable terminal
block, which will receive incoming/outgoing cable termination. It is desir-
able that cables are not terminated directly to switchgear, but terminated
through proper terminal blocks. "
Specification of Cable Termmal Block

Terminal block of reputed make shall be used. The housin g material shall
be polyamide having unbreakable and fire-retardant characteristic. All the
metal parts shall be made up of copper alloy including the screws. Mount-

ing shall be ‘Din’ or ‘G-rail’ type. Screws shall be self captive type. No

protection cover is required, and the block should be touch proof.

Bus bars/supports/clearances:
The bus bar system may comprise of a system of main/auxiliary bus bars
run in bus bar alleys. | -

For bus bar material, ratings, current density, insulation, supports, bus bar
clearances and joints see para 7.2 (iii). :

Earthlng

2 Nos. 20x3 mm copper strip. for LT panel upto 400 Amp capacity or 2
Nos..20x5 mm copper strip for LT panel of higher cgpamty shall be fixed
all around the panel connected to 2 Nos. earth bus copper strips connected
to incoming earth conductors.

(Typical Cubicle Panel is explained in Fxg 8)

Commissioning:
After erectlon, the LT panel will be commissioned after:

g) -nghtexﬁngefaﬂnu&s and bolts.

b) Closing any left out holes to-ensure the enine panel is insect proof.

© ) Megger teanﬂg

d)- Eearthtesting. -




NA¥ SPECIFICATION OF PREWIRED DB

L et ram— Tl

SRt

): "’f .‘:' "J.' LX)

; As akgeneral fpractlce only prew1red MCB/HRC type DBs shall be used, on ac-
count of their superior technical features, compared to conventional DBs, which
don’t allow for proper wiring space and wiring termination. Rewirable fuse type
DB:s shall not be used.

Prewired DBs shall have following feature:

i)
ii) -

Recess/ Surface type with integral loose wire box.

Phase/neutral/earth terminal blocks for termination of iﬁcoming & outgo-
ing wires.

Din Channel for mounting MCB'’s.

Arrangement for mounting incomer MCB/ RCCB/ RCBO/ MCCB as re-
quired. ’

Copper Bus bar.

Earthing terminals.

Wiring from MCB’s to phase terminal block.

Interconnection between terminal block/incoming switch/bus bar/neutral
terminal block/earth terminal connector with specified size of FRLS pre
insulated copper conductor cable duly fitted with copper lugs/ thimbles.
Terminal blocks should be suitable for termination of conductor/ cable of
required size but minimum rated cross section of the terminal blocks should

be 6 sq mm.

Terminal block shall be miade of flame retardant polymide material.

: -» Colored terminal blocks and FRLS wires for easy identification of RYB

Phases, Neutral and Earth.

Prewired DB shall be provided with a detachable cassette for safe removal
of MCBs, RCCBs. Terminal connectors from the DB ‘without loosening

- the internal cable connections of phase and neutral circuits. (Thls is an
_ optlonal teature)
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7.2

xiii) The prewired DB shall have peel able poly layer on the cover for protec-

tion from cement plaster palnts etc dunng the construetron period.

e ’Era-

x1v) ):Detachable plate w1th Knoek out holes shall be: provrded at'the top/bottom

of board Complete board shall be faetory fabncated and pre-wrred in fac-

. tory.ready for installation at site. The box and cover shall bé fabricated

from 1.6mm sheet steel, properly pretreated, phosphotized with powder
coated finish.

Where specified it shall be of double door eonstructlon provided with
hinged cover in the front.

(SeeFig.9)

Note: Prewired DB will be factory manufactured by reputed manu-
facturer of MCB DBs.

RISING MAINS , ‘ e

i)

Application: :

a) The rising mains are essentially used in electrical distribution system
in building 2 storied and above. These are only for indoor applica-
tions. For vertical power distribution, this is a preferred method, com-
pared to rising cable system and is more rehable and safe from point
of view of fire hazard. :

b) Tap-off arrangements shall be provided on the rising mains with tap-
off boxes. _ - =

¢) Therising main shall comprise of sheet metal enclosure, bus bars, tap
.off points, tap off boxes, end feed units, fire barriers, expansion joints,
thrust pads, end covers and fixing brackets etc.

d) The rising main shall conform to IS 8623 and IEC 439 and shall be

suitable for 415V, 3 phase, S0 Hz supply and insulation of rising mains
shall be capable of withstanding the voltage oF660 volt A.C. Degree
~of IP protection and short circuit rating shall be specified.

Enclosure |
The enclosure shall be made from sheet steel of 1.6 mm thickness.

Bus bars

o ;_%_Rat]ng

‘Bus baré shall be made of wrotight aluminium or aluminium, alloy, or
electric grade copper, confirming to relevant Indian Standard, as speci- -
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d)

Current densnty

-, fied: The ratings of the bus bars shall be 100A, 200A, 300A, 400A,
L ';.'500A~-600A OF- 800A-as?spe01ﬁed

Wy .'T:{V..ile@_

- Bus bars shall be of sufficient cross-section so that a current density

of 130A/sq.cm (800A/sq.inch) is not exceeded at nominal current
rating for aluminium bus bars, and 160A/sq.cm (1000A/sq.inch) for
copper bus bars. The minimum sizes of sections of bus bars are given
in Table V1.

Cross Section of bus bars:

The cross section of the neutral bus bar shall be the same as that of
the phase bus bar for bus bars of capacities upto : ZOOA for higher
capacities, the neutral bus bar must not be less than half the cross-
section of that of the phase bus bar.

Insulation:
Each bus bar shall be suitably insulated with PVC sleeves/tapes.

The insulation of the rising mains shall be capable of withstanding the
voltage of 660V of A.C.

Bus bar supports

Bus bar support insulators shall be class'F insulators made of non-
hygroscopic, non-combustible, track resistant and high strength FRP/
SMC/DMC material, and shall be of suitable size and spacing to with-
stand the dynamic stresses due to short circuit currents. The spacing
between two insulators should not exceed 250 mm.

Bus bar Clearances:
i) The minimum clearance to be maintained for enclosed indoor
air insulated bus bars for medlum voltage applications shall be

as follows

B_et\m o Min. Clearances
Phase to earth 26mm
Phase to phase 32mm

" Note: For stnp connectlon frombus bars to smtchgear, the above
» clearances don t apply : 5

i1) (a) Bus bar joints shall be thoroughly cleaned and a suitable
~ oxidizing grease shall be applied before making the joint.
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(b) High tensile bolts, plain and spring washers shall be pro-
vided to'ensure-good contact at thejoints.

(c) The oveﬂap of thef;{}ils"ﬁéfrsj ‘at the joints ‘shall be not less
than the area of the cross sectlon of the bus bars.

(g) Bus Bar Marking:

Bus bars and main connections shall be marked by color or letter as
pertable VIIL.

Expansion joint:

Expansion joint made of aluminium/copper strips shall be provided wher-
ever necessary, to take care of expansion and contraction of the bus bars
under normal operating conditions. This shall be invariably provided when-
ever the length of the rising mains exceeds 15 m.

Thrust Pads:

(a)

®)

i)

iiii)

The bus bars shall be pfovided with thrust pads so that the expansion
of the conductors is upwards only.

The bus bar clamps and insulators shall be designed to withstand the
forces due to short circuit current. They shall also permit free verti-
cal movement of the bus bars during expansion and contraction.

=D

.

Mounting:

Incommg cable will be connected to the rising main through an end

- feed unit, consisting of switch fuse unit with HRC fuse/MCCB/ACB

of required capacity and cable end box.

Tap-off boxes at specified intervals and height shall be provided on
rising main to tap power. The box shall consists of set of HRC fuses
or MCCB/Switch fuse unit, so that power from rising main can be
switched ON/OFF and provided with suitable overload/short circuit
protection.

Distribution boards/switch boards will not be mounted on rising main.
Stich boards will be separately erected on floor/wall and connected

to tap-off box with suitable copper conductor cable (See Fig. 10).




~.vii)  Construction. features:

: N cthtafe easy Iranspormtlon and mstallatlon The ;eetlons shall be con-

g)

h)

nected to form a vertical run at site. Each section shall be provided
with suitable wall straps at convenient intervals for fixing to the wall.

The enclosure shall be sturdy s0 as to withstand the internal and ex-
ternal forces resulting from the various operating conditions.

- The front covers shall be detachable. Neoprene gaskets shall be pro-

vided between the covers and the side channels. -
The enclosure shall have a degree of ptotection not less than IP 42.

The rising main shall be designed for temperature rise not excee:iing
40 degree C over ambient temperature of 45 degree C.

Built-in fireproof barriers having 2 hr. fire ratmg shall be provided to

*restrict the spread of fire through the rising mains from one section

to the adjacent section.

Necessary provisions for ventilation shall be rhétie at suitable inter-
vals. These shall be complete with welded non-ferrous metallic mesh
to prevent entry of vermin.

<

.Two numbers of copper.earth _strips- of 20x3 mm (for Rising Main
* upto 400 Amp) and 20x5mm (for Rising main above 400 upto 800

Amp.) shall be provided along side the rising mains enclosure, and
shall be bolted to each section of the rising mains.

viii) Installfatien of rising mains.

)

(i)

Rlsmg mains shall be installed on walls, to which the foundation bolts
shall be suitably grouted (in a shaft of adequate size for rising main
and floor distribution panel). The foundation bolts shall be provided
by the contractor without extra payment

a)  Nostructural member in the building shall be damaged/altered,

without prior approval from the competent authority through
the Engineer-in-Charge. :

6




b)  Structural provisions like openings, cutouts, if any, provided by

the department for the work, shall be used.' Where these re-

Tl e i =’-i'-'qu1re modifications, or-where frésh prov1s1ons “dre required to

ST ¢ made;such’ contmgentworks shaﬂbet:amed outby the con-
tractor at his cost.

c)  All'such openings in floors provided by the Department shall
' be closed by the contractor after installing the cables/conduits/
rising mains etc. as the case may be, by any suitable means as
approved by the Engineer-in-Charge without any extra payment.

d)  Allchases required in connection with the electrical works shall
be provided and filled by the contractor at his own cost to the
original architectural finish of the buildings. -

ix) Commissioning
Before connecting mains supply after installation, pre-commissioning

checks comprising megger test; checking the tightness of connections, body
earth connection etc. shall be carried out and recorded.

7.3  BUSTRUNKING
7.3.1 Application

=

These are generally prowded for interconnections between the transform-
ers of 400 KVA and above anid DG sets 300 KVA and above and their switch
board panels, and also for interconnections between large switch board
' panels where specified, thiereby avmdmg usé of 1arge sizes of cables for
such mterconnectxons

7.3.2 Materials HEECEE S
7.3.2. 1Enclosure

Sheet steel of m mlmmum 2mm thxckness shall be used for fabricating the
enclosure .

o 7322 Bus bm andsuppom |

Bus bars and their supports shall comply with clauses 7. 2 (m) of these
speciﬁcatlons The current rating shall be as specified i in individual cases.
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| (i)

(iii)

(i)

-The eneloSure shall be of bolted type ‘box type, Welded type or any other
 type as per the manufacturer’s standard practice, and shall be made out
" from sheet steel of minimum 2mm thickness. The front'cover only shall be

detachable. The section of the bus duct shall be rectangular. The enclosure

-shall be sturdy so as to withstand the internal and external forces resulting

from the various operating conditions.

The bus trunking enclosure shall be fabricated in convenient sections for
easy transportation and installation. The sections shall be connected to form
horizontal and vertical runs as required at site. The enclosure shall be pro-
vided with flanged ends with drilling arrangements to suit the flanges at the

“switchgear and transformer terminals. All flanges shall be provided with

gaskets, nuts, bolts, washers etc.

The entire bus trunking enclosure shall be designed for dust and vermin
proof construction. The enclosure for.outdoor installation shall be addi-
tionally in weatherproof construction. The enclosure shall have a degree
of protection not less than IP 42 for indoor application, and IP 54 for out-
door application in accordance with IS: 2147.

Bus trunking, if required to be installed outdoors, shall be provided with a
metallic protecting.canopy of adequate size above thebus trunking, fabri-

. cated as part of the enclosure.

' (\di)

Neoprene gaskets shall be provided to satisfy the operating conditions

. imposed by temperature, weather etc. and durability.

* Provisions for venulatlon shall be made as per clause 7.2. (vn) (@ ofthese

spe01ﬁcat10ns

Two numbers of Copper earth strips of appropnate size shall be provided
alongside the bus trunking enclosure and shall be bolted with each section
of the bus trunking (See Table VIII). R

7 33 ZExpansion joint/flexible termination

(1) Flexﬂ:le connections- shall be provxded by braxded ior multi leafed
conductors for terminations at transformer bushing and switchgear.
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7.4

(i1) Expansion joints shall be provided as per clause 7.2.(iv)*of these
specifications.

7. 3 4 Installatlon

(1) "_Each sectxomof the enclosure shall be suspended:from the ceiling; slab
with suitable MS suspenders and support angles/channels. The runs shall
be néat and the route shall be as directed by the Engineer-in-Charge.

(i)  Thebus trunking shall be supported such that its weight does not come on
the terminations.

(iii) Danger notice boards shall be provided on the bus trunking enclosure at
suitable intervals in every room through which it passes. -

(iv)  The earthing strips shall be broperly terminated to the earth bars at both
ends. :

(v)  ‘Pre-commissioning checks shall be conducted.

OVERHEAD BUSBAR SYSTEM

7.4.1 Application

The overhead bus bar system is generally used for distribution of powerto a
number of distributed power loads, such as motors, as in a-workshop. This
system has an in-built flexibility for meeting additional loads without much
change in the distribution system. These specifications cover indoor appli-
cation only.

74.2 Materials

7.4.2.1 Enclosure -

Sheet metal used for fabrication of s1de channels shall be 1 6 mm thick and
the top and bottom covers 1.2mm thick.

7.4.2.2 Bus bars and supports

)

The bus bars shall comply with clause 7.2 (iii) of these specifications. The
bus bars shall however be rated for 200A, 300A or 400A as specified. Each

‘bus bat-Sha}lheindividually insulated by means of PVC sléeves.




- 743 Construction

(i)

(iii)

@)

_ The enclosure shall be sturd o vylthstand the internal and external forces
resulting from the various operating conditions. The enclosure shall have a

degree of protection not less than IP 42 in accordance with IS: 2147,

The top and bottom cover plates shall be detachable, and shall ebmplete
with gaskets to make the enclosure totally dust and vermin proof.

The enclosure shall be fabricated in convenient sections for easytranspor-
tation and installation. The bus sections shall be jointed together with flanges
and tie bolts. Each section of the enclosure shall be suspended from the
ceiling slab with suitable and rigid MS suspenders and brackets as required.

Detachable blank sheet steel covers shall be provided for enclosing the

free ends of the bus bar run.

Two numbers of Copper earth strips of appropriate size shall be provided
for the complete run of bus bar enclosure and shall be bolted to each sec-

- tion of the bus bar enclosure. Suitable provision should be made to enable

earth connection to the plug-in box, when plugged in.

7.44. Plug—in boxes

0)

(i)

(i)

)

Each section of the bus bar enclosure shall have plug-in points 3pa§ed at
intervals of approximately 600mm for the insertion of plug-in boxes.

The plug-in boxes shall be fabricated as compact sheet steel boxes with
hmged doors and shall house the fuse holdersy MCCB/ MCB. The fuse
holdets/ MCCB/ MCB shall be solidly connected to high conductivity cop-

- per clip-on contacts and reinforced by spring steel strips. These clip-on

contacts shall plug-in directly on to the bus bars at the plug-in points.

Two earth points shall be located at the ends of the plug-in boxes. While
inserting these boxes into the plug-in points, the earth points shall engage
first in the special earth bushes provided on the underside of the bus bar
enclosure before the main contacts are made. While withdrawing these
boxes, the earth contact is maintained even after the main contacts are iso-
lated

The plug-in boxes after insertion into the plug-in pomts shall be fastened
by wing nuts. ‘ .




(vi)

7.4.5

@)

(i)

(ii)

-~ Each plug-in box shall be fitted with a brass compression gland suitable for

the size of the cable speciﬁed It should be possible to provide this gland in

box ' e anier g

The unused plug-in points shall be blanked with detachable sheet steel cov-
ers. . T '

Installation
The bus sections shall be jointed together with flanges and tie bolts. Each -
section of the enclosure shall be suspended from the ceiling slab with suit-

able MS suspenders and support angles/channels as required.

Bus trunking shall be suspended at a uniform height of about 2.4 m above
floor level. The layout shall be got approved from the Engineer-in-charge

‘before erection, The runs shall be straight, except at points of changes in
direction.

A connector assembly shall'be supplied loose with each section of the en- -
closure for coupling two sections, and it shall comprise a rubber locating
ring, bus bar insulating tube and a connector insulating tube.

7.4.6 Earthing

The Copper earth strips of the bus duct shall be connected to the earth bus/
earth terminal(s) of the switchboard controlling the bus ducts, by appropri-
ate protective conductors, not withstanding the connection by the armoring
of the feeder cable. -

-7.4.7 Danger notice board

These shall be provided on the enclosure at. su1table mtervals and not ex-
ceeding Sm. :

7.4.8 Preconunissioning checks shall be conducted.
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 AlumifitiinF Copper biis’ bar sections

{Clause 7.2. (ifi) (b)]: = -

4=

~ Current ratings

incoming/outgoing mountings on the switchboards.

69

Recommended rectangular cross-section
in amps. Upto Aluminium ' Copper
No.of | Sizeinmm No. of Size inmm
strips/phase strips/phase
100 1 20x5 1 20x3
200 1 30x5 1 25x 5
300 1 50x5 1 40x S
- 400 1 50x6" 1 S0xS
' 500 1 75x6 1 60x5
600 1 80x6 - -
800 1 100x 6 - -
1000 1 100x 10 - -
1200 1 125x 10 - -
- 1600 2 100x 10 - -
2000 2 -~ 125x 10 - -
2500 3 125x 10 - -
'I\?qtgz
(i)  Inlargerbus bars of sizes above 1000 amps, the sections can be accepted in other
' " rectangular cross-sections and numbers also, provided the total cross-sectional
area offered is not less than the total cross-sectional area shown in the above table
. against the respective bus bar rating.
(i)  With aluminium bus bars, only aluminium wire/solid bar connections shall be made
: for incoming/outgoing mountings on the switchboards.
(iii) With copper bus bars, only copper wire/solid bar connections shall be made for




- TABLEVII

(i) Marking for A.C. bus bars & main connections

'Bus bar and main connections Colour Letter/Symbol
1) Three Phase ’ Red, Yellow, R.YB.
_ Blue '

Two Phase Red, Blue RB.

Single Phase Red R
ii) | Neutral connection - Black N
iii) | Connection to earth . _ Green E
iv) | Phase variable (such as connections to Grey | Gy.

reversible motors)

(ii) For D.C. bus bars and main connections

Bus bar and main connections Colour Letter/Symbol
i) Posifive Red R, or plus
i) Negative Blue B, or minus
ili) | Neutral connection Black N ‘
W iv) - | Connection to earth Green E
V) Equalizer | . Yellow Y
vi) Phase variable (Such as connections to Grey Gy
reversible motors)

Note: In the wiring diagram, positive and negative should be indicated by ‘+’ and ‘- re-
spectively.
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TABLE-VIII

[ Clause 7.3.3.1 (vii) |

A:EARTH CONTINUITY STRIP FOR PROTECTIVE EARTHING OF

SUB- STATION EQUIPMENT
SNo. | Type of Installation 0 Earth Earth strip from-earth electrode to
) Electrode earth bus and loop earthing of
equipment

1. | Indoor sub-station with HT panel, = | CopperPlate |- 25 x S mmCopper Strip
Transformer capacity up to 1600KVA, LT
panel,-Generating set.

2 {ndoor sub-station with HT panel, Copper Plate 32 x S mmCopper Strip
Transformer capacity above 1600KVA,
LT panel, and Generating set. _

3. HT Outdoor sub-station Copper Plate 25 x 5 mm Copper Strip

. LT Indoor sub-station with generator N Copper Plate 25 x 5 mmCopper Strip

5. LT switch room having Main LT Switch Board | Copper Plate 20 x 3 mm Copper Strip

B: EARTH CONTINUITY STRIP FOR BUS TRUNKING AND RISING MAIN

S.No.| Type of Installation Material of Earth Strip
main conductor ]
1. - -| Bus trunking upto.2500 Amp capacity . Copper/ Aluminium 2Nos.25x 5 mm
copper strip
2 Bus trunking above 2500 Amp capacity Copper/ Aluminium 2 Nos.32x5mm
copper strip
13 Bus trunking for connecting generating set Copper/ Aluminium | 2Nos.25x5mm
and LT panel copper strip
4. | Rising main up to 400 Amp capacity Copper/ Aluminium |, 2Nos.20x3 mm
copper strip
1s. Rlsmg main above 400 Amp and up to 800 Copper/ Aluminium 2Nos.20x 5 mm
Amp capacity i copper strip N

- _ C:NEUTRAL EARTHING OF TRANSFORMERS AND GENERATORS

SNo.| Equipment S : Earth Electrode | Earth strip from earth station to
o ] _neutral
1L Transformer of capacity upto 1600 KVA . Copper plate 25x SnﬁnCopLer sirip
Transformer of capacity above 1600 KVA Copper plate 32 x 5mum Copper sitip
3. (Generating set of all capacity _ 1 Copper plate ' 23 x Sram Copper sirip




8.0

8.1

CHAPTERS8
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EARTHIN G

This chapter covers the essential requirements of earthing system components
and their installation. This shall be read with Appendix F, which lays down criteria
for their design. For details not covered in these specifications IS code of Prac-
tice on Earthing (IS: 3043-1987) shall be referred to.

APPLICATION

(i)

(ii)

(iii)

@iv)

The electrical distribution system in the Department is with earthed neu-
tral (i.e. neutral earthed at the transformer / generator end). In addition to

_-the neutral earthing, prov1s1on is made for earthing the metallic body of
- -equipments and non-current carrymg metallic components in the sub-sta-

tion, as well as in the internal/external electrical installations.

Earthing system is also required for lightning protection, computer instal-
lations and hospital operation theaters, etc. for functional reasons.

Earthing requirements are laid down in Indian Electricity Rules, 1956, as
amended from time to time, and in the Regulations of the Electricity Sup-
ply Authority concerned. These shall be complied with.

Application for Internal E.I.

a)  Every sub-main will have earth i:ontinuity conductor to run along
with sub-main wiring. In case of 3-phase sub-main wiring two earth
continuity conductors shall be provided.

b)  Every circuit will have its earth continuity conductor to run along
-with circuit wiring. In case of 3-phase circuit two earth continuity
conductors shall be provided.

.¢)  Looping of earth is allowed only in case of point wiring.

d)  When 2/3 power outlets are looped to one circuit, earth looping of
these outlets is penmssnble :

- 72
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8.2

TYPES OF ELECTRODES & MATERIAL

1 Earth Blecirod

8211Types

The type of earth electrode shall be any of the followmg, as specified. (For
selection criteria in designs, Appendix F may be referred to).

(a) Pipe earth electrode.
(b). Plate earth electrode.

(c) Strip or conductor earth electrode.

8.2.1.2 Electrode materials and dimensions.

()

(ii)

(iii)

(iv)

8.2.2.

()

The materials and minimum sizes of earth electrodes shall be as per Table
IX. .

GI pipe electrodes shall be cut tapered at the bottom, and provided with
holes of 12mm dia, drilled not less than 7.5 cm from each other upto 2 m
of length from the bottom.

The length of the buried strip or conductor earth electrode shall be not less
than 15 m. This length shall suitably be increased if necessary, on the basis
of the information available about soil resistance, so that the required earth
resistance is obtained. Prior approval of the Engineer-in-Charge shall be
taken for any such increase in length

All hardware items used for connecting the earthing conductor with the
electrode shall be of-GI in the case of GI pipe and GI plate earth elec-
trodes, and fotged tinned brass in case of copper plate electrodes.

Earthing Conductor & sizes

The earthmg conductor {protective conductor from earth electrode up to

. the main earthing terminal/earth bus, as the case may. be) shall be of the

- (ii)

same material as the electrode, viz. Gl or copper, and in the form of wire or
strip as specified. :

The s1ze of earthing conductor shall be specified, t but this shall not be less
than the following (For calculating the size of the earthmg conductor in
design, Appendix F para3.5.1)..
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8.3

8.4

o (b) 25mm X 4mm in the cdse of GI stnp, or

- (a) 4mmdia. (8 SWG) copper wire.

(c) 20mm x 3mm in the case of copper strip.

"(ﬂ'iii)" Earthing conductor larger than the following secuonal areas need not be

used, unless otherwise specified.
(a) 150 sq.mm. in case of GI, or,
(b) 100 sq.mm. in case of copper.
8.2.3 Earth continuity / loop earthing conductor & sizes

(1)  The material and size of protective conductors shall be as specified
Below (for criteria in design of these appendix ¥ may be referred to):

Size of Size of protective conductor
phase of the same material as
conductor phase conductor
Upto 4 sqmm 4 sq.mm.
Above 4 sqmm up to 16 sq.mm. Same size as phase conductor
Above 16 sqmm up to 35 sq.mm. 16 sq.mm.

,  Above 35 sq.mm. : Half of the phase conductor

L)

LOCATION FOREARTH ELECTRODES
(i) Normally'aﬁ earth electrode shall not be located closer than 1.5 m from
~ " any building. Care shall be taken-to see that the excavation for earth elec-
" trode does not-affect the foundation of the building; in such cases, elec-

‘trodes may be located further away from the building, with the prior ap-
~ proval of the Engineer-in-Charge.

(ii) The location of the earth electrode will besﬁch that the soil has a reason-
- able chance of remaining moist as far as possible. Entrances, pavements
and roadways, should be avoided for locating earth electrodes.
INSTALLATION
8.4.1 Electrodes
8.4.1.1. Various types of electrodes
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()

(ii)

(a)

Pipe electrode shall be buried in the ground vertically with its top at

- ~notless than 20 cm below the ground level. The installation shall be_
* “¢arried out as shown in Fig. 11.

(b)

In locations where the full length of pipe electrode is not possible to
be installed due to meeting a water table, hard soil or rock, the elec-
trode may be to reduced length, provided the required earth resis-
tance result is achieved with or without additional electrodes, or any
alternative method of earthing may be adopted, with the prior approval
of the Engineer-in-charge. Pipe electrodes may also be mstalled m
horizontal formation in such exceptional cases.

Plate electrode shall be buried in ground with its faces vertical, and its top
not less than 1.5 m below the ground level. The installation shall be camed
out as shown in Fig. 12.

(iii) When more than one electrode (plate/pipe) is to be installed, a separation
of not less than 2 m shall be maintained between two adjacent electrodes.

@iv) (a)

(b)

(c)

The strip or conductor electrode shall be buried in trench not less
than 0.5 m deep.

If conditions necessitate the use of more than one strip or conductor
electrode, they shall be laid as widely distributed as possible, in a
single straight trench where feasible, or preferably in a number of
trenches radiating from one point. '

==

If the electrode cannot be laid in a straight length, it may be laid ina
zigzag manner with a deviation upto 45 degrees from the axis of the
strip. It can also be laid in the form of an arc with curvature more than
1 m or a polygon.

8.4.1.2. Attificial treatment of soil

When artificial treatment of soil is to be resorted to, the same shall be
specified in the schedule of work. The electrode shall be surrounded by
charcoal / coke and salt as indicated in Fig. 11 and 12. In such cases, excava-
tion for earth electrode shall be increased as per the dimensions indicated
in these figures.

8.4.1.3 Watering arrangement

O
- class pipe shall be provided and attached to the electrodes as shown in Fig.

Inthe case of plate earth eleeﬁ'oaeé,"a watering pipe 20'mm dia. Medium

9 and 10. A funnel with mesh shall be provided on the top of this pipe for

. watering the earth.
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(ii) |

(iv)

In the case of pipe electrodes, a 40 mm x 20 mm reducer shall be used for
fixing the funnel w1th mesh

'—'.'- ERRTANET WE VTS TV LT LS AW RS Y TR

(ul) |

The watermg funnel attachment shall be housed in a masonry enclosure of
31ze not less than 30 cm x 30 cm x 30 cm.

A cast iron/ MS frame with MS cover, 6mm thick, and having locking ar-
rangement shall be suitably embedded in the masonry enclosure.

8.4.2 Earthing conductor (Main earthing lead)

(@

(i)

(iii)

(iv)

v

In the case of plate earth electrode, the earthing conductor shall be securely
terminated on to the plate with two bolts, nuts, check nuts and washers.

In the case of pipe earth electrode, wire type earthing conductor shall be
secured as indicated in fig. 11 using a through bolt, nuts and washers and
terminating sockgt.

A double C-clamp arrangement shall be provided for terminating tape type
earthing conductor with GI watering pipe coupled to the pipe earth elec- .
trode. Galvanized “C” shaped strips, bolts, washers, nuts and check nuts of
adequate size shall be used for the purpose. :

The earthing conductor from the electrode up to the building shall be pro-
tected from mechanical injury by a medium class, 1 5Smm dia. Gl pipe in the
case of wire, and by 40mm dia, medium class GI pipe in the case of strip.
The protection pipe in ground shall be buried at least 30 cm deep (to be
increased to 60 cm in case of road crossing and pavements). The portion
within the building shall be recessed in walls and floors to adequate depth in
due co-ordination with the building work.

The ‘earthing conductor shall be-securely connected at the other end to the
earth stud/earth bar provided on the switch board by:

(a)  Soldered or preferably crimped lug, bolt, nut and vi)asher_ in the case
of wire, and

()  Bolt, nut and washer in casé of strip conductor.

In the case of substations or alternators, the termination shall be made on the

earthing terminal of the neutral pomt on the eqmpment and/or the garth bus, as the

© casemaybe.
- .8.4.3. Loop Earthmg/Earth contmulty Conductor
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8.5

8.6

8.7

(i)  Earth terminal of évery switchboard in the distribution system shall be
bonded to the rth bar/terminal of the upstream switch board by protec-
tive conductor(s)

(ii)  Two protective conductors shall be provided for a switchboard carrying a
3-phase switchgear thereon.

(iii) Loop earthing of individual units will not be however necessary in the case
of cubicle type switchboards.

{iv)  The earth connector inevery distribution board (DB) shall be securelycon-
nected to the earth stud/earth bar of the corresponding switch board by a
protectlve conductor.

{v)  The earth pin of socket outlets as well as metallic body of fan regulators
shall be connected to the earth stud in switch boxes by protective conduc-
tor. Where the switch boxes are of non<metallic type, these shall be looped
at the socket earth terminals, or at an independent screwed connector in-
side the switch box. Twisted earth connections shall not be accepted in any -
case.

EARTH RESISTANCE

{i)  The earth resistance at each electrode shall be measured. No earth elec-
trode shall have a greater ohmic resistance than 5 ohms as measured by an
approved earth testing apparatus. In rocky soil the resistance may be up to
8 ohms.

{ii)  Where the above stated earth resistanc€is not achieved, necessary improve-
ment shall be made by additional provisions, such as additional electrode
(s), different type of electrode, or artificial chemical treatment of soil
etc., as may be directed by the Engineer-in-Charge.

MARKING

(i)  Earthbars/terminals at all switch boards shall be marked permanently, ei-
theras “E” oras

{ii)  Main earthing terminal sha]l be marked “SAFETY EARTH DO NOT DIS-
CONNECT”.

USE OF RESIDUAL CURRENT DEVICES (RCDs)

An extract on selection and application of RCDs (also known as RCCBs) from IS:
12640-1988 is given at Appendix G. Provision of RCD shall be specified in indi-
vidual cases keeping in view the type, use, importance, system of earthing and
nature of electrical installations to be protected by the RCCBs, requirements of
the local electric supply company, etc. The sensitivity shall be 30mA, 100mA,
300mA, or 500maA, as specified.
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"TABLE IX

of.e;-l—;.’ti;:elécir‘ddes; )

TIT EDEIELLA,

zes:
[Clause 8.2.1.2 (i)]
Type of Electrode Material Size
Pipe GI medium class 40mm dia
" 3.45mlong
(Without any joint)
Plate (i) I . 60 cm x 60 cm x 6 mm thick
(i) Copper 60 cm x 60 cm x 3 mm thick

Strip - (i) d 100 sq.mm section

. (i) Copper 40 sq:mm section
Conductor (i) Copper 4mm dia (8 SWQG)

Note: Galvanization of GI items shall conform to Class IV of IS: 4736-1986.
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9.0

9.1

9.2

9.3

CHAPTER9

“47 pROTECTION'OF BUILDING AGAINST LIGHTNING

SCOPE

This chapter covers the detailed requirements of installation of lightning conduc-
tor system for protection of buildings against lighting. The principles of this type
of protection are outlined in Appendix I to these Specifications. For details not
covered in these specifications, reference may be made to IS: 2309-1989.

APPLICATION

This system shall be provided where specified. The decision whether or not to
provide this system should be taken-by the competent authority considering all

relevant factors as per Appendix I.

PRINCIPAL COMPONENTS

The principal components of a lightning protective system are :-

" a) Air terminations,

b) ©  Down conductors,

c) Joint and bonds,

d) Testing joints,

e) Earth t?rminations, and
f) Earth electrodes.

MATERIALS

9.3.1 The materials of air terminations, down conductors, earth termination etc.
of the protective system shall be reliably resistant to corrosion, or be ad-
equately protected against corrosion. The material shall be one of the fol-
lowing, as specified.

(a) Copper: Solid or flat copper strip of at least 98% conductxv:ty conform-
mg to relevant L.S. Spec1ﬁcat10ns shall be used.

(b)  Copper Clad Steel: C'opper clad steel with copper covering permanently
and effectively welded to the steel core shall be used. The proportion of
copper and steel shall be such that the conductance of thie material is not

 less than 30% of con ' e of the solid copper of the same total cross-
sectional area. Lo
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9.4

@ .

(c)

9.3.2

933

9.34

~ coatingshallbeused.

Galvanized Steel: Steel thoroughly protected against corrosion by a zinc

.- P -~
ety T DL g e
PROCT OVEOY Q0 TR T

Aluniinitim: Aluminium, 99% pure, and with sufficient mechanical

strength, and protected against corrosion shall be used.

Aluminium should not be used underground, or in direct contact with walls.

All air terminations shall be of GI and all down conductors shall be of GI or
aluminium, except where the atmospheric conditions necessitate the use
of copper or copper clad steel for air terminations and down conductors.

The recommended shape and minimum sizes of conductors for‘use above
and below ground are given in Tables X and XI respectively.

LAYOUT

9.4.1.

)

(iii)

(v)

The system design and -layout shall be done in accordance with IS: 2309-
1989 and specified in the tender documents. The work shall be carried out
accordingly satisfying at the same time, the requirements of clauses 8.4.2
to 8.4.3.

. Airterminations:

Air termination networks may consist of vertical or horizontal conductors,
or combinations of both. For the purpose of lightning protection, the verti-

-cal and horizontal conductors are considered equivalent and the use of

pointed air termmatlons or vertical finial is, therefore, not regarded as
essentlal

A vertical air termination, where provfdéd need hot have more than one
point, and shall pl'OjeCt at least 30 cm, above the object salient point or
network on which it is fixed.

For a flat roof, horizontal air termination along the outer perimeter of the
roof shall be used. For a roof of larger area a network of parallel horizontal
conductors shall be installed. No part of the roof should be more than 9 m
from the nearest horizontal protective conductor. :

Honzontal air. termmatlons should be carried along the contours such as
ndges parapets and edges of ﬂ' ""'_roofs and, where necessary, over flat
surfaces, in such a way as to join cach'a'lr termmanon to the re;,t and should
themselves form a closed network. ‘
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(v) " All metallic projections including reinforcement, on or above the main
siaang ure stz SUrface-ofithe roof which are connected to the general mass of the earth,
' -should be bonded and fonn a part of the air termination network.
© l ~
(vi) If portions of a structure vary considerabiy in height, any necessary air

terminations or air termination network for the lower portions should be
bonded to the down conductors of the taller portions, in addition to their
own down conductors.

94.3 Dowq Conductors

()

(ii)

(@)

The number and spacing of down conductors shall be as specnﬁed or as
dlrected by the Engmeer-m—charge :

Routing

(2)

A down conductor should follow the most direct path possible be-
tween the air terminal network and the earth termination network.

 Where more than one down conductor is used, the conductors should

(b)

()

be arranged as evenly as practicable around the outside walls of the
structures.

The walls of light wells may be used for fixing down conductors, but
lift shafts should not be used for this purpose.
Metal pipes leading rainwater from the roof to the ground may be
connected to the down conductors, but cannot replace them, such
connections should have disconnecting joints.

' ﬁi‘dqciding on the routing of the down conductor, its accessibility for
. inspection, testing-and maintenance should be taken into consider-

ation.

(iii) - Provision when external route is not available.

- {a)

Where the provision of external routes for down conductors is im-
practicable, for example, in buildings of cantilever construction from
the first floor upwards, down conductors should not follow the out-
side contours of the building. To-do so would create a hazard to per-

- sons standing under the:-over hang.’In such cases, the down conduc-

tors may be housed in an air space provided by a nonmetallic and non-

-combustible internal duct and taken straight down to the ground. -
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95

94.4.

(b) _ Any suitable covered recess, not smaller than 76 mm x 13 mm, or any
suitable vertical serv1ce duct runnmg the full helght of the building

SR may be used forthis putpose; provided it ddes hot cortain an unarmored

-or a non-metal sheathed cable.
(c) Incases where an unrestricted duct is used, seals at each floor level
may be required for fire protection. As far as possible, access to the

interior of the duct should be available.

The lightning protective system should be so installed that it does not spoil

the architectural or aesthetic beauty of the buildings. -

INSTALLATION

9.5.1

(i)

(i) .

(iii)

9.5.2

9.53

(i)

General

The entire lightning protective system should be mechanically strong to
withstand the mechanical forces produced in the event of a lightning strike.

Conductors shall be securély attached to the building, or other object to be
protected by fasteners, which shall be substantial in construction, not sub-
ject to breakage, and shall be of galvanized steel or other suitable materi-
als, with suitable precautions to avoid corrosion.

The lightning conductors shall be secured not more than 1.2 m apart for
horizontal run, and 1 m for vertical run.

Air Terminations

All air terminals shall be effectively secured against overturning either by
attachment to the object to be protected, or by means of substantial bracings
and fixings which shall be permanently and rigidly attached to the building.
The method and nature of the fixings should be simple, solid and perma-
nent, due attention being given to the climatic conditions and possnble cor-
rosion.

Down Conductors

The down conductor system must, where practicable, be directly routed
from the air termination to the earth termination network, and as far as
possible, be symmetrically placed around the outside walls of the struc-
ture starting from the corners. In. all cases consideration to side flashing
must always be given,
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(ii) (a) Practical reasons may not sometimes allow the most direct route to
i _L.becfollowg:d Whlle[ ghalxp bends, such as arise at the end of roof are
' in-escapable (and'heri¢e permissible), re-entrant loops in a conduc-

tor can produce-high inductive voltage drops so that the lightning dis-

charge may jump across the open side of a loop. As a rough guide, this

risk may arise when the length of the conductor forming the loop

exceeds 8 times the width of the open side of the loop.

(b) When large re-entrant loops as defined above cannot be avoided, such
as in the case of some cornices or parapets, the conductors should be
arranged in such a way that the distance across the open side of a loop
complies with the requirement indicated above. Alternatively, such
cornices or parapets should be provided with holes through which the
conductor can pass freely.

(iii) Bonding to prevent side flashing
Any metal in, or forming a part of the structure, or any building services
having metallic parts which are in contact with the general mass of the
earth, should be either isolated from, or bonded to the down conductor.
This also applies to all exposed large metal items having any dimension
greater than 2 m whether connected to the earth or not.

9.5.4. Joints and bonds

9.5.4.1 Joints

(i)  Alightning protective system should have as few joints as possible.

(ii) J(’)iﬁts should be mechaﬁically and electrically effective, for example,
clamped, screwed, bolted, crimped, riveted or welded.

(iii)) With overlapping‘ joints, the length of the averlap should not be less than
20 mm for all types of conductors. .

(iv)  Contact surfaces should first be cleaned, and then inhibiied from oxidation
with a suitable non-corrosive compound.

(v)  Joints of dissimilar metals should be protected against corrosion or ero-

sion from the elements, or the environment and should present an adequate
contact area.
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i 9'5'«4v2 BOnds I

i

(i)

(iv)

\)

(vi)

9.5.35.

95.6

- (i)

)

a3 inl&vatiety of metaulq parts ofdlfferent shapes and com-
pos1t10n, and cannot therefore be ofia standard form. -

There is the constant 'bfdﬁleﬁl of cefresion. and careful attention must be
given to the metals involved, i.e. the metal from which the bond is made,
and those of the items being bonded.

The bond must be mechanically and electrically effective, and protected
from corrosion in, and erosion by the operating environment.

. External metal on, or forming part of a structure, may have to discharge the

full lightning current, and its bond to the lightning protective system should
have a cross sectional area not less than that employed for the main con-
ductors.

Structures supporting overhead electric supply, telephone and other lines
must not be bonded to a lightning protective system withaut the permis-
sion of the appropriate authority.

Gas pipe in no case shall be bonded to the lightning protective earth termi-
nation system.

Test joints -

Each down conductor should be provided with a test joint in such a position
that, while not inviting unauthorized interference, it is convenient for use
when testing.

Earth tecminationnetwortk =~ .. . -

An earthi statioh comprising one or more;earth electrodes as required, should
be connected to each down conductor. This shall be specified.

Each of the earth stations should have a resistance not exceeding the prod-
uct given by 10 ohms multiplied by: the number.of earth electrodes to be
provided therein. The whole of the lightning protective system, including

- any ring earth, should have a combined resistance to earth not exceeding

-y i s 10-ohms without taking account of any bonding (as-per 9.58.3 (iii).

If the value obtained for the whole.of the lightning protéction system ex-
* ceeds 10 ohms, a reduction can be achieved by extending or adding to the
electrodes, or by interconnecting the individual earth terminations of the

B4« -
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down conductors by a conduétor installed below ground, sometimes re-

" ferred to as a ring conductor. Buried ring conductors laid in this manner are

-:1 oongideredto be anlintegralpait of theiearth termimation network:and should

be taken into account when assessmg the overall value of resistance to earth
of the installation. -

(iv) A reduction of the resistance to the earth to a value below 10 ohms has the
advantage of further reducing the potential gradient around the earth elec-
trode when discharging lightning current. It also: further reduces the risk of
side ﬂashmg to metal in, or of structure.

v) Earth electrodes should be capable of being isolated and-a reference earth
point should be provided for testing purposes.
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TABLE X

Shapes and minimuyi sizes of conductors for use above ground

[Clause9.3.4]

Material and Shape |

Minimum Size

SI. No.
1. Round copper wire or copper clad steel wire 6mm diameter
2. Stranded copper wire 50 sq.mm or
(7/3.00 mm dia)
3. Copper strip 20 mm x 3 mm
4. Galvanized iron strip 20 mm x 3 mm
5. Round aluminium wire 8 mm diameter
6. Aluminium strip 25 mmx 3 mm
TABLE XI
Shapes and minimum sizes of conductors for use below ground
[Clause 9.3.4]

Si. No. | Material and Shape Minimum Size )
1. Round copper wire or copper clad steel wire 8 mm diameter
2. Copper strip 32 mmx 6 mm
3. Round galvanized iron wire 10 mm x 6 mm
4, ‘Galvanized iron strip 32 mm x 6 mm
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10.1

10.2

103

- CHAPTER=-10

4R v SARETYE PR‘CEDURE - HEETIORG

While the Indian Electricity Rules 1956, as amended upto date, are tobe followed

* in their entirety, particular attention is drawn to. the various clauses indicated in

Appendix ‘C’. Any installation or portion of installation, which does not compl_y

with these rules,-should be got rectified immediately.

The detailed instructions-on safety procedures given ln B.L.S. Code No. 5216-1982
“Code of Safety Procedures and Practices in Electrical Works” shall be strictly
followed.

a) Schematic diagram:

It shall be responsibility of the JE (E)/AE (E) to ensure that for each building, a
comprehensive schematic diagram is prepared starting from the main board
upto the final DBs. All such boards are to be duly marked and numbered.

. Similarly; for each campus consisting of substation/substations arld a number
of buildings, a comprehensive power distribution schematic diagram for the

entire campus shall be prepared.

Based on additions/alterations such 'diagrams should be updated from time to
time. o

b) Keep premises clean:
Premises like substations, switch rooms, pump house, generating rooms etc.
shall be kept clean. Such premises should not be used to store broken furmture
dismantled materials, waste material, parking boxes etc.

c) Keep all electrical shafts clean and locked:
Such shafts should not be used for dumping floor malwa etc.

d) Protected premises:

All premises like'substation, pump house ‘etc. to be maintained as protected
area, admission allowed to authonzed persons only :

| e) Also, the frontage Qf such areas shall be kept free and parkmg etc. in front shall

notbesallowed.
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10.4

10.5 -

10.6

10.7

10.8

10.9

10.10

ERETRT

10.12

1013

No inflammable materials shall ‘be stored in places other than the rooms spe-
cially constructed for this purpose in accordance with the provisions of Indian
Explosives ACETL HIspaaliig vt /g

Rubber or insulating'mats should be provided in front of the main switchboards
or any other control equipments of medium voltage and above.

Protective and safety equipments such as rubber gauntlets or glOves, earthing
rods, linemen’s belt, portable artificial respiration apparatus etc. should be pro-

-vided in each sub-station, service center/enquiry office and important installa-

tions. Where electric welding or such other nature of work is undertaken goggles
shall also be provided. i

Necessary number of caution boards such as ‘“Man on Line, Don’t switch on”
should be readlly avallable ineach sub-statlon enqmry ofﬁce and 1mportant in-
stallatlons

Standard first aid boxes containing materials as prescnbed by the St. John Am-
bulance Brigade or Indian Red Cross should be provided in each sub-station,
enqu1ry officé and important installations and should be readlly available.

Periodical examination of the first aid facllltles and protective and safety equip-
ments provided at the various installations shall be undertaken for thelr adequacy
and effectiveness and a proper record shall be maintained.

- Charts (One in Engllsh and another one in the reglonal language) dlsplaymg

methods of giving artificial respiration to a recipient of électrical shock should

be p;jonnnently displayed at appropnate places.

A'chart contammg the names addresses and telephone numbers of nearest au-

thorized medical practitioners, hospitals, fire brigade and also of the officers in
executive charge shall be displayed prominently along with the First Aid Box.

Executive Engineers should take immediate steps to train supervisory and au-
thorized persons of the Engmeermg staff viz. A Es., J.Es, Head Electricians,

Foremen, Electricians and Wiremen in the First Aid Practices, including various
methods of artificial respiration with the help of local authorities such as Fire

. Brigade, St. John Ambulance Brigade, Indian Red Cross or.other recognized in-

stitutions equipped to impart such training, as prompt rendermg of artificial res-
plratxon can save life at tlmes of electric shock

: All new recruxts should be gwen sueh Fu‘st Ald Tralmng 1mmed1ate]y after ap-

peintment.




EET puted for refrcsher coursc 1n Flrst ALd ’I‘ram,mg,a,fter qvcry two years

1015 -

10.16

10.17

10.18

10.19

10.20

10.21

10.22

- All-Supervisory and authorized persons-of the Engineering staff should be de-

r~'1'~

Detalls of prcvcntlvc mamtenance to be undettaken shall be in accordance with
the chapter 14 of these specifications. Adl preventive maintenance works shall
be preplanned as far as possible and names of persons who are assigned to this
work should be entered in a logbook.

Electrical wiring and-control switches should be periodically inspected and any
defective wiring, broken parts of switches which will expose live parts, should
be replaced immediately to make the installations:safe for the user.

Reports indicatingdctailsofprcventive maintenance works dcne should be kept
in a register by each Junior Engineer (E) and should bear signatures of Assistant
Engineer and Executive Engineer by way of checks:

No work shall be undertaken on live installations, or-on installations, which could
be energized unless another person is present to immediately isolate the elec-
tric supply in case of any accident and to render first aid, if necessary.

No work of live L.T. switch board in the sub-stations should be handled by a
person below the rank of a Wireman and such a work should preferably be done
in the presence of the Junior Engineer (E) in charge of the work.

When working on or near live installations, suitably insulated tools should be
used, and special care should be taken to see that those tools accidentally do not

drop on live terminals causing shock or dead short.

The electrical switchgeai's and distribution boards should be clearly marked to
indicate the areas being controlled by them.

Before starting any work on the existing installation, it should be ensured that
the electric supply to that portion in which the work is undertaken is preferably
cut off. Precautions like displaying “Men at Work” caution boards on the con-
trolling switches, removing fuse carrier from these switches, and these fuse
carriers being kept with the person working on the installation, etc. should be
taken against accidental energisation. “Permit to Work” should be obtained from
the Junior Engineer-in-Charge. No work on H.T. main should be undertaken un-
less it is made dead and discharged to earth with an earthing lead of appropriate
size. The discharge operation shall be repeated several times.gnd the installation
connected to earth positively before any work is started,
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10.23 .

10.24

10.25

10.26

10.27

Before energizing on an installation after the work is completed, it should be

ensured that all tools have been removed and accounted, no person is present
inside any. enclosure of the.switch board.etc. any earthing connection made for

" doing the: worl has been réemoved, “Pcrrrut to Work™ is received back duly signed

by the person to whom it was issued in token of having completed the work and
the installation being ready for re-energlsmg and “Men at Work™ caution boards
removed.

In case of electrical accidents and shock, the electrical installation on which the
accident occurred should be switched off immediately and the affected person
should be immediately removed from the live installation by pulling him with
the help of his coat, shirt, wooden rod, broom handle or with any other dry cloth
or paper. He should be removed from the place of accident to a nearby safe place
and artificial respiration continuously given as contained in B.I.S. Code and Stan-
dard prescribed by St. John Ambulance Brigade or Fire Brigade.

While artificial respiration on the affected person is started immediately, help
of Fire Brigade and Medical Practitioner should be called for and artificial res-

piration should be continued uninterrupted until such help arrives.

These instructions should be explained in Hindi/local language to those staff
that does not understand English.

Executive Engineers should take particular care to ensure that these instructions
are imparted to the existing staff and as well as to the new entrants.
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11.2

CHAPTER 11

¥ ’J';S.r‘..f}} R .;.".'I-'L,Y..':-jr_::‘:‘,{ rF,IRE~HAZ.ARDS,NR.W.‘ ’

The main pre-requisites of a fire hazard free building are: -

a)

b)

°)

d)

Installation based on sound design and use of quality materials and equip-
ments.

Good house keeping:

Proper maintenance based on skilled personnel, proper supervision and pre-
ventive maintenance.

Periodic inspection from fire hazard point of view by a qualified engineer.

F ollowingvinstructions should be followed. Besides, based on the requirement of
a particular building, other instructions may be issued for avoidance of possible

fire hazard.

i)  Nooverloading of main board, DB, submain, wiring.

ii) Noloose wiring.

iii) One socket out let to feed one appliance only and donot use multiple out-
lets.

iv)  The AE(E) in charge will have an annual inspection of the building and list
out deficiencies and report to the EE who will take necessary remedial ac-

_ tion. R '

V) Only MCB type DB:s to be provided, so that overload, short circuit currents
are interrupted immediately. Rewirable type fuses not to be used.

vi)  Change old/outlived wiring, switchboard, and appliance.

vii) Extension to wiring/El only after pfoﬁer design and capacity of augmenta-
tion of the existing installation (Para 1.18).

viii) Record room — No power outlet / switches should be provided inside the

room. Use flameproof electrical fittings. In case it is a must to provide
switches / outlets in a record room, they should be flame proof.
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ix)  Fire Protection:

e “(ay The bulldmgfsﬁdﬁld haveet &fmprehensxve fire protectlon system in
: conformxty with CFO’s requxrement backed by proper mannmg and
maintenance. . : . arl

(b) Important building will have a fire control room, for monitoring and
control of fire safety of the building.

(c) Local fire extinguishers for various electrical Switchgears Locations,
Lift Machine Room, Electrical Sub-statlon Generatmg Rooms, Pump
Houses etc. an

(d) Get CFO’s annual mspectlon of the buxldmg done

(e) Orgamze fire dnll perlodlcally, at least once in six months
. . i N

X)  Maintenance:

‘Maintenance by qualified/licensed (as applicable) personnel. When maintenance
is done by contract system, only properly prequalified and skilled contractors to
be deployed. Such contract should have preventive maintenance items.

xi)  Only quality and genuine material should be used.

Xii) When repalrs are needed, act rimihedi’atel-y, don’t postponerepairs.

xiii) Keep telephone/address details of Fire Station/Police/Hospital/ Departmen-
- tal-Officials/Client Department Officials, both Office and Residence (in -

case of emergency).

xiv): All swi'tch rooms/electrical shafts to be kept clean and dulylocked. All locks
- willhave common key, with keys available to all authorized personnel.

xv) Keep appliances ‘OFF’ after office hours.

Instruction to be issued, so that all sthches and appllances are ‘OFF’ after
office hours. :
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.-~ CHAPTER12 |

ENERGY: CONSERVATION

Energy is very costly. Guidelines for energy conservation: -

iil.

iv.

vil.

viii.

ix.

xii,

xiii.

-

Use energy efficient luminaires.

\
Some of the energy saving devices are CFL (for corridor, toilet, table lamp), T
5 fluorescent tube, Electronic ballast.

For example, replacement of 60 Watt incandescent lamp by 11 Watt CFL (to
give same lumen outlet) saves 125 units a year (Based on 10 hours working a
day) which amounts to annual savings of Rs. 500/- per fitting-bascd on Rs. 4/-
per unit.

]

Similarly 70 W/150 sodium vapour street light can replace 125/250-Watt
Mercury vapour lamp fittings.

Use of day lighting.
Incandescent fittings not to be generally used.
Sensors can be used to switch off lights in case of non- occupancy of rooms.

‘limer can be used to switch O_N/OFF street light at specified time.

" Task lighting to be used in place'T)f general lighting.'As for chmoie one 11 W

'CFL table lamp can give 800 lux on a worktable. Use task light in place of
general llghtmg

50% of street llghtmg ina: colony can be sw1tched off say after 10 PM when
. movement of people is:drasticalily reduced. :

- Sumlarly, after 10 PM compound hghtmg can be swltched off, except for
- basm minimum hght, fed from separate circuit.

Usc Autotnatlon for automatlc SWltch ON/OFF of all common lights.

Each room can be prov1ded with'master switch, so that whlle lcavmg room it is

: convement toswitch ot’f

. B;qldmgs havmg complcx hght system should have bulldmg management sys-
~tem with automated energy management. . .

Maintain power factor, not less than 0.9.
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13.1

13.2

13.3

CHAPTER 13

Organized maintenance based on preventive maintenance is essential to ensure:

(i) Un-interrupted service

(i) No break-down

(ii1) Safety, no mishaps

(iv) Economic operation

(v) Lower Energy bills

{vi) Long useful life.

Therefore, due importance is to be given for maintenance.

General guidelines.

13.3.1

13.3.2

13.3.3

Persons engaged in maintenance works should be competent for the type
of work involved and should possess necessary license.

Safety procedures as indicated in Chapter 10 should be duly followed.

a) In any building, additions and alterations are bound to occur at any
time. When such additions/alterations are to be undertaken, it is very
important to check in advance the likely loading of the distribution
system and to strengthen the system as necessary before allowing
the extra load to be connected, so as to avoid overloading of any part
of the system. Even phase balancing may need to be redone so as to
keep the neutral current low. To enable compliance to this safety
‘aspect, the detailed distribution schematic diagram indicating also
the wire/cable sizes, current rating of switchgear/fuses, loading on
individual circuit etc. should be available at site. This may be kept up
even in a register form, with different pages for different floors/
wings, for ready reference at any time. Thls should be supplemented

~ with detaxled inventory.
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13.34

13.3.5

13.3.6

13.3.7

b-)- These should be ﬁpdated as and when additions/alterations are car-

... ried out.so.that the, data may | be. fully relied upon, for further refer-

 ences.In fact if any major additions alteratlons/rewmng 1s carried
out, proper record should be kept in the history book for the installa-

c) Itisnecessary that those responsible for the site maintenance should
have a clear knowledge about the distribution system.

The number of items to be maintained in a building may be many like
fittings, fans, DBs, earth sets etc. In order to achieve compliance to the
prescribed periodicities for the various activities on them as per this
schedule, each of these items may be divided into convenient numbers,
to carryout the respective activities in sub periods, in a cyclic (sequen-
tial) order. For example, if DB’s are to be checked every month, and
there are 50 DBs in a building, these may be checked at the rate of 2 or
3 DBs every day in a sequential order (programmed in advance) so that
all DBs are checked in a month.

Maintenance activities carried out as per this schedule should be noted
in the Maintenance Register. When tests are carried out, the test results
should be recorded with appropriate identification references (For Ex-
ample: SDB7; Earth pit No.4; R/M-Wing A etc.)

a) The voltage of supply, total load current and PF should be noted in
logbook every day, preferably during peak:loading time of the day. (In
the case of isolated/unattended buildings where it is not feasible to log
daily, the period may be increased to weekly or fortnightly as feasible).

b) If any instrument is not provided, provide the same now. If any of
the instruments is defective, get it repaired early.

Inspection of electrical installations is intended primarily from fire safety
considerations. Following points need to be observed as part of inspec-
tion, and corrective action as necessary should be taken immediately,
including coordination with the client departments concerned, as may
be required.

1) Check that — there is no sign of heatmg up, burning smell,
decolouration or sparking at any of the boards (SDBs as well as
main boards), and Rising Mains. These may occur due to overload-
ing or loose terminations. Highly unbalanced 16ading may cause
heavy neutral currents and consequent heating of neutral conduc-
tors and terminals. :
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. ll)

1338

No temporary wiring exists anywhere in the bu1ld1ng

4 gelan

connectl/_lg 1

15110 JO!

- la,tors/ofﬁce equlpment llke photocopler PC etc.

iv)

v)

vi)

No bare wiring exists over the flooring without mechanical protec-
tion by a metallic conduit / channel.

There is no misuse of socket outlets, such as connecting power load
to light socket, connection of multiple loads to one socket, use of
heaters in record room, library etc. In such cases of additional de-
mands of outlets, these should be provided early, after taking ap-
proval of the competent authority.

All DBs should be only of MCB type and all sockets for WTAC
units should be of industrial type controlled b'y MCB.

~ vii) The shafts/spaces for electrical services are not misused, for stor-

age or for dumping rubbish.

viil) The spaces in front of DB’s and sockets are free (without any stor-

age of files/papers etc.)

ix) No additions/alterations are done by the user departments to the

a).

electrical installations by themselves.

A record of loading upto DB lev,el (ineach p,has_e in caseof 3 phase’
'DBs) should be maintained, after measurements using a clip on

ammeter. Such measurement should be done, as far as possible dur-
ing peak season (summer and wmter) when the loads are likely to

“ be the highest,

b)

The PF should be mamtamed above 0 8 (or any higher value fixed by

- the licensee without penalty). Examme the adequacy of capacitors

‘ "(1f any) accordingly. : 1

: Note down from the electncxty bllls detalls of maximum demand,

energy & PF to examine the trend of loading, penal charges if any

e being paid etc. (Even if the bills are paid directly by client Depts.)
- review of contract demand, strengthening of system, PF correction
E i'requlrements ete should be done with this review.

taken that the alignment is not distugbed, ..

-
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WTAC unlts/voltage regu-

le cle,amng ﬁttmgs and fans the ﬁxmg/suspcndmg arrangements .
e should also be checked and.attended to as nccessary. Care should be



133.10 a)

.

(i) In the case oficeiling fans, remove the blades, and wash the same

-, with detergent, without causing any deformation of blade angle.
Checkthie'shackle and teplaceif damaged‘ Check that down rod is

fully screwed upto the last thread on both ends and that threads are
not loose. If so required, replace with new down rod of the same

- size, thickness and length of threading (not less than 20mm). Check

split pins and replace if any strain deformation or damage is ob-
served. If any other system of suspension had been adopted, check
the soundness of the same and tighten as necessary. Fix fan blades
tightly to the body. Operate the fan at different speeds; the run should
be without wobbling/noise.

~(ii) As per specifications, lubrication needs to be done as neces-

sary. In such cases, the fan needs to be brought down, after remov-
ing the blades. The old grease should be replaced witha fresh-one,
after cleaning the bearing. If damaged, the bearing should be re-
placed. When reinstalling the fan, the suspension bolts should be
well tightened. ~

Insulation test should be done during monsoon season, as per clause
16.2 of CPWD specifications for elect. Works part I internal 2004.

Earth continuity test and earth electrode resistance test should be

- conducted during summer season, as per clauses 16.4 and 16.5 of

the above specifications.

- Record.the test results-giving identification references. If results
. are-not satisfactory in any part of the installation, reason should be
" checked and corrective action be taken immediately.
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14.1

14.2

14.3

14.4

14.5

14.6

14.7

14.8

14.9

CHAPTER 14

ot 27 - PREVENTIVE MAINTENANCE ™ 7 -

Cleanliness is the mqther of 'preveniive maintenance. Keep areas clean.
Have schematic diagram for each installation.

No loose wiring.

No overloading.

Preventive maintenance of switchboards, DBs every six months.

For muiti-storied building go for fuse less switchgear like ACBs, MCCBs, and
MCBs, as a precaution against fire on account of short circuit.

Prepare preventive maintenance schedule for each installation.
Proper manning/ supervision of installation.

Maintenance of logs records and history sheet of events and breakdowns. Ensure
working of all measuring and indicating instruments.

14.10 Take safety measures.

14.11 Annual inspection to ensure system adequacy, safety, efficiency and take remedial

“measures.

14.12 'Replacemer'it- of old/outlived equipments.

14.13 Six monthly survey report of dismantled materials.

14.14 Display important telephone numbers.

14.15 Entrust repairs and maintenance to only skilled personnel and firms.

14.16 No short circuit to problem like patchy repairs.

14.17 Compound Lighting: Annual painting of poles. 3 monthly cleaning of fittings. Weekly

check of working of all fittings. This ensures a bright and safe premised during
night.
o8 : -
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14.18 For proper maintenance of electrical installations, the following items of work
shall be carried outregularly-as per periodicity stated below and a proper record of
such work shall be maintained. .

(a)
(b)
()

(d)

®
4]

(h)

Earth testing

Insulation test

Cleaning of E.I.

(i)  Residential Buildings

(iil)  Non-residential Buildings
Painting of E.L. - -

(i)  Residential Buildings

(ii).  Office Buildings

(iii)  Important public buildings

(iv)  Spray painting of ceiling fans

- Painting of outdoor metallic items

like MS poles, feeder pillars etc

Oiling and greasing of fans

Checking of regulators, replacement
of carbon brushes etc., when required

Polarity test

89 .

Once in a year

Once in a year

Oncc in a year

Once in a year

Once in 3 years
Once in 2 years.
Once in a year

Onbe in 5 years.

Once in a year
As and when required

Oncein a year.

Once in 5 years.
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CHAPTER 15 _

 PAINTING

15.0 SCOPE

15.1

This chapter covers the requirements of painting work in internal electrical instal-
lations, carried out manually by brush. This does not cover spray-painting work of
factory made items.

PAINTING WORKIN GENERAL

15.1.1

15.1.2

15.1.3

(i)

(i)

(iii)

15.1.4

Paints

Paints, oils, varnishes etc. of approved make in original tin to the satisfac-
tion of the Engineer-in-charge shall only be used.

Preparation of the surface

The surface shall be thoroughly cleaned and made free from dust or for-
eign matter before painting is started. The proposed surface may be in-
spected by the Engineer-in-Charge before the paint is applied.
Application

Paint shall be applied with brush. The paint shall be spread as smooth and

even as possible. Particular care shall be paid to rivets, nuts, bolts and
over-lapping. Before drawing out in smaller containers, it shall be con-

tinuously stirred with a smooth stick, whil€ painting work is taken up.

Primer coat of anti-éorro_sive paint shall be given in the case of steel,
work, after preparing the surface. In all cases of painting work, finishing
shall be with 2 coats of paint in approved shade.

Each coat shall be allowed to dry out sufficiently before a subsequent
coat is applied.

Precautions

All furniture, fixtures, glazing, floors etc. shall be protected by suitable
covering. All stains, smears, splashing, dropping etc. shall be removed.
While painting of wiring etc. it shall be ensured that the painting of wall
and ceiling etc. is not spoiled in any way.
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© 15.1.5 Repainting

15.2

15.3

B ) Painting on’oldisurfacein indoorSituationekwilt novinclude primer coat

except where specially mentioned in the tender documents. However,
where rust has formed on iron and steel surfaces, the spots will be painted
" with one anti-rust primer coat, after preparing the surface.

(i1) In cases of repainting, the old paint shall be removed by first scrappiﬁlg, or
by applying a suitable solvent, and thereafter a fresh coat of the paint shall
be applied.

PAINTING OF CONDUITS AND ACCESSORIES

(i) Requirement of painting-of metallic conduits before mstallatlon on sur-
face shall be met as per clause 4.3.2 (i).

(i1) Requirement of painting of metallic boxes shall be as per clauses 4.2.3 (i)
and 4.3.1{iv).

(iii) - After installation in surface or recess, all accessible surface of metallic
conduit pipes and fittings, switch boxes and regulator boxes etc. shall be
painted with two coats of enamel paint of approved shade.

REPAINTING OF CEILING FAN BY SPRAY PAINTING

]

The spray painting of ceiling fan shall be done as per following procedure.

{i) . Clean the surface free from all foreign and harmful materials as dirt, mois-
- ture, greasy dirt, salts, rust etc. by means of any suitable detergent as re-
_ quired and dry the surface

(i) Rubdown lightly with waterproof emery paper, if required in case surface
is rusty and wipe off the surface using a piece of clean and dry soft cloth.

~ {iii)  Apply one coat of finishing enamel conforming to IS: 2932-1974 uni-

. formly by spraying and allow it to dry.
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CHAPTER 16
_ TESTING OF INSTALLATION
160 SCOPE

This chapter describes the details of tests to be conducted in the completed inter-
nal electrical installations, before commissioning.

16.1 GENERAL
16.1.1 Tests
On completion of installation, the following tests shall be carried out:-

1) Insulation resistance test.
2) Polarity test of switch.
3) Earth continuitytest.
-4) Earth electrode resistance test.

16.1.2 Witnessing of tests

Testing shall be carried out for the completed installations, in the pres-
ence of and to the satisfaction of the Engineer-in-charge by the contrac- -
tor. All test results shall be recorded and submitted to the Department.

16.1.3 Test instruments

All necessary test instruments for the tests shall be arranged by the con-
tractor if so required by the Engineer-in-charge.

16.2 INSULATION RESISTANCE

16.2.1 The insulation resistance shall be measured by applying between earth and
the whole system of conductors, or any section thereof with all fuses in
place, and all switches closed, and except in earthed concentric wiring, all
lamps in position, or both poles of the installation otherwise electrically
connected together, a direct current pressure of not less than twice the
working pressure, provided it need not exceed 500 volts for medium volt-
age circuits. Where the supply is derived from a three wire D.C., or a
polyphase A.C. system, the neutral pole of which is connected to earth
either directly or through added resistance, the working pressure shall be
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16.3

deemed to be that which is maintained between the phase conductor and

the neutral.

COERWLCMTID ATV U R L TRETYITSRY A'RTeNED

16.2.2 The insulation resistance shall also be:measured between all the conduc-
tors connected to one pole, or phase conductor of the supply, and all the
conductors connected to the neutral, or to the other pole, or phase conduc-
tors of the supply with all the lamps in position and switches in “off” posi-
tion, and its value shall be not less than that specified in sub-clause 16.2.3.

16.2.3 The insulation resistance in mega ohms measured as above shall not be
less than 12.5 mega ohms for the wiring with PVC insulated cables, sub-
ject to a minimum of 1 mega ohm.

16.2.4 Where a whole installation is being tested, a lower value than that given by
the formula, subject to a minimum of 1 mega ohm, is acceptable. -

16.2.5 A preliminary and similar test may be made before the lamps etc. are in-
stalled, and in this event the insulation resistance to earth should not be
less than 25 mega ohms for the wiring with PVC insulted cables, subject to
a minimum of 2 mega ohms.

16.2.6 The term “outlet” includes every point along with every switch, except that
a switch combined with a socket outlet, appliance or lighting fitting is re-
garded as one outlet.

16.2.7 Control rheostats, heating and power appliances and electric signs may, if
required, be disconnected from the circuit during the test, but in that event
the insulation resistance between the case or frame work, and all live parts
of each rheostat, appliance and sign, shall be not less than that specified in
the relevant Indian Standard Specifications, or where there is no such Speci-
fication, shall be not less than one mega ohm.

POLARITY TEST OF SWITCH

16.3.1 Ina two wire installation, a test shall be made to verify that all the sw1tches

in every circuit have been fitted in the same conductor throughout, and

* such conductor shall be labeled or marked for connection to the phase
conductor, or to the non-earthed conductors of the supply.

16.3 2 Inathree wire or a four wire mstallatlon a test shall be made to verify that
every non-lmked single pole switch is fitted in a conductor which is la-
beled, or marked for connection to one of the phase conductors of the
supply.
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16.4

16.5

16.3.3 The installation shall be connected to the supply for testing. The terminals

r-f.—-:.nected to the earth Glowmg of te;t lamp to 1ts full bnlhance when the

switch is in “on” position irrespective of appliance in position or not, shall
1nd1cate that the sw1tch is connected to the ri ght polanty

TESTING OF EARTH CONTINUITY PATH

The earth continuity conductor, including metal conduits and metallic envelopes
of cables in all cases, shall be tested for electric continuity. The electrical resis-
tance of the same along with the earthing lead, but excluding any added resistance,
or earth leakage circuit breaker, measured from the connection with the earth elec-
trode to any point in the earth continuity conductor in the completed installation
shall not exceed one ohm.

MEASUREMENT OFEARTH ELECTRODE RESISTANCE

16.5.1 Two auxiliary earth electrode, besides the test electrode, are placed at
suitable distance from the test electrode (see figure 14). A measure cur-
rent is'passed between the electrode ‘A’ to be tested and an auxiliary cur-
rent electrode ‘C’, and the potential difference between the electrode ‘A’
and auxiliary potential ‘B’ is measured. The resistance of the test elec-
trode ‘A’ is then given by:

\'4 -
R= —
I
Where,
R - Resistance of the test electrode in ohms,
v - Reading of the voltmeter in volts.
I - Reading of the ammeter in amps.

16.5.2 (i)  Stray currents flowing in the soil may produce serious errors in the
measurement of earth resistance. To eliminate this, hand driven gen-
erator is used.

(u) If the frequency of the supply of hand driven generator coincides
with the frequency of stray current, there will be wandering of in-
strument pointer. An increase or decrease of generator speed will
cause this to éisappear
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16.6

16.5.3.
16.5.4

16.5.5

-16.5.6

16.5.7

At the time of test, the test electrode shall be separated from the earthing
system.

S WRANN T A
FEN TR LT TR L
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The auxiliary electrodes shall be of 13 mm diameter mild steel rod driven
upto 1 m into the ground. '

All the three electrodes shall be so placed that they are independent of the
resistance area of each other. If the test electrode is in the form of a rod,
pipe or plate, the auxiliary current electrode ‘C’ shall be placed at least 30
m-away from it, and the auxiliary potential electrode ‘B’ shall be placed
mid-way between them.

Unless three consecutive readings of test electrode resistance agree, the
test shall be repeated by increasing the distance between electrodes A and
C upto 50 m, and each time placing the electrode B midway between them.

On these principles, “Megger Earth Tester”, containing a direct reading
ohm-meter, a hand driven generator and auxiliary electrodes are manufac-
tured for direct reading of earth resistance of electrodes.

TEST CERTIFICATE

On completion of an electrical installation (or an extension to an installation), a
certificate shall be furnished by the contractor, countersigned by the certified
supervisor under whose direct supervision the installation was carried out. This
certificate shall be in the prescribed form as given in Appendix ‘E’ in addition to
the test certificate required by the local Electric Supply Authorities.
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-APPENDIX A

TERMINOLOGY

This appendix indicates some of the commonly used and important terms, relevant for the

Internal EI works. For complete list of terms, relevant ISS may be referred to.

1.

10.

11.

Exposed conductive part— A conductive part of electrical equivalent, which can be
touched and which is not normally live, but which may become the earth potential.

Extraneous conductive part— A conductive part not forming part of the electrical
installation and liable to introduce a potential, generally the earth potential.

Direct contact — Contact of persons or livestock with live parts, which may result
in electrical work.

Indirect contract — Contact of persons or livestock with exposed conductive parts

__ made-live by a fault and which may result in electric shock.

Live part— A conductor or conductive part intended to be energized in normal use,
including a neutral conductor but by convention, not a PEN conductor.

Touch vdltage ~ The potential difference between a grounded metallic structure

- and a point on the earth surface separated by a distance equal to the normal maxi-

mum horizontal reach of approximately 1 meter.

Danger — Danger to health or danger to life or limb from shock, burn or injury
from mechanical movement to persons (and livestock where present), or from
fire attendant upon the use of electrical energy.

Earth — The conductive mass of the earth, whose electric potential at any point is
conventionally taken as zero.

Earth electrode — A conductor or group of conductors in intimate contact with and
providing an electrical connection to earth.

*Earth fault loop impedance — The impedance of the earth fault current loop (phase

to earth loop), starting and ending at the point of earth fault.

Earth léakage current — A current that flows to earth, or to extraneous conductive
parts, in a circuit, which is electrically sound.
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12.

13,

14,

15.

~16.

17.

18.

19.

Earth conductor — A protective conductor connecting the main earth terminal (or
equlpotentlal bondmg conductor of an mstallatmn when there is no earth bus) to
an earth électrode or to Sthier méanslof ehrthmg

Equipotential bonding — Electrical connections putting various exposed conduc-
tive parts and extraneous conductive parts at a substantially equal potential.

Note: In a building installation, equipotential bonding conductors shall intercon-

‘nect the following conductive parts:

a) Protective conductor
b) Earth continuity conductor, and
c) Risers of air-conditioning systems and heating system (if any).

Main earthing terminal - The terminal or bar which is the equipotential bonding
conductor of protectivé conductors, and conductors for functional earthing, if
any, to the means of earthing.

Protective conductor — A conductor used for some measures of protection against
shock, and intended for connecting together any of the following parts:

a) Exposed-conductive parts,

b) Extraneous conductive parts

c) The main earthing terminal, and

d) The earthed point of the source, or an artificial neutral.

Residual current — The algebraic sum of the instantaneous values of current flow-
ing through all the live conductors of a circuit at a point of the electrical installa-
tion.

Residual current device (RCD) — A mechanical switching device, or an associa-
tion of devices intended to cause the opening of the contacts when the residual
current attains a given value under the specified conditions.

Residual operating current — Residual current, which causes the residual current
device to operate under, specified conditions.

Simultaneously accessible parts — Conductors or conductive parts which can be
touched simultaneously by a person or, where applicable by livestock.

Note: In the context of protection against direct contact, a live part may be acces-
sible with: )

a) - - Anotherlive part, or
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20.

22.

b) An exposed conductive part, or
c) An extraneous conductlve part or .
d) Aprotective conductor o

Switch, linked — A switch, the contacts of which are so arranged as to make or
break all the poles simultaneously, or in a definite sequence.

- Switchboard — An assembly of switchgear with or without instruments, but the

term does not apply to a group of local switches in a final circuit.

Note: This is as per BIS. In these specifications, this term is used for the mounting
frame in particular. With the mountings, it is termed as a switchboard panel.

Switchgear — An assembly of main and auxiliary switching apparatus for opera-
tion, regulation, protection, or other control of electrical installations.

Note: For more comprehensive definitions of the terms in 2.103 to 2.106, SeeIS:
1885 (Part 17) — 1979.
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APPENDIX ‘B’
Clause : 1.3.2

General wiring
Wiring on the surface
Wiring under the surface

WIRING IN CONDUIT
Conduit on surface
Consealed conduit

Wiring going upwards
Wiring going downwards

Wiring passing vertically

FUSE BOARDS

LIGHTING CIRCUIT FUSE-BOARDS
Main fuse-board without switches

Main fuse-board with switches
Distribution fuse-board without switches

Distribution fuse-board with switches

POWER CIRCUIT FUSE-BOARDS

Main fuse-board without switches

"~ Main fuse-board with switches

Distribution fuse-board without switches

Distribution fuse-board with switches
SWITCHES & SWITCH OUTLETS

ONE WAY SWITCH
Single pole

Two pole -
Three pole

Single pole pull switch

Multiposition switch (for different degrees of
lighting) *

Two-way switch
Intermediate switch
Period limiting switch -
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Time switch

Push button

Luminous push button

Restricted access push button
SOCKET OUTLETS

Socket-outlet, 5A
‘Socket-outlet, 15A

Combined switch & socket-odtlét, 5A
Combined switch & socket-outlet, 15A

Interlocking switch & socket-outlet, 5A

Interlocking switch & socket-outlet, 15A

LAMPS AND LIGHTING APPARATUS
Lamp or outlet for lamp '
Group of three 40W lamps

Lamp mounted on a wall

Lamp mounted on a ceiling
Counter-weight lamp fixture

Chain famp fixture

Roéd famp fixture

Lamp fixture with buiit-in-switch

Lamp fed from variable voltage gupply
Emergency lamp

Panic lamp

Bulk head lamp

Water-tight lighting fitting
Batten lamp holder

Projector
Spot light

Flood fight
Flourescent lamp

Group of threa 40W flourescent lamps
ELECTRICAL APPLIANCES

Geanaral
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1

BELLS, BUZZERS

Bell push

Buzzer

FIRE ALARM

Fire alarm push

Automatic contact

Bell connected to fire alarm

Fire alam indicator
(At'N' insert number of ways)

PUBLIC ADDRESS SYSTEM
Amplifier
Control board

Microphone outlet

Loudspeaker outlet

RAD‘O RECEPTION OQUTLETS

Receiver outlet

Aerial

FIXED APPARATUS OUTLETS

Ceiling fan

Bracket fan

Exhaust fan

Fan regulator
EARTHING

Earth point

PWD




APPENDIX - C
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IMPORTANT CLAUSES OF INDIAN ELECTRICITY RULES, 1956

~ The following clauses of Indian Electricity Rules, 1956 shall in particular be taken
- care of in the execution of Internal EI works:-

Clause No. Subject

3 Authorization

29 Construction, installation, protection, operation maintenance of
electric supply lines and apparatus.

31 Cutout on consumer’s premises

32 Identification of earthed and earthed neutral ;:6nductors and posi-
tion of switches and cutouts therein.

33 Earthed terminal on consumer’s premises.

36 Handling of electric supply lines and apparatus. -

41 Distinction of circuits of different voltages.

42 Accidental charges

43 Provisions applicabl;e to protective equipment

44 Instructions for restoration of persons suffering from electric shock.

4A Intimation of Accident.

45 Precautions to be adopted by consumers, owners, occupiers’ elec-
trical contractors, electrical workmen and suppliers.

46 Periodical inspections and testing of consumer’s installation.

48 Precautions against leakage before connection.

50

Supply and use of energy.
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55

56
58
59

61

61A

64

64A

67

68

Additipnél provisions for supply and use of energy in multistoried

T F__‘bu,ildﬂifig {mioré'than 15 meters in height).

Provisions applicable to medium, high or extra-high voltage instal-

lations.

Declared voltage of supply to consumer.

Declared frequency of supply to consumer.

Sealing of meters and cutouts.

Point of commencement of supply.

Precautions against failures of supply; Notice of failures.

Connection with earth.

Earth leakage protective device.

"Use of energy at high and extra-high voltage.

Additional provisions for use of energy at high and extra high
voltage.

Connection with earth.

General conditions as to transformation and control of energy.

All clauses (74-93) under Chapter VIII on Overhead Lines.

137
138
1384

139.

140

140A

141

Mpde of entry

Pem;lty for breaking seal.

Penalty for breach of rule 44A.

Penalty for breach of Rule 45.

Penalty for breach of Rule 82.

Perialty for breach of Rules 77, 79 or 80.

Penalty for breach of Rules.
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APPENDIX - D

IMPORTANT INDIAN STANDARDS

STANDARDS TITLE

Codes of Practice/Guide

(1) 1IS:732-1989 : Code of practice for electrical wiring installations
(2) IS:4648 — 1968 ' Guide for electrical layout in residential build-
‘ ings. °

(3) - IS: 8061 — 1976 Code of practice for design, installation and main-
tenance of service lines upto and including 650 V.

(4) 1S:8884-1978 Code of practice for installation of electric bells
and call system.

(5) IS:5578 1985 Guide for marking of insulated conductor.

(6) IS:11353-1985 Guidesfor uniform system of marking arid identi-

T : fication of conductors and apparatus terminals.

(7) 1S:13234 Guide for short-circuit calculations.

(8) IS: 7752 (Part-1) — 1975 Guide for improvement of power factor in con-
sumer installation: Low and medium supply volt-
ages.

(9) IS:3646 (Part-1) — 1992 Code of practice for interior illumination: Gen-
eral requirements and recommendations for weld-
ing interiors.

(10) IS: 3646 (Part-2) — 1966 Code of practice for interior illumination: Sched-

ule for values of illumination and glare index.
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(11)

(12)
(13)
(14
(1)

(16)
17)

(18)

(19).

- (20)
(21)

(22)

(23)
(24)

(25)

(26)

IS:

IS:
IS:
IS:

IS:
IS:
IS:
IS:

IS:
IS:
IS:

IS:

IS:
IS:

IS:

IS:

3646 (Part-3) — 1968

4347 — 1967
6665 — 1972
2672 — 1966

10118 (Part-1) — 1982

10118(Part-2) — 1982

10118 (Part-3) — 1982

10118 (Part-4) — 1982

4146 — 1983
4201 - 1983
5547 — 1983
2309 — 1989

3043 - 1987

5216 (Part-2) — 1982
5216 (Part-2) — 1982

3696 (Part-2) — 1966

i __:_:__:Code of practice for interior illumination: Cal-
~culation of coefficients of utlllzatlon by the BZ

method.

- Code of practice for hospital lighting.

Code of practice for industrial lighting.
Code of practice for library lighting.

Code of practice for selection, installation and
maintenance of switchgear and controlgear: Gen-
eral.

Code of practice for selection, installation and
maintenance of switchgear and controlgear Se-
lection.

Code of practice for selection, installation and
maintenance of switchgear and controlgear: Instal-
lation.

Code of practice for selection, installation and
maintenance of switchgear and controlgear: Main-
tenance.

Application guide for voltage transformers.
Application guide for current transformers.

Application guide for capacitor voltage transform-
ers. . : .

Code. of practice for the protection and allied
structures against lightning.

Code of practice for earthing.

Guide for safety procedures and practices in elec-
trical work: General.

Recommendation on safety procedure and prac-
tices in electrical works — life saving techniques.

Safety code for scaffolds and ladders: Ladders.
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Electric Fans

(1) -1IS: 555 - 1979 N o Elec&ié table type fans and regulators
(2) 1IS:1169 - 1967 Electric pedestal iype fahs and regulators.
(3) 1S:374-1979 Electric ceiling type fans .and regulators.
(4) 18:2997 - 1964 ' Air circulator type electric fang and regulatqrs.
(5) IS: 2312 -1 967 , | Propeller type AC ventilating fans.
' \
(6) IS:3588 - 1987 Electrical axial flow fans.
(7 1S:3963 ‘—— 1987 RooFfextractor units
_ (8) 1IS: 4283 - 1981 Hot air fan
(9) IS:6272-1987 Indush'ial cooling fans (man coolers)
(10) 1IS: 4894 — 1987 Centrifugal fans
(11) 1IS: 11037 - 1984 *  Electronic type fan regulators.
(12) IS: 12155 - 1983  Generaland safefy requirements for fans and regu-

lators for household and similar purposes.
Low voltage swifchgear and control gear

(1) IS:4237-1982 - General requirements for switchgear and control

gear for voltages not exceeding 1000 V AC or
1200 V DC. ' ' ' -
'(2) IS: 6875 (Part-1) — 1973 Control switches (switching devices for control

and auxiliary circuits including contactor relays)
for voltages upto and including 1000 V AC and
1200 V DC: General requirements and tests.

(3) IS: 6875 (Part-2) - 1973 Control switches (switching devices for control
' and auxiliary circuits including contactor relays)
for voltages upto and including 1000 V AC and
:1200 V DC: Push buttons and related control
switches.
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4)

(3)

(6)

)
(8)

%)

(10)
(11)
(12)
(13)

(14)

(15)

IS:

IS:

IS:

IS:

IS:

1S:

6875 (Part-3) — 1980
Ti¥imms 1 211

10027 — 2000

4064 (Part-1) — 1978

2675 — 1983
8828 — 1996
13032 — 1991

: 12640 — Part I 1988

: 12640 — Part IT 1988

: 2959 — 1985

: 2516 (Part-1/Sec 1) — 1985

: 12021 - 1987

Control switches (switching devices for control
and auxiliary circuits including contactor relays)
for voltages upto and including 1000 V AC and
1200 V DC: Rotary control switches.

Composite unit"s' of air-break switches and
rewireable type fuses for voltages not exceeding
650 VAC.

Air break switches, air break disconnectors, air-
break switch disconnectors and fuse-combination
units for voltages not exceeding 1000 V AC or
1200 V DC: General requirements.

Enclosed distribution fuse boards and cutduts for
voltages not exceeding 1000 V A.C. or 1200V.
D.C. ‘ S

Electrical accessories — circuit breakers for over
current protection for household and similar in-
stallation.

A.C. Miniature circuit breaker boards for voltages
upto and including 1000 volts AC.

Residual current operated circuit breakers
without integral over current protection.

Residual current operated circuit breakers
with integral over current protection.

Contactors for voltages not excecding 1000 VAC
or 1200 V DC.

Circuit breakers: Réquireménts and tests: Volt-
ages not exceeding 1000V AC or 1200 V DC.

Specifications for control transformers for
switchgear and controlgear for voltages not ex-
ceeding 1000 Volts AC.

IDistribution piiléfs for voltages not exceeding
"~ 1000V ACori200VD.C.
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(16) IS: 8623 (Part-1)— 1993

(17) IS: 8623 (Part-2)-1993

(18) 1S: 8544 (Part-1) — 1977
(19) IS: 8544 (Part-2) — 1977

(20) IS: 8544 (Part-4) — 1979

Q

Ppwer Cable

(1) IS: 694 - 1990
(2) 1S: 1554 (Part-1) — 1988
(3) . IS: 3961 (Part-5) — 1968

(4) 1S: 4288 - 1988

(5) 1S:4289 (Part-1) - 1984

Electric wiring accessories
(1) 1IS:9537 (Part-1) — 1980

(2) IS: 9537 (Part-2) — 1981

(3)  1S:3480- 1966

Specification for low voltage switch gears and

" ““assemblies. Requirements for type tested and par-

tially type tested assemblies.

Particular requirements for bus bar trunking sys-

tem.

Motor starters for voltages not exceeding 1000
V: Direct on line AC starters.

Motor starters for voltages not exceeding 1000
V: Star-delta starters.

Motor starters for voltages not exceeding 1000
V: Reduced voltage AC starters, two-step auto —
transformer starters.

PVC insulated cables for working voltages upto
and including 1100 V.

PVC insulated (heavy-duty) electric cables: For
working voltages upto and including 1100 V.

Recommended-current ratings for cables: PVC
insulated light duty cables.

PVC insulated (heavy-duty) electric cables with
solid aluminium conductors for voltages upto and
including 1100 V-

Flexibie cables for lifts and other flexible con-

nections: Elastomer insulated cables.

Conduits for electrical installations General re-
quirements. ‘

Conduits for electrical installations: Rigid steel

. conduits.

Flexible steel conduits for electrical wiring.
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»(4)
()
(6)
(7

®)
)

(10)
(11)
(12)
(13)
(14)
(15)

Electrical lamps and their auxiliaries

@
3)

(4)

IS:
"IS’:.
IS:
IS:

IS:
IS:

IS:
IS:

IS:

2667 — 1988
38371976 -

9537 (Part-4) — 1983

9537 (Part-5) - 2000

3419 - 1989

14772 — 2000
12412 - 1975
1371 -1999
: 3854 - 1997
14615 — 1968
: 4160 - 1967
: 1293 - 1988

(1) IS: 4181978

2418 (Part-1) - 1977

9900 (Part-1) — 1981

9974 (Part-1) — 1981

C e ¥

Fittings for ﬁgid steel conduits for electrical wir-
ing.

XN

Accessories for rigid steel conduits for electri-

cal wiring.

Conduits for electrical installations: Pliable self-
recovering conduits of insulating materials.

Flexible (pliable) non-metallic conduits for elec-
trical installations. :

Fittings for rigid non-metallic conduits.

General requirements for enclosures for acces-
sories for house hold and similar fixed electrical
installations.

Link clips for electrical wiring.

Ceiling roses

Switches for domestic and similar purposes.
Switch socket outlets (non-interlocking type)
Interlocking switch socket out;,t.

Plugs and socket outlets of rated voltage up to and

including 250 volts and rated current upto and in-
cluding 16 amperes.

~ Tungsten filamentgeneral service electric lamps.

Tubular fluorescent lamps for general lighting
service: Requirements and tests.

High-pressure mercury vapor lamps: Require-
ments and tests.

'High;pressure sodium vapor lamps: General re-

. quirements and tests.
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)

(6)
(7)
(8)
®)

1S 1258 - 1987

IS: 3323 - 1980 -

IS: 3324 - 1982
IS:2215-1983

IS: 1534 (Part-1) — 1977

(10) IS: 1569 —1976

(11) IS:6616 — 1982

. Light ﬁttiﬁgs and luminaries

(1)

(2)
(32
4)

()

(6)

(7

(8)
9)

IS: 1913 (Part-1) — 1978

IS: 10322 (Part-1) — 1982

IS: 10322 (Part-2) - 1982 .

IS: 10322 (Part-5/Sec. 2)
- 1985 '

IS: 10322 (Part-5/Sec. 3)
- 1987

IS: 10322 (Part-5/Sec. 4)
- 1987

IS: 10322 (Part-5/Sec. §)
- 1987

IS: 3287 — 1965

IS: 1777 — 1978

Bayonet lamp holders.

Bi-pin lamp holders for tubular fluorescent lamps.

Holders for starters for tubular fluorescent lamps.
Starters for fluorescent lamps.

Ballast for fluorescent lamps: For switch start
circuits. '

Capacitors for usc in tubular fluorescent high pres-
sure mercury and low-pressure sodium vapor dis-
charge lamp circuits.

Ballasts for high-pressure mercury vapor lamps.

General and safety requirements for luminaries:
Tubular fluorescent lamps.

Luminaries: General requirements.
Luminaries: Constructional requirements.

Luminaries: Particular requirements:
Recessed luminaries.

Luminaries: Particular requirements:
Luminaries for road and street lighting.

Luminaries: Particular requirements: Portable
general-purpose luminaries.

'Luminaries: Particular requirements:

Floodlight.

Industrial lighting fittings with plastic reflectors.

Industrial luminaries with metal reflectors.
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KLEK

(10) IS: 2206 (Part-1) — 1984
(11) s: 3528—1966
(12) IS: 3553 — 1966
(13) IS: 8030 - 1976
(14) IS: 7537 —1974
(15) IS: 9583 — 1981

Electrical appliances

(1)

(2)
(3)

IS: 302 (Part-1) — 1979 _

IS: 2268 — 1994

IS: 3412 - 1994

Electrical instruments

(1)

2

(3)

Q)

&)

IS: 6236 — 1971

IS: 1248 (Part-1) — 1993

1S: 1248 (Part-2) — 2003

IS: 1248 (Part-3) — 1983

IS: 1248 (Part-4) — 2003

~ Flameproof electric lighting fittings: Well glass

and bulkhead types.

" Waterproof electric lighting fittings.

Watcrti-gh-t electric lighting fittings.
Luminaries for hospitals.
Road traffic si;gnals.

Emergency lighting units.

General and safety requirements for household
and similar electrical appliances.

Electric-call bells and buzzers for indoor use.

Electric water boilers

Direct recording electrical measuring instru-
ments.

Direct acting indicating analogue electrical mea-
suring instruments and their accessories: General
requirements.

Direct acting indicating analogue electrical mea-
suring instruments and their-accessories. Amme-
ters and Varmeters.

Direct acting indicating analogue electrical mea-
suring instruments and their accessories: Watt-
meters and Vaaaaarmeters.

Direct acting indicating analogue electrical mea-
suring instruments and their accessories: Fre-
quency meters.
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6) Is:

(7 1IS:

(8) IS:

() IS:

(10) IS:

(11) IS:

(12) IS:

(13) IS:

(14) 1IS:

(15) IS:

1248 (Part-5) — 1986
e s 1 TAT

722 (Part-1) — 1988
722 (Part-2) 1977

722 (Part-3) — 1977

722 (Part-5) — 1980

722 (Part-7/Sec.-1)-1987

722 (Part-8) — 1972

722 (Part-9) — 1972

8530 - 1977

2992 — 1987

Instrument transformers

(H 1IS:

2) IS

(3) IS:

2705 (Part-1) — 1992

2705 (Part-2) — 1992

2705 (Part-3) — 1992.

Direct acting indicating analogue electrical mea-

. suring instruments and their accessories: Phase

meters, power factor meters and synchroscope.

AC electricity meters: General requirements and
tests.

AC electricity meters: Single-phase whole cur-
rent watt-hour meters, class 2.

AC electricity meters: Three phase whole current
and transformer operated and single phase trans-
former operated watt hour meters, class 2.

AC electricity meters: Volt-ampere hour meter
for restricted power factor range, class 3.5

AC electricity meters: Volt-ampere hour meter

for full power factor range: General requirements.

AC electricity meters: Single-phase 2 wire whole
current watt hour meter (Class 1.0).

AC electricity meters: Three phase whole current
and transformer operated Watt hour meters, and
single phase two wire transformer operated watt
hour meters (Class 1.0).

Maximum demand indicators.

Insulation resistance testers hand operated, (Mag-
neto-generator type).

Current transformers: General Requirements.

Current transformers: Measuring current trans-
formers.

Current transformers: Protective current trans-
formers.
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(4) 1IS:2705 (Part-4) — 1992

(5) IS:6949 — 1973
Fuses
(1) IS: 9224 (Part-1) — 1979

(2) IS: 9224 (Part-2) — 1979
(3) IS: 2086 — 1993

(4) IS: 9926 — 1981

(5) IS:8187-1976
Miscellaneous
(1) 1S:2551-1982
(2) IS: 2448 (Part-1) — 1963
Electrotechnical vocabulary
(1) IS: 1885 (Part-1) — 1961
(2) 1IS: 1885 (Part-9) — 1986
(3) IS: 1885 (Part-11) — 1966
(4) IS: 1885 (Part-xvi/Sec. 1)
- 1968
" (5) IS: 1885 (Part-xvi/Sec. 2)

- 1968

P QT b
Fllias. 2R LAN RS SAUE B <k ER RS &
. ;

Current transformers: Protective current trans-
formers for specific purpose applications.

o S im Ay
4 T ey
GEE -

Summation current transformers.
Low voltage fuses: General Requirements.

Low voltage fuses: Supplementary requirements
for fuses for industrial applications.

Carriers and bases used in rewireable type elec-
trical fuses upto 650 volts.

Fuse wire used in rewireable type electric fuses
upto 650 volts.

D-Type fuses.

. Danger notice plates

Adhesive insulating tapes for electrical purposes:
Tapes with cotton textile substrates.

Electrotechnical vocabulary: Fundamental defini-
tions.

Electrotechnical vocabulary: Electrical Relays.

Electrotechnical vocabulary: Electrical measure-
ments. ‘

Electrotechnical vocabulary: Lighting:
General aspects.
Electrotechnical vocabulary: Lighting:

General illumination, lighting fittings and light-
ing for traffic and signaling. :
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(6) - IS: 1885 (Part-16/Sec.3)
T 1967
(7) IS: 1885 (Part-17) - 1979

(8) 1IS: 1885 (Part-32) — 1993

Safety
(1) 1S:4770- 1991
(2) IS:5424 -1969

Electrotechnical vocabulary: Lighting:
Lamps and auxiliary apparatus. -~

Electrotechnical vocabulary: Switchgear and
controlgear.

Electrotechnical vocabulary: Cables, conductors
and accessories for electricity supply.

Rubber gloves for electrical purposes.

Rubber mats for electrical purposes.
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APPENDIX - E

- R T PR e [ClﬁﬁseerG] Toorescent lamns,

FORM OF COMPLETION CERTIFICATE
I/We certify that the installation detailed below has been iﬁstalled by me/us and tested and
that to the best of my/our knowledge and belief it complies with Indian Electricity Rules,
1956, as well as the C.P.W.D. General Specifications of Electrical Works 2004.

Electrical installation at

Voltage and system of supply

L Particulars of work:

(a) Internal Electrical Installation

No. Total Load: Type or system
| of wiring
{i)  Lightpoint
(ii)  Fanpoint
(i) PlugPoint
{a) 3pin5Amp.
() 3pinl15Amp.
(b) Others
Description HP/KW Typeof
Starting-

(a) Motors: (i)
| (ii)
(iii)
(b)  Otherplants:

(c)  Ifthe work involves installation of overhead line and/or underground cable.
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(d) (i) Type & description of overhead line.

(iii) No. of street lights and its description.

(b) (i) - Total length of underground cable & its size.
(ii) No. of joints: Endjoint:
Tee joint:

St. through joint:
Earthing
(1) Description of earthing electrode.
(i)  No. of earth electrodes.
(iii)  Size of main earth lead.
Test results:
(a)  Insulation resistance

(i)  Insulation resistance of the whole system of
Conductors to earth Mega ohms

(ii)  Insulation between the phase conductor and neutral

Between Phase R and neutral . . . Mega ohms
Between Phase Y and neutral . . . Mega ohms
Between Phase B and neutral . . . Mega ohms

(iii) Insulation resistance between the phase conductors

in case of polyphase supply.

Between PhaseR and PhaseY . . . Mega ohms
Between Phase Y and Phase B o . Me ga ohms
Between Phase B and Phase R . '\ . | Mega ohms
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(b) Polarity test . .

o i an sl S T e me LS R e
i PR 2L ma WJAIRLIL AR B A R, '_.’\.“f._'_ﬁJVr

SN

Polarity of won linked single pole branch switches.
(c)  Earth continuity test

Maximum resistance between any point in the earth continuity conductor including
metal conduits and main earthing lead............ Ohms

(d)  Earth electrode resistance

Resistance of each earth electrode

G . . . .  Ohms
G) . . . .  Ohms
Gi) . . . .  Ohms
Gvy . . . .  Ohms

(e) Lighting protective system

Resistance of the whole of lightning protective system to earth before any

bonding is effected with earth electrode and metal in/on the structure ......
Ohms.
Signature and name of Signature and Name of the
Junior Engineer (E) / AE(E) Contractor
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F-1

F-2

APPENDIX F
R [ Clause 8 0]
EARTHING

GENERAL

This Appendix indicates details useful in the design of earthing as applicable to the
installations generally encountered in the Department. For complete details, IS:
3043-1987 shall be referred to. This Appendix shall supplement the requirements
laid down in Chapter 8 of these specifications.

EARTHINGREQUIREMENTS
F.2.1 Statutory Requirement o
(i)  Allmedium voltage equipments shall be earthed by two separate and distinct

(i1)
F2.2

F2.3

connections with earth. In the case of high and extra high voltages, the neu-
tral points shall be earthed by not less than two separate and distinct connec-

tions with earth, each having its own electrode at the generating station or

substation, and may be earthed at any other point, provided no interference is
caused by such earthing. If necessary, the neutral may be earthed through
suitable impedance.

Necessary protective device shall be provided against earth leakage.

Supply system requifement

“System Earthing” is provided to preserve the security of the supply system.

_ This-is done by limiting the potential of live.conductors with reference to

earth, to such values as consistent with the level of insulation applied. Earthing

- the neutral point of the transformer ensures reasonable potential to earth,

including at the time when the HV supply is impressed on the transformer.
Earthing also ensures efficient operation of protective gear in the case of
earth faults. Earthing may not give protection against faults that are not es-
sentially earth faults. For example, if a phase conductor on an overhead spur
line breaks, and the part remote from the supply falls to the ground, it is
unlikely that any protective gear relying on earthing, other than current bal-
ance protection at the substation, will operate, since the earth fault current
circuit includes the impedance of the load that would be high relative to the
rest of the circuit.

Installation protection requirement
“Equipment Earthing” is provided to ensure that the exposed conductive parts
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in the installation do not become dangerous by attaining a high touch poten-
tial underconiditions sf faults?TEskaild also carry the earth fault currents,
till clearance by protective devices, without creating a fire hazard.

' F.2.4 Special requirements

'F2.4.1 “Static Earthing” is provided to prevent building up of static charges, by

connections to earth at appropriate locations. Example, operation theaters in
hospitals: (For details, please refer to IS: 7689 1974 and the National Elec-
trical Code). .

F.2.4.2 “Clean Earth: may be needed for some of the data processing equipments.
- These are to be independent of any other earthing in the building. (For de-
tails, please refer to IS: 10422-1982 and IS: 3043-1987).

F.2.4.3 Earthing is essentially required in protection of buildings against lightning.
(For details, please refer to chapter 9 and Appendix-I of these Specifica-
tions).

TYPES OF SYSTEM EARTHING

F.3.1 The various types of system earthing in practice are indicated below, out of
which TN-S and T-TN-S systems are generally appllcable to installations in
_the Department.

=

F.3.1.1. TN-S system:

Neutral is earthed at source. In addition to the phase and neutral conductors,
an independent protective earth (PE) conductor connected to the source earth

~_is also run with the supply line. All the exposed conductive parts of an instal-
lation are connected to this PE conductor via the main earthing terminal of
the installation. Independent earth electrode is also necessary within the con-
sumer premises at the main earthing terminal.

F.3.1.2 TN-C system:

Neutral is earthed at source. No separate PE conductor is run with the supply
line, nor in the internal installations, since neutral and PE are on a common
conductor. All exposed conductive parts of an installation as well as the neu-
-tral line are connected to this PE&N conductor. (A CNE cable is used for
wiring such installations). Additional earth electrode has to be provnded for
this conductor ioeaxly for 3 phase consumers. ' '
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F 3 1. 3 TN C -S system (Also called Protectlve Multlple Earthmg PME system):

g ;-‘;; VTS D GRS TR G .,;’; o Lk,f"'

_ Supply isas per TN Csystem. The arrangement in the 1nstallatlons is as per
TN-S system, i.e. The PE and N are combined in one conductor at supply
line. This.is earthed at source as well as at frequent intervals. There will be
independent protective conductor in the installation. Consumer also normally
provides earth electrode terminating on to main earth electrode in his instal-
lation, and this is in turn “linked” to the PE&N conductor from supply line.
All the exposed conductive parts in the installation are connected to the PE&N
conductor, through protective conductors and this main earthing terminal

~ link.

F.3.1.4 T-TN-S system (for 6, 6.6 or 11 KV bulk supply):-

No earth is provided Wwith HV supply line, which is terminated in delta con-
nected transformer primary. Neutral of the transformer (star connected) sec-

-ondary is earthed. Independent earth electrodes and bus are provided for the
body earthing. Protective conductors are run through out the LT distribution
from the same for equipotential bonding.

E3.1.5TT system:

Neutral is earthed only at source and no PE conductor is given with supply
_line. All the exposed conductive parts of the installation are connected to an
" earth electrode at consumer end, which is independent of the source earth,
electrically.

E3.1.6IT system:

The source has either no earth or is earthed through high impedance. All the
exposed conductive parts of the installation are connected to an earth elec-
trode, which is independent of the source earth, electrically.

E.3.2 Concept of protection against indirect contact.

F.3.2.1 The most commonly and successfully used method of protection against
indirect contact is by “Earthed Equipotential bonding and automatic discon-
nection of supply’™ details of which are elaborated in IS: 732-1989 and IS:
3043-1987. All the exposed conductive parts are connected through protec-
tive (loop earthing) conductors to the main earthing terminal. All the extra-
neous conductive parts, which are simultaneously accessible with the ex-
posed conductive parts, are also bonded to the main earthing terminal through
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main bonding conductor so that there is no dangerous potential between the

ozl uekposed and theiextraneous conductive parts. The earth fault loop impedance

(EFLI) and the characteristics of the tripping devices are coordinated such

that the faulty circuit is automatically disconnected before there is a persis-

_-tent touch voltage at the exposed conductive part over a period of time, caus-

ing a shock hazard. If the disconnecting time is not satisfactory due to large

EFLI, supplementary bonding between the exposed and the extraneous con-

ductive parts is provided. Alternatively, use 6f RCD’s becomes very relevant

in most such situations. (See Appendix H for information on selection of
RCD’s). For more details, IS: 3043-1987 may be referred to.

Note: Decision regarding the providing of RCD (RCCB) shall be taken in indi-
vidual cases keeping in view the type, use, importance, system of earthing
and nature of electrical installations to be protected by the RCD require-
ments of the local Electric Supply Companies etc.

F.3.2.2 Earthing (comprising the electrode, earthing conductor, main earthing ter-
minal etc.) and protective conductors in an installation are thus vital compo-
nents in this system of protection against shock hazards. The concept is indi-
cated diagrammatically in Fig. 14 & Fig. 15 indicates the method of ensuring
the same, as envisaged in these specifications.

F.3.2.3 Rule 61A of I.E. Rules, 1956 calls for protective devices against earth leak-
ages for certain loads. This should be comphed with.

F.3.2.4 The following exposed conductive parts are exempted from bonding to earth.

(i) Overhead line insulator, wall brackets or another metal connected to them,
provided they are out of arm’s reach.

(ii)  Inaccessible steel reinforcement in RCC poles.
(iii) Exposed conductive parts that cannot be gripped or contacted by a major
surface of the human body provided a protective conductor connection

couldn’tbe readily made, or reliably maintained.

(iv)  Fixing screws of non-metallic parts provided there is no risk of them con-
tacting live parts. '

(v)  Short lengths of conduits or similar items which are not accessible.

(vi)  Metal enclosure for mechanical protection of double insulated equipments.
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F.3.3. Selection of Type of Electrodes

F3.4.

0

(ii)

(iii)

RSIEENEY b
.

Follovﬁ?ihg are éétféi’éf%ﬁﬁélines for the selection of the type of electrodes.

Type of electrode Application

GI pipe Internal electrical installations like Distribution
Board and Meter Boards (in residential quarters),
feeder pillars and poles etc.

Glplate (i) For Fire fighting pumps and water supply
pumps.
(ii) Lightning conductors.

A Y

Copper plate Neutral earthing of transformers/generating sets.

Strip/Conductor Locations where it is not possible to use other types.

Number of Earth Electrodes.

In all cases, relevant provisions of Rules 33, 61 and 67 of the Indian Elec-
tricity Rules, 1956 as amended, shall be complied with.

Non-current carrying metal parts of all apparatus utilizing power supply at
voltage exceeding 250 volts shall be earthed by two separate and distinct
connections to the earth bus, or to two separate and distinct earthing sets.

The number of earthing electrodes for substations and generating séts shall
be as under:-

For neutral earthing of each transformer - 2sets

For body earthing of all the transformers, HT/LT
Panels and other electrical equipments in the

- Substation/power house . . - - 2sets

For neutral earthing of each generating set "~ - 2sets

-

For body earthing of all the generating sets,

. LT panels and other electrical equipments in

the generator room ‘ - 2 sets
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Where the generator and substation equipments are located together in the
same building, the body earthing can be common for all the electrical equip-
ments in the building.

(iv)  Separate earth electrodes shall be prov1ded for lightning arrcster/ lightning
conductors.

F.3.5 Size of protective conductor.

F.3.5.1 The cross section of a protective conductor may be calculated by either of
the following 2 methods, the second one being used for designs in general, and the
first one for checking purposes.

I*t

Where, S= Cross sectional area of protective conductor in sq.mm.
=  Earth fault(Leakage) current in Amp.
t=  Total tripping time of the device in sec.{not exceeding 5 sec)
= Factor dependent on the material of the protective conductor
insulation if any thereon, and initial and final temperatures.

U = h
I= where, U =Nominal phase voltage to earth.
Z Z Earth fault loop impedance, (considering its 5 scconds
- value).

Note 1: Values of Z_are available in Tables in IEE wiring Regulations, UK, depen-
dent on tripping devices. Alternatively, this can be calculated..

Note 2: Values of K for different materials are given in IS: 3043 for various param-
eters. ) -

(i)  The minimum shall be as per the following:

Size of _ Size of protective conductor
phase ' _ - . of the same material as
conductor : phase conductor




S upto 16 sq.mm. - S sq.mm.

S= 16 to 358qmm, R Dl e o Bue -1§_Sqr.nm;
'S>35sq.mm _ ' S/2 sq.mm.

If the material of the protective conductor is different from that of the phase

- conductor, the size as per the above should be multiplied by K1/K2 where

K1 is the K factor for phase conductor material, and K2 for the protective
conductor material. As a rough guide, the following values can be taken.

K1/K2 for

Copper
- =120t01.24
Aluminium (Insulated).

Copper _
------------ =2.17 t0 2.25
Steel wire (Insulated)

“Copper
- - =231t0245
Steel (Conduits/Trunking)

F.3.5.2 The minimum acceptable size of a protective conductor shall be 2.5 sq.mm.

F3.6

if protected mechanically, and 4 sq.mm. if otherwise.

Size of Earthing Conductor.

F.3.6.1 The eéﬁfﬁng _condlrict'cr)rg shall cémply with the provisions of clause 3.5 above,

except that the minimum cross sectional area shall be 16 sq.mm. (Copper or
steel) when protected against corrosion, and 25 sq.mm. copper, or 50 sq.mm.
steel when not protected against corrosion.

F.3.6.2 For determining the size of earthing conductor for substations and generat-

F3.7

F3.8

ing sets, IS: 3043-1987 may be referred to.
Size of Bonding Conductor

The main bc'mdiﬁg cohduétor should be half the size of the earthing conduc-
tor, subject to a minirhum of 6 sq.mm. and maximum of 25 sq.mm. copper,

~or equivalent sizes for other materials. This is applicable for TN-S and TN-

C-S system only.

. Details for contract purposes. .

While this Appendix provides information on design considerations, the sizes
of the conductors, types of electrodes etc. shall be as laid down in the tender
documents of individual works, and as directed by the Engineer-in-Charge.

134



APPENDIX - G

~ [Clause 8.7 &F.3.2.1]

GUIDELINES FOR SELECTION AND APPLICATION OF RCCBs (RCDs)

GO0 GENERAL

GO.1

G.O0.2

IS 732-1989 recognizes two forms of shock hazard, ‘Indirect contact’ and
‘Direct contact’. The objective is to achieve safety to personnel and prop-
erty through the best possible means in the most economic manner.

The most commonly used protective measure against indirect contact is
termed “main equi-potential bonding and automatic disconnection of sup-
ploy“. Irrespective of the type of protective device used, the aim is to prevent
dangerous ‘touch voltages’ persisting on accessible conductive parts which
become live under earth fault conditions. Use of RCCBs is only one of the
means that would provide automatic disconnection of supply in the event of
shock hazard. The use of RCCB is not considered, as a sole means of pro-
tection and it does not obviate the need to apply other protective measures.
Some broad guidelines are provided in this Appendix on these issues.

G.1 RESIDUAL CURRENT OPERATED CIRCUIT BREAKER (RCCB):

G2

tion. If the earth fault loop impedance is low enough to cause these devices
to operate within the specified times, such devices can be relied upon to
give the requisite automatic disconnection of supply. Where the earth fauit
loop impedance is too large, efforts are required to make it low enough.
Guidelines are available in IS: 3043-1987. When protection against indi-
rect contact is decided to be provided by RCCB, IS: 732-1989 prescribes
that the product of its rated residual current (rated tripping current) in am-
peres and the earth loop impedance in ohms should not exceed the value 50.

Fault voltage operated circuit breakers (voltage operated ELLCB) are not
preferred devices against shock protection. This Appendix covers only truly
current-operated devices. These are of different types. The following are
the two main types:

(a) Residual current devices not dependent on line vdltage, and

(b) Residual current devices dependent on line voltage.




G2 CHOICE OF RCCBs

Lii1d

ro o L areseveral broad parameters that aretequired to'be carefully chosen. These

~G23

G.2.1

G2.2

G24

(ii)

Where-RCCBs are required to be used for affording shoek protection; there

are described in the following clauses.
Location:

RCCB can be used as a protective measure to the entire installation, or part,
or to an item of equipment. This is determined by the security of supply
desired in certain parts of the same installation when RCCB operates. Where
only one RCCB is being employed to protect the entire installation, it is
necessary that it is located at the main distribution board, at the origin of the
installation.

Type of RCCB:

RCCBs are suitable in general for various applications. However, devices
suitable for household applications are to be verified for additional require-
ments as given in this Appendix. RCCB that has its automatic opening inten-
tionally delayed may be preferred under certain circumstances. Portable
RCCBs may be necessary especially in situations where portable/mobile
equipment pose a shock hazard against which other suitable means of pro-
tection are not available. Portable RCCBs are required to be tested (using
the test button) each time they are used.

7 rRatAecr_l_r current:

The ISS restricts the rated current of the device to an order of magnitude of
125 A. Use of RCCB in circuits of higher rated currents is not envisaged for
the time being.

Rated tripping current:

The preferred rated currents of RCCBs are 10, 30, 100 and 300 mA. RCCBs
having minimum operating currents of 30 mA are intended to give protec-
tion against ‘indirect contact’. RCCB having minimum operating currents
of 30 mA and below are generally referred to as having ‘high sensitivity’ and
can give protection against ‘ direct contact’ in case of failure of other pro-
tective measures. It is essential that an RCCB is not used as a sole means
for protection against direct contact.

It is emphasized that the value of leakage current that can flow before the
RCCB has operated can be higher than the rated tripping current, the actual
value being determined by the impedance of the circuit on which the fault
occurs. The rated tripping current is a value assigned by the manufacturer at
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which the RCCB opens under specified conditions. While the speed of op- -
eration will not be significantly affected by the value of leakage current,

21t RCCB can open at any value between 50 to 100 percent of the rated tripping

current.

(iii) - The RCCB should be so chosen as to have the lowest suitable tripping cur-
rent. Lower the tnppmg current, the greater is the degree of protection af-
forded. Nevertheless, it would introduce the possibility of nuisance trip-
ping and may also become unnecessarily expensive. The minimum operat-
ing current will, therefore, have to be above any standing leakage that may
be unavoidable in the installation. .

'G.2.4.1 Discrimination:

When more than one RCCB is required to be used by grading the sensitivi-
ties, it is possible to achieve discrimination amongst RCCB in the same
circuit. Discrimination may also be achieved by selectively employing de-
vices having their tripping times intentionally delayed.

G.24.2 Typeof éys_tem earthing:

The choice of right sensitivity of RCCB would also be determined by the
type of earthing system adopted in the installation. The vectoral sum of leak-
age currents of equipment supplied by an installation or part of an installa-
tion by an RCCB shall be less than one half of the rated residual operating
current of the device and it may be necessary to sub-divide the earthing

= arrangement for this reason. Reference is also invited to IS: 3043-1987

“Code of practice for earthing”, which gives guidelines on the use of RCCB
for different types of system earthing.

G2S5 | Breaking capacity:

i) When using RCCBs, it is necessary to assess the prospective current value
in the location where it is likely to be installed and ensure that where higher
withstanding or breaking capacities are desirable, suitable back-up protec-

- tion is available in the system. This could be by means of a fuse or another

~ circuit breaker (MCB), which is in series with the RCCB. The over current

/ short circuit protective device is then said to provide back-up protection

for the RCCB. Alternately, RCCBs with integral over current/short cucult
protection could be employed.

~ (ii)  Inpractice, the functions of RCCB and that of the over current/short circuit

protective device in series may tend to overlap and under certain conditions
both may attempt to clear the fault. This may occur, for example, when a
severe earth fault produces a current of similar magnitude to that under short
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G26

circyit conditions, or when an earth fault-and short circuit occur simulta-

. __neously Another possible cause is the inherent. out of balance in the pri-
marywindings-of the balance transformer causing the RCCB to trip. Care

is, therefore, necessary to be exercised in ensuring that RCCB is coordi-

nated with over current devices.

Neutral grounding or failure:

Use of RCCBs assumes adequate care in wiring and earthing design. Use of

'RCCB is not a sole means of affording shock protection. Attention should

be given to bonding and choosing the right cross-sectional area of the con-
ductors, specially the protective conductor. Different types of RCCBs in
different circuits may react differently to the presence of a neutral to earth
fault on the load side. Such a fault together with the earthing of the supply at
the neutral point will constitute a shunt across the neutral winding on the
RCCB transformer. Consequently a part of the neutral load current will be

‘shunted away and this may result in the device tripping. On the other hand, .

the shunting may result in reduced sensitivity and prevent its tripping in
general. Therefore, care should be taken to avoid neutral to ground fault
when RCCBs are in use. In the event of the neutral failure on the supply
side, the RCCB should either open automatically, or is of such a design that
it remains functional. .

G3 GUIDELINES FOR SPECIFIC OCCUPANCIES ORLOCATIONS:

G3.1

G32

.G33

G34

Household and similar installations.

The rated tripping current of RCCBs for use in household and similar in-
stallation shall not exceed 30 mA. Use of devices with intentional time de-
lay is not recommended.

Locations containing bath tub/shower basin and swimming pools:

Where socket outlets and other appliances are to be protected by RCCB,
the rated tripping current shall not exceed 30 mA.

Where individual socket outlets are required to be protected by RCCB, the
rated tripping current shall not exceed 30 mA.

Industrial installations

For industrial installations, use of RCCB would be dependent upon already

- available devices capable of offering protection against harmful earth leak-
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G35

®)
©

G3.6

G3.7

ages. For example, use of a separate RCCB may not be necessary for instal-

= + lations equipped with protective dev1ces with in-built releases initiating trip
' s1gnals due to harmful earth leakages. Slmllarly, individual or group of mo-

tors otherwise adequately protected need not be provided addltlonal pro-

_ tectlon through RCCBs

Data processing installations / industrial control / telecommumcatlon equip-
ment.

Radio frequency interference suppression filters fitted to these equipments
may produce high earth leakages. Failure of the protective ¢arth connection
may cause a dangerous touch voltage. Use of RCCBs under such circum-
stances should be carefully considered owing to their {requent tripping,
besides capacitor charging currents at switching on shall have to be consid-
ered. Under such circumstances, where leakages exceed 10 mA, one of the
three measures given below may be necessary:

Use of high integrity protective earth circuits by robust or duplicate con-
ductors,

Earth continuity monitoring, or prov151on for automatic disconnection when
earth continuity fails, or

Use of double wound transformers to enable localization of path of leakage

- and minimize the possibility of breakages.

The presence of generating sets within an installation may change the con-
ditions of application of RCCB. The contribution to the prospective short
circuit current by the generating set should be taken into account.

Medlcal establlshment and electrical installations in hazardous locations-

The use of RCCB and their selection in such installations has to be carefully con-

sidered. Reference is invited to SP 30: 1985, “National Electrical Code”.
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APPENDIX - H

| tClause 9.0]

PRINCIPLES OF PROTECTION OF BUILDiNG AGAINST LIGHTNING

H.1

H.2

H3.

This appendix shall supplement the requirements in Chapter 9 of these specifica-

tions.
INTRODUCTION
H.2.1 Protection of special structures, such as those exceeding 30 m in height,

H.2.2

(a)
(b)
(c)

(d
(e)

structures with roofs of high inflammability, buildings with explosive or
highly inflammable contents, fences, trees and structures near trees, struc-
tures supporting overhead electricity supply, telephone and other lines, struc-
tures with radio and television aerials, tents, metal scaffolding and similar

* structures, tall metal masts, tower cranes and revolving and travelling struc-

tures, farm buildings-in areas of high lightning incidence, sports stadium,
raised motorways, bridges, dwelling houses, etc. shall be strictly done in
accordance with IS: 2309-1989. These are not covered in these specifica-
tions.

These specifications are confined only to all other structures, and which
have no inherent explosive risks. The need for protection in such structures
maybe self-evident, for example. =

Where large numbers of people congregate,
Where essential public services are concerned,
Where much lightning strokes are prevalent,

Where there are very tall or isolated structures,
Where there are structures of historic or cultural importance, etc.

However, there can be cases for which a decision is not so easy to make. Various
factors affecting the risk of being struck, and the consequential effects of a light-
ning stroke in these cases are discussed below.

NEED FOR PROTECTION

H.3.1

Estimation of exposure risk
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The probabilit}"%c')f a structure, or a building being struck by lightning in one

_~-year is the product.of the ﬁllght___ng flash. den51ty” and the “effective col-

. Jection.area” thhepstxucxmxe: t o corafiils

« Thaca

The lightning flash density, N,,isthe number of flashes to ground per sq.km

per year. The annual thunderstorm days for certain selected cities are given
in Appendix I. These are to be translated in terms of estimated average an-
nual density N . The table below indicates the relationship between the thun-
derstorm days per year and lightning flashes per square kilometer per year.

ThunderstormLightning flashes per sq.km. per year.

Days/year
: Mean - Limits

5 0.2 0.10-0.5
10 0.5 0.15-1
20 1.1 030-3
30 1.9 - 0.60 -5
40 _ 2.8 0.80-8
50 ' 3.7 1.20-10
60 4.7 1.80-12
80 6.9 - 3.00-17
100 9.2 4.00 - 20

(iii) The effective collection area of a structure is the area on the plan of the
structure extended in all directions to take account of its height. The edge
of the effective collection area is displaced from the edge of the structure
by an amount equal to the height of the structure at that point. Hence, fora

-~ simple rectangular building of length L, width W, and height H meters, the

- collection area has length(L + 2H) meters, and width (W+2H) meters, with
four rounded corners-formed by quarter circles of radlus H meters. This

gives a collection area, A_(in sq m) of’

A, =(LxW)+2(LxH)+2(Wx H) +(22/7) x 2 — (1)

{iv) The probable number of strikes (risk) to the structure per year is:

P=A xN x10° —@)

(iv)  Itmust first be decided whether this risk P is acceptable or, whether some

measure of protectlon is necessary.

H.3.2 Suggested acceptabla risk.

The acceptable risk figure has been takien as 1073, i.e. 1 in 100,000 per year.
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H.3.3

Overall assessment of risk.

. The weighting factors for evaluating the overall assessment o sisk are given

H.3.4

H.3.5

H.3.6

(i)

(ii)

in Tables 1A to 1E in Appendix K. It must be seen whether the value of P {see
(2) under H.3.1 (iv)] multiplied by the appropriate wcxghtmg factors ex-

_.ceeds the acceptable risk of P = 10 per year. . -

Weighting Factor

In Tables 1A to 1E in Appendix-J, the weighting factor values are given,
denoting a relative degree of importance or risk in each case. The tables are
mostly self-explanatory. The term consequential effect in Table 1C is in-
tended to cover not only material risks to goods and property, but also such
aspects as the disruption of essential services of all kinds, particularly in
hospitals, where if a lighting strikes, fire or panic can naturally result.

Interpretation of overall risk factor

The risk factor given herein is to be taken as giving guidance on what might,
in some cases, be a difficult problem. If the result obtained is considerably
less than 107 (1 in 100,000), then in the absence of other over-riding con-
siderations, protection does not appear necessary. If the result is greater
than 107, say for example 10 (1 in 10,000) then sound reasons would be
needed to support a decision not to give protection.

==

Anomalies

Structures are so varied that any method of assessment may lead to anoma-
lies, and those who have to decide on protection must exercise judgement.

For example, a steel-framed building may be found to have a low risk factor

but, as the addition of an air termination and earthing system will greatly
improve protection, the cost of providing this may be considered worth-
while. :

A low risk factor may result for chimneys made of brick or concrete. How-
ever where chimneys are free standing, or where they project more than 4.5
m above the adjoining structure, they will require protection regardless of
the factor. Such chimneys are, therefore, not covered by the method of as-.
sessment. Similarly, structures containing explosives or flammable substance
are also not covered. )
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A sample calculatlon fora hospltal bu11dm g is glven in Appendlx K for guid-

ance.

H.4 PRINCIPLE OF PROTECTION

H.5

(i)

(ii)

The principle for protection of buildings against lightning is to provide a
conducting path between earth and the atmosphere above the building through
which the lightning discharge may enter the earth without causing damage
to the building. If adequately earthed metal parts of proper proportions are
provided and spread properly on and around the building, damage can be
largely prevented.

The required conditions of protection are generally met by placing all the
air terminals, whether in the form of vertical finials or horizontal conduc-
tors, on the upper most part of the buildings or its projections, with light-
ning conductors connecting the air terminals with each other andyto the earth.

ZONE OF PROTECTION

HS5.1

H.5.2

(ii)

General

The zone of protection is the volume within which a lightning conductor
gives protection against a direct lightning stroke by directing the stroke to
itself. For a vertical conductor rising from ground level, the zone is de-
scribed as a cone with its apex at the tip of the conductor and its base on the
ground. For a horizontal conductor, the zone is defined as the volume gen-
erated by a cone with its apex on the horizontal conductor from end to end.

Protective angle

This cannot be precisely stated, since it depends upon the severity of the
stroke and the presence within the protective zone of conducting objects
providing independent paths to the earth. All that can be stated is that the
protection afforded by a lightning conductor increases as the assumed pro-
tective angle decreases.

(@) However, for the practical purpese of providing an “acceptable de-
-gree” of protection for an ordinary structure, the protective angle of
any single component part of an air termination network, namely,
either one vertical, or one horizontal conductor is con51dered to be
45 degrees -
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(b) Between three or more vertical conductors, spaced at a distance not
~exceeding ty twrce their helght the equivalent protective angle may, as
an exception, “be taken as 60 degrees to the vertical. -

Protective angles of zones of protection for some forms of air termmatlon
are illustrated in IS: 2309-1989.

Structures of exceptional vulnerability.

For structures of exceptional vulnerability by reason of explosive or highly
inflammable contents, every possible protection may need to be provided,
even against the rare occurrence of a lightning discharge striking within the
protected zone. For this reason, a reduced zone of protection and other spe-
cial measures should be taken as detailed in IS: 2309-1989.

H.6 COMPONENTS

H.6.1 Air terminations

()

(i1)

_

H.6.2

(i)

(i)

Air termination networks may consist of vertical or horizontal conductors,
or combinations of both.

For the purpose of lightning protection, the vertical and horizontal conduc-

tors are considered equivalent and the use of pointed air terminations, or

vertical finial is, therefore not regarded as essential.
Down conductors
General

The function of a down conductor is to provide a low impedance path from
the air termination to the earth electrode so that lightning current can be
safely conducted to the earth. In practice, depending upon the form of a
building, it is often necessary to have many down conductors in parallel,
some or all of which may be a part of the building structure itself.

- Recommended number

* The position and spacing of down conductors on large structures are often

governed by architectural convenience. However, recommendations for their
number are given below:




(i) A structure having a base area not exceeding 100 sq.m. need have
~ i6nly-onédown conductor, except when built on a bare rock, or where
access for testing is difficult.

(ii)  Forastructure having a base area exceeding 100 sq.m. the number of
down conductors should be at least the smaller of the following:

(@)  Oneplus an additional one for each 300 sq.m., or a part thereof,
“ in excess of the first 100 sq.m.

(b)  One for each 30 m of the perimeter of the structure protected.
(iii)  Tall structures presenting inspection difficulties.

For tall structures, where testing and inspection could be difficult, at
least two down conductors will be required for such tests.

H.7 ILLUSTRATIONS

The IS: 2309-1989 shows several arrangements for air terminations, down conduc-
tors, voltage gradient along ground surface near to masts, towers, columns and single
down conductors, re-entrant loops, typical joints, earth termination, bonding to build-
ing services, fixing of lightning conductors, test points, typical forms of vertical air
terminations, etc. which may be referred to. -

_
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[Clause H-3.1.() ],

#0 SVERAGE NUMBER OF THUNDERSTORM DAYS IN THE YEAR

146

Name of place Annual SL  Name ofplace Annual
- thuner- No. N - Thunder
storm days storm days
1. Chloht 7 44. Kanpur 26
2. Skarou 5 45. Fetehpur 24
3. Guimarg 53 46.  Jhansi 20
4. Srinagar 54 47.  Allahabad 51
5. Dras 3 48.  Varanasi 51
6.  Kargil 2 49.  Azamgarh 1
7. Leh 3 50.  Gorakhpur 11
8. . Jammu 26 51. Kathmandu 74
9.  Dharamsala 13 52. Motihari 38
10. Anuitsar - 49 53. Darbhanga . 10
11.  Pathankot 4 54. Patna 33
12. Mahoi 46 55. Gaya 38
13. Ludhiana 12 56.  Daltonganj 73
14. Shimla 40 57. Hazari Bagh 73
15. Patiala 26 58. Ranchi 34
16. Ambala 9 59.  Chaibassa 74
17. Hissar 27 60. Jamshedpur 66
18. Dehi 30 61. Pumea 52
19. Bikaner 10 62. Sabour 76
20. Phalodi 14 63. Dumka 63
21.  Sikar _ 17 64. Dareeling 20
22. Bamer 12 65. Jalpaigui 68
23.  Jodhpur 23 66. Malda 50
24. Ajmer 26 67.  Asansol 71
25.  Jaipur 39 68. Burdwan 33
26. Kankroli 36 69. Kharagpur 76
27. Mount Abu 4 70. Kolkata 70
28. - Udaipur 34 71.. SagarIsland 41
29. Neemuch 23 72. Dhubr 8
30. Kota 27 73. Tezpur 27
31. Jhalawar 40 74. Dibrugarh 70
32. Mussorie 61 75.  Sibsagar 103
33. Roorkee 76 76.  Shillong .. 75
34. Moradabad 36 77.  Cheerapunji 49
35. Mukteshwar S3 78.  Silchar 33
36. Meerut —_ 79. Kohnia 34
37. Bareilly 34 80. Imphal 49
-38.  Aligarh 30 81. Deesa 7
39. Agra 24 82. Dwarka 5
40. Mainpuri 23 83. Jamnagar 6
41. Bharaich 31 84. Rajkot 12
42. Gonda 22 85. Ahmedabad 11
43. Lucknow 10 86. Dohad 17
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. Nameofplace Annual
_”’ 3STELTRE 1 YR 2y Thunder _
1 da; storm days
. Porbandar = -3 - 136. Miraj v 25
88. “Verawal ~ 3 137. Vengurla’ 39
89. Bhavnagar - 11 138. Nizamabad 36
90. Vadodara 8 139. Hanamkonda 43
91.  Surat 4 140. Hyderabad 28
92. Gwalior 53 141. Khamma 26
93. Guna . 33 142. Kalingapatnam 26
94. Nowgong 59 143. Vishakapatnam 20
95. Satna 41 144. Rentichintala 47
96.  Sagar 36 145. Machhilipatnam 20
97." Bhopal 44 146. Ongole 25
98.  Jabalpur 50 147. Kumool 29
99. Umaria 37 148  Anantapur 27
100. Ambikapur 29 <149. Nellore 18
101. Indore 34 150. Bidar 16
102. Hoshangabad 37 151. Gulbarga 34
103. Panchmarhi 30 152. Bijapur 9
104. Seoni 51 153. Belgaum- 31
105. Penda Dam 56 154. Raichur 17
106. Raipur 34 155. Gadag 21
107. Chindara 27 156. Bellari 22
108. Kanker 37 157. Karwar 27
109. Jagdalpur 38 158. Honawar -5
110. Balasore 81 159. <Chikalthana 24
111.  Chandbali 75 160. Mangalore 36
112. Angul 81 161. Hassap .76
113. Bhubaneshwar 46 “162  Bangalore 45
114. Puri 33 163. Mysore 44
115. Gopalpur 34 164. Hozhmoode 39
116. Sambalpur 67 165. Palghat 35
117.  Jharsuguda 85 166. Cochin . 63
118. Titlagarh 24 167  Alleppy 57
_119. Rajgangpur 1 168. Trivandrum 48
120. Damamu 4 169. Vellore 25
121. Nasik 17 170. Madras 47
122. Malegaon 13 171. Ootacamund 24
123. Akola 20 172. Salem - 65
124. Khraoti 32 173. Cuddalore 37
125. Nagpur 45 174. Coimbatore 40
126. Gonda 10 175. Tiruchirapalli 41
127. Aurangabad 36 176. Nagapattinam 15
128. Mumbai 18 177.- Kodaikanal 82
129. _ Alibag 12 178. Madurai -39
130. Ahmednagar 10 179. Pamban 5
131. Parbhani 32 180. Tuticorin 14
132. Pune 22 181. Kanyakumari 60
133::.:‘Mahabaleshwar:. - -~ ¢ - 14 182, PortBlair - T62-
134, . Rutmagini - . - .6 ,i83.. Car Nicobar I 10
135. 23 184. Minicoy 20
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WEIGHTING FACTORS FOR OVERALL ASSESSMENT OF RISK
" FORLIGHTNING PROTECTIVE SYSTEM

- TablelA

Weighting factor ‘A’ (Use of structure)

Use to which structure is put . Value of ‘A’
Houses and other buildings of comparable size ' 0.3
Houses and other buildings of comparable size with outside aerial 0.7
Factories, workshops, and laboratories 1.0
Office Blocks, hotels, blocks of flats and other residential buildings

other than those included below 1.2

Places of assembly, for example, churches, halls, theaters museums,
exhibitions, departmental stores, post offices, stations, airports, and
stadium structures. 1.3
Schools, hospitals, children’s and other homes 1.7

- Table 1B

Weighting factor ‘B’ (Type of construction)

 ~ Type of construction Value of ‘B’
Steel framed encased with any roof other than metal* 0.2
Reinforced concrete with any roof other than metal 0.4

" Steel framed encased or reinforced concrete with metal roof. 0.8
Brick, plain concrete or masonry w1th any roof other than metal or E
thatch 1.0
Tnmber framed or clad with any roof other than metal or thatch 1.4

N Brick; plain concrete, masonry, tlmber framed but with metal roofing 1.7

Anybuilding with a thatched roof - S 2.0

ot

1

* A structure of exposed merai which is continuous down to ground level, is excluded
ﬁ'om these tables, as it requlres no hghtnng protpetaon beyond adequdte earthmg -'
arranvement .
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Table1C

" Welghting factor ‘C* (Contents or consequential efféits)

Contents or consequential effects S : Value.of ‘C*

Ordinary domestic or office buildings, factories and workshops not

containing valuable or specially susceptible contents 0.3
Industn'al and agricultdral buildings with specially susceptible* contents 0.8
' ?ower stations, gas works, telephone exchange, radio stations 1.0

Industrial key plants, ancient monuments and historic buildings, museums,. ,
art galleries or other buildings with specially valuable contents 1.3

Schools, hospitals, children’s and other places of assembly 1.7

* This means specially valuabl_e_plant or materials vulnerable to fire or the results of fire.

Table 1D
Weighting factor ‘D’ (Degree of isolation)

e

Degree of isolation Value of ‘D’

Structure located in a large area of structures or trees of the same
or greater height, for example, in a large town or forest 0.4

Structure located in an area with few other structures or trees
of similar height 1.0

Structure completely isolated or exceeding at least twice the height
- of surrounding structures or trees. 2.0

149 :
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Table 1E

Weighting:factor ‘E’ (Type of country)

Type of country . Value of ‘E’

Flat country at any level 03
Hill country : . 7 . 1.0
Mountain country between 300m and 900m ' 1.3

Mountain country above 900m 1.7
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- SAMPLE CALCULATION OF NEED FOR PROTECTION::.
WITH A LIGHTNING PROTECTION SYSTEM

A hospital building is 10 m high and covers an area of 70 m x 12 m. The hospital is located
in flat country and is isolated from other structures. The construction is of brick and con-

2)

;b) |

9

crete with a non-metallic roof, Is llghtmng protectlon needed‘7

Flashes/sq.km/year — Let us say, for the protection of the hospltal a value for N, is
0.7.

Coliection area — Using equation (1) in H.3.1. (iii)

A = (70x12)+2(70x10) + 2(12 x 10) + (22/7 x 100)
840 + 1400 + 240 + 314 '
= 2794 sq.m.

Probability of being struck — Using equation (2) in H.3.1. (iv):

P = A xN,x10°times per year
2794 x 0.7x 10
= 20x10° approximately.

Applying the weighting factors

A 1.7
B = 08
C = 17
D = 20
E 0.3

The overall multiplying factor =AxBxCx Dx E
| B =17

Therefore, the overall ;’i?k’factor =20 x1.7x10% -

'—34x103

TR Gonclus;ion-:—.Prétéetiomi&@ééssﬁry. :
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TABLE1 .

Chart showing the distance upto-which different sizes of UG Aluminium
Conductor cables can be used for different current ratings for 8 Volts drop when
lald in ground (PVC insulated, PVC sheathed, 3 core or 4 core) when cable
- grading is 1.1 KV

{Maximum Conductor temperature - 70 deg C) .

S. |Cur- Distance in mtrs for the following cable sizes in sqmm
No. | rent , o

Amp | 6 10 | 16 | 25 35 50 | 70 95 | 120 | 150 | 185 | 240 | 300
1 5 |165]| 260 | 415 | 725 | 895 | 1300 | 1925 | 2360 3065 |3555[4300 | 5770 | 6460
2 10 |80 | 130 | 205 | 360 | 450 | 650 | 960 | 1180 [1530 | 1775|2150 | 2885 | 3230
3 15 |55 | 85 | 140 [ 240 | 300 | 430 | 640 | 785 [1020 | 1185|1430 | 1920 | 2155
4 20 |40 | 65 | 100 [ 180 | 225 | 325 | 480 [ 590 ]| 765 | 890 |1075 | 1440 | 1615
5 25 |30 50 [ 80 | 145 |180 | 260 | 385 | 470 | 610 | 710 | 860 | 1150 | 1290
6 30 [26 | 40 | 70 | 120 |150 | 219 | 320. | 390 | 570 | 590 715. | 960 | 1075
7 40 120 | 30 [ 50 [ 90 | 110 | 160.] 240 | 205 | 380 | 445| 535 | 720 | 805
8 50 { -1 25140 | 70 | 90 130 | 190 | 235 | 305 [ 355|430 | 575 | 645
9 60 | -] — | 35 | 60 75 110 | 160 | 195 | 255 |:295| 355 | 480 | 535
10 70 | -] - | 3 | 50 |65 90 | 135 | 165. | 215 [ 255 ]| 305 | 410 | 460
11 80 | —- | —- ] — | 45 | 55 80 | 120 [ 145 | 190 | 220 265 | 360 | 405
12 0. [ -1 -1 - | 4 50 70 | 105 | 130 [ 170 | 195]| 235 { 320 | 360
13 [100 | — | -] — | 35 | 45 65 | 95 115 [ 150 | 175|215 | 290 | 320
4 [110 | -] —- ] —- | —- | 40 60 | 8 | 105 {140 | 160] 195 { 260 | 290
15 [120 | —- | - | —- | — | 35 55 | 80 95 [ 125 | 145 180 | 240 | 270
16 [130 | | —~ [ ~— | — — 5 | 75 90 115 | 135 [ 165 | 220 | 250
17 [140 | — | — | — - - 45 | 70 80 110 | 125|150 | 205 | 230
8 |10 | — [ — [ = | — — — | 65 75 100 | 115 ] 140 190 | -215
19 [160 | — | — | — | — - - ] 60 70 95. | 110 | 130. | 180 | 200
2 [170 | —- | — | — | - - e 70 90 105 | 125 170 | 190
21 180 | — | —- | — | — - — | 50 65 85 | 100 | 120 160 | 180
2 190 | -] =] -] - —- -— — 60 80 | 90 | 110 150 | 170
2 |20 | — | =~ ]| - | — | = - - 60 75 90 | 105 { 145 | 160
4 |26~ —~-| =] — ] — - - - 65 80 | 95 1256 | 145
2 1250 | - | —- | — | — - - - - - 70 | 85 115 | 130
26 |25 | -~ — | - | — - —_ — — - -- | 80 105 | 115
27 |30 —| — | — | — -] - - -— -- <170 95 | 105

Note 1:- PVC Insulated electrical cable for voltage grade upto 1.1KV is hased on 8 voits drop

1 | This table is based on current and. resistance as glven in M/s Incab's Cable and table (April
1964, Table No. 17 and 33)

2 | Thedistances are given in meters and after rounding.

- 3 | The condition of installation of cable ls ground temp. 15 debree C.

Note 2 For Temperature Correction pleése 568 ds detalled below

. 1 { When the voltage drop and tength is constant then to find the size of cable for following
current ratings of the.chart to obtain the calculated‘load currentby the:following factors and
then see tha size according to that ratings which was multiplied by the temperature factor.

Ground Temp: 20 Degree C 25Degree C 30 Degree C 35Degres C
Rating Factors: 0.95 -\ 0.9 0.85 0.8
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TABLE2

A e Y

TR T

CURRENT RATING (IN GROUND) FOR XLPE INSULATED

1.1 KV GRADE CABLES
‘Nominal | "Aluminium Conductor . Copper Conductor
Areaofthe | . Single core Multi core Single core Multi core. |
{Conductor | . | , Unity
mm?2 | PVC |XLPE | PVC | XLPE | PVC [ XIL.PE .| PVC | XLPE
10 . 51 | 55 46 50 65 71 | 60 . 65
16 66 74 . | 60 |.. 68 85 95 77 | 87
25 | 86. . 98 .76 . 90 110 | 125 99 | 115
35. ~100.| 118 ] 92. | 108 | 130.| 150 120 | 138
- 50. 120 | 137 | 110 126 | 155 | 175 145. | 161 ]
70 | 1401 172 135 158 190 | 220 175 | 202 .
. 95. 175 ] 204 165 187 220 | 260 210 | 239
120 195 | 234 185 215 250 | 30! 240 276
150 220 | 262.7 | 210 240 280 | 336 270 | 308
185 - 240 | 298 235 273 | 305 | 381 300 350
1240. 270 | 344 | 275 | 316 345 | 441 345 405.
300 295 | 387 | 305 355 375 | 496 385 455 .
400 325 | 458 335 | ..420 400 | 586 425 538
- 500 345 | 495 | - - 425 | 635 - -
630 390 | 555 - - 470 | 710 - -
800 440 | 625 - - - - -
1000 490 | 685 - - - - - -

RATING FACTORS FOR VARIATION IN AMBIENT AIR TEMPERATURE

Air Temperature (°C) 40 45 50
Rating Factor (XLPE) 1.00 0.94 0.88
Rating Factor (PVC) 1.00 0.90 0.81
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TABLE3

PERMISSIBLE MAXJIMUM SHORT CIRCUIT CURRENT RA TIN GS FOR XLLPE

CAB[)ES R SET
Conductor Area Short Circu1t ratings for one second duration.
Copper Conductors Aluminium Conductors

Sq.mm. ’ A _ B -

16 . 2570 1730

25 ' 3970 2670

35 - N . 5300, 3690

50 7800 B _ 5220

70 - . 10850 ' 7400

95. ' : _ 14600 9740

120 |- 18400 _ 12200

150 o 23000 _ 15200

185 _ 28200 18700

240 : 36400 24200

300 o | 45300 30100
/| 400 ‘ ' 60200 39900

500 74800 . 49800

630 _ , 92700 v 62000

800 _ _ ” — 78800

1000 : — 97800
Initial conductor temperature - 90 Deg. C B
Final conductor temperature - 250 Deg.C

For duratlons other than one second the short circuit current may be calculated from the
following formula

Wherel, - Short circuit current during time t, amperes |
I - Short circuit current during the time one second as given
in above table. -
t - Short circuit current duration, seconds.

Note Forlarge currents the force between the conductors must be con31dered espcmai!y
when smgle core cable are used.
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TABLE 4

o 61T,
; g \"‘”‘E:fl,v"nuﬂm‘

TRIPPING CHARACTERISTICS
OF MCBs

Based on the tripping characteristics, MCBs are available in ‘B’ and ‘C’ curve to suit dif-
ferent types of applications.

‘B’ Curve: For protection of electric circuits with equipment that does not cause surge
current (lighting and socket outlet circuits)
Short circuit release is set to 3 — 5 In

‘C’ Curve: For protection of electric circuits with equipment that cause surge current
(inductive and motor circuits)
Short circuit release is set to 5 — 10 In

‘D? Curve: For protection of electric circuits which cause high inrush current when they
are switched ON, typically 15 times the normal running current (Transformers, Heavy

“Start Motors, 2 Pole Motors)
Short circuit release is set to 10 — 20 In
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TABLE §

=~ = + - CATEGORY OF DUTY

Utilization Category Typical Applications

AC20/DC20 ' Connecting and disconnecting under no-load.
Assumes all switching operations are carried out by
other applicable devices before this device is oper-
ated. : ' : o

AC21/DC21 Switching of resistive loads including moderate
o overloads.
. Suitable for purely résistive type- loads
Device can switch 150% of its rated current under fault
conditions. —

AC22/DC22 - - Switching of mixed resistive/ Inductive loads; in-
- cliding moderate overloads
Suitable for mixed resistive/inductive loads: Dévices
can switch 300% of its rated current under fault con-
ditions.

AC23/DC23 Switching of highly inductive loads. . o
Devices complying with AC23/DC23 are prov1ded
mainly as backup to other means of switching. Eg.
Contacts. In the event of failure of functional devices,

. an AC23/DC23 type device can safely interrupt a

~ stalled motor current. Where devices are the only
means of controlling individual motors, they should
comply with the requirements of appendix A of the
standard.
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TABLE 6

. CLASS OF INSULATION
(For Electric Motors)

Max. Operating

Materials used.

asbestos with or without an inorganic binder.

Type
Temp.

Y 90°C Cotton, silk, paper, and similar organic material

' and combination of such material which are not

(impregnated) nor immersed in oil.
A 105°C Above materials imprégnated with Varnish or
- enamel or 011 immersed.
E 120°C | Comprise i morgamc materials such ag mica, glass
| fiber asbestos or Combination of these maferials

) : in built up form with binding cement.

B -~ 130°C- - |..

F 155°C " Class B materials when built up with suitable
cement or binder.

H 180°C Consists of materials or Combination of materi-
als such as mica, glass fiber Silicon elastomer
with suitable winding, impregnating or coating
substances as siliconzesins. _

C Above 180°C | Materials such as mica Porcelain, glass quartz and
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- Type of Extinguishers

SUNPALUDN -

Water Requirement for the Fire
Q=3000P

TABLE 7

F{RE PROTECTION :

Class of Flre

and first aid hose reel) 930 sq.mt.

htin

Class A Fires involving Paper, Wood, Textile, Packing materials and the like.
Class B Fires involving Qil, Petrol, Solvent, Grease, Paints, Celluloid and the
like.
Class C Fires involving Electncal Hazards, Motor Vchlclc Gaseous substance
under pressure.
Class D Fires involving Chemicals, Metal and active like.
Class E Fires involving Electrical equipment, Delicate machinery and the like.
Mode of Fire Protection
L. Sand/Water buckets ' 7. Lightening Conductors .
2. Sand/Water buckets . 8. - Fire Dampers in AC Ducts
3. Dry/Wet Hydrant risers 9. Fire Doors with fusible link
4.  Heat/Smoke Detectors 10. Pressurization Plant
5.  Automatic/Manual Fire Alarm 11. Public Address System
6. Sprinklers 12. Fire Escapes/External Stairs
Coverage (Floor) Area
1. Water/Sand Bucket 100 sq.mt. = 4. Sprinklers 6 sq.mt.
2. Extinguishers (9 Its) 600sq.mt. 5. Heat Detectors 16 sq.mt.
3. . Hydrant Riser (Qutlet - - 6. Smoke Detectors - 50 sqmt. .
' 100mm dia 100 sq.mt. (For a ceiling height of
with landing valve 3 mts. and clean environment)

Choice of Extinguishers
Suitable for Class of Fire

Soda Acid Type Class— A
Foam Type Class—-B
Dry Chemical Powder Type Class-B,C,D&E
Carbon-di-oxide Type - Class-B,C&E

* Water Carbon-di-oxide Type Class— A
Carbo-Tetra-Chloride Type . Class-C

Q =Fire demand in Liters/Minutes

P =Population in Thousands

Note: The above rate must be mamtamed at a minimum pressure of 1 to 1.5 kg/Cm? for

at least four hours.
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' . TABLE 8

: DEGREES OF?PR'OTECTION

Degrees of Protectlon to DIN 40 050 and to IEC 144.

The degree of protection is specified in
-accordance with DIN 40 050 and with
Publications of the Intemational Electro-

. technical Commission (IEC) by means of
the letters IP (International Protection)
and two characteristic numerals.

The ﬁrst numeral indicates the degree of protec
tion against contact with live parts and the
ingress of foreign bodies; the second numeral
indicates the degree of protection against water.

First characteristic numeral
Degree of protection against contact with
live parts and the ingress of foreign bodies

Second characteristic numeral
Degree of protection against water

N

First Degree of protection
cteristic
numeral

Second
Chara-
cteristic
numeral

" Degree of protection.

No protection of persons against
contact with live or moving parts
inside the enclosure.

ingress of solid foreign bodies.

No protection of equipment against |

0 No protection

1 | Protection againstaccidental or

. inadvertent contact with live or
moving parts inside the enclosure
body large surfaceof the human

" body as, for example, a hand, but

. no protectlon against deliberates

~access tosuch parts,
Protection against ingress of large
solid foreign bodies of diameters
greater than S0mm.

1 Protectlon against drops of
condensate.

‘Drops of condensate falling vertically
on the enclosure shall have no harmfu] .
effect.

2 | Protection against contact w1th live

by fingers.
‘Protéction against mgress iof

| medium size solid foreign bodies
| of diameters greater than 12mm.

. or moving parts inside the enclosure |

2 Protection against drops of other

liquids.

‘| Dropsof falling hqmd shali haveno

| harmful effect when the eniclosure is
tilted at any angle ipto 15° from the

vertical.
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3 Protection against contact with live Protection against rain:
or moving parts inside the enclosure Water falling as rain at an angle equal
by tools, wires or siich'objects of - * | t&'or less than 60° with respect to the
thickness greater than 2.5mm. vertical shall have no harmful effect.
Protection against ingress of small ‘-’-'*
solid foreign bodies of diameters
greater than 2.5mm.
4, Protection against contact with live Protection against splashing liquid:
or moving parts inside the Liquid splashed from any directfon
enclosure by tools, wires or such shall have no harmful effect.
objects of thickness greater than
Imm.
Protection against ingress of small
solid foreign bodies of dlameters
greater than Imm.
5 Complete protection agaiﬂst | Protection against water-jets:
contact with live or moving parts Water projected by a nozzle from any
inside the enclosure. direction under stated conditions shall
Protection against harmful deposits have no harmful effect.
of dust. The ingress of dust is not
totally prevented, but dust cannot
enter in an amount sufficient to
interfere with the satisfactory
operation of the equipment enclosed
6. Complete protection against contact | . Protection against conditions on ships
with live or moving parts inside the - decks (deck water tight equipment):
enclosure. - Water due to heavy seas shall not enter
Protection against ingress of dust. the enclosures under prescribed
. : .conditions').
Protection against immersion in water:
It must not be possible for water to
enter the enclosure under stated
condmons of’ pressure and time").
Brotectxon -againstindefinite immersion
in water under specified pressure:
It must not be possible for water to
enter the encIosure‘)

') Forcertam types of ¢ equlpment there must be no ingress of water. Where reqmred thlS is stated in
asupplem ntary page for the eqmpment concemed _
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TABLE 9.

CATRQGTA DR ETY )
| TRV T ey e
! ELECTION OF LUMINAIRE
‘| Lamp Type ‘Range | Lumihous Efficacy | Life Colour
- Flux Lm/W | Hours | Rendering
GLS 25W-1000W 230-18000 9-18 1000 Excellent
(Incandescent)
Halogen 1300W-1000W | 5100-22000 17-22 2000- Excellent
CFL . IW-36W 600-2900 59-78 8000 Good
Fluorescent 18W-40W 1015-2450 49-77 5000 Good to
- o ' moderate
ML . 160 W 2900 .18 5000 Moderate
HPMV - 80W-400W | 3500-22000 | 44-58 | 5000 Moderate
HPSV 70W-1000W | 6000-130000 | 83-119 | 12000 Iair
: : - 15000
LPSV 18W-35W 1800-4500 | 100-129 | 10000 Poor
Metal Halide o
i) a)HPI-T 250W 17000W 70-90 | 10000 Good
b) HPI-T 400W 31500W 70-90 | 10000 . Good
¢)HPI-T 1000W 81000W 70-90 | 10000 Good
d) 1IPI-T 2000W 189000W 70-90 | 10000 Good
#)a) HPI-BU 250w = 17500W © 70 110000 | - Good -
b) HPI-BU 400W 27600W 70 10000 Good |
iii))a) MHNTD 70W 5500W 75-80 6000 “Excellent
b) MHNTD 150W 11250W 75-80 6000 Excellent
SELECTION OF LUMINAIRE
Temp-(K)
“Inca,ndescent-- like” 2500 ° “Cosy” warm white
“Halogen - like” 3000 “Crisp” warm white
4000 Neutral white
5000 Cool white
“Day light” 6000
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TABLE 10

CAPACITOR_S%LECTION CHART

Required Power Factor

Present. .

Power Factor | 0.85 0.90 0.95 0.98 Unity
0.50 1112 1.248 1.403 1.529 1.732
0.55 0.899 1.035 1.190 1.316 1.519
0.60 0714 0.849 | - 1.005 1.131 1334
0.65 0.549 0.685 0.840 0.966 1.169

070 0400 | 0.536 0.691 0.811 1.020
1 0.75 0.262 0.398 0.553 0.673 0.882
0.80 0.130 0.266 0.421 0.541 0.750
0.85 : 0.136 0.291 0.417 0.620
0.90 - ; 0.155 0.281 0.484
0.95 ; ; - 0.126 0.329

~ Required KVAR = KW x Multiplying factor.
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TABLE 11

RECOMMENDED VALUES OF fILLUMINATION AS PER BIS: 3646 (Part-II)

OFFICES, SCHOOLS AND PUBLIC BUILDINGS 7

S. Industrial Buildings and Processes [llumination
No. Lux
1. Airport Buildings
a) Reception areas (desks) 300
b) Customs and immigration halls 300
¢ ¢) Circulation areas, lounges 150
2. Assembly and Concert
a) Foyers, auditoria 100 to 150
b) Platforms 450
c¢) Corridors 70
d) Stairs 100
3. Banks .
' a) Counters, typing, accounting book areas 300
b) Public areas R 150
4. Cinemas
a) Foyers 150
b) Auditoria 50
c) Corridors 70
d) Stairs 100
5. Libraries
a) Shelves (stacks). 70 to 150
b) Reading rooms (newspapers and magazines) 150 to 300
c) Reading tables _ ' 300 to 700
d) Book repair and binding 300 to 700
e) Cataloguing, sorting, stock rooms 150 to 300
6. Museums and Art Galleries
a) Museums:
i) General 150
1i Displays Special lighting
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b) Art Galleries
i) General

L wenrE T l*lf)'rBalntlﬂgSA MYALICOT I YTEIO AT TP TR g

Offices
- a) Entrance halls and reception areas
b) Conference rooms, executive offices
c¢) General offices '
d) Business machine operation
e) Drawing offices:
i) General
ii) Boards and tracing
f) Corridors and lift cars
g) Stairs
h) Lift landings
i) Telephone exchanges:
i) Manual exchange rooms (on desk)
i) Main distribution frame room

Schools and colleges

a) Assembly halls
i) General
ii) When used for examinations
iii) Platforms '

b) Class and lecture rooms
- i) Desks
ii) Chalk boards

c¢) Embroidery and sewing rooms
d) Art rooms
¢) Laboratories
f) Libraries: ,
i) Shelves, stacks
ii) Reading tables

- g) Manual training

h) Offices

- i) Staff rooms, common rooms
j) Corridors

k) Stairs

Theatres

a) Foyers

b) Auditoria
c) Corridors
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100

150
300
300
450

300
450
70

100

- 150

200
150

150
300
300

300

200 to 300

700
450
300

70to 1

300

50

See appropriate trades

300
150
70.
100

150
70
70




d) Stairs |

e Dental Surgenes 5
a) Waiting rooms
b) Surgeries:
i) General : 300 - _
ii) Chairs Special Lighting
c¢) Laboratories 300
11. Doctor’s Surgeries
a) Waiting rooms, consulting rooms 150
b) Corridors 70
¢) Stairs ' 100
d) Sight testing (acuity) wall charts and near ‘
vision types 450
12. - Hospitals ‘
a) Reception and waiting rooms v 150
b) Wards: '
i) General 100
ii) Beds ‘ - 150
c) Operating theatres:
i) General 300
ii) Tables Special lighting
= -dyLaboratories : : : 300
- €) Radiology deparunents 100
f) Casualty and outpatient departments 150
g) Stairs, corridors 100
h) Dispensaries 300
13. Hotels
a) Entrance halls 150
b) Reception and accounts - 300
¢) Dining rooms (tables) ’ 100
d) Lounges _ 150
€) Bedrooms: :
i) General 100
ii) Dressing tables, bed heads etc. 200
f) Writing rooms (Tables) 300
g) Corridors 70
h) Stairs - 100
i) Laundries : . 200
j) Kitchens *200
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k) Goods and passenger lifts 70

1) Cloakrooms and toilets : . *100
4 .m) Bathrooms™ © *100
14. Restaurants
~ -~ a)Diningrooms:
i) Tables 100
i1) Cash desks 300
b) Self-carrying counters . 300
¢) Kitchens o *200
d) Cloakrooms and toilets *100
15. Shops and stores
a) General areas +150 to 300
b) Stock rooms 200
16. Homes
a) Kitchens 200
b) Bathrooms , - ++100
c) Stairs 100
d) Workshops 200
e) Garages 70
f) Sewing and daming 700
g) Reading(casual) 150
h) Homework and sustained reading 300 -

* Supplementary local lighting should be provided over kitchen equipment and at mirrors.
+8upplementary local lighting should be used as required for counters and display areas.
++ Supplementary local lighting should be provided at MirTOrS.



TABLE -12

EXPECTED USEFUL LIFEOFV&RI@USEEECTRICAL EQUIPMENTS/

£
2.
e

=4S QAN T UM OoOVNAERYNE O WSO RN O RIS B

INSTALLATIONS.

[UDERE -

Description

‘Wiring of Electrical Installation.

Conduit wiring non-coastal area.
Conduit wiring coastal area
Casing and capping wiring

PVC wiring on batten

Fans

Ceiling fan A.C.

Exhaust fan A.C.

Table fan A.C.

Pedestal / Air circulator fan

External Electrical Lines

Underground cable lines
Poles & Feeder Pillars

MS Pole non-coastal area

~MS Pole coastal area
Hot dipped galvanized pole non-coastal area

' Teiﬁpci/réry overhead lines on wooden poles
Permanent overhead lines on steel/RCC poles

Hot dipped galvanized pole coastal area

Feeder pillar in non-coastal area
Feeder pillar in coastal area

Electrical Fittings

Bracket fittings
Fluorescent fitting
Street light fitting

Sub-station equipment

Switchgear heavy duty LT/HT
Transformer 11 KV/ 04KV

Electric Lift
Electrical Motors & Pumps
Electric Motor single phase
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15
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10.

11.

12.

13.

SV h W

b)”

b

... Electric Pumps medium (1500 RPM) . AC e
= Engine Pump small up to: TOH.P; (Dlesel) 5

Electric Motor three phase

Engine Pump big above 10 H.P. (Diesel) -
Diesel Generator up to 50 KW
Diesel Generator above 50 KW

Refrigerators, Coolers and Air-Conditioners

Refrigerators

Cold storage plant with air-cooled condensing unit
Cold storage plant with water cooled condensing unit.
Desert coolers (1500-2000 cfm) evaporative type
Water coolers

Room coolers

Window type/ Split type Alr-condltlomng unit
Packaged type air-conditioning unit with water

cooled condensers (on single shift basis)

Packaged type air-conditioning unit with air

cooled condensers (on single shift basis)

DX type central air-conditioning plant with water
cooled condensers (on single shift basis)

Central Chilled water system of air-conditioning
plant with water cooled condensers (on single shift basis)
Evaporative type air-cooling plant up to 25000 cfm
(on single shift basis)

Evaporative type air-cooling plant above 25000 cfm
(on single shift basis)

Mechanical Machinery

Agphalt Plant

Hot mix Asphalt Plant (up to 10 TPH)
Hot mix Asphalt plant (10 to 30 TPH)
Hot mix Asphalt plant(30/45 TPH)

~ Tar/Bitumen heater 1000-1500 Lit capacity.

Cold Asphalt mixer 30 Cft.
Asphalt power finishers

Compaction Equipment

Hand roller 1/2 ton
Diesel steel wheel roller 8/10 tons capacity
Vibratory tandem roller 4 tons

Sheep foot roller single/double drum
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c)  Concrete Plants

1. ; ﬁConcrete mixer 3/5 cft capacity 350 7
2. Concrete mixer 0.28/0.20 and 0.39/0.28 cu.m. CapaCIty 8
3. Electric vibrator capacity 5 H.P. 5.
4, . Vibrator engine driven/immersion/screed board

5. Type above 2 HP — 5 HP 5

d) Earth Moving Machinery
L. Dozer : 12
2. Earth Rammer _ 6
3. Front end loader 75 B.H.P. 15
4. Front end loader 45 B.H.P. : 10
5. Motor Grader 68-80 B.H.P. ~ ' 12
6. Electric driven portable swivel loader 15

e) Miscellaneous
1. Air compressor 100-210 _ 5
2. Mobile crane — 1 ton capacity 20
3. Grass mover 1, mid/rear mounted 1.0
4. Centrifugal pump up to 10 HP 8
5. Trailer mounted centrifugal pump, engine driven :

above 10 HP — 50 HP 10

6. Spray painting equipment complete . 10
7. Welding transformer 5
8. Pneumatic rock drill 3
9. Pneumatic pavement breaker 3
10 Generating set up to 50 KW with trolley 10
1. Insulating oil dehydration plant up to 500 Lit. 15
12. Core cutting machine 5
13. Water tank 910 lit. capacity trolley mounted 8

f) Transport '
1 Tipper/truck 7
2. Tractor 5 — 40 BHP 7
3. Tractor 60-80 BHP : 10
4 Jeep ' 7
5. Four wheel trailer 7
Note:

These are general guidelines. Proposal for replacement will be based on actual hours of
operation / conditions of use and inspection by the concerned authority. Based on adverse
workmg condition, it may:be necessary to replace installations earlier. ‘Similarly replace-
ment can be postponed if the existing condition is found to be satisfactory based on de-
tailed inspection done. But it is necessary to keép close watch, when useful life is going to
be over.
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TABLE —13

LIST OF T&P TO BE HELD BY EACH JUNIOR EN GINEIER

AS A MAINTENANCE UNIT
1. Earth Tester
2. Insﬁlation Tester LT/HT
3. Tong Tester
4, Multimeter
5. Lux Meter | .
6. Vernier Caliper
7. Wire Gauge
8. Hand Blower/ Vacuum Cleaner
9. Drill Machine

10. Chase Cutting Machine - -
11. Crimping tool kit. |
12. Self-supporting laddef - 4 ft. 3 Nos.
13. Ladder - 20 ft. 1 No.

14. Electrical wiring drawing machine
15. Cable fault locator machine.
16. One set of hydraulic crimping tool kit
Note: Item No. 15 & 16 will be procured by Superintending Engineer (E) based on the

requirement. _
N\

170




Central







aAMdD

v-¥ 1V '03S

*Wi U SUOISUSWIP [V (!
*$8|qB2 JO UoRSebued

$300]g |euiual N .

eonpal yonw AJeA [Im SIyL ¥00jq |euluue) ul v.suc_::ow aq jiw

a[qe2 ‘9N Bujobino/buiwody] “8jqed a|qeyIns / JO}ONPUOO Jeddod im

8UOP 8q (M Buum %90[q [BUILLS] O} GDDN Wold "sejqed bulobino g

Bupwioous Jof $300|q [BUIULIB) [Im papIAQLd Bq pinoys Jelid Jepsdj eyl (Y

‘Auoyine buoidde wm‘ Kq pspoep eq |Im uawebueue

pue azjs joex3 ‘eAlsebbns ase juswabueye pue sezig (6

. ‘syoddns QNG pejensu;

uo pajy ase Jeddoo pauul) umelp piey jo epew sieg sng eyl (J

wwpQy Se pasepisucd yaeq sey Je|id Jepea) eyl Jo yidep syl (e

e *Buiwoou) woyy pey ARdaulp pue Jusuiuedwoo jsued
Bupieyopy ) JBpjoy usjjeq SSeiq 8Uo pue youms dwe (|

190ng Jex00s uid ¢ dury 04 suo Bujaey eq | Jejiid Jepeay eyt (p

T *woljoq 41 1e puelb Jjedoud pue

O0y:ey ur Bunnoub Joy wmam [suUBYO SI Jo slwey Loy e)bue wv%

msepad ejqeyns yim poyddns aq o} eAey ||# Jeyjid Jepady eyl (0

S *J0}oNpuod Jaddod piios pejes B|qeuns Yim Asjje ejqed

; jurino uexey 0m lim (BuioBino pue Bujwoou)) sUOROBULND |1 (q

R 1uswsbuene Buno| Jinqui pue Joop e|gnop jo8ys

. VOHD MY wuw Z jo N0 su0p 8q ji uogeouqe) syl (e —91oN

M3IIA MOVE/LNOYS

U

o

0501

0061

p. Q L
Jop|oH dweq A\ o

.wa“om:mwov

¢~ b4

AV TIId ¥30334 304 9¥ad vVO

M3IA 3AISNI

00p

E_.__._S

ol

SO0 4L

0

Ol Y O[O gwmon

yve SN8 TV Ndl VoY

&)

£

00

0oe

e

- 00

05y

[111)4

!

HTVOS OL LON

iy

P S

osy

0oL

e






amdd | |
zO_._.<._.w-m:m s_Omu_ zO_._.Dm_m._.m_Q mw>>0n_ mOu_ s_<~_0<_n U_._.<_zm_._0w .._<U_&>.m.

1)
1. |
P
e

- . ONDINNML-SNE ONDINNL-6NE

[ ZUINHOISNVYL 1UIAIOISNVRIL

€ 4 v }

e>v,_rm :asnej) _ +

A1ddNS LH ONINODNI
= g- 1 Big




MOITAT S

T A

tonsd Isinoes3 ol

AUARLG

S

3 &gt

§ ~ e e
NV ¢ AN I )

{v
.
N,

ASANG T

[HA TS A TN oS g gt

soar R L yen 3tV

i

AT iﬁ

PSS




amdd S . o
QAVOd HOLIMS WOOY Ol 9aS WO¥4 WVN9VIA NOLLOINNOD TVIidAL -

aydvod HOLIMS

ayvos HOLIMS

LI

ynong Buidoo r 1§00 eesg

N 3 |d -
- X-X-L-X-:] el : |

18 "UoD feaneN ]ua& in=: A o a._“,_,_”.;._ : | | u

I

3
N

m . . . 1 | MNITHLNV3

ONILIYM LNIOd

- (Ng'g -esnein
7 pby

ONIMIM LINOYID ™







Fig. = 5
Clause 3.16 (v)

NOT TO-SCALE ~

'TYPICAL DESIGN OF M.S. FAN CLAMPS

TOP OF SLAB

L‘ 4 44 L 4 4 4 ¢ [Py g4ta L, 2 4 - q
4 o J] << P 4 A P £y
x , . ‘C' ; < 4‘ ‘1: 1‘4 ‘1 r; d’ < ‘1 4@11_ §
- . x4, o 04 o o ‘01 5
. I 50 t TIE 2
\ : 8 ‘ BAR £ cewinG
- : DIST REINFORCEMENT : o
MAIN REINFORCEMENT _"’0_\
EXPOSED LOOP SHALL BE PAINTED

TYPE 1 WHERE FAN CLAMP IS TO BE FIXED DURING LAYING OF R.C.C. SLAB

TOP OF SLAB
= Q
RCC sum STEEL =
REINFORCEMENT NOT B
SHOWN 5
CEILING

R.C.C.BEAM

100

100 \—-—— EXPOSED LOOP SHALL BE PAINTED

TYPE 2 WHERE FAN CLAMP 5] TO SE FIXED DURING LAY!MG OF R.C.C. BEAM

CPWD
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S _ , Flg —6
SR ~.Clause:-3. 16(vn)

NOT TO SCALE = o o

CIRCULAR BOX TYPE FAN CLAMP

PLAN

150 103 150 ¢

2NOS. 19/208HOLES AT
180° AS SHOWN FOR

/ & | conpurr ENTRY

| L BOX AND COVER IS OF 16
— __SWG M.S:SHEET '
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Fig. =7
Clause:- 3.20 (V)

TYPICAL CUBICAL PANEL FOR METER B‘ARD

LOOSE WIRE BOX
Terminal Blocks for outgoing 5 l =
Phase & neutral ’w 0 0 0 0 @ J
. o 0 |
q | 0
) C
Locking arrangement 3 4
B
L
E
2 3
q A D =
. L
L
. C T ook E
ce for Energy Meter | aenor |
' ¢ + | 1 ﬁl 6 D b=
Weaermhm abe | O ol . ,
, : o ‘ . O
T MCCB/MCB |
| . -— =
o /. o 1
BUS BAR CHAMBER
0 e

- : and|V|dua -.Meter box mll have Iockmg arrangement
| Loose wire box,CabIe Alley and bus bar chamber will have arrangement for sealmg
~ Sizesand arrangemem are sugge'ﬁve EXact size and arrangement will be decided by NIT approvmg authority.

CPWD
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- Fig.-9 7
: - Clause-7.1.2

Pre-wired MCB distribution boards
(Single Phase)
] o _ b TERMINAL BLOCKS FOR
R LOOSE WIRE BOX B oUTGOING NEUTRAL™. |
TERMINAL BLOCKS FOR | ’ "
OUTGOING PHASE __ |81 : =
CIRCUIT A B I
(as per way) . - — , ; i e
~— 1168 DO0nnni 0ood oo ||+~
INCOMER TERMINAL - s .
BLOCKS - |
- o : 1] - ' TERMINAL BLOCKS FOR
storoR 18 | ————— | ©| | OUTGOING EARTHING
MOUNTING THE T () |
- . CASSETTE - "l
- ’*_ - / . ’ D
INCOMER -~ N ]| ProvisionFORMCB
MCB/RCCB (as per way) '
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Fig. = 10
- Clause:— 7.2

~ THIRD FLOOR

%

RISING MAIN e

o . . —e smm_mm's ‘
g EARTH - TO DB'S .

TAP-OFF BOX
WITH MCCB/

SWITCH FUSE UNIT'

FIRST FLOOR

PROTECTIVE :
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“Fig. : 11

o 2 Clause 84. 1 1(|)
NOT TO SCALE LT T i
METHOD OF PIPE EARTHING -
’ 6mm.DIAMS.ROD  C- COVER MINGED TO C.I. FRAME
75 -—30 GROUND LEVEL ]
- : WIRE MESN
4AA FUNNEL ‘
é V/ 20 REDUCER 40mm x 20mm
15mm DA w /// .
. / ,
FIPE . / Yo BRICK MASONRY
"t ' S 40mm. DIA.
. G.l. PIPE
T 1" . CHARCOAL / COKE LAYER
L RL e S
e il e SALT LAYER
AR FE LAY )
R L KRR SPRING WASHER ,
LI cl.. -,
.o. s d ] :
. ol . A 4
.alﬁ : (1Y .: ]
— L) A}
= = SEdlleid - )
= . Lo2qlf 224 12mm DA HOLE
K] s ?s ) *
"c‘c
41{F"
© A8 G NUTS’
- X “,: a g . 3
[Po) k. ‘c. :.“‘ B )
- ~ .5 'G.I. WASHERS: 1)
- y L
— ] ““..‘“ ?
P
3 ]
- ] EARTHWIRE SOLDERED TO LUG
EXCAVATION AS SHOWN.AROIM THE G.. PIPE SHALL BE m
s ONLY WHEN SALT & COCK/ CHARCOAL 18 TO BE4JSED INOTHERCASES .
. . USEOF ANGER OF MIN.DIA. 1S CM SHALLBE . ,
. ..,, .
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NOTTOSCALE . } L Fig.: 12 .
T Clause : 8.4.1:1 (ii)

METHOD OF PLATE EARTHING

6mm.DIAMSROD
-— —30~
GROUND LEVEL ' . '
- -fm,cowm HINGED TO C.I.FRAME
s FUNNEL
V] wremEsN
8 o 7 / / 7]
T / / / v, :
70 BRICK MASONARY
20mm. G.I. PIPE FOR
|| WATERING
'§ EARTH ELECTRODE FOR EARTH | { :
.= | CONNECTION IN GJ. PIPE G.\. PIPE FOR
L PROTECTION
IWIRE/STRIP
{CONNECTION
ALTERNATE LAYER OF CHARCOAL/
= ‘COKEORSALT
1 - e AR T ]
P LY ‘.': :"..'. 4 :'...c'.' .:I \. ot 115
R | L1 5
: ) o 4'.:-._ 4.; r
- . Y| u 818 .
. a: o2y ] g .:-..: . NOTE ;
/ -‘15,1‘ : TN BOLT, NUT, CHECK NUT AND WASHERS TO BE OF
- * . ‘. G.I. FOR G.1. PLATE AND OF TINNED BRASS FOR
B @ o1 |- ] coPPERPLATE
11':.1'::,,"-‘!;__;'...-'\ ,:' -.. .1' -
[ 200 e -:' 1, .:: \' .-' AR ¥ . 15
¢ g _° o & L e g ge% N,
. S l/’/
ALL DIMENSION ARE i CM. (OTHER DIMENSION SHOWN)
CPWD
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. Fig.-14
EARTHlNG CONCEPT Clause: F-3.2.2

1,2,3,4 = Protective conductors
1., ~ = Circuit Protective conductors
=Main equnpotentlal bondmg
conductor '
= Earthing cond

( T’\! system,)
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Fig. :
Clause F-3.2.2

© TYPICAL EARTHING SCHEMATIC FOR INTERNAL E.I.

FITTING
NOTES-3

play s

N .

FITTTING BOX
NOTES-2

PIPES ENTERING THE BLDG.

A.CDUCT ETC. kveos '

n

SUPPLY LICENCEE EARTH
> -

SPDB : .
BODY EARTHING OF METALLIC | : I NOTE-j .. y .

MAIN SWITCH S80OARD

7 | | @ - H’I"ES.

~ Earthing terminal.
" 6. Extranedus protective parts.

7. .Piotective conductor
8_Pmtacﬁve(loopealﬁllng)oonductor







GENERAL, COM]VIERCIAL/TECHNICAL EEE

1.1 Scope
1.2 Related documents : ' .
1.3 Terminology :
1.4 Submission of tenders
1.5 Rates ' _
1.6 Taxes and duties -
1.7 Mobilisation advance !
1.8 Completeness of tender
1:9 . Works to be arranged by the Deptt.
1.10 Works to be done by the Contractor.- ’
1.11 Storage and custody of materials
1.12 Electric power supply and water supply.
1.13 Tools for handling and erection
1.14 Payment terms
1.15  Co-ordination with other agencies
1.16 Care of buildings
1.17 Structural alterations to buildings.
1.18 Addition to an installation
(’ _ 119 Work i m occuplcd bulldmgs -
| 1.20. Drawi s
1.21 Confél‘thit'y 0 IE Act IE Rules, and standards.
1.22 General requlrements of components
1.22.1 ‘ Quahty of materials

1.22.2  Inspectiotiof materials dnd equtpments

1.22.3 Ratings of Components

1.22.4 Conformity of standards .
1.22.5 Interchangeability - T
-1.23 Workmanship

1.23.1 Good workmanship g

1.23.2 Proper supervision/skilled workmen .

1.23.3 ©* - Useofquality material s

' 'Fabrteatmnm reputed workshop

ing on completxon




.‘?2:‘2;’1:4: -

2.2
2.3
2.3.1

. 232

233
234
235
23.6
2.3.7
2.3.8

239

23.10
23.11
2.4
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12
2.13

2.14

3.1
3.2
33
33.1
332
333
34

341
Lo ,34,2'
| ;,_344-

(RN "-3448;

| Planning of electriczil:instaﬂaﬁon ,'

_ Space for electrical services - =

~Scope
" Measurement

g Resndentxal bulldmg

PLANNING OF ELECTRIGAL INSTALLATION

Coordination = «~:feji =y to sk it
Location and requrrement of substatlon
Reasons for setting up of substation.

Ideal location

Space for electric substation.

Coordination with local supply authority
Provision for future growth of load

Location of switch room-

Distribution of supply and cabling

System of supply

Stand-by systems _
Planning for peak-non peak loads in office burldmgs
Quality of electric supply.
Standby generator set
Power factor management
UPS

Allied services

Lux Level

False ceiling coordination
Functional areas like Auditorium, conference hall computer rooms, library.
Areas like Hospitals, Stadia ] ,
Outdoor lighting, high mast llghtlng, road lrghtlng, secunty llghtmg, garden
lighting, illuminated fountains. " :: :. ,

Streethghtpoles el

ELECTRIC POWER DISTRIBUTION AND WIRING

Introduction~ e e

System of distribution and wiring RS- S
Wiring . .
Submain & Circuit wiring

Measurement of submain and circuit wmng
Measurement of other: wiring work
Point wiring
Definition. -

Classxﬁcatlon




Sai4b

3.4.5 int:witin
3.4.6 Group control point wmng
3.4.7 Twin control light point wiring
3.4.8 Multiple controlled call-bell point wiring:
3.5 Wiring system
- 3.6 . Run of wiring
3.7 Passing through walls or floors. .
3.8 Joints in wiring :
39 Ratings of outlets
3.10 Capacity of circuits
3.11 Socket outlets
3.12 Cables
3.13 Flexible cable ,
3.14 Wiring accessories = =~
3.14.a Control switches for point

3.14b Switch box

-"3.14.c. Switch box cover

3.14d Ceiling rose
3.14.e Lamp holders
3.14.f Fittings

3.15 Attachment of fittings and accessories
3.16 - Fans, regulators and clamps
3.17 Marking of switch boards:
3.18 . LT distribution switchgear
3.19 - Location of switchboards. -
3.20 . Guidelinesforplanning residential areas
321 Guidelines for planning office buildings -
4. METALLIC CONDUIT WIRING SYSTEM
Scope _
Application ./
Materials -
Conduits _
Condult accessones T

431 GH)  Outlets

N [T M
LR




Ts3, 3vid) Bunchmg of cablcs

"43.1(iv) Pdinting aﬁer erection e
432 " " Additional requirements forsm:face condultworkz .
432 (i) Painting before @FECHiOn ri: ¢ 1 s wih gy Ink»;.x’%i' '
432 (i) Fixing conduit on surface N
432 (iii) _ Fixingoutletboxes__
433 - Additional requlremcnts for recessed conduxt work
4.3.3 (i) Making chase .
43.3 (ii)  Fixing conduits in chaase
43.3. (iii) Fixing conduits in RCC work
4.33.(iv)  Fixing inspection boxes
4.3.3.(v) Fixing switch boxes and accessories SRR /2
4.3.3.(vi) Fishwire '
4.3.3.(vii) Bunchingofcables

434 Earthing requirements
VAR
s. NONMETALLIC CONDUIT WIRING SYSTEM
5.0 Scope
5.1 Application
5.1.1 Recessed conduit
5.1.2 Flexible non-metallic conduits
5.1.3 Special precautions
5.2 - Material
5.2.1. Conduits
5.2.2. Conduit accessories
5.2.3. Outlets
5.3 Installation '
53.1. Common aspects for both recessed and surface condult works

5.3.1.%1) Erection of conduits .
5.3.1.(ii1) Conduit joints :
5.3.1.(iii)) Bendsinconduit: :: - -
53.1(iv) Outlets
53.1.(v)  Painting
5.3.2. - Additional requirements for surface conduit work
5.33. “Additional requirements for recessed conduit work
53.3(i)  Makingchase
53.3.()  Fixingconduits in chase-
533, Erectionin RCC work
. 533.(3v) Fixing inspection boxes
-+ 533(v) - Fixingswitchboxes:andaccessories
T533.(vi) Flshw1re '

534, | " Earthing reqmrements

e




60"
6.1
1.2
- 1.2.1
1.2.2
1.2.3
124
1.2.5
1.3
13.1
1.3.2
133
1.34
1.3.5
1.3.6
1.3.7

7.0

7.1

7.1 {) _
7.1 (u)
7.1.(iii)
= 7.1iv)
7.1.(v)
7.1.(vi)
7.1.(vii)-
7.1.2
7.2
7.2.(1)
7.2.(ii)
7.2 (iii)

7.2.(iii) a.
7.2 (iid) b.
’ 7 2 (m) c.

mUNKINGGABLE MANAGEMENT SYSTEM

[ ERN L P o S
Ol eyl

Apphsaﬁon S - M
Material '

Type of material

Shape -

Quality

Dimensions

Outlet boxes

Installation - :
Attachment to wall and ceiling B
Passing through floors or walls

Joints in casing and cappmg

Colour

Attachment of capping

Installation of cables

Earth continuity

' MLV.PANEL, DB, RISING MAINS; BUS TRUNKING AND OVERHEAD

BUSBAR SYSTEM.

Scope

Specification of LT cubicle panel
International Protection

Space and arrangement

Material and size

Arrangement for incoming/outgoing cable termination
Bus bars/supports/clea.rances
Earthing

Commissioning
Specification of Prewired DB -
Risingmains ~ -
Application

Enclosure -

Busbars

Rating -

Cmtﬂm:ty
Ctoss,seq&qn ofbus. bars




7.2.(v) Thrust Pads
7.2{vi),.  Mounting :
s 2f{vu) -:Construction. features _
“-3.2:.(viii) - Installation of rising mains

(8 v Ak g b e

7.2.(ix) Commissioning \ -

7.3 Bus trunking

7.3.1 Application

73.2 Materials

7.3.2.1 Enclosure

7.3.2.2 Bus bars and supports

7.3.3 Construction

7.3.3.1 Enclosure

7.33.2 Expansion joint/flexible termination

73.4 Installation _

7.4 Overhead busbar system

7.4.1 Application

7.4.2 Materials

7.4.2.1 Enclosure

7422 Bus bars and supports

7.4.3. . Construction: .

7.4.4 Plug-in boxes

7.4.5 Installation

7.4.6 Earthing -

7.4.7 Danger notice board

7.4.8 Precommissioning checks

8. EARTHING
8.0 Scope _

8.1 Application

82 Types of Electrodes and material

8.2.1 Earth Electrodes : o ,

82.1.1. Types - i

8.2.1.2. Electrode materials and dimensions :

8.2.2. Earthing conductor & sizes

8.2.3. Earth continuity / loop earthing conductor and sizes.

8.3 Location for earth electrodes

8.4 . Installation . . Lt
: 841 - Electrodes R s oud R e Comp R

84.1.1  Various types oﬁslg;:trodes : e

. 8412  Artificial treatment of seil. . R

8413 Watenng arrangement
.. 842 Earthing conductor (Main earthing lead)

Vi,

VPRV




-‘8*6‘ ERSSOENESE ¢

8i4:3
85

8.7
9.

9.0
9.1"
9.2
9.3
9.3.1
9.3.2
933
934
9.4
94.1
9.4.2
943
9.5
9.5.1
9.5.2
9.5.3
9.5.4
9.5.4.1
9.54.2
9.5.5.
9.5.6.

10.

10.1

10.2

10.3 (a)

103 (b)

10.3-(c)

103(d)’
10:34e)
104

‘Indian Eleéuiéity Rules compliance

_ Frontagenﬁarea o

| coﬁtmmty conductor

LoopEarthm
Eartthswtance '

ciacferiy sl iy h;‘zxx

Use of: Re51dual Current Devwes (R(’,‘Ds9 R i e

PROTECTION OF BUILDING AGAINST LIGHTNING

Scope

Application

Principal Components

Materials ,
Protection against corrosion. - | L

Restriction about use of aluminium

Use of GI/Copper/Copper clad steel as air termmatlon
Shape and size of conductors

Layout

‘General

Air terminations
Down-conductors
Installation .
General

Air terminations
Down conductors
Joints and bonds

. Joints

Bonds
Test joints
Earth termination network.

' SAFETYPROCEDURE o

‘Safetyprocedures-and practlces o
Schematic diagram - S
Keep premises clean

Electrical shafts -

.Protected premises

D T
RIS LA 4

Flrst ald bdxes

e




109
10.10 -
10.11
10.12

10.13
10.14
10.15
10.16
10.17
10.18
10.19
10.20
10.21
10.22
10.23
10.24

10.25

10.26
10.27

11.

11.1.
11.2.

12.

13.

13.1
13.2
13.3

Penodlcal exammatlon of the ﬁtst aid fac111t1es

Charts

Namés; address and telephone numbers

Training of superv:sorystaﬁ’

. New recruits

Refresher course
Preventive maintenance

Electrical wiring and control switches

Reports and registers
Live installation

vag IR

Handling of live LT switch board

Insulated tools

Marking of switch board
Precautions .

Energising an installation

Electrical accidents and shock

Artificial respiration
Instructions
Imparting of instructions

FIRE HAZARDS

Main pre-requisite
Instructions to be followed

ENERGY CONSERVATION

MAINTENANCE

Organised maintenance
Importance of maintenance
General guidelines

Cleanlmess
Schematic diagram
Loose wiring
Overloading

Prevertive maintenance of swnch board & l?Bs, .

Miuil€istorey bmldmg

| PREVENTIVEMAINTENANCE

Preventlve Mamtenance schedule |

- Manming/supervision

il

.
: a1
RN+

an

ekt




C149
v 14 10
14.12

14.13

14.14

14.15
14:16
14.17
14.18

15.
15.0

15.1
15.1.1

15.1.2

15.13
15.1.4
15.1.5
15.2
15.3

16.

' 16.0

16.1
16.1.1
2.1.2
2.13
2.2
16.2.1
16.2.2

16.2.3
16.2.4

16.2.5
16.2.6

. 16.2.7
1. 163
i 164
L 165
166

'Pfolaﬂty test' ; "'switch

! Test cemﬁcate |

Mainténance of log fecords

__F,Safety measures -

RGOS
SARHEGIGHITWOeT L -

Annual mspectlori o
Replacement of outlived equlpment

. Surveyreport

Display of telephone numbers
Employment of skilled personnel
Repair

Annual painting and checking
Periodicity of items of work

PAINTING

Scope

Painting work in general
Paints

Preparation of the surface
Application

. Precautions

Repainting
Painting of conduits and accessories
Repainting of ceiling fan by spray painting

TESTING OF INSTALLATION

Scope

General -

Tests _
Witnessing of tests
Test instruments

Insulation resistance

I of testing
nent of insulation resistance
imitation of insulation resistance
-ﬁimmum acceptable insulation resistance for whole installation.
Insulation resistance to earth
Terminology regarding outlet
Insulation‘resistance for control rheostats and power apphances
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FOREWORD

It is important to provide proper space for various E&M services at preliminary stage itseif in
coordination with the architect. However, it is seen in many cases,space provided for various
E&M services are inadequate and in few cases they are in e).ccess. Sometimes, some services have
been left out. Based on feed back received from a number of projects, a uniform standard has
been prepared. | |

The enclosed norms are intended only to serve as guidelines, a.md should not come in the ;&gy of
modifications / improvements or different approach as required for specific applications as per the
judgement of planning engineers.

Suggestions / comments will be gratefully received.

I appreciate the efforts put in by Shﬁ J. K. Choudhury, Chief Engineer (E) for preparation of this
Booklet. , - =

This has been approved by 38th Specification Committee held on 9th/10th October, 2002 vide
agenda Item 30.0.5. ' | |

N. NAGARAJAN
CHIEF ENGINEER (E)"DR.
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. '-s ACE FOR ELECTRICAL. AND MECHANICAL SERVICES IN

BUILDINGS L S
e EARNTSC Y] s
1. INTRODUCTION
E&M services generally provided in a building: B | o
(a) Electric substation, power distribution system. |
(b) Generating sets.
© L.
-(d) AC plant mcludmgcentral plant package plant, spht/wmdow AC units.
©) Venhlatlonsystem. _
® U.P.S/-Vokage stabilizer. o
@ ‘Water supi)iypu;nps. |
(h) Wet riser system for fire protection. _
@ Fire tectlon,alarm,PA system for fire protection. ‘ e
| (1) Bmldmg secunty system mcludmg CCTV, access conu'ol, burglar alarm system
' (m) Bmldmgautomatlonsystem - .
(n) Extemal hghung, road hghtmg, oompound lighting, garden hghtmg,area lighting, hlgh mast hghtmg and other
speclahsedhghlmg.
@) Auditofi fhghtmg,acoustlc‘s stagelfghhngandsound system. b
®: Smmmngpool equipments etc.,

‘ 'V_Allthesesemeesreqmrecloseeootdmationbetweencml, architectural and electrical wingsright ﬁomcbncep&;al
stage Unless proper space is provided for these services, they can’t be Qrovxded,at constructlon stage wnthout
advecsely affecting the aesthetics of the building and functional. eﬁic1ency of the services. Many servnces can’t

at all m.absence of proper plannmg of space for vanous E&M serwcw




- Powetfictor corréction’panel. -
Generalmgsas R L PR Y
POJL Store/otherstore.
Supervisor room, toilet, workem rest room.
HT voltage correctors.
Voltage stabilizers.
UPS system including battery room.

Other eqmpmcnts as requxred
(b) Ventilation.
(c) Approach road around Sub-Station.
(d) Extractof 1.4.3.2 and 1.4.3.3 of CPWD Electrical Specification Part IV:
4.3.2: for Sub-Station:

The minimum sub-station and transformer room area requlred for different capacmm are tabu]ated
for genexal guidance. Actual area will however depend upon the particular layout and site constraints.
The clear height reqmred for Sub-station equipments shall be a minimum of 3.6m.

© 3600sqm .

145t

Additional area thit is required for one generator is given below:'

22500 kVA - 13000sqm T

3*500 kVA 5400sqm :: - 17200sqm’ - 19.0m

2*800 kVA 39.00 sqm 135.00 sqm 14.5m.

'3*800 kVA 58.00sqm 181,00sqm 190m -

2*1000 kVA 39.00 sqm 149.00 sqm 14.5m

3*1000 kVA ~ 58.00sqm 197.00 sqm 19.0m «

" "Table 1

. - 25 kW 600 gy
_ 48 kW 56.00 sqm
_ . 100 kW < 65:00 squg:
150 KW 72.00 squt
o 248 kW 100.00 sqm
- “Table2




“Thecléarheight required for
;f@riughercapacltlﬂ&s,a ST Heppt o o I
(e) Locationof Subastatlon ' e A

i. Avoid basement due to llkely ﬂoodmg during rains (there is haﬂily any basement

sub-station/AC plant, which is not affected by substantial damage due to flooding).

i.  No parking in front of transformer and other requirements.

ii. Easyapproachto equipments.

iv. Closerto the electrical load center and preferably in the ground Qoor
(f) Future Expansion: _ ‘ e

Thesubstatlon design should take into account reasonable augmentation of equipments in future.

(g) Security Precaution:

Substatiqp is the heart of electrical system. Wherever required, secunty m_easures'likeboundar'ywall
and lockable gate may be provided so that un-authorized entry to substationcan be prohibited.

. [ANNEXURE I, I & Iil FOR SUB-STATION MAY BE SEEN

3. WET RISER & WATER SUPPLY PUMP HOUSE

- Preferable to have underground pump house by the side of U.G. waterreservoir to ensure flooded suction.

\easy accesSof heavy eqmpments and inspection pé€rsonnel.

Roof slab may be 500 mm above ground level with ventilators. Provided suitable water proofing to prevent

Ese:epagezofwa(teru;;topump house. .-

Location and Requirements ' SEOE
(a) Under Ground Static Storage Tank And Pump House: .
i Follow:ng aspects shall be considered in deciding the locaﬁonsof the undergmund stafic water storage

i

. tank and the wet riser pump house: Fhe
- i Easyaccessibility for fire ﬁghtihgbpemtions.
A memntyof ﬁre;;mnpheusetoﬁlestatxctatﬂc
i Eascinbringingand removingequipments.
iv.

Pmnp house not: bemgpronete ﬁoedmgbyraumter subsoil water:"

- Watersupply pump sets to be combined. Provide suitable ramp approach 1.5 m w,rde w1th suitable slope for

Preventlve measures to be taken so that durmg heavy rains, rainwater d@es not:getinto pumphouse.

Sind




.+ .0 Protéction of'thie pump house from anyfalling masonry and the like occasioned by fire.
L e N1y > Adéquateé ventildtion for engine aspiration and to limit the temperature rise in pump house -
: ori continuous operation. o
Vil Aesthetlcs _
| To protect the pump house, it should preferably be located atleast 6 m away from the bu1ldmg Where
this is not possible, this shall be enclosed with suitable masonry structure as a part of the building to
prevent spread of ﬁre into the pump room and provide safe operation.
The fire pump house should be located such that the suction for the pump is flooded. Where thisis not
pmcdcaL the pump house may be constructed with negative suction for pmﬁp, with suitable autorhatic
priming arrangement. The size of the fire pump house should be 5.5 m x 8 m x 3.5 m, where engine
driven fire pump, electric motor driven fire pump and pressurization pump are inistalled.
The capacity and design of the static tank shall be in‘accordance with the provisions of National .
Bulldmg Code Part IV -Fire Protection and the local Bylaws as applicable. (See Appendix -II).

'. ANNEXURE IV, V & VI FOR PUMP HOUSE & TANK MAY BE SEEN

(b) Extemal Piping And Hydrants: r

EXtemalfﬁydrants shall be located within 2m to 15m from the building to be protected such that they
- are accessible and may not be damaged by vehicles. A spacing of about 45m between hydrarits is
. generallyadopted_ B , o .
(c) Internal Riser and Hydtarnits: - '
Normally one wet riser is required for every 1000 sqm of covered area. However, theqmaximum
dlstance thatcanbe served shall be 30'm from thenser N

4 LIFIS ... o
 Check Sizes As Per BLS.
(a) Capacxty&numberofhﬁs : : ' :
(A mlmmum capactty of 13, passenger lift for office bldg. and 8 passenger_hft for resldentxal bulldlng)
Ensmepmmonofgoodshft
('b) hﬁwellsnze. o e e

B ©. Overhead




e R PRSI T -y v, - . B %
TR USRI ) L A S

® Llftplttobéwaterproofed R 8 183 s K TR IS SN S =
(h) No structural member intrusions into lift well, like column, beam prdjections%ﬁich compromise lift

we’]l‘ dimensions.

ANNEXURE VII-a, VII-b, Vll-c, VII dMAY BE SEEN

5. FIRE CONTROL ROOM/ TELEPHONE ROOM
(a) Telephone room : 4m x 3m. _ ' o
) F1re control room: 4m x 3m preferable location near entrance lobby.

Note: Flre control room is a statutory requlrement as per national building code.

. e

[ANNEXURE IXMAYBESEEN || T

6. AIR CONDITIONING , . .
@ Alr-comhuonmglsmamtenmceofq)euﬁed msuiecondmons temperiture, relative humidity, air changes
*+ -and air quality.
Air-'condiﬁoning also includes winter heating and clean air system.
®) Dependmg upon specifig requlrements following systems of a1r-cond1t10mng are followed:
i~ Window type AC Units. - O '
.. i - :Splittype AC Units. - '
il '.»Package-typeACUrﬁts._ - S o

iv. Central AC System. i

(c) Thelrbnef appljcatlonsareasbelow , _
Wmdow typeUmts Suitable for individual isolated Tooms: Consumes very high amount of
power. No relative humxdltycontmL Verylittle control overmr quality. Smtable forarea upto
: . » 100 Sqm. ’ -
i Spht Units: They are same as window type AC units, except that the compressor units are
*lbcdted away from evaporatbr (fan)‘lihif‘s The nonse of‘cempfessor is kept away. Energy

Tiied c{‘ s Y

s type Theymlm andoompactcmtmlplantsava;lab uprto lO—Toncapaclty This




=. - humidity, clean air, air changes, noise control, uniform distribution and have energy efficiency. A properly

P ALOTRLIE DI

LY 23 LTl

(d) Comparison of Systems W

des1gned central AC system will be reliable, effective and efficient. Hence for arr-oondmomng
areas in excess of 1000 sqm, central AC plant is preferred.

Central AC Plant 20 Yrs - 100 Yes - ‘Y

Package Plant 10 Yrs 130 Yes 4 - Yes
SplitWindow AC Unit 7 Yrs 150 No No

Table 3

The central plants are des1gned w1th suitable standby systems to glve rehable service. Properly
tdes1gned buildings also will reduce ingress of heat, hence the heat load also is reduced by asmuch
as 25%, in case of central plant.
For example, a properly designed building with 200 ton AC load, workmg 8hr/day, 250 days/year
will consume approximately 4 Lac units of electricity per year which comes to Rs.16 Lac/year. If
the same building is air-conditioned with window type AC units/split type units, without proper
insulation of the building, the energy cost is likely to be 60% more. .. :

(¢) Thespace & structural requirements for air-conditioning works vary consrderably with the systems
adopted. It is therefore advisable to study individual cases and decide accordingly in consultation
mﬂ:&nemanufacunes if necessary. However, ageneralgurdehnersglvenmannexmemfordre

purpose of preliminary design/drawing.
i Spacefor:
-AIC plant room, cooling tower, make up water tank, air hand]mg units, shaft for chrlled
i

'Awusuc msulanon for AHU rooms.

Shaft, space, false ceiling for ducts, air ughtness of doors & windows in arr-oon_dmoned
areas & AHU rooms. el ’
,Clearhelghtof34mmoorndorla1reondmonedspaoe,asthecasemaybetoacoommodate
_mlpplyandnctandremmmrpam P

. 'Ihermal msulatror_r of cerlmg and walls of mr-condmoned area[AHU roomus wherever

2 itioriof false ceiling Wok :
Avarlabﬂrtyof water supniy fereoohng towers.

]




b

7. SHAFTS
(a) Shaft Details: .
Electrical rising main shaft: 2.2 x 0.8 m for accommodation normal & essential supplyrising

LA

-

2 B o

<

Veritilaﬁon of ACplantroom. . -

' Approach road around plant room. ]

itape.of AHU room, fresh air opening iri AHU room.

Opening for WT AC units. (Annexure XTIT).

Space for split AC condensing units and route and entry for mter-connectlon ofindoor &

out door units.

mains.

Wet riser shaft: 1.2 m*0.8m.
Telephone shaft: 0.6m* 0.3 m. -
Fire alarm shaft: 0.6 m * 0.3 m.

Computer cabling shaft: 0.6 m * 0.3 m.

- |PLEASE SEE ANNEXURE VIII & IX

®) Door for Shaﬁs
Door for Wet riser shaft may be provided as per Annexure XI. Provide steel doorﬁ‘ame & steel doors

with lockmg‘ arrangement for other shafts. Doors to open towards corridor.

| PLEASE SEE ANN EXURE XI & ANNEXURE XIL

R

Note. No wooden doors shall be used since they pose fire risk.

(©)- Locahon Of Shafts:

L

" Firé Alarm Shaft: It shall be located in the lift lobby/common areaand preferably can start

ﬁomﬁreeontrolmom . - ‘*r
Teléphonie Shaft: Preferable to start from telephone: room.’

" Shaft shall be in common area and. not inside any, room, s0; that they are accessxble to
“sérvice pexsonnel even after office hours. L
- Away. ﬁom water/dramage shaﬁs Notto beexposed to Tains efc..

f
,-1;‘

Eel




(c) Cable eritry into telephone room.

(d) Wetriser pump to.wet riser shaft | 2L |
9. SDBS - .,,  SRR e el \, I
Shall be recessed in walls nearest to load and mtchcs for the same are not reqmred _ 1

" 10. FALSE CEILING IN CORRIDOR

When services like telephone/computer/electrical cables have to be taken in the corridor, it is better to provide

L

false ceiling, so that the service cables are properly covered and don’t present a shabby look. Also it hélps in

laying additional cables in later years. '
11. FALSE CEILING IN ROOMS
Light fittings, AC diffusers, fire detectors, P.A speakers will be fixed on false cellmg Therefore it is necessary
to locate all these fixtures to give a symmetrical and aesthetic look. False ceiling materials should be of ﬁr_e :
resistance type. . o
12. CHECKLIST
(a) Electrical substation.
(b) Wet riser pump house.

Water supply pump house. ' i
© Lift: - o ' -
i Number | |
i Capacity, | o=
ii. Shaftdimensions. - - -
) iv. M/c. Room dimensions. | o
v. Pitdepth. |
V. Overhead. _
vi Nointrusionof su'uctmal members into lift shaﬁ/pxtchetc ki
Vi, Waterprooﬁngof hﬁpxt |
- ;(d).Fire_bontrol room and telephone room.
(e) Shafts: ,
" i Wetrisershaft. | ’
B lll. “f'»lTelephone shaft.
NFxre alaxmshaﬁ.
;Computcr cabhng, ;




e (g) Locatxonofshaﬁs

® Doors for shafts.

ot ey st Sy e,
CEELHER YD po g T IR T

{i) Central au-oondluomng
i . AC ;?lant room.
Coqlmg tower location.
AHU room.
AHU room drainége, fresh air opening.
Chiller pipes shaft, chiller pipe entry into building.
False ceiling cd-ordination.
Ceiling height to accommodate ducting.

2 B o

<

Waterrequirement.

Routes of piping/cable.

Thermal/acoustic insulation. _

Ainighttless of windows/doors. It is proper to provide double glazed windowpanes for
| ' insulation. -‘

() Split AC Units:

i Location of condensing units.

Bow R B & s

iL.- - Interconnection of condensing and indoor units finalisation of route.
(k) Window Type ACUnits: Window frames compatible with opening for window type AC units.
()] Comdor false ceiling to cover service cables. | ‘
(m) False cellmg to symmetrically provide for AC dlffuser fire detectors, light ﬁttmgs and PA speakers
 False ceiling material should be fire resistant.
(n) Water: supply coordmatlon Drinking water, toilet water, horticulture, firé ﬁghtmg axr-condmomn g,
assessment of water requ;rements location of tanks, O.H tanks and pumping arrangements.
(o) Coordmatlon of vanous service pipe/cable routes Coordmatlon of water supply, storm water, drain
water, sewerage electnc:ty, telephone, cornputer wet riser plpes, axr-condlttdmng cables/pipes ﬁxmg :

thelr 10 es, ‘SO thatthe semce/cable pipes arecoondmated and vanous executmg agencies don’t clash
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//r—SUCﬂON

> B A ' } “OVERFLOW
TOWN MAIN ~ MANHOLE x AND VENT = |
SUPPLY — \ _ \'Fr 4 :
7 |A |
_ / ' ) GL
ST77777777 ’ ;4\ ANN N NN QN | N
/ ‘H o
; /—BAFFLE ] SEPARATION WALL
9 ’ . .
 FIRE /
Ao 1 |_— DOMESTIC WATER
' SUPPLY TANK
' (OTHER THAN
g DRINKING WATER)
SLOPE
FOOT VALVES
3A WITH NEGATIVE SUCTION
OVERFLOW
AND VENT MANHOLE
: 1_/- (F—=——TOWN MAIN SUPPLY
DOMESTIC WATER ' 0 / o
SUPPLY TANK /
DRINKING WATER) | -~ - ™ : E . WALLL.
\ ’
/
: .
a FIRE
F .
SEPERATION WALL i '?m::'e SLUICE VALVE
4
E ;
TO DOMESTIC =— =921=
FIRE PUMP — FIRE PUMP
SUCTION — PRIME
MOVER
SLUICE VALVE CLEANING HOLE
WITH BOLTED COVER 1
GL . , : , A / -
7777777777 - : ARAARRRRRRRDY

o 3B WITH POSITIVE SUCTION

IGEMENT FOR PROV!DING COMBIMED FIRE-
ND DOMESTIC WATER STORAGE TANK

[ FIF -E'-?PROTE STION ATIONAL BUiLDiNG CODE

o ANNEXURE‘ Vil
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- RECOMMENDED DIMENSIONS OF PASSENGER LIFTS
i % ///////////
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Hosting Beams

N

MACHINE ROOM _DEPTH

LOAD CAB INSIDE LIFTWELL ENTRANCE
Persons Kg. A B C D E

4 272 1100 700 1900 1300 700{min)

6 408 1100 1000 1900 1700 700{(min)
8 544 1300 1100 1900 1900 800
10 680 1300 1350 1900 2100 800
13 884 2000 1100 2500 1900 900
FIT QEPTH 16 1088 2000 1300 2500 2100 1000
20 1360 2000 1500 2500 2400 1000

N
N
\

\\\\:\\\\\\\\\\\

All Dimensions in milliimetres

\\\\\\\_\\\\\\\\\\\\\'_\\\\\\\\\\\\\\\\\\\\‘\‘\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘\\

7/

ELEVATION- o |ANNEXURE VIlI-a|

Recommended dimension for Pit, Overhead and Machine Room for Passenger Lifts
SPEED IN M/S Upto .70 > 7<=1 >1c=15 _ >1.5<=1.75 >1.75<=2 >2¢<=2.5
_ PIT DEPTH 1350 1500 1600 2150 2200 2500
- OVERHEAD 4200 4250 4800 4800... 5200 5400
MACHINE ROOM DEPTH  D+2000 ‘ D+2500
MACHINE ROOM WIDTH  C+1000 — C+1200 C+1500
m | All Dimensions in millimetres
- 1.7 -Thetotal headroorn has been calculated on the basis of car heightof 2.3m.
2. In the case of manually. opemted doors. clear entrance will be reduced by the amount of projection of the landing
N . d ‘y‘.
8L

a "-SPQ ) pit 1
clearancs and ;op ciearance of IS14665 (Parl 2/Sac i )
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| RECOMMENDED DIMENSIONS OF GOODS LIFTS
. {For Speeds upto 1 Sm/s)

: 77 7 i p——
7 ; (R (erres.
U 4 |l g i’ €
2 ¥ 71| {7 S
% | . £l 3
2 | g 4 El «
4 2s00mm | ] +—ifleog| &
? A " . ; @l T
7 (! ‘B 5
Z I 4 | ¢ 2
7 ;
I, : | : 11 w
% | _ o | =
% [N A | Q
% Ih N | c =
% | "y | .
2 M\ o
, 2 N i
g S ¥ 1
l 7 OVERHEAD l
MACHINE ROOM=C+2000mm
£l Y
s
§ % LOAD  CARINSIDE LIFT WELL ENTRANCE
Kg. A B C D £
500 1100 - 1200 1900 1500 1100
1000 - 1400 1800 2300 2100 1400
1500 1700 2000 2600 2300 1700
TOP LANDING 2000 1700 2500 2600 2800 1700
TRAVEL 2500 2000 2500 2900 28002000
BOTTOM LANDING 3000 2000 300Q. 2900 3300 2000
: 4000 2000 3000 3400 3300 2500
5000 2500 3600 3400 3900 2500
All Dimensions in millimetres
/774
~ PIT DEPTH
ANNEXURE VII-b
ELEVATION
Nte
S Trp Mdth ofthe machine room shall be equal to the lift well width 'C* subject to minimum of 2500mm
2. The 'tal headroom hasbeencalculatedonthebasns ofcarhe|ghtof2 2m.
K E

17

Sints
S




ieper -
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_ 2500mm-
!
OVERHEAD
€lw
£l S
8l &
8l
~ | &
TOP LANDING
TRAVEL
BOTTOM LANDING
PIT DEPTH

ELEVATION

LOAD

PERSONS Kag.

15 1020
20 1360

26 1768

he total headroom has been calculated onthe basis of car helght of2 2m

TI“.‘

Y. =t £
g+l 1 141
17 E : 8
7 . 0 &
_— — +
Niss Bk
N7 . p
I I
rllé"" 7k 9
I ' 7777 -""A:?,f_ “"- w
=5l 3
N1 <
R | |
MACHINE ROOM=C+1500mm

rs

" CAR INSIDE LIFT WELL ENTRANCE

A B-. C D E-
1000° 2400 1800 3000 800
1300 2400 2200 3000 1200
1600 2400 2400 3000 1200

All Dimensions in millimetres
A

ANNEXURE ViIc

n préctlce as per mdw;dual manuﬁ&urer design dependlng upon -
ead- shall be such as to oonform to the requlrementq of bottom - . .-
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L | NDE RVICE LIFTS
é | T 3
/ 1200mm / i 8 D 23
/ : i . w =
O =
7R 7, =
E
A ‘ .
© 4400mm o | ’ !
o] )
MACHINE ROOM=C
LOAD CAR INSIDE LIFTWELL ENTRANCE
§ Kg. A B H c D E
2 700 700 700 800 1200 900 700
T x| E 800 800 800 900 1300 1000 800
‘” . 900 900 900 1000 1400 1100 900
TOP LANDING 1000 1000 1000 1000 1500 1200 1000
* (SERVICELEVEL) All Dimenslogs in millimetres

750mm

: | FLOOR LEVEL

~ TRAVEL

_BOTTOM LANDING -
(SERVICE LEVEL)

T

ANNEXURE Vil-4
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40cm*25¢cm cuts Door g
in slab for rising (details in annexure XH) .
main to pass non N

ESS/ESS.R.MAIN

ELECTRICAL RISING MAIN SHAFT

——— 1200m ——»

oz

200mm"200mm‘ —

Cutin slab

[ Sem

= Door (detalls in annexue XIl)

WET RISER SHAET
GNE FOR 1“‘sq»»mtrs FLR AREA




f P SOV

B e G- USSP

PR




——— 600mm -

oF
ik

W

77777777 77777).

‘ ~J__ 50mm wIDE
300mm - | cursinsLaB

FIRE ALARM SHAFT | TELEPHONE SHAFT
' DETAILS . DETAILS

S

e qoom = e g0k ———

3.00M FIRE CONTROL ROOM TELEPHONE ROOM

Window X C T Window X L
. FIREALARM = . ... .. TELEPHONE =5

SHAFT e SHAFT

TELEPH'NE& FIRE
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2800 to
3000mm

>— VENTILATOR
GRILL

-

_ ROLLING SHUTTER FOR.SUB-STATION

— - by

A

- [ANNEXUREX]
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’ 2000mm

1250mm

/_GLASS VISION
: PANEL

P HOSE REEL ETC.

LOCKING

" ARRANGEMENT

——— STEEL SHUTTER

WET RISER SHAFT DOOR DETAILS

fe———— 1200mm » -
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2000mm

A

~|

- ELECTRICAL SHAFT DOOR DETAILS

VENTILATION LOUVER
WITH JALI INSIDE

LOCKING ARRANGEMENT

FOLDABLE DOOR

(STEEL)

&FOLDABLE DOOR HINGES

{DOOR OPENS OUTSIDE)

VENTILATION LOUVER
WITH JALI INSTDE

LOCKING ARRANGEMENT

DOOR{STEEL)







Opening for
window A.C.
unit

: % % 500mm

800mm ———= =

Window design compatible with installation of window AC unit

_' G./Angleiron

frame —~1

Wire mesh for -

500mm
ventilation )
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ary Dramng/DestgnOnly)

\

] 90 CuMeter/ton.

| Ground Fioor

75 CuMeter/ton. -

{ Intermediate Floors 70 Cu Meter/ton. o
Top Floor 60 Cu Meter/ton.

i | Sizeofcentral plantroomincluding

 10sqm.+0.8sqm. per ton.(Clear height notless

) weather maker than 3.75m below sofﬁt of beam )
ii.- | Sizeofcentral plant room excluding 5sqm.+0.5sqm. per ton. . )
‘ weather maker

il Size of weather maker room

5sqm.+0.3sqm. per ton.(Clear height not less than
3m below soffit of beam)(above 150tons:

0.5sqm.per ton)
v Fresh air opening in weather maker 0.03sqm.per ton. -
v. | (@ | Mainsupply and return duct 0.10sgmuperton.: -
(Taken together) s
| ® | Supplygills ©0.10sqm.per ton.
(height 20cm to 25cm)
(© | Retumgrills 0.12sqm.per ton.
(height 20cm to 25cm)
Vi | (@ | Coolingtower: natural draft 0.40sqm.per ton.
- 0.15sqm.perton.
'I.Osqm.peftom i\

zohuepemnperhour

12hrs /8hrs. storagecapwty for24hts./12hrs
eration respé: ;;uvely BottomlevelshallbeZm




OcnlWIde * SOCm tugh (See annexure X]II ) o

l 3."?

20sqm +0.6sqm. for- every lOOcu m. of space to J
becooled -

Fresh air shaft

0.25sqm. for 100cu.m. of space to be cooled.

- Duct(masonry)

- 0.05sqm. for 100cu.m. of space to be cooled.

Duct (Metal)

. | -Plantroom(central) B

0.10sqm. for 100cu.m. of space to be cooled.

T Piant room for package type unit

(exclixﬁihg pump sets & weather
maker room)

1200kg/sqm.

Pump'room & weather maker room

1200kg/sqm.

Cooling tower

- (a)

-Natural draft

300kg/ton

()

Masonry shell induced draft

cooling tower (usually above
100 ton)

400kg/ton

@]

Wooden package wooden
shell/FRP. type induced type-
ooohng tower (usually above
100 tons) '

| 100kgfon
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Watet requirementforfire pmtectlonmth \&eﬁRiSer / down corner syétcm
As per N.B code.

U.G water orge " Terracetank
- © static )
Above 15mupto 30m - 50,0001ts o "10,0001ts
Above30mupto45Sm |  1,00,000lts | 20,0001ts

_AbovedSm |, 2,00,0001s | 4o0001s

U.G water storage tank " Terracetank
static .
Above 15m upto 30m 'I;O0,000Its
| (50,000lts if covered area in 20,000lts
- G.Fisless than 300sq.m)
Above 30m upto 45m 2,00,0001ts ~ 20,000lts
" Above45m | 250,0001s ~ |  so0001s 00~




\Means of access.

Underground/overhead water static tanks.

‘Automatic-Sprinklers system.

ET————

- Fire extinguishers of IS certification marks. .

'Automaﬁc fire detection and alarm system/manually operated electrical fire alarm system.

Public address system.

- Illuminated exit way marking signs.

| o .10‘,.\.

" Alternate source of electric supply.

1 1.

12.

Wet rise/down corner system.




As approved by Specxﬁcatlon Committee.in the 41st Meeting held on. 25 7 05 the followmg
a;nendments are hcteby ondered inthe “General’Speclﬁcauon for Electncal ‘Works: (Paxt—l Intemal)

Amended P‘m_iri_éions :

: dUCted_ frOm each runnmg blll and; the
- finalbill to the extent of 10% of the gross'|"C
amo‘mtpayable sub]ect to ﬂae max:mum :

ed_ P rUEIE TSRS R A SV

-Clause 1.14 - Payment Terms:-
1. 14 2:- “Security deposit shall be deducted in
such form and as per prov1s1ons contamed m

R P Para(e) %= Any specla.l block: requu'ed
.|+ »forneatly housing the connectpr mbate_

ten wiring system.

-Clause 3.4.2- Scope:--
Para ():- Deleted.

Para(j)-NeWpara;added

-Para (§):- New. para to be added asunder -




"Cliuse? 3i5% Wann’g;sy‘stgma,j e
; Para‘ (Vi) New para added . Pirﬁ; (W)Y el et
s‘nghts, faHSvand.bau‘b&Hsshall m. \

[ . ‘ :
: memm;mmmmmm P
L { L
= o T =y : ,k, ;u Ji er by ~4:1' id LA ~.~r ulu u,)nh Jf - ‘;é °
use: 3310 Capabityc oﬁclrcuits\ . ctausemm-@apmty roficirouitss<: .

|- Parai) Laghungcumnt-shaﬂfeedhghﬂ Bﬁra-(i):-—-Addwhiolieveﬁ ls':létsiat*ﬂieﬁend;.of
o[+ fatcall bell poiitss Baot cironitstimllriot |- thiesparaz: =~ 7 0
+* Have more thian 800:Waitt:comiectad-load | Lighting cirouit'shiall fed lighit/fucali be ss
. ormorethan 10 points:. - -« . | Bachciouitishiallnotiiave:more: thanﬁ)@iw.att L
cormected*loadtormore thian10; pmnts:wltich'm

P P VRS

PO

pr—

lause;3:11i - Socketioutletss 5 .|l (i‘lause*ﬁlﬂi *Saekett_outlém—-! i |8
Wﬁ'« Soeket ouﬂanshnui:bezﬁm, = Mpditla __@ecaddedsmmneone@erf
3pin; T6:An “socketsoutlets’ andi“stinllibe”. | |
’The pawsha?ﬁ%ew Bereadiasunder |
ok ¥Socmwa®nmrmeasﬁaﬂabe®&“apjm ki
Lol 16-Amp3 pinion 16!6*&3np&65pm¥:5‘giﬂ!s°cket%
SHRr ﬁoutlets wxll*not{b&pemutted. SUTETES BN

»-_Clauwdéz.s @ﬁﬂ&&;-& SN <
. Para: (1!) (h)'-euﬂettboxe&shaﬂrbe of




Para:(ii):- New-para:added;.

, -

’M(iﬂ 12 Newn pazmtmbaaddnd'as,
up _@rts shaumnm;ly ith

+ s - S e e A o)
b :

| Griapterss Earthing;s-
' ClausaS%Z.hL.-: Eiéetmde:matenalia

7')‘"

G f

‘ mensnenssa

nmmnmmaamals——aspermf |

il; Tuble:IXiatpage:78: { Tﬁﬁl&.&l&;(myixed)f B
. Itemr-Ripe: Sizes3:4Sirleng: P Itemv:-Bipef Size:--4i50mlong:. {
12 ; Clause: 8i441. 1 - Virious: types: ofi|: @lauwmil 1:: Vdnuu&tg:gwwﬁelécﬂndes*-- ,
electrodest:- | 'Barax(i)iax:+ Pipe:electrode:shiall tier—— |
Barm(l)gz. Pipe-electrode:stiall be-— |; the:ground:level: The instalation:—— ass|}
—— grounddevel:. fshaw:rzmaﬂg,cllz (revised); o;
. | Theinstallation——— asshowrrinfigs. !
R D | 12
: T, | | Figy. 141 (vevised),

| Higan
f MWﬁ'cahons déinfolloy

= Midiﬁeahonsmade assbelows:-

Depth — 4:5im:

5+); Depti:ofiCarcoal iand salt:layer— 2:0ins:.

e Tarm v,

e

. '_: unm—asshpmmxﬁlglﬁ(m

b
A BT o S i

2TV A B e g e T

I

oreaing st




| Modifications made in following items:

| Modifications made as below:- - ah

Depth from GL to Top of plate : 1.5'mt

Depth from GL to Top of plate: 3.0 mt’

ydi

“This issues with the approval'of CE(EYDR.
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